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PREFACE 

It has been a real pleasure to work with the authors of the papers in this 
volume; they have contributed with interesting reports on relevant and 
innovative research projects, which allowed us to compose an inspiring 
book. Our gratitude goes also to the members of the international scientific 
committee for their invaluable effort in reviewing and editing these works. 
Special thanks also go to our colleagues Mandy van de Sande, Marlyn Aretz, 
and Leo van Veghel, who took great responsibility in organising the 
practical aspects of the DDSS conference and made it a pleasant and fruitful 
event. 

Eindhoven, July 2006 

Jos van Leeuwen and Harry Timmermans 
Editors and conference chairs 
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INTRODUCTION 

The International Conference on Design & Decision Support Systems in 
Architecture and Urban Planning is organised bi-annually by the Eindhoven 
University of Technology. This volume contains a selection of papers 
presented at the eighth conference that was held at the Kapellerput 
Conference Centre in the village of Heeze, near Eindhoven, The 
Netherlands, from 4 to 7 July, 2006. 

Traditionally, the DOSS conferences aim to be a platform for both 
starting and experienced researchers who focus on the development and 
application of computer support in the areas of urban planning and 
architectural design. This results in an interesting mix of well-established 
research projects and first explorations. It also leads to a very valuable cross
over of theories, methods, and technologies for support systems in the two 
different areas, architecture and urban planning. 

This volume contains 27 papers from this year's conference. It is 
accompanied by the volume Innovations in Design & Decision Support 
Systems in Architecture and Urban Planning from the same editors, 
published by Springer, which contains another 31 papers from the 
conference. 

This volume is organised into seven sections. Section one of this volume 
contains four chapters on activity modelling and transportation modelling. 
Section two has four chapters on micro-simulation. The third section is on 
multi-agent models, also with four chapters. Section four presents four 
chapters on public participation. The fifth section contains five chapters on 
collaborative design. The sixth section is short, containing two chapters 
discussing virtual environments. The seventh and final section contains four 
chapters that discuss design research and the development of design support. 

The following paragraphs provide a brief summary of the seven sections 
of this volume. 

Activity-Based Models and Transportation Models 

Recently, the so-called activity-based approach has received a lot of 
attention in transportation planning and land use planning. This approach is 
based on the premise that transport is a derivative of people's needs and 
desire to conduct activities. A lot of progress has been made lately, but still 
the approach needs further elaboration in several ways. One of these areas is 
improved data collection. Petri, Lapucci, Poletti, & Lombardo discuss the 
use of the Internet and geographical information systems to collect and store 
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data on activity-travel diaries. Their study conducted in Pisa, Italy illustrates 
I 

the usefulness of this technology in the context of activity-based modelling. 1 

Most existing activity-based models of transport demand are based on th~ 
individual as a unit of decision making. However, resource allocation, joi~t 

activity participation and task allocation decisions typically involve the 
household. Anggraini, Timmermans & Arentze discuss some key principle~ 
of how household decision making can be incorporated into the Albatros~ 
model. Such extension will further improve the sensitivity of the model for 
interdependencies at the household level. I 

In addition to the literature on activity-based models of transport demand, 
there is a related literature on integrated land use - transportation models·. 
Originally, these models were founded on home-based discrete choic~ 

models, but it has been realised that different approaches are required t@ 
cope with new planning practice and complexity of society. If 
Brommelstroet argues that planning support systems can provide an answe~. 
Preliminary results of the first steps towards such a PSS are presented and i 
qualitative assessment on the strengths and weaknesses of two recentlt 
developed instruments that share this goal (VPR and SDS+STE) is made .. 
Borri, Circella, Ottomanelli & Sassanelli discuss the usefulness of choice 
models in assisting planners in the development of transport policies and 
interventions for strategic transport planning for urban systems as part of a 
decision support system for the development of transport measures for 
sustainable mobility. 

Micro-Simulation Models 

Small area estimation and spatial micro-simulation methods play a~ 

important role in some of these integrated models. However, thes¢ 
approaches certainly have a much wider applicability. This is nicely 

I 

illustrated by Tiglao , who discusses the application of these approaches to 
the problem of geographical targeting, in this case for poverty alleviation. 

A central concept in this line of research is the concept of accessibility. 
The configuration of land use is assumed to be heavily influenced by 
differential accessibility. Although called integration in space syntax, these 
approaches have a lot in common. This is also evidenced by Pinelo whq 
reports the results of an accessibility analysis for various types of function~ 
in Lisbon based on the concept of topological accessibility. Accessibility i~ 
an important factor influencing many types of spatial choice behaviourf 
Borgers, Smeets, Kemperman & Timmermans report the results of aq 
application of a discrete choice model to predict pedestrian choice behavioU{ 
at the micro-scale. Accessibility/location based variables turn out to b¢ 
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important in predicting pedestrian choices. However, results also indicate 
that in addition attraction variables are significant. 

At the building level, Tabak & de Vries present an approach to capture 
hwnan behaviour in order to simulate the functioning of, for example, an 
organisation in an office building. To capture the hwnan behaviour they 
have performed a case study using Radio Frequency Identification (RFID) 
tags to track individuals' behaviour. The resulting data is combined with the 
subjects' task descriptions and personal calendar data. 

Multi-Agent Models 

In terms of modelling approach, a research frontier here is to develop multi
agent models, where each agent represents a particular land use. In this book, 
we have several papers that fit into this stream of research. Arentze, Borgers 
& Timmermans propose a heuristic method for generating land use plan 
alternatives under conditions of uncertainty about other land uses. This 
problem is important and typically not considered in the context of 
integrated land use transportation models that aim at predicting future land 
use and mobility patterns, but also for planning support systems that assist in 
plan development. Ma, Arentze, Borgers & Timmermans discuss an 
application of this approach for a retail and housing agent. 

Shen, Kawakami & Chen also propose an interesting multi-agent system 
for shopping centre development. A random utility model of household 
shopping behaviour is linked to a decision table formalism simulating 
location choice of developers. The system is illustrated for a few scenarios. 

Devisch, Arentze, Borgers & Timmermans discuss an agent-based model 
of residential choice processes. It incorporates a process representation of the 
various stages of finding a new house and describes the negotiation process 
of a real estate agent and a buying household. Because the utility of a new 
house is influenced by the utility of activity-travel patterns, their approach is 
potentially valuable in integrated land use transportation modelling. 

Public Participation in Planning and Design 

While traditionally, planning support systems have primarily been developed 
for professionals, increasingly these tools are also developed and applied in 
the context of public participation. Kawakami & Shen describe an interesting 
case study about the application of a system for public participation at the 
local planning level in Japan. The system was received well and proved its 
usefulness. Another interesting case study is reported by Yamaguchi, 
Kobayashi & Hibata. Their study focuses on Yamato City, Japan. Four 
different channels of communication were used: real meeting and cyber 
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meetings, with and without restricted membership. Experiences with thes~ 
different cases are reported. The project UrbanLab, reported by Canepan~, 
Guerra & Masala, develops a platform for urban and regional design. Thrs 
platform accommodates the complexity of design, considering the dynamic,s 
of time and scale as well as recognising the multitude of different actors ih 
the design process. To achieve this, the researchers have applied il 
combination of cellular automata and multi-agent systems. I 

A different kind of participation is present in the work done in th~ 
VILLAS project by Di Giulio, Coccagna & Tonelli. The tools developed i.h 
this project aim to support decision-making on the preservation df 
architectural heritage. The basis for the decision-making is formed by a larg¢ 
data collection representing people's preferences regarding building featuref. 
and possible reusage of buildings. A GIS web environment is used to colleqt 
the various tools and data sources in the project and to provide public access!. 

I 
Collaborative Design 

I 

The first paper in the section of Collaborative Design is not from the areas otf 
Architecture and Urban Planning. Lee & Liu present the development of a 
Groupware I Knowledge Management system that was developed to suppor:t 
the complex collaborative process of notebook design. Their systen) 
combines knowledge warehouse technology with a multi-agent system tb 
facilitate the communication between the various stakeholders and to suppo~ 
decision-making. Although the stakeholders in this industrial design process 
have a different kind of expertise, their ways of communication and 
approach to decision-making bear much resemblance to those found in the 
architectural arena. 

An essential part of the design process is the communication betweel) 
designer and client. Huang & Wang propose to use large displays or 
irnmersive environments to facilitate this communication and to give th¢ 
client an optimum insight in the qualities of a design. They first analyse an4 
discuss a number of existing techniques for virtual environments and largd 
scale displays. Then a prototype system is presented that combines a1 
oversized display with gesture recognition to allow for intuitive command of 
the design space. 

In the development of computer support for collaborative work, muc~ 
attention has gone to the sharing of documents and resources. Deshpande, de 
Vries & van Leeuwen recognise the importance of discourse in design team 
meetings and the objective of achieving a shared understanding. The aim of 
their research is to develop computer support to record the discourse in ordet 
to make, e.g., the argumentation available in a structured way. This will 
allow a design team to identify and work on common objectives and reacll. 
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shared understanding. The paper describes the development of experimental 
prototypes that are used to analyse the requirements of a collaboration 
workspace. 

Targeting the sharing of resources, processes, and information models, 
Beetz, van Leeuwen & de Vries present an analysis of the technologies 
developed in the semantic web community and discuss how these can be 
utilised in the development of a multi-agent framework for distributed 
collaboration. The ultimate goal of this development is to use logic based 
knowledge representations to enhance and partly automate the 
communication between real and virtual design partners. 

In multi-disciplinary projects, such as those in the construction industry, 
coordination and decision-making are complex tasks that should involve 
multiple actors. Kubicki, Halin & Bignon propose a tool that assists informal 
forms of coordination, such as mutual adjustment, in which multiple actors 
take decisions based on their particular expertise and information from 
multiple viewpoints. The tool involves a multi-view dashboard-type 
interface to project information that presents the actors with indicators on 
activity states in the construction project. 

Virtual Environments 

Virtual envirorunents are excellent tools to visualise in a most realistic 
manner the qualities of an architectural design. In this section two related 
projects from Korea are presented on the construction and evaluation of 
spatial building models that are rich with information regarding human 
behaviour and usage of spaces. Lertlakkhanakul, Do & Choi acknowledge 
the fact that, although space is the basic element of architectural design, it 
becomes a meaningful place only when there are users and activities in a 
space. Their research aims to introduce the notion of place into a semantic 
building model that facilitates architectural design tools. Han, Choi & 
Lertlakkhanakul provide a virtual environment as a test-bed for human 
behaviour in architectural places. Apart from studying human behaviour, 
their system also supports designing places from a human-centred 
perspective. 

Design Research & Design Support 

According to Bailey, the main challenge for architectural design education is 
to provide students with a base of practical knowledge that allows them to 
deal with today's rapid technological changes. His answer to this challenge 
is to use digital means for design education that are developed to meet a high 
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standard of pedagogical requirements, support multiple learning strategies, 
and facilitate a rich student-tutor interaction. 

Another way of learning in design is by utilisation of experiential 
knowledge. Lee & Deng propose to integrate the TRIZ methodology, whicp 
utilises analogies in design problems and design solutions, with techniqu~s 
of case-based reasoning. The implemented prototype first applies case-base~ 
reasoning to converge the solution space that is subsequently processed with 
the TRIZ methodology to generate innovative solutions. 

The two chapters that conclude this section, and this volume, are from 
Taiwan and offer two methods for integrating physical models into the 
design process. Yen describes the space cube, a physical cube that acts as a 
tangible user interface for digital design tools. The designer's interactions 
with the physical model are direct input into the digital design process, and 
vice versa. Tang focuses on the production of physical prototypes of desigq. 
This work proposes an approach that learns from traditional wood joints an? 
that applies this type of joints in complex three dimensional structures. Thif 
methodology describes the qualities of these traditional joints and how to 
produce those using digital tools and rapid prototyping equipment. 

To conclude, the editors are proud to present this book, which provides 
an interesting range of innovations in design & decision support systems in 
architecture and urban planning. We hope and expect that this book willl 
continue to function, after the DDSS 2006 conference, as a means to bring 
researchers together and as a valuable resource for our continuous joint 
effort to improve the design and planning of our environment. 
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An Internet Survey for an Activity-Based Model 
An urban transportation analysis integrated in a G.I.S. 
environment 

Massimiliano Petri, Alessandra Lapucci, Diana Poletti, and Silvana Lombardo 
University of Pis a, Department of Civil Engineering 

Keywords: Activity-Based Model, G.I.S., Network Analysis, Decision Trees 

Abstract: The current research deals with the development of an Activity-Based Multi 
Agent System fully implemented in a G.I.S. framework and applied to the case 
study of the historical centre ofPisa. The objective is to create a simulation 
tool for Pisa population transfers in order to verify how transport demand 
varies because of interventions on traffic plan (e.g. creating urban areas 
subject to a toll access for vehicles), or on public transport lines, or on new 
activities location (e.g. supermarkets, public services etc.). Three different 
parts of the System have been simultaneously carried out: the first concerns a 
population sample survey, the second deals with geographical data structuring 
and the last one, still in elaboration progress, tests the model reliability to 
estract and implement behavioural rules. 
The results obtained till now show how the Database itself, containing 
temporal data about agents activities (extracted by the population sample 
questionnaire) and urban services the city offers, already represents an 
important instrument to support decision making process. 

1. INTRODUCTION: WHY ACTIVITY-BASED? 

The Activity Based micro-simulation has only recently been introduced in 
trasportation model and more in general in the field of territorial planning. 

The spell of micro-simulation, in short, consists in the possibility of 
obtaining the behaviour of a complex urban system at meso or macro scale 
as derived from millions of choices performed by the individuals belonging 
to the system. This kind of bottom-up approach seems to overcome, from 

3 

Jos P. van Leeuwen and Harry J.P. Timmermans (eds.) Progress in Design & Decision Support Systems 
in Architecture and Urban Planning, 3-17. 
8"' International DDSS Conference, 4-7 July 2006, Eindhoven University of Technology. 
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many points of view, the traditional top-down approach in which so~e 
behavioural choice rules of groups of individuals are assumed aO:d 
formalized and the model is calibrated on the case study data. I 

Therefore, in our opinion, most of micro-simulation experiments carrie~ 
out (using Multi Agent Systems, Cellular Automata, etc ... ) is undermined b;y 
the definition of the individual choice rules adopted for the simulation$. 
Indeed, such behavioural rules are often very similar to those adopted in tog
down approaches, i.e. behavioural rules known at the meso-scale are used <h 
the micro-scale too. This would allow the generalization of the mode~s 
structure, but is it correct to attribute the same individual choice rules to 
people living in Pisa, or in London or in Rome? (Lombardo, Petri, 2005a) I 

The micro-scale approach can be used only when is available a micro
scale database containing sufficiently detailed information about individualf : 
this requires direct surveys with appropriately designed questionnaire. .I 

As this database will be very large, usual statistical tools are not adequate 
to extract the needed behavioural rules; it is, then, necessary to turn to mane 
advanced tools, such as Decision Trees, Bayesian Networks, etc. 

Such tools allow the extraction of a set of elements which determine each 
individual behavioural choice. 

Against the time, costs and technical skills involved in such surveys an:d 
in their elaboration, the utility of such work is relevant for a number of 
planning and assessment problems not solved yet. 1 

In the context of territory-transport planning, the activity-based approach 
is very suitable because it provides a general model framework which is ve~ 
flexible and able to implement the extracted behavioural rules at eveJ.iY 
decisional step. Moreover the Activity-Based micro-simulation approad)l 
allows to simulate the not-systematic trips (systematic=home-work-home; 

I 

home-school-home trips) which have been greatly increasing in our citi~s 
and are quite adverse to be modelled. 

In order to point out the advantages of an activity-based model, son)e 
examples will be described that highlight the power of this approach. 

First of all, it gives the possibility of considering family membets 
interactions which alter trip types and number. For instance, when a familly 
member takes her/his child to school not being able to pick her/him up latef, 
a second family member has to go and so takes the opportunity to do some 
shopping on the way back home, further increasing traffic. I 

Another relevant aspect is related to trips duration and, more generally, ~o 
time factor issues. While trip-based models consider time only as a cost, i-f
as an impedance factor, in reality it can play a different role for ilie 
compilation of the activities daily diary. For instance, if an individual, w~o 
planned to shop after work, arrives late at the office because of traffic 
congestion, on that day he will be forced to leave the working permises lat~r 
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and, having little time left, he will decide to shop in a small store close 
home. Had he not been late that morning, he could have gone to a 
supermarket, covering a longer distance, but saving money in his purchases. 

All these examples show that the only element subject to a substantial 
variation is the vehicular flow. 

2. OBJECTIVES AND METHOD 

As a consequence of all above mentioned issues, the present work and the 
model here presented try to introduce further analysis elements useful to 
clarify and simplify the complex field of Multi Agent Systems (Waddel, 
Boming, Noth and others, 2003, Occelli, 2004) : this is mainly due to two 
innovations: 

1. Model implementation inside a GIS platform, able to guarantee an 
efficient database management and a dynamic display of 
simulation evolution (Lombardo, Petri, 2005b); 

2. Individual (resident or commuters) behavioural rules 
implementation, i.e choice rules directly extracted from survey. 
Those rules are formed by an "IF" part which is the condition 
(hypothesis dependent on individual characteristic) and by a 
"THEN" part which is the execution (individual choice). For 
istance IF (age = 30-34 AND income = < 15000 €) THEN (first 
daily activity = work), or IF (age > 74 AND number of family 
components= 2 THEN (means of transport= bus). 

The final objective of this model is, then, to act as an effective and robust 
decision support system tool thanks to the possibility to simulate the global 
effect on urban traffic due to a great number of actions, as the shops opening 
times variation, the urban vehicular traffic change, the public transportation 
demand and price fluctuation, the parking toll and localisation changes. 

The present model, introducing a greater detail when compared with 
traditional spatial interaction models, adopts a higher number of variables in 
the simulation providing, as a consequence, a wider number of operative 
solutions within urban mobility matters. 

Given the complexity of the model project still in progress, the current 
contribution will mostly highlight: (a) the construction of a "temporal" 
Urban Information System (U.I.S.) (Burrough, McDonnell, 1997), in 
Arc View 9.1 ; (b) the building and distribution of an "ad hoc" questionnaire 
to a population sample. 

In the first part a Geodatabase has been developed: it contains "temporal" 
information about urban facilities supplied, in order to simulate how the city 
lives and to display, through a sort of time clock, which services are 
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activated in each daily timeband. This application represents the city as a 
"living organism", therefore as another agent interacting with the who!~ 
system (Gilbert, Tema, 1999). In fact the urban system can be considered a~ 
a real agent, able to provide different services in each daily timeband and 
characterized by proper attributes as attractiveness and centrality. 

As to the second part it is important to underline that surveys are 
addressed both to residents and to commuters with the purpose to allow a 
more realistic view of the urban system complexity. 

3. A CASE STUDY 

The work here presented studies Pisa city center and tries to simulate th1 
single agent motion within it. The model general structure consists of foi 
parts: 

1. Construction of the "temporal" Geodatabase representing the 
territorial information base on which the model has to be 
founded; 

2. Questionnaire building, distribution and collection in order tGl 
procure the necessary information on individual peculiarities and 
on population sample activities; 

3. Behavioural rules extraction, from the above mentioned 
population sample, by Knowledge Discovery tools (Arentzei, 
Timmermans, 2000a). Among them, one of the most appropriate, 
belonging to Datamining field (Arezzo, Felici, 2003, Lombardo; 
Pecori, 2004, Lombardo, Pecori, Petri, 2005), is known as 
Decision Trees Induction and is integrated in WEKA softwan~ 
(Witten, Frank, 2000); 

4. Behavioural rules and model implementation on an ArcGI$ 
platform through an "object-oriented" programming and by "on 
the fly" geoprocessing operation (i.e. influence and service ard 
computation) or network dataset routing. 

3.1 The city as a living organism - a dynamic 
GeoDatabase 

This is the most demanding phase, from a computational point of view, as it 
requires the construction of "ad hoc" geographical data and their subsequent 
insertion in complex storage structures necessary for successive analysis 
(Arentze, Timmermans, 2000a,b). 

The following data have been processed: 
1. Pisa city centre road graph; 
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2. The activities localization (trade, tourism, services, resident, etc) 
in each street and for each street numbers; 

3. Street and square parking areas mapping, specifying car spaces 
numbers, whether free or paying according to a definite hourly 
tariff; in this case the nature of "temporal" information consists in 
detailing such tariffs; 

4. Information about each road sweeping times; 
The city centre road graph, was employed to build a detailed Network 

Dataset (ESRl Technical Paper, 2005) containing information about 
restrictions on road access and detours, one-ways, attributes hierarchy. 

The Network features do not remain unalterate during the simulation, but 
are modified, according to each personal experiences, in a sort of "mental 
maps": every mental map reflects the idea each agent has (his cognitive 
level) of road distance coverage times (Rabino, 2005). At the initial stages, 
mental maps corresponde to physical and functional network characteristics, 
as afterwards model dynamics, articulated in three minutes cycles, simulates 
the individual displacement induced by each agent daily activity. 

For each Network road arc, the information about carrying capacity is 
stored. When this threshold is exceeded, traffic congestion phenomena occur 
and cause distance coverage time increase only within individual "mental 
maps" of people involved in this traffic jam, while it does not happen for all 
the agents unaffected by the congestion. 

At the end of each day, every agent updates her/his "perceived network" 
taking into account also family members experiences: this phase can be 
considered as the agents training process. 

This aspect makes transfers simulation more realistic when compared to 
traditional models where, under a congestion event, trips coverage times 
simultaneously vary for each agent, implicitly assuming a global information 
flow among them. 

Once the Network was developed, "locations" feature Datasets were 
built: they identify both the route destinations, i.e. all available activities and 
the route origins, i.e. residences, etc. This result has been achieved using 
Yell ow Pages internet Data Base, creating "* .dbf' format tables which were 
linked to street numbers through the address field, via "table join" GIS 
operation. (figure 1). 

Such Network will allow to built the isochrone for each activity and to 
compute its closest stops (using command "Find Closest Facility"). The 
information about each urban activity opening time and about each agent 
min/average/max permanence time in such activity was considered. 

Data from PISAMO (PISA Mobility) official internet website were used 
to extract city centre parking areas information, gathered in separate tables. 
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The stored attributes are related to parking spaces available in each 
road/square, to hourly tariff and its temporal setting. I 

A .• .b, ... w.ulwl w ... a.4• ,..,,.n 
t+Ctl1C:..~E!-Q' • If'I'ILI~o)t~> 
tfiii ; OfO~ 

~-:'-~---~--~----------··--···--------··-··----·-··· 

Figure 1. Activities Tables creation. 

The last stored piece of information deals with possible mobiliJ 
"constraints" due to the real parking availability or to transit hold up over ~ 
whole road section caused by midweek markets, road sweeping etc. \ 

All data were introduced in a Geodatabase (Curtin, Noronha, Goodchild 
and Grise, 2003, Booth, Shaner, MacDonald and Shancez, 2002) and linke~ 
through "relationship classes" in order to dynamically display all availabl¢ 
activities (commerce, services, tertiary etc.) and parking supplies throughout 
the working week and inside each daily time band (figure 2). 

Using VBA language an "urban time clock" was designed in order t(i) 
generate a temporal articulation of all facilities the city offers. The system 
creates each activity isocrone, automatically displaying available and not 
available services distinguishing their symbology at each temporal step; this 
is a first useful result to support decision making process. · 
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Figure 2. Creation of the Urban Time Clock and a Service Area on a GIS platform. 

3.2 Population sample questionnaire 

For the purpose of reconstructing population movements and performing 
further analysis, a representative population sample was necessary. 

The interviews, conducted by means of a questionnaire, have been 
carried out both distributing a paper form and building a dedicated website 
structured in preset interfaces; such double version was chosen to reach 
different population classes (figure 3 and 4). The questionnaire is articulated 
in three parts: 

Part A: Individual personal data (age class, civil status, occupation, 
educational qualification, etc.) and family information (number of family 
members, number of children, cars and driving licences number, etc.); 

Part B: Most recent working day activities diary; 
Part C: Individual preferences in daily activities planning. 
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Prima attivita della mattina 
I 

1) PRIMA ATTMTA (.-fP'laro con una X Ia pma anivita •volt> all'P2torno dol =nun• di 
Pl"•a. altm•nti. no[ oa•o di attivita •volt• foon· da[ =nuno di Pl"•a do• =nportano zmo 
•po•tammto da Pi•a ad altro =nzm• o vic•v•r.a. ••fP'laro con u~>:~ X · E•cil•ntra citra· 
•d andoo l'anivita cho •i va a •vo/gor• • indicar• [a looalilrlra%ion• o.: Livomo, GhlliDlano. 
Viaroggio, occ. al JRinlo 4) 

o Esoi da. Citti>. (speoiflcare cilti>. di destinazDne. . ............. ) 
o Entra :nella oitti>. (speoiflcare oilti>. di orig:ine .. ... . . .. .... ) 
o LavOlo fuorioasa f UniVI!l'Siti>.-studio fuori oasa 
o Partare o prendere persone o beni 
o Vis ite mediche 
o Affari per:sonali 
o Donnire 
o Mangiare 
o Shepp~ !;iomaliero (r;eneralmerde di beni di prima neoessiti>. ohe ve~ro 

aoquistati se ron tutti i !;iomi alrneno un !;iorro si e un !;iomo no, es.: pane, la!te, 
s~arette, eoo .) 

o Shepp~ non !;iomaliero (r;eneralmerde di beni ron di prima neoessiti>. ohe 
ve~ro r;eneralmenle aoquistati una tantum, es.: abbig)iamento, spesa settimanal.e 
a! grande ~azzino, eoo.) 

o Attivili>. oorrela!e ai serrizi (posta, banoa, altro, speoifu:are... . . ...... . ) 
o A ttivili>. sooi..ili fuori oasa ( vis~e ad amici e parenli, ali><>, 

speoifu:are ... .... ... .................... ............ .. ... ........ .......... ... ...... .......... ) 
o A ttivili>. di tempo libero fuori oasa (sport, oon:erli, cinema, :musei, alho, 

speoifu:are... .. . ... . .. . . . . .. ... . . . .. . ... . . . . . . . . . ... ... . ..... ) 
o Attivili>. oas~ (ollre adonnire e manPare, ossia attiviti>. per svolr;ere le cpali si 

ritorna appositamenle a oasa, spostandosi peroiO da.lla pl!!oedente loca!izzazione 
es.: pulizie oas~, ou.cinare, speoifu:are ... ... ... . ........ ...... ) 

2) PERIODO INIZ!O A TTIVITA (indicare !'ora di inizio dell'attivili>. in esame, per esernpio 
!'ora di inizio dellavoJD) 

Esernpio8:08oppure 15:33 

J)PERIODO FINE ATTIVITA (indicare l'oza di fme dell'attivitain esame, per esempio fora 
di fme dell'attivila di shopp~ !;iornaliero) I I Esernpio 8:02 oppure 15:32 

Figure 3. Questionnaire forms: Paper based. 

The survey directed to residents in Pisa city centre is structure~ 
differently from that addressed to commuters. The former registers both 
urban and city entry/exit activities, indicating, in the second case, the 
origin/destionation point for this "macro-transfer". The latter, instead, 
provides informations about commuters arrival point in Pisa (e.g. traif 
station, long stay parkings, bus station, etc.), their mean of transportatioi\, 
and about the activities they carry out in the city centre (figure 5). 



An Internet Survey for an Activity-Based Model 

A Informazioni relative alia per·sona 

Motivo della tua presenza a Pisa: 

0 Residente C) Domiciliate 0 Pendolare (se sei pendolare scrivi di seguito il mezzo con cui 

anivi a Pis a) linserire qui 

Sesso: 

O Maschio OFemmina 

Fascia di eta a cui appartieni : 

0 15119 020124 025129 030134 0 35139 O<IJ/44 0 4lt49 0 50154 Os5m 

060164 0 6S/69 070!14 0>74 

Scrivi Ia tua via o quartiere di residenza (se residente o domiciliato) 
oppure il quartiere o via di arrivo (se pendolare): 

j ins~rife qui 

Stato civile: 

ONubile O Celibe O Sposato/a O Divorziato/a O Vedovo/a 

·---- ... , ~ 

Figure 4. Questionnaire forms: Internet based. 

0 Arrival points 

Residents Activities 

Commuters 

Activities 

Figure 5. Conceptual structure of registered activities. 

11 

Data entry was conducted through a VBA (Visual Basic for Application) 
application, completely integrated in ArcGis, in order to facilitate and speed 
up an accurate loading of questionnaire results (figure 6). 



12 Massimiliano Petri et a/. 

Figure 6. VBA software application for questionnaire results data entry. 

The area designed to test the prototype of the model is composed by fort)' 
Census Sections and contains different activity types, a comprehensive list of 
transportation means and some "key activities" as university headquarte~ 
and the central hospital (figure 7). 

The residents' population sample was singled out by cross-referencing 
two of the most influent variables available from 2001 National Populatioq. 
Census. Selected variables were sex and educational qualification, becaus~ 
they are able to explain a good part of the information contained in the entir<!! 
dataset, as proven by the factorial analysis implemented only on persona~ 
data (Part A of the form) present in the questionnaire collected up to nowl 
For each variable all classes were intersected and, for each crossing, 10% of 

I 

the population, responding to those characteristics, was interviewed. Sucli 
approach enables the sample to follow the National Population Census 
probability distribution. 
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Figure 7. Prototypal area: services and activities. 

Figure 8 shows how the bivariate analysis has been conducted in a single 
census section about sex and literate level classes. 

Our preliminary intention was to address the questionnaire to tourists as 
well, however their behaviour cannot be easily integrated in an urban 
activity based model. Tourists, in fact, initially ignore the urban 
configuration and visualize their own "mental map" as they visit and walk 
through the city. 

In order to have a model less "factual" that's to say more capable to 
anticipate urban system variations, induced by planning policies, the 
knowledge contribution given by "privileged interwees" was introduced. 
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Female Mal 

Figure 8. Bivariate analysis for a single census section. 

The importance of "privileged interwees" resides in the possibility to 
design a limited size sample able to represent the entire categories 
distribution of the whole dataset. Asking specific questions to this sub
sample, it is possible to extrapolate agents' reactions to unforseen events 
connected to urban mobility. I 

Some examples of the asked questions to "privileged interwees" are th~ 
following: 

1. How long do you spend on activity X on average ? What is the 
activity maximum duration ? What is the shortest time spent in case 
you are in a rush ? 

2. In case of a delay greater than twenty minutes at the bus stop, woul~ 
you use an alternative transportation mean or would you rather wa~t 
for the bus? 

3. How often do you perform activity X? 1 

4. How much are you willing to pay to have direct access to your 
regular activities in less than five minutes? 

With the use of Decision Tree induction methods it is possible to extradt 
information from the answers to such questions and to relate person~! 
features to each target variable linked to every question; this enhances th~ 
model forecasting accuracy (Jager, Janssen, 2003). For instance the average 
time a professional spends for lunch may be shorter than that spent by an 
housewife (question 1), or a single may have a social activity more intense 
than a family with two children (question 3). 
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3.3 Behavioural rules extraction from the population 
sample 
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Activity Based models allow the conversion of a daily "activity program" to 
a daily "activity pattern" where a sequence of activities is completely 
defined in terms of localisation, type, transportation mean, schedule, 
duration and possible sharing. This transformation, from a generic list to an 
ordinate sequence of daily activities, implies a set of decisions: which 
activity to carry out, where, when, with whom and by which transportation 
mean. 

The agent behavioural rules are extracted from activities personal data 
and the whole process is implemented through Knowledge Discovery in 
Databases (KDD) tools (Bonchi, Pecori, 2004). 

The instrument initially used was the Decision Tree (Lombardo, Pecori, 
Petri, 2005, Lombardo, Pecori, 2004) where knowledge is extracted from 
data in the IF-THEN form; rules structure presents, infact, an IF part 
(condition) where all socio-economic attributes and daily activities, related 
to each individual agent and to her/his family, are taken into account and a 
THEN part (execution) where the decision tree "target attribute" is 
considered. The target attribute may be represented by each decisional 
choice under study (e.g. the possibility to conduct an activity going outside, 
the type of activity, the transportation mean selection and so on). 

The general framework of decision tree induction rule, can be formalized 
as follows: 

IF (Age band = X, and Income = Y, and ... and Total daily activities 
number= Z) 

THEN (First daily activity = T) (in ralation, for instance, to the target 
variable called "daily activity to perform"). 

The main difficulty this approach presents is due to the necessity to apply 
the rules, extracted from the sample, to the whole population. It is possible, 
indeed, that a combination of conditional attributes, never occurred in the 
extracted rules (IF part), may come out. In this case, the probability of the 
considered decision variables to be conjointly present in the population 
universe would be useful, in others words the problem is to compute a 
conditional probability distribution. Therefore, we are investigating the 
possibility to apply the synergy between Decision Trees and Bayesian 
Networks, able to explain such "variables relation network". 
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3.4 Behavioural rules and model implementation in a 
G.I.S. environment 

The behavioural rules extracted and the whole model will be inserted in 
ArcGis environment through an object oriented programming. Thi~ 
operation will allow the system to perform a real time view of the entirb 
simulation and permit geographical analysis inside the dynamics. I 

The possibility to keep each computation inside a GIS platform provide~ 
the entire instrument to be much more flexible and easily integrable with 
others techniques: this element represents a significant advantage because 
avoids computational problems related to the difficulty of exporting data 
from a software to another and gives the opportunity to easily display 
simulation results by geographical maps and interfaces. 

The complexity of urban planning decision problems requires, in fac~, 
models able not only to simulate agents dynamics, but also to represent 
results in an clear and transparent form, so that they can be easil~ 
communicated to scientists, local authorities, stakeholders etc. This result i~ 
surely facilitated by means of a GIS based tool (Zunino, 1998, Longley, 
Goodchild, Maguire and Rhind, 2001 ). 

4. CONCLUSIONS 

The comprehensive framework of the devised activity based mobility model 
represents a significant step forward in dynamics and phenomena 
comprehension at urban scale. 1 

The model elaboration, currently in progress, its testing on Pisa case 
study and the tool implemented till now, already represent a decision suppo+ 
element useful both to locate new possible activities inside city centre and to 
improve the quality of present services. I 

The accuracy in the initial stage of the analysis, as database design and 
implementation, has been highlighted because it has been considered ndt 
only the model starting point, but also its foundation and its strong point. I 
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Abstract: This paper describes a conceptual framework for modeling activity 
interactions between household heads in conducting out-of-home maintenance 
activities. It is comprised of several steps; generation of household activities, 
task allocation of household activities, trip-chaining choices, resource 
allocation and mode choice. The models are specified for different household 
types: worker and non-worker households, with or without children. The 
purpose of this paper is to introduce the modeling framework for household 
travel activity decision making processes so that it can capture interactions 
between household heads. 

1. INTRODUCTION 

The size and spread of urban travel demand is a concern of transportation 
planners and policy makers in their attempts to alleviate existing 
transportation problems, in particular, traffic congestion. Travel demand is 
derived from the activities that individuals need to conduct in space and 
time. In the past, transportation forecasting models used trips as the unit of 
analysis. The currently emerging generation of forecasting models is based 
on activities and considers travel as a derivative of the need to conduct 
activities on different locations. Focusing on activities allows one to take 
into account interactions between persons within households and constraints 
imposed on activity schedules that emerge, for example, from limited 
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opening hours of facilities, working times and household needs (e.g., 
escorting a child to school). 

Most studies in activity-based modeling of transport demand use utiliJ
ma.ximizingldiscrete choice models to describe individual travel behavior ~s 
will be reviewed in section 2. An exception is Arentze and Timrnermaris 
(2000), whose Albatross system is a computational process model based fl 
the decision tree formalism. It was developed for The Dutch Ministry f 
Transportation, Public Works and Water Management, to explore t e 
possibilities of an activity-based and rule-based approach to develop a trav l 
demand model for policy impact analysis. The latest version of Albatross 
(Arentze and Timrnermans, 2005) is operational for application at the 
national scale. 

This activity-based model of activity-travel behavior is derived from 
choice heuristics that consumers apply when making decisions in complete 
environments. The model fits into the activity-based approach which ~s 

aimed at predicting which activities are conducted where, when, for how 
long, with whom, and the transport mode involved. The model takes 
interactions between individuals within households into account, but does so 
in a limited way. 

We therefore intend to solve this limitation of Albatross by improving 
some aspects of households' decision making on activity-travel choice. 
Individual members of a household, particularly the beads of household, 
often interact and make decisions jointly. Their decisions to engage in out
of-home maintenance activities, for example, often depend on household 
needs and should take into account the presence of children, if any, 
accessibility, car availability, etc. Out-of-home maintenance activity may be 
conducted independently or jointly and household tasks often need to b~ 
allocated to household members. 

The purpose of this paper is to describe an intended elaboration or 
Albatross in terms of household level decision making. We introduce f 
conceptual framework for activity generation, task allocation, trip-chaining 
choices, resource allocation and mode choice between household heads. A~l 
these refer to choice facets embedded in activity-based models of trav~l 
demand that should preferably be analyzed at the household level. w~ 
briefly sketc~ key mechanism.s in modeling ?~usehold decision makinf 
processes. G1ven the complexity of such decisiOns, households may not 
display perfect choice behavior, but rather use heuristics that are subject tb 
learning over time. 

The paper is organized into several sections. After an introduction, the 
first section briefly reviews existing approaches to modeling withinr 
household interactions in activity-travel choice. Then, against this 



A Model of Within-Households Travel Activity Decisions 21 

background, the next sections describe the Albatross system and our 
conceptual framework. Finally, we summarize the major conclusions. 

2. REVIEW OF EXISTING APPROACHES 

We will firstly focus on a brief review of existing approaches in modeling 
within-household interactions in the context of task allocation, joint activity 
participation, time allocation and household resource allocation. Most of 
these studies attempt to contribute to the development and improvement of 
activity-based methods for travel demand modeling that gained momentum 
over the past couple of decades. Activity-based methods recognize that 
travel is a consequence of a more fundamental need to participate in 
activities dispersed over time and space. 

In modeling task allocation in households, Vovsha, et al. (2004) 
implemented a sequence of two linked discrete choice models. The first 
model relates to the entire household and returns the total daily frequency of 
individual maintenance tours by purpose. The second model relates to the 
tour level, and returns the allocation of each generated tour to a particular 
household member. The model allows important insights into intra
household decision-making mechanisms and improved travel demand 
forecasts. 

For analyzing activity participation and travel-choice interaction in 
households, Golob and McNally (1996) developed structural equation 
models of activity duration for household heads. They applied structural 
equations to simultaneously model the behavior of the male and female 
heads of household in terms of their activity participation and travel. This 
study tested hypotheses regarding interactions within households and 
identified additional interactions as part of an overall model structure which 
relates to activity participation and travel behavior of household heads. 
Relationships were established between the amount of time allocated to 
work, maintenance, and discretionary activities. The interactions between 
male and female household heads were modeled endogenously; effects due 
to the presence of other household members were introduced exogenously. 
The implication of these results was clear: a feedback mechanism should be 
introduced in trip generation models to represent the effect of travel time on 
activity frequency and duration decisions. For example, households which 
have longer commutes should have compensatory reductions in the 
frequency and duration of participation and travel to other types of activities. 

Srinivasan and Bhat (2005) developed a model of time allocation 
between male and female household heads. They examined household 
interactions impacting weekday in-home and out-of-home maintenance 
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activity generation in active, nuclear family, households. The in-home 
maintenance activity generation is modeled by examining the duratiop 
invested by the male and female household heads in household chores using 
a seemingly unrelated regression modeling system. Out-of-home 
maintenance activity generation was modeled in terms of the decision oft* 
household to undertake shopping, allocation of the task to one or both 
household heads, and the duration of shopping for the person(s) allocated tb 
the task. They developed and applied a joint rnixed-logit hazard-duratio~1 
model to predict out-of-home maintenance activity generation. 

In addition to these models, there are some more papers focusing o 
intra-household interaction in decision making processes. Scott an(i 
Kanaroglou (2002) described an approach for modeling the daily number ~f 
non-work, out-of-home activity episodes for household heads for tw~ 
activity settings, independent and joint activities. They estimated trivariat'f! 
ordered probit models for the heads of three household types: couple, non
worker; couple, one-worker; and couple, two-workers. They foun~ 
significant interactions between household heads. Gliebe and Koppelmap 
(2005) described the daily activity-travel patterns of individuals in the forrb 
of joint activity participation and shared rides. Zhang et al. (2005) reported 
the development of a household task allocation and time use model based o~ 
a multi-linear group utility function. The results indicated that, on weekday~, 
for nearly half of the households the husband mostly influences tasf 
allocation and time use, for one-fifth of the households it is the wife and th~ 
remaining households show an equal relative influence for both husband and 
wife. 

Roorda, et al. (2006) developed a more complex household tour-based 
mode choice model that incorporates household level interactions explicitly;, 
including vehicle allocation within the household, joint travel decisions, and 
negotiations over ridesharing in the household. All of the decisions ar~ 
modeled within a clear theoretical framework of household random utilitY 
maximization and they used a genetic algorithm for parameter estimation. 

Besides this paper, there are more papers about modeling task allocatio$ 
and time allocation in household within a one-week period (see Lee an1 
McNally (2002) and Ettema & VanDer Lippe (2006)). Ettema and Vander 
Lippe (2006) tested three hypotheses: If both household heads hav¢ 
traditional role expectations, the male will have a greater opportunity t~ 
work; If either male or female has a higher qualified job, he/she also wil~ 
spend more time to work instead of household tasks; If accessibility to job or 

I 

store is low, or if young children are part of the household, indicating more 
severe time constraints, the male will spend more time on work that th~ 
woman does. 
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Another interesting research topic within the context of intra-household 
decision making concerns vehicle allocation in households. Hunt and 
Petersen (2004) examined how gender, employment status and household 
income level influence car allocation by restricting the analysis into 
households with two or more drivers and fewer vehicles than drivers. Work 
status and income were more influential to automobile usage than gender. 

Even though considerable work has been carried out on the subject of 
task allocation, activity participation, and vehicle allocation in the context of 
maintenance activities within households, still many aspects can be 
improved. We would like to introduce a more refined conceptual framework 
for activity-based modeling, particularly at the household level, in which we 
can capture interactions between household heads. 

3. ALBATROSS 

Albatross is an acronym of A Learning Based Transportation Oriented 
Simulation System. The model considers a particular household and a 
particular day as given and generates a schedule for maximally two 
household heads. The presence of children is taken into account as an 
independent variable in the model, but their activities are not explicitly 
represented. Mandatory activities are called fvced activities, while non
mandatory activities are termed flexible activities. 

Albatross consists of two major components that together define a 
schedule for each individual and each day. The first component generates an 
activity skeleton consisting of fixed activities and their exact start time and 
duration. As an important distinct feature, the skeleton model component 
determines activity patterns on a continuous time scale. It consists of several 
sub processes including: 

I. Determining the pattern of sleep activities 
2. Determining the pattern of the primary work/school activity 
3. Determining the pattern of secondary, fixed activities 
4. Determining the location of each fixed activity episode 

The second component determines the part of the schedule related to 
flexible activities to be conducted that day, their travel party, duration, time
of-day and travel characteristics, as follows: 

I. Choice of transport mode for the primary work tour(s) 
2. Determining selection, travel party and duration of flexible activities 
3. Determining start time and trip chaining of activities 
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4 . Determining the transport mode of each tour in the schedule 
5. Determining the location of each flexible activity 

Central to the developed approach was the use of the decision tr~e 

formalism for representing choice heuristics of individuals and deriving 
these heuristics from activity travel data. Each decision tree is derived from 
corresponding observations in the activity diary data set using a CHAIO 
based induction method. 1 

Albatross does take into account interactions between individuals. Ie 
Albatross, scheduling decision steps are made alternately between the 
household heads whereby the state of the schedule after each last decisiob 
step of one person is used as condition information in the next decision step 
of the other person, and vice versa. Although Albatross, especially compare~ 
to other activity-based models of that generation, already includes sever11 
mechanisms to deal with household level decision making, the system can b,e 
further improved. In particular, the following elements will be addressed: 

1. Allocation of activities to persons is not an explicit decision step in 
Albatross. Rather the selection of activities in a person' s schedules 
emerges from a series of yes/no decision by that person. 

2. The choice between joint or independent participation in activities i:s 
not modeled in the sense that the required synchronization in case of 
joint activities is not imposed as a constraint. ! 

3. Car allocation to persons is not an explicit decision. That is Albatros~ 
does take into account that a same car cannot be allocated to two 
persons at the same time if they are at different locations. Also, 
Albatross takes into account the travel demands of one person in the 
mode choice (car, etc) of tours of the other person, and vice versq. 
However, it is not modeled as an allocation decision. 

We therefore intend to alleviate these potential shortcomings of Albatros~ 
by improving some aspects in households' decision making on trave'l 

I 

activity. We introduce a conceptual framework for activity generation, tasf 
allocation, trip-chaining, resource allocation and mode choice betweey 
household heads. These are choice facets embedded in activity-based mode~f 
of travel demands that should preferably be modeled at the household !eve~. 

In addition, we will briefly sketch key mechanisms in modeling household 
decision making process. Given the complexity of such decisions1, 

households may not display perfect choice behavior, but rather use heuristics 
that are subject to learning over time. We will apply the same approach a~ 
developed in Albatross to extract such rules: i.e. a CHAID based inductioQ 
method. 
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4. CONCEPTUALIZATION 

As we explained above, this project is intended to solve the deficiency of the 
Albatross system related to aspects of household-level decision making. In 
the following sections, we will explain our conceptual framework in 
household travel activity decision making proposed to refine the Albatross 
model. 

4.1 Classification of Activities 

In transportation research, it has been widely acknowledged that travel is 
derived from household decision making under spatial and temporal 
constraints. It is commonly assumed in travel demand research that work and 
school activities constitute compulsory or mandatory activities that are 
conducted by individuals independently. In addition, activities such as daily 
shopping, non-daily shopping, bring/get children/other persons, etc 
constitute maintenance activities, and in principle it may suffice that a single 
household member performs these activities, implying that these activities 
are subject to task allocation. Finally, activities such recreation, social visits, 
and other leisure activities are typically conceptualized as discretionary 
activities, and may be conducted jointly or not. 

We emphasize that joint/independent and household/individual are two 
independent dimensions of activities, in the sense that, in principle, every 
combination of choices is possible. For example, an individual-level activity 
could be conducted jointly (e.g., eating out together with the partner) and a 
household-level activity may be conducted independently (e.g., one person 
doing shopping). Nevertheless, mandatory activities are often individual
level activities and are mostly performed independently. Maintenance and 
discretionary activities can be either individual or household activities. 
Individual activities generally serve individual-level needs, and will typically 
but not necessarily be carried out independently. Household activities are 
derived from household needs and may be performed either independently or 
jointly. 

As mentioned in Vovsha, et al. (2004), household maintenance activities 
can be further split into three categories: shopping, escorting, and other 
maintenance activities. Shopping is important to fulfill household needs for 
foods, clothing, house appliances, etc. Escorting, which is termed a bring/get 
activity in this paper, is also essential, particularly in households with young 
children, to drop-off or pick-up them to/from school or daycare. 
Subsequently, other maintenance activities, such as, banking, are grouped 
together with other activities into a single activity. The need for such other 
maintenance activities will occur less frequently. 
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4.2 Conceptual Framework 

4.2.1 Activity Generation 

Household heads are faced with the decisions which mandatory, 
maintenance or discretionary activities to conduct on the day concerned. ~ 
this paper, we focus on maintenance activities and related travel. Other, non
maintenance activities are taken into account as well, but are taken as given) 

Initially, the model predicts the maintenance activities conducted in !a 
household for a given day. Let n be the number of maintenance activities 
generated on the day considered. Then, the set of maintenance activities cah 
be denoted as M = {m1, m2, ••• ,mn}· The maintenance activities can b~ 
classified into specific categories such as daily shopping, non-dail¥ 
shopping, bring/get person, etc. 

In this step, who performs which maintenance activity is not known yet. 
The result of this step is just a description of activities performed at thb 
household level for a particular day. The number and types of maintenanc~ 
activities carried out on a certain day may be similar or may be different 
from another day. In fact, household and individual activities are dynami~ 
and vary from day to day. As a result, the activities are a selection of an 
exhaustive list of maintenance activities that are considered by households. 

The number and kind of maintenance activities conducted strongly relie~ 
on household characteristics, such as household size, presence of school-age 
children, work status, income, and car(s) ownership. Household size is 
important because larger households tend to generate more out-of-hom~, 
non-work actlvttles, particularly maintenance activities. Similar!~, 

households with school-age children need to become involved in dropping
off or picking-up children from school, whereas other household types wiV 
not be involved in this activity. Work status may also play a major role i~ 
generating maintenance activities. A distinction can be made between fu~l 
time and part time jobs for each adult member of the household. The wor:f 
status of each head will have an impact on income of the household and timf 
available for other activities. For example, households with higher 
income/more time might be carrying out out-of-home maintenance activities 
more than those with lower incomes/less time. 1 

Accessibility and the possession of vehicles in a household, particularly 
car, are taken as important variables to be considered as well in generatin~ 
activities. Possibilities for out-of-home maintenance activities become muc~ 
broader iflocations are nearby and cars are available. 
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4.2.2 Task Allocation 

In this step, the model identifies the allocation of maintenance activities to 
household heads, i.e. how these tasks are allocated across the male and 
female heads. An activity is either allocated to a single person or to both 
persons. In the latter case the activity is conducted together. 

To describe this formally, we define an allocation variable au, where i= 
I,2 denotes the person, and} =I,2, .. . ,n denotes the maintenance activities as 
follows: 

I if oerson i conducts activi tv i (1) 

0 otherwise 

T, bl I M . f k II a e . atnx representation o tas a ocahon pattern example. 

fit m2 m3 m4 :L 
Pt I 0 I 0 2 
p2 0 I 0 I 2 
:L 1 I I I 4 

As an example, Table 1 shows the allocation pattern of a household 
involving two persons and four maintenance activities. In this example, 
person P1 conducts activities m1 and m3 and person P2 is responsible for 
activities m2 and m4. Hence, in this case, there are four maintenance activities 
distributed across two adult people in the household. 

In the example of Table I each person conducts the one or more 
maintenance activities allocated to him/her alone. However, there is a 
possibility that maintenance activities are performed together. In general, the 
following constraint applies to the set of allocation variables: 

(2) 

With regard to allocating the tasks to household heads, time constraints, 
time-budgets and time allocation have to be taken into consideration. Time 
constraints relate to opening hours of facilities, such as shop, school, office, 
etc. It is not possible to conduct shopping activities when the shops are 
closed. Likewise, it is not possible to go to work during office closing time. 
In addition, the time spent on other, especially mandatory activities by each 
person should be taken into account. 

Therefore, household heads must allocate their time properly, particularly 
in two-worker households with pre-school and school-age children. In the 
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Netherlands, the elementary schools are typically open from 08.30-15.30, 
and much shorter on Wednesday, from 08.30-12.45. As a result, the work~r 
parents should spend time for picking-up children, because the office bouts 
are from 09.00-17.00 or even untill8.00, which is much longer than schofl 
hours. Therefore, they should organize, who will pick-up children duriqg 
work time. Otherwise, they have to allow the day-care institution to take ca~e 
of the children and then (one of) the parents will pick-up their children op 
the way to home after work. \ 

In households in which one parent works out-of-home and one works *t 
home, the latter may have more (flexible) time to conduct household tasks. 
In particular if pre-school and school-age children are present, the bring/get 
children activity is likely conducted by the person who works at home. 

In sum, task allocation will be influenced by such factors as time spent on 
mandatory activity, flexibility of working at home, accessibility to facilities, 
and gender. The less time a person spends on work, the more time is left f~r 
conducting maintenance activities. Recently, due to policy measures ip 
traveling, more and more people who commute to work everyday have a 
chance to work at home on a particular day of the week. Indeed, it depends 
on the company they work for. The person who has the flexibility to work at 
home will have the opportunity to pick-up children or do other householtl 
tasks. It probably means his/her work duration will be smaller on a certain 
day, for instance on Wednesday (in Netherlands). 

A further factor that should be mentioned is accessibility to schools, 
shops, and office. For example, those household heads with better access to 
pick-up children from the office or from home, will be more responsible for 
the household tasks. 

Finally, the traditional gender role in household is likely to play a role ~ 
well. Most female workers spend more time at home than male workery> 
during their children's school-age. They even have a tendency to do part
time job rather than a full-time job during that period. However, in case botf. 
male and female work, the work status and the flexibility of working at 
home between both household heads should be taken into account as well. 

4.2.3 Trip Chaining Choices 

We model a trip-chaining decision as a choice between yes/no linking ~ 
given pair of activities. In addition to maintenance activities, the existence or 
other (mandatory and discretionary, if any) activities should be taken int0 
account here too. We denote other activities as 0, and the total number of 
other activities scheduled on the day considered as c. To describe trip~ 
chaining choices formally, we define a variable cu. where i= 1, ... ,n+c and}= 
1, ... ,n+c, are indexes of activities, such that: 
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0 if i is not linked with} 
(5) 

otherwise 

Two activities are linked if they are conducted during the same tour. We 
illustrate the principle using the same example as used earlier. Table 2 shows 
for this example the matrix of trip-chaining choices where (as before) four 
maintenance activities are performed and three others activities are 
conducted. 

T, bl 2 M . a e . atnx actiVIties pe orme d. h h ld m a ouse o 

m1 ill2 ill) 
m 1 0 0 

I 

m 1 0 
2 
m 1 

3 

m 
4 

0 
I 

0 
2 
0 

3 

Linked= I (conduct on the same tour) 

Not-linked= 0 (conduct on a separate tour) 

m=maintenance activities 

111! 01 
0 1 

1 0 

0 0 

1 0 

1 

O=other-maintenance activities (mandatory and discretionary activities) 

02 03 
0 0 

0 1 

0 0 

0 1 

0 0 

1 0 

1 

Every ij pair of trip-chaining variables must meet the following logical 
constraints: 

1. Cij = Cji 

2. If ciJ = 1 and c1k = 1 then C;k =1 (for every third activity k) 
3. If ciJ = 0 and c1k = 0 then C;k = 0 (for every third activity k) 

From matrix, ciJ, we can derive the number and activity compositions of 
tours of the household on the day considered. We use the example to explain 
the procedure by which the tours can be derived. First, we need to fill out the 
empty cells on the left side of the diagonal (gray cells in Table 3). 
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Table 3. Matrix activities perfonned to identify the number of tours. I 

ml m2 m3 Il4 01 02 03 
m 1 0 0 0 1 0 0 

I 

m 0 1 0 1 0 0 1 
'* · 2 _l 

m 0 I\; 0 1 0 0 0 0 1 
; 

3 I 

m 0 1 0 &: 1 0 0 1 
4 ,., I 
01 : 1 0 0 '0 1 0 0 \ 
02 0 o·'"''~ 0 0 0 1 0 
03 0 * i · 1 0 1 .,!~! () 0 1 

This based on the knowledge (i.e. constraint 1) that ciJ = c1i, for each i and 
j . Next, we identify the activity combinations performed together within 
tours. In this example, the rows of the matrix represent the following activity 
combinations: 

1. m~, 01 
2. m2, Il4, 0 3 

3. m3 
4. m2, Il4, 0 3 

5. O~,m1 
6. 02 
7. m2, Il4, 0 3 

There is not a one-to-one correspondence between these activitY 
combinations and tours because the same combinations occur multiple tim~s 
while they refer to a same tour. In this example, number 1 and number S 
relate to the same tour, namely the tour on which activities m1 and 0 1 ate 
conducted. Similarly, number 2, number 4 and number 7 refer to the sa~e 
tour, namely the tour where activities m2, Il4, and 0 3 take place. Thus, to 
identify the tours implied by this list, we must merge those combinations thJt 
include the same set of activities. Hence, the tours performed in thb 
household and day considered in this example, can be described as: 

1. m~, 01 
2. m2, Il4, 0 3 

3. m3 
4 . 0 2 
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Apparently, there are four tours performed in this household-day 
conducted by both male and female head. 

If we combine this result with the allocation pattern of this example 
(Table l) we can identify the person(s) involved in each tour. Tour l and 
tour 3 are conducted by person l, and tour 2 is conducted by person 2. 
However, given its focus on maintenance activities, the model does not 
predict who conducts tour number 4. 

In sum, at this stage of the decision process the tours for the household
day are known regarding the activities and persons involved. In the example, 
we have: 

• Tourl: P 1 :(m~,0 1 ) 
• Tour 2: Pz: (mz, IT14, 0 3) 
• Tour 3: P1: (m3) 
• Tour 4: P1 or Pz: (0 z) 

4.2.4 Resource Allocation and Mode Choice 

Travel demand models have rarely addressed household car allocation 
decisions. However, car allocation decisions in households affect individual 
travel behavior, in particular in a household in which fewer cars than drivers 
exist. There is only a small number of published works on models that 
explain how vehicle allocation decisions are made within households, such 
as Hunt and Petersen (2004). 

Households with car(s) can be grouped into: two or more drivers and 
fewer cars, balance between drivers and cars, more cars and fewer drivers in 
the household. The first group can be defined as car/vehicle insufficient 
households. These are households in which at least one vehicle is present but 
fewer vehicles than workers or fewer vehicles than drivers. Then, trade offs 
must be made between using the car for the commute trip, if any, and for 
satisfying household maintenance activities. 

Among the three groups above, only the first group has to be taken into 
consideration seriously with regard to household resource allocation. There 
are some variables that should be considered in making a decision which 
person should use car, such as gender role, work status, income and 
complexity of the activity agenda. 

In the case of conducting purely independent maintenance activities, 
there will be vehicle allocation to either male or female. One will use the car, 
while the other should use another mode during the time the other person 
uses the car. If only one person performs out-of-home activities, the car is 
possibly used by him/her. Of course, it is also possible that both people 
choose not to use the car. 
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For those households who do not have a car, the choice set for predictiqg 
transport mode does not include the car. i 

Having allocated the car, the mode choice for each person in the 
household will be predicted. The choice set of modes ( V) generally includ¢s 
car as driver, car as passenger, slow modes (walking, bike) and publk 
transport. If z is the number of tours scheduled for the household-day, th~n 
the result of this step can be written as V = {v1, v2 , ••• , vz}, where V; is the 
element of the mode choice set assigned to tour i. • 

5. CONCLUSIONS 

In this paper, we have briefly discussed some principles of modeling with*
household interaction in building activity-based models of transport demartd 
in general and improving the Albatross system in particular. We have argu~d 
that especially activity generation, task allocation, trip-chaining choice, 
resource allocation and mode choice requires household level decisions. Tbe 
system then explicitly describes who performs which task. Another aspe~t 
concerns the organization of activities in trip chains resulting in the number 
and activity composition of tours that each male and female head carries out 
during the day. Modeling resource allocation allows a better integration of 
various facets in activity-travel decisions. It is expected that dyna~c 
decision making process in a household can be implemented as well. Tfue 
elaboration of joint activity participation and empirical estimation for the 
model will be explored in future research. 
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support for the integration of land use and transport planning 
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Abstract: There is a growing need for planning support in planning practice, especially 
in land use and transport integration. Recent studies have shown that 
instruments that provide such are seldom implemented. Building on 
recommendations of those studies, this paper explores how to develop a 
planning support system (PSS) for this specific field of planning and shows 
some preliminary results of the first steps towards such a PSS. An qualitative 
assessment on the strengths and weaknesses of two recently developed 
instruments that share this goal; the VPR and the SDS+STE. Due to time 
constraints, the focus is on the background and framework of the study. 

1. BACKGROUND 

Recent publications of Vonk (2006) and Couclecis (2005) have emphasised 
that, once again, computers and models on the one hand and the planning 
community on the other are not a happy couple. According to Couclecis, the 
field of computer-aided planning can even be defmed as a 'Janus 
partnership' because of intrinsic fundamental differences between the 
communities ofmodellers and planners (Couclelis, 2005, p. 1355). 

One reaction to such a rather disillusioning conclusion could be to leave 
the field of computer-aided planning altogether. But this would pass over the 
fact that the planning community, or at least some specific planning 
domains, are in desperate need for the support of computers and models in 
their day-to-day activities. Planning "involves actions taken by some to 
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affect the use of land controlled by others, following decisions taken by third 
parties based on values not shared by all concerned, regarding issues no on~e 
fully comprehends, in an attempt to guide events and processes that vecy 
likely will not unfold in the time, place, and manner anticipated", thJ,s 
planners "can use all the help [they] can get" (Couclelis, 2005, p. 1955). 1 

The domain of land use and transport policymaking fits the above 
statement on planning like a glove. First of all, it faces massive changes ip 
the context of planning as such in the last decades. Planning has become 
"more integrated, holistic, region-oriented, partnership-oriented, strategiq, 
scenario-based as well as more interactive and participatory in nature1' 

(Geertman and Stillwell, 2003b, p. 4). Secondly, it has to deal with a very 
complex and ill-structured issue, it has to develop new approaches to forrh 
the policymaking process, including new stakeholders, new arenas an~ 
different rules of the game. In such a context, supportive models tha:t 
facilitate and support the process and add technical information anb 

I 

knowledge to the policymaking steps are called for. 
For that reason, instead of throwing in the towel, this paper presents the 

results of a first step in an innovative development approach, towards a 
system that can truly support this policymaking process. This approach 
focuses on the potential user and his/her needs and demands. Unlike 
traditional methods, it will stay in close cooperation with these users 
throughout the process. In the GIS community, where the same problems 
have occurred with GIS project failure and a supply-demand gap, such a 
method has resulted in an increased number of successful projects (Reeve 
and Petch, 1999). Before going into the development approach, the land use 
and transport planning domain is discussed. After all, this is what we want to 
support in the end. Then, a short overview of the problems and proposed 
solutions in the history of computer-aided planning is given. This will then 
lead to the (user-oriented) development approach of our research. A glimpse 
of the results of the first step in this approach are presented, before this paper 
concludes with a view on the way forward. 

2. PLANNING SUPPORT FOR LAND USE AND 
TRANSPORT PLANNING 

2.1 Land use and transport integration 

The current debate on air quality in the Netherlands has put sustainability ob 
top of the political agenda once again. The European Union has laid dowljl 
minimal norms for air quality in a Framework Directive. Every member stat~ 
has to meet those norms, but is free to decide how it is going to do that. The 
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Dutch government has decided to link the norms directly to spatial planning. 
As a result, many land use and transport projects are blocked (approximately 
one third of them (Buijsman, 2005)). Because of the high financial costs of 
this as well as the risk of not meeting policy goals, many stakeholders are 
now looking for solutions. We argue that integrating land use and transport 
policies and plans is one of the essential approaches towards this. To achieve 
such integration, the processes that result in these plans and policies need to 
be linked more closely. Coordination on the level of plans, where all 
stakeholders have their minds set, their ideas on paper and their options 
limited is far less efficient than integration in earlier phases. For instance, 
while thinking on a long-term vision for a region, the minds are relatively 
open and so are the possibilities. While computer-aided planning has known 
a history of disappointment as a whole, it is especially these early phases in 
the policymaking process that have very little tools and models to support. 
This is partly due to its ill-structured character, yet it is exactly this character 
that calls for some sort of support. 

This notion is not new. In fact, many scholars have recognized and still 
recognize the importance of integrating land use and transport policies in the 
quest for a more sustainable urban environment (among others Banister, 
2005; Bertolini et al., 2000; Bertolini et al., 2005; Curtis and James, 2004; 
Geerlings and Stead, 2003; May et al., 2003; Meyer and Miller, 2001; 
Priemus et al., 2001 ; Wegener and Furst, 1999). Harris noted in this respect 
that "disjointed and incremental planning leads to the pursuit of conflicting 
objectives by conflicting means and to the propagation of unintended 
consequences over space, time and function" (Harris, 1994, p.33). Among 
professionals and politicians, this recognition can also be noticed. The latest 
national policy document, the Nota Ruimte (Department of VROM et al., 
2004) and the Nota Mobiliteit (Department ofV&W, 2005) both address the 
importance of the integration of both policy domains. 

However, little coordination is to be observed in the field. Especially on 
the regional level, where more and more planning issues need to be 
addressed (due to (1) decentralization pressures from the national level and 
(2) the recognition that many planning problems can not be handled on the 
local level anymore), the gap between the land use and transport planning 
seems to be the largest. As a result of decades of research on the 
interrelations between land use and transport, it is not so much fundamental 
knowledge that is the problem. Yet, putting this knowledge into practice is 
much more of a barrier. The explanation for this can be sought in two 
different directions. On the one hand there is the difficulty of building 
bridges between the two contents of land use and transport policy. Secondly, 
thee is the persistence of institutional barriers, at all levels of the policy
making process; from policy design to policy implementation. 
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The first problem has received attention from various groups of scholar~. 
In Le Clercq and Bertolini (2003) and Bertolini, le Clercq and Kapo~n 
(2005) the term 'sustainable accessibility' is proposed as a conceptu~l 
framework. With accessibility defined as 'the amount and the diversity Of 
places of activity that can be reached within a given travel time and/or costt·' 
and sustainable as 'minimizing the use of non-renewable or hard to rene 
resources, including space and infrastructure', this concept can be directl 
related to both the qualities of the transport system and the qualities of the 
land use system. Economic, social and environmental goals can be expressed 
with this concept (e.g. customer access, social contacts and resource 
efficiency). The second problem however, has received less attention so far. 

2.2 Planning support systems to the rescue 

To translate the concept of 'sustainable accessibility' into day-to-da~ 
planning practice, two issues need to be considered. The first is that due to 
the intrinsically complicated nature of this concept, (computer) tools and 
instruments are necessary. This second issue is the problem of the consistent 
institutional barriers between the land use and the transport policy domain. 
For the concept of sustainable accessibility to have effect on the resulting 
land use/transport plans, the early policy making stages (as problerp 
definition and alternative design) are the most suitable for it to be 
implemented. Here, there is still room for creativity and learning. Yet, it is 
especially these phases that have received little attention by the developers 
of(computer) tools and instruments. 

The history of attempts to support planning through the development of 
(computer) tools and instruments is a troubled one, studded with failures and 
disappointments. Yet, a recent wave of interest in so-called Planning Support 
Systems (PSS) has created some positivism, not without reasons. Planning 
has become more and more complicated. Combined with the obligation of 
planners to present 'hard numbers' to prove that plans are meeting all sortS 
of norms, this has resulted in a wide number of planning domains requesting 
for computerized planning support (see for an overview Batty, 2003; 
Geertman and Stillwell, 2003a). While the large-scale models of the 1950s 
and 1960s were no success, the geographical information systems (GIS) of 
the 1990s are poorly matched to non-basic functions of planners, PSS (as an 
umbrella-term for a wide variety of instruments, tools and approaches) ar¢ 
believed to be better suited for the complex set of tasks of planners, becaus¢ 
of the pick-and-mix characteristics of it. 

Yet, this optimism is already mirrored with the same concerns that haudt 
the field of computer-aided planning since the field first emerged in th~ 
1950s. The next chapter will present the history of these concerns and of 
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proposed solutions. This can show the general pitfalls and guide our 
development approach around them. 

3. A HISTORY OF COMPUTER-AIDED PLANNING: 
PROBLEMS AND SOLUTIONS 

Due to changing views on planning and 'the sky is the limit' developments 
in hardware and software capabilities in the field oflnformation Technology, 
the characteristics of computer-aided planning have changed dramatically 
almost every decade since it first emerged in the 1950s. The overview 
presented here does not aim to give a detailed literature overview of these 
developments, for it goes beyond the scope of this paper to do so and other 
scholars have already provided such (see e.g. Brail and Klosterman, 2001; 
Geertman and Stillwell, 2003a; Klosterman, 2001 ). Here, we will focus on 
the problems that are recognized over time. For this purpose, the overall 
development of computer-aided planning should be shortly introduced. 
Then, the problems and proposed solutions in the literature are discussed. 

3.1 How the field evolved from LSUM to PSS 

From the late 1950s to the early 1970s there were two parallel trends that 
resulted in a strong belief that computer-aid could mean a revolution in 
planning. This revolution was believed to result in a perfect understanding of 
real-world processes and full control over them by the planning society. 
Firstly, there was a widespread faith in science and technology (e.g. Harris, 
1960; Klosterman, 2001). This trend was supported by the amazing advances 
in computer technology. Secondly, in a milieu that science could extend to 
the entire realm of human affairs, the approach towards (urban) plalll1ing 
changed from planning as architectural design towards plalll1ing as a rational 
science with an emphasis on positivism, rationalism and systematic decision
making (Batty, 1994). While beforehand urban plalll1ing was the domain of 
great visions and ideals ( e.d. the garden cities of Howard, new towns and 
green belts), growing complexity led to the belief that only through 
rationality those visions could be realised. Because it was believed that 
cyclical generating and evaluating alternatives based on full information 
resulted in the best plan in a top-down fashion, this was intimately bound up 
with the use of computers (Batty, 2003). 

Accordingly, large projects were initiated to develop the so-called large
scale urban models (LSUM's) for various cities. These models were 
designed to encompass all complex processes of the urban environment, 
because it was believed that "failure to replicate known complexity is 
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tolerating ignorance without cause" (Lee, 1994). New insights in modelling 
algorithms supported these developments. Maybe the most importam.t 
example is the introduction of the gravitation model that modelled tHe 
relation between two zones (Lowry, 1964) closely followed by Alonsojs 
theory on location and land use (bid rent theory) (Alonso, 1964). Also, firSt 
attempts to develop urban cellular automata were undertaken. I 

As will be discussed below, the LSUM's were not a big success. With ·a 
changing view on planning in the 1970s (less techno-rational, more political 
(Couclecis, 1991; de Roo, 2004)), these all-inclusive models were loosing 
ground fast. In their place, more task specific tools were developed; 
decision-support systems (DSS). This term was first coined in management 
literature in the late 1970s by Garry and Morton (Batty, 2003; Garry and 
Scott Morton, 1971; Klosterman, 2001). SDSS, as an acronym used to point 
out the specific stance of DSS with a spatial component (Densham anp 
Rushton, 1988), were developed for planning specific tasks. An ideal-ty~e 
SDSS consists of three components (interface, database and a model base) 
which should integrate all relevant information, the full range of analytical 
and statistical tools and visualization and presentation facilities. Important 
improvement over LSUM's is that the objective of the systems is to provide 
flexibility and ease-of-use; they are designed to support ill-structured 
decisions (by providing quantitative and qualitative analytical possibilities) 
(Klosterman, 2001). 

In the late 1980s and early 1990s, a parallel development of geographic&! 
information systems (GIS) was seen as a major leap forward for computeli
aided planning. GIS were able to support the whole range of planning tasks; 
gathering and organizing data, apply spatial analysis and produce maps for 
visually presentation. Soon, they became the core part of most SDSS. As ~ 
instrument to improve the accessibility and usability of spatial data, these 
systems succeeded, yet "[f]or a variety of practical, technical, and theoretic~! 
reasons GIS capabilities are not yet fully attuned to the information needs of 
planning"(Couclecis, 1991, p. 9). The systems are on the one hand too 
generic, providing all functionalities, but one the other hand they do ncit 
offer essential analytical tools (e.g. for analyzing relational spac~ 
characteristics). Also, the wide range of possibilities offered, doesn't help tp 
improve clarity for potential users. 1 

Again, these developments were overtaken by changing views ip 
planning. Following Healey, planning nowadays can be best seen as ab 

I 
ongoing process of social design, dialogue and debate in which planner$, 
public officials, and the public attempt to decide together how to be~t 
manage the collective concerns of society (Healey, 1996; referred to i~ 

Klosterman, 2001). This communicative approach (after Habermas, 19841) 
asks for new systems that can support "collective design, social interaction, 
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interpersonal communication, and community debate which attempt to 
achieve collective goals and deal with common concerns" (Klosterman, 
2001 ). Facilitating this through "interactive, integrative, and participatory 
procedures [with] particular attention to long-range problems and strategic 
issues" (Klosterman, 2001), the new wave of planning support systems 
(PSS) should provide the planner with the right tools for the entire planning 
process, which is different for every specific issue. These PSS were and are 
believed to overcome the problems that LSUM's, SDSS and GIS have faced 
before, but again practice shows otherwise (Vonk, 2006). If we see this as an 
evolution in which we learn from mistakes made before, it is wise to 
consider the faced problems in more detail before continuing. 

3.2 Why computer-aided planning failed so far 

One of the first fundamental critiques on the field of computer-aided 
planning was coined by Lee in his Requiem for Large-Scale models. The 
attempts to include the complex urban system in one computer model were 
bound to end up in disappointment, because 'every additional component 
introduces less that is known than is not known' (Lee, 1973, p. 165). The 
widely supported principle of Occam's razor' supports this idea. If one sees 
how many variables influence traffic (figure 1), one can only imagine how 
such a scheme would look like for the whole urban situation. Associated 
with this, Lee defines seven 'sins' of the modelling community which 
underlie the failure of LSUM development. These are; hypercomprehensi
veness; grossness; hungriness; wrongheadedness; complicatedness; mecha
niccalness and; expensiveness. 

As addressed above, this article heralded an era that can be typified as the 
'dark ages' of computer-aided planning. Although the developments in 
hardware and software really picked up speed, the intrinsic problems were 
not solved. This lead the Journal of the American Planning Association to 
issue a special edition in 1994 with a retrospect on Lee's Requiem in the 
light of a changed society, planning context and technological framework by 
some of the most influential scholars in the field of computer aided planning. 
Klosterman (1994) argues that Lee's "Requiem" have had a significant 

1 The principle of Occam's Razor (also called the principle of simplicity) is most often 
defined as 'entities should not be multiplied beyond necessity ("entia non sunt 
multip/icanda praeter necessitatem "). Albert Einstein rephrased it as "the supreme goal of 
all theory is to make the irreducible basic elements as simple and as few as possible 
without having to surrender the adequate representation of a single datum of 
experience"(Ariew, 1976) 
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impact on planning practice and scholarship (with over 120 citations in tl:ie 
Social Science Citation Index). 

-.... , . ... ·············· ... ··· ··· 

Figure 1. The complexity of variables influencing traffic (taken from Allen, 1997). 

Harris goes even further pointing at the fact that the article 'did a great 
disservice to both planning and modeling ( ... ) and significantly delayed the 
development and use of models in planning' (1994, p. 31-33). The article did 
indeed mark the end of an era of positivism and rationalism in planning and 
modeling, but why blame the messenger, instead of taking the message t9 
heart and changing the approach towards modeling for planners? 

Batty (1994) argues that, while the original surge of practical application~ 
subsided, planning applications diffused around the globe. The large-seal¢ 
models represent theories and instruments that are both essential and natur(\1 
for planning. The reasons why practical applications are still limited i~ 

because the models are difficult to apply due to a lack of data, the absence of 
theoretical consensus and limits to organizations. Although most of the 
technical limitations are overcome by advances in technology, the volatilitY 
of the planning problem context and the inability to develop models that ar~ 
sufficiently robust for this task are still major reasons for lack of practic~l 
applications. Lee (1994) is less enthusiastic about the progress made in th~ 
two decades after his article. Again, he concludes that the modelling society 
failed to change their attitude and approach, once more failing to meet th~ 
high expectations of the planning society. 

GIS has become much more widely embedded in planning practice, 
although mostly for simple routine tasks. The analytical capabilities ar~ 
widely underused. Klosterman summarizes that GIS are to 'general~ 
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purpose', unable to accommodate particular needs of planning and not able 
to go beyond standard functionality (Klosterman, 200 I). 

A recent assessment of the field, shedding light in the recent wave of PSS 
instrument is provided by work of Geertman (2002), Geertman and Stillwell 
(2003a; 2003c) and Vonk (2006; 2005). Together, these publications show 
that the early optimism that PSS would be able to bridge the gap between 
planners and models is again not mirrored in practice. "Most PSS do not 
readily fit the changing needs of the planning profession; they are too 
generic, complex, inflexible, incompatible with most planning tasks, 
oriented towards technology rather than problems, and too focused on strict 
rationality" (Geertman and Stillwell, 2003c, p. 292). Additionally, Vonk 
argues that little research on user demands and the fact that technology is 
driving planning instead of the other way around is a dominant failing factor. 
He concludes that miscommunication between system developers, users and 
experts of PSS results in a mismatch between the characteristics of the 
contemplated users and their planning processes on the one hand and PSS on 
the other. Consequently, most PSS do not go beyond a prototype phase 
(Vonk, 2006). 

3.3 How to continue after such criticism 

Taking hit after hit, one wonders why the modeling society doesn't just 
throw in the towel; maybe planning cannot be supported with instrument, 
maybe it is just too unique and too ill-structured. 

Yet, there are too many reasons why we should continue the quest for 
computer-aided planning. Three of them are most significant in this specific 
case. Firstly, planning practice is desperately seeking for tools and 
instruments that can structure and support communicative processes (Vonk, 
2006). Communicative planning is not just about sitting around and chat. 
Although this is one of its components, it should also be about testing ideas, 
creating new knowledge and result in decisions. To achieve such, rules of 
engagement are needed; equal power, ability to test information and 
knowledge, (see e.g. Habermas, 1984; Jessop, 1998). Secondly, new 
planning arenas (e.g. regional) are not facilitated with legal frameworks and 
structures; here, the need for some support to go forward is especially 
apparent. Thirdly, transitions to new insights and new planning goals (e.g. 
integrating land use and transport) ask for collective and transdisciplinary 
learning in which stakeholders, experts and the public together learn and 
together create new intersubjective knowledge. Providing insight in complex 
interrelations and abilities to test hypotheses is what computers could add to 
this process (Rotmans, 2005). So, the question is not if, but how we should 
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continue with developing models for planning support. The literatu~e 

mentioned above provides some clues. j 

Lee's 1973 article concludes with four guiding principles for future 
modeling efforts. Firstly, models should be transparent to be readil~ 

understandable by potential users. Secondly, they should be based on stron~ 
theoretical foundation, objective information and wisdom or judgment tl 
overcome empty-headed empiricism, abstract theorizing and poor![ 
informed modeling. Thirdly, they should be based on particular plannin8 
problems that are experienced in practice and fmally they should be based op 
the principle of simplicity (Lee, 1973). The same guiding principles a(e 
repeated in his retrospect in 1994, because according to him, modelers have 
failed to pick them up (Lee, 1994). 

Twelve years after this retrospect, Vonk recognizes that these principles 
are still not fully applied in practice (Vonk, 2006). He provides us with thre~ 
possible approaches to go forward; instrument approach (focussing oh 
usefulness and user-friendliness), user approach (user acceptance) and 
transfer approach (focussing on diffusion). The latter two are aimed at 
instruments that are developed for specific agencies and for specific user!! . 
Because we are looking for a PSS that can be used to support planning 
processes between several agencies and institutions, the former approach 
(focussing on usefulness and user-friendliness) should be the dominant one. 
It is this approach that puts the instrument as a dependent variable and the 
user as the independent one. 

3.4 Participatory development 

Recognizing and learning from these difficulties and their underlying 
rationale, we opt for a user-oriented development and design process 
towards a PSS that supports the integration of land use and transport policy
making, bridging the content as well as the institutional gap between the two 
domains. It is believed that including the potential users from the offset of 
the development process through all phases until the final implementation 
has several benefits. First, it will result in a PSS that is closely connected t<;> 
this specific field of planning practice with its specific processes and 
problems (user as independent variable). Secondly, it enables us to make use 
of the implicit and tacit knowledge of the stakeholders in this domain. 
Thirdly, it will create commitment for the developed PSS, because the 
participants will recognize the assumptions made. Fourthly, this same 
recognition will open the black box. Fifthly, it will create extra supervision 
in avoiding the seven sins of Lee. Finally, it will support a process of mutual! 
learning by getting the relevant stakeholders on the same table discussing the 
crucial interrelations between land use and transport (land use and transpolJ 



Properly Equip Planners, Instead of Just Manning Equipment 45 

planners learn) and between computer tools and planning processes 
(modellers and planners learn). 

This continuous cooperation is performed through a so-called 
'community of practice', including stakeholders, planners, experts and 
modellers as proposed by Vonk (2006). 

Before even starting with the development of a PSS, two aspects have to 
be clear. Firstly, the current needs and demands of the potential users need to 
be analyzed. Secondly, recently developed PSS that share some, or most, of 
the objective have to be examined. Strengths and weaknesses of those PSS 
can result in some guidelines to start the development with. As Klosterman 
already recognized "PSS must not be seen as a radically new form of 
technology [ ... ], it must take the form of an information framework that 
integrates the full range of current (and future) information technologies 
useful for planning" (Klosterman, 200 l, p. 15). 

Therefore, two recently developed PSS with similar objectives (the VPR 
and the SDS+STE) are assessed. Some qualitative results are presented 
below. First, we will outline why these tools are chosen. Then, both PSS will 
be shortly introduced, after which. This will lead to a common understanding 
of the dominant factors for failure in this sector. The recently developed PSS 
will be assessed based on these factors and on how well they score on our 
own objectives. In the final part of this paper, we will draw some 
preliminary conclusions and summarize the lessons learned. 

4. ASSESSING RECENT DEVELOPED PSS 

Due to the rather technical engineer-driven background of the planning 
subject, the transport planning domain has already had a long history of 
computer aid in planning; tools to calculate necessary capacity of 
roundabouts and angles of highway ramps (often spreadsheets), to design 
solutions (CAD-tools) and the more sophisticated dynamic transport models 
and five step static models to calculate 1/C ratios throughout a network (see 
chapter 3 and e.g. Ortllz:ar and Willumsen, 2002) are all used in practice. 

It is expected of land use planners that they are more visionary and 
abstract in their work, making it harder to use computer tools. As we will see 
in the next chapter, the invention of linking databases to geographical maps 
(as in GIS), introduced more and more spatial analytical software and 
instruments to the field in the late 1980s and 1990s. 
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4.1 Selecting relevant land use and transport PSS 

Here, we are especially interested in the instruments that link both field$, 
mostly referred to land use and transport integration (or LUTI) instrurnen~s 
as you will. Because this term is an umbrella for computer tools, plannin~ 
methods as well as process management approaches (Al and van Tilburg, 
2005), we narrow it down to the LUTI PSS, defined here as facilitating 
infrastructures to arrange information throughout the policy-making process 
(based on Batty, 2003; Geertman and Stillwell, 2003b; Klosterman, 200 1). 
Besides this, the research is focussed on the regional level. Here the gap 
between land use and transport appears to be the largest, while more antl 
more strategic planning issues have to be dealt with on this level. 

The PSS should aim to support the entire planning process, but the maip 
focus is on the early phases (visions, alternative development). Because th~ 
minds are relatively unset in this stage, real integration is more likely then if 
later planning phases. 

This integration is partly a process of deliberative or communicative 
learning between all stakeholders. In such an approach existing tacit 
knowledge is as important as new scientific information. Getting it out in the 
open and discussing ideas are important elements that can and should be 
supported within a PSS. It should be able to add new knowledge to the 
debate and adapt to changing ideas and views of the users. 

The definition of a PSS as being a facilitating infrastructure to arrange 
information implies a process as well as a content-oriented component (e.g. 
a protocol supported with different instruments at different stages). 

Because we adhere to a user-oriented PSS development (see above), thi~ 
assessment also has to include the users. Therefore, it is crucial that the PSS 
has been used in at least one practical situation. 

Both the VervoersPrestatie in de Regio (VPR) as the combination of the 
Spatial Design Support and Spatial Transport Evaluator (SDS+STE), meet 
all of the criteria above. 

4.2 A short description of both PSS 

After the success of an approach to stimulate cooperation between urba(l 
design and transport at the level of location design (VervoersPrestatie op 
Locatie(VPL)), SenterNovem (together with the AME institute of the 
University of Amsterdam) wanted to upscale the potentials of this proces~, 
its tools and the positive effects to a regional scale. The VPR should suppotit 
the elimination of mobility problems and the improvement accessibility 
through the process of land use planning on a regional scale. Througb 
process and content-oriented support, the focus is on forcing back the nee<!l 
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to move by car. In the 2001-2003 period, seven pilots were executed by 
several consultants. According to SenterNovem, the pilot Stedendriehoek, 
executed by Goudappel Coffeng came closest to the VPR body of thought. 

The SDS+STE is a set of tools developed by Royal Haskoning and is 
developed to support two core activities of an iterative planning process; 
analysis and testing, see figure 2. The set as a total is used in two pilot 
studies; Netwerkstad Twente and Zuid-holland. 

Spatial DesiAn 

Support 

Figure 2. SDS+STE as a process. 

4.3 A qualitative assessment (preliminary results) 

Both PSS are assessed by interviews with both their developers and the 
users. Due to time-constraints, the users are not interviewed yet, therefore, 
this paper only presents the results of the interviews with the developers. For 
the VPR two consultants of SenterNovem and one of Goudappel Coffeng are 
interviewed. For the SDS+STE, we have talked with two consultants of 
Royal Haskoning. Furthermore, the reports concerning the pilots were 
included in this research. 

The VPR as a PSS has not been applied outside of the pilot studies, yet 
its body of thoughts has probably influenced many consultants and users. 
Because the VPR was not more then 'an approach', which the consultants 
had to fill in with their own tools and instruments, it has generated a variety 
of processes and instruments and linked existing ones together. 

The pilot carried out by Goudappel Coffeng was successful as far as the 
VPR goals are concerned. Although land use was leading, the policy options 
designed in the pilot showed an increased integration between land use and 
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transport with better scores on relevant indicators. It did not lead to concrete 
policy-decisions, but due to some political commitment, tHe 
recommendations were included in later documents. I 

The introduction of some new indicators fuelled the collaborati~e 
learning process, which lead to new ideas and scenarios. Nevertheless, so111e 
guidelines were already set in front (there had to be a new bridge and a light
rail network in the end result). Instruments were used as back-office tools, sr 
users only saw the output of it. Parameters were discussed, but tll,e 
participants all agreed with the assumptions behind them. 

The assessment of the SDS+STE instrument shows roughly the same 
results. According to the consultant, the tool was not used (as one set) after 
the pilots, due to the fact that it was unusual for a consultant to guide the 
whole process. Due to a lack of political commitment (especially in the Zuic(
Holland pilot), the process failed to achieve integration of policy ip 
documents. Yet, this made it possible for the participants to think free ( du'e 
to its informal nature) and this positively influenced the deliberative leamink 
process. The resulting scenarios show that integration is achieved. ' 

Both PSS have been applied to a particular planning problem. 
Transparency of the tools was low, but this was not considered to be 
problematic by the participants. The same goes for the user-friendliness and 
usefulness. 

5. THE WAY AHEAD 

How do we continue from here? First of all, the users of the models have to 
be interviewed. With their answers on the same questions, we can assess i,f 
the modellers and users have cooperated and if both are equally satisfied. 
Then, more PSS have to be included in the assessment. Currently, we are OJ;l 
the way to assess IRVS+Ruimte, Mobiliteitstoets, Scenarioworkshop an~ 
TIGRIS XL. Hopefully, more can be presented in July at the Eindhoveh 
conference. 

Due to time constraints and limitations concerning the paper size, only a 
few results are presented. Again, additional results will be presented in July. 
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Abstract: This paper focuses on the capabilities of choice models in assisting planners in 
the development of transport policies and interventions for strategic transport 
planning for urban systems. Models are looked at as part of a decision support 
system for the development of transport measures for sustainable mobility. 
The use of participation is looked at as a tool for the understanding of the real 
needs in terms of mobility in the complex contemporary society and for the 
construction of the future transport scenarios and transport alternatives. 

1. INTRODUCTION 

1.1 Decision processes in transport planning 

This paper faces the possible enhancement of the available tools for planners 
for the definition of transport solutions in modem urban areas. In particular, 
the focus is stressed on the optimisation of the instruments that can support 
the decision processes for transport planning, which are specifically 
designed for complex modern urban areas. 

Contemporary urban areas are day-by-day becoming more complex; in 
such areas, new activities are being established and are replacing traditional 
ones. Innovative ways for the work organisation are dramatically changing 
the internal organisation of good production, as well as timetables and the 
geographical distribution of workers. In these phenomena, the role played by 
technological solutions is predominant. Information and Communication 
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Technologies are quickly changing the organisation of many economic 
activities; they are stressing the flexibility of the economic systems, 
proposing new forms of business organisation. Due to this trend, in the mo~t 
developed countries (and more recently in developing countries, too), we a~e 
witnessing the replacement of many physical transport flows with 
communication flows, as well as the generation of new flows, not always 
easy to estimate. 

In such urban contexts, the role of planners is becoming comparably 
more complex. In spite of the availability of more powerful tools, associated 
to the implementation and widespread of technological devices with 
increased computational capabilities, urban and regional areas often show 
planning problems and conflicts, of difficult resolution. Public authorities 
have to face this improved economic organisation, capturing the needs 
arising from the society and supporting the economic growth of the area; at 
the same time they must succeed in providing acceptable solutions to suppoJtt 
the economic development, not exceeding the fmancial restrictions for publib 
interventions, and facing the environmental concerns that every intervention 
on the territory involves. 

1.2 Towards the adoption of optimal choices in plannin~ 

What is an optimal choice? It is not easy to define if an optimal choice in a 
process of planning can be found. Planning processes usually imply th¢ 
analysis of many possible intervention on the territorial system. This is 
carried out on the basis of many attributes and elements which are selected 
as relevant in the process of evaluation of the alternatives. 

Several methods were developed for the evaluation of the possible 
actions to undertake. Evaluation methods can be useful in the selection of a 
the actions and policies to pursue. Several evaluation methods are nowadays 
available; they can be divided into several main groups, depending on the 
number of alternatives they can take into consideration and the criteria they 
use in the valuation of the alternatives (Korhonen et a!., 1993). Some of 
these approaches admit the use of fuzzy measures for the evaluation of the 
alternatives and some other do not do it (Munda, 1995). Such methods 
cannot define the optimum for a specific problem of planning; but they ar~ 
useful in generating an order of preferences between the available 
alternatives, with the related argumentation to support it, for the selection of 
the actions, policies and interventions to adopt. 

Moreover, the selection between different alternatives in planning can be 
carried out with the use of Mathematical programming models, too. This 
kind of models, such as Multi-Attitude Decision Making, Multi-Attribute 
Utility theory, etc., can be usefully applied in decision making for th~ 
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evaluation of different projects, considering multiple objectives. The main 
limitation to the use of such methods is given by the difficulty in defining 
crisp input data to obtain meaningful results. For the reason, such approaches 
are not very often used in the selection for interventions in transport fields, 
in which usually a high level of uncertainty is associated to the available 
alternatives. 

In transport sectors, compensatory models have been applied for the 
selection of policies and projects, with the aim of evaluating the 
compensatory effects of the projects in satisfying the different objectives and 
allowing tradeoffs between the different objective values. Also for these 
methods, some approaches based on the use of fuzzy set theory have been 
proposed (A vineri et al., 2000). 

1.3 Objectives for sustainability in strategic planning 

Planning for sustainable development is one of the main goal to be assessed 
in the definition of the interventions to be carried out in complex urban 
contexts. To pursue the objective of a sustainable development, a great 
importance is attributed to the definition and widespread of the best practices 
to all sectors of the public interventions, from the selection of the projects 
and the construction of new infrastructures to the adoption of new laws and 
regulations for economic activities to be set up. 

In this field, the definition of correct measures to address the 
development of the transport systems is extremely important. Contemporary 
society shows great flexibility and high capabilities to evolve its 
characteristics, involving a relevant amount of consequences on people 
quality of life. Transport considerations play a relevant role in designing the 
shape and the organisation of cities and regions; anyway, current trends in 
transport look like not sustainable in long terms (Button and Nijkamp, 1997). 

In this framework, planners are called to implement methodologies for 
strategic planning, in order to design the fundamental interventions for the 
future development of regions and cities, with the perspective of a more 
sustainable development of urban activities, in terms of natural resources and 
energy consumption, land use, wilderness area reduction, air and water 
pollution. With this aim, the objective of the strategic planning is focused on 
the definition of the best interventions to promote forms of sustainable 
mobility, in relation to the local characteristics of the territorial systems. 

In this work, the methodologies for the definition of the possible 
alternatives for sustainable mobility are discussed, with reference to the 
construction of future scenarios for transport systems in urban areas. The 
research focuses on the development of policies for sustainable transport 
planning, which correspond to people mobility needs, as they arises from 
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participatory processes, in order to get the best response to the interventio* 
planned. To do this, a possible approach is proposed: alternatives are 
designed in strictly relation to the proper needs arising from the populatiol 
as well as their impacts among the population are evaluated through t~e 
application of the tools of choice modelling. 

I 

2. CHOICE MODELS FOR TRANSPORT SYSTEMSI 

2.1 The estimation of travellers' response to transport 
alternatives 

Strategic planning for sustainable mobility in urban areas requires planners 
to investigate the best alternatives among all the available for th~ 

implementation of transport measures, policies and solutions to enhance thb 
objectives of sustainability of transport in urban areas. Anyway, in thb 
definition of the transport policies and measures to adopt, it is highly 
important to evaluate the response these transport solutions will obtaih 
among transport system users and the local population of the area involvel:i 
in the planning processes. This part of the planning process requires great 
attention and, indeed, several methodologies have been developed in order to 
better describe the choice behaviour of travellers when choosing the 
alternative for performing travel activities. The optimisation of such 
methodologies represents an important topic for research activities in 
transport fields; this is in part due to the need for better methodologies for 
the understanding of choice behaviour and decision processes of travellers: 
in fact, many times it is possible to find a considerable gap between the 
observed choice behaviour and the assumption which guide transporlt 
policies, e.g. for the mitigation of congestion in urban areas. And this cab 
often lead to the failure of such transport policies, which are not able to 
satisfy the objectives for which it was designed (Salomon and Mokhtarian, 
1997). 

2.2 Behavioural models in literature 

Most part of behavioural approaches to predict human choices derives from 
econometric studies. They were at first developed in order to predict choic6 
behaviour in all contexts in which the alternatives are proposed to decision~ 
makers in terms of monetary outcomes. 

In such approaches, some basic assumptions are introduced to describe 
human behaviour. First of all, in many choice processes, the total number of 
feasible alternatives (universal set) is quite high. Realistically, the decision~ 



Optimization of Choice Modelling in Complex Urban Contexts 55 

maker can consider only a limited number (choice set) of these, also owing 
to the time and cost involved in seeking information about all alternatives. In 
the evaluation of the alternatives that belong to the choice set, the decision
maker is assumed to show a rational behaviour: he/she tries to maximise 
his/her personal utility (as a homo oeconomicus) choosing the option that 
gives him/her the greatest benefits with minimal costs. 

The best-known behavioural theories are based on this hypothesis, such 
as the Expected Utility Theory (Von Neumann and Morgenstern, 1944). 
According to this theory, choices are based on an Expected Utility value that 
is associated to each choice option. The Expected Utility is simply defined in 
a probabilistic way: 

The EU is a function of the utilities u(xJ associated to the possible 
outcomes Xi of the option and of the probabilities p; associated to those 
outcomes; decision-makers are assumed to select the alternative with the 
maximum EU value. Due to the simplicity of this probabilistic approach, 
Expected Utility Theory is world-wide widespread as an easy way to predict 
choice behaviour with a quite good degree of approximation. 

2.2.1 Random Utility Models and travellers' behaviour 

Choice predictions given by the Random Utility Theory (Ben Akiva and 
Lerman, 1985), commonly used in transportation planning, are based on the 
hypothesis of rational behaviour, too. This theory asserts that the utility U/ 
associated by the user ito the optionj is a random variable, given by the sum 
of a systematic utility V/, which is a linear function of the attribute values, 
and of a random error term e/ : 

ui = y.i + f'" J J "] . 

Several sources of randomness of utility lead to the introduction of the 
random residual e/ such as (Cascetta, 2001): measurement errors in 
evaluating the attributes involved in systematic utility, unobserved attributes 
difficult to evaluate, taste variation among different users or errors in the 
evaluation of the attributes by the decision-maker. 

The probability distribution associated to the random term of utility 
defines the different behavioural models belonging to the group of the 
Random Utility Models. For these models, the probability of choosing an 
optionj is equal to the probability that the perceived utility of the optionj is 
higher than those of all the other options belonging to the choice set. 
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2.3 The implementation of behavioural models 

Choice models based on the RUT have been commonly used in transpoh 
planning to predict travellers' behaviour. However, the rising complexity df 
transportation systems and the need of well argued predictions of traveller~ ' 
choices in complex contexts have pursued towards the implementation df 
more complex choice models. Many experimental results have highlighte~ 
how several emotional or perceptual aspects play a relevant role in choice$, 
not respecting rational rules (Allais, 1953). 

The implementation of choice models represents nowadays an importaQt 
topic in research, in relation both to a more realistic estimation of humah 
behaviour and to a more complex definition of choice conditions ( choic~ 
options, bounded rationality of decision-makers, limitations in the 
availability of the options). A shift in choice modelling is claimed by many 
authors, with the aim of creating more powerful tools for the estimation df 
human choice processes, based on more psychological assumption of human 
behaviour (Kahneman and Tversky, 1979). Also fuzzy theory (Zimmermann, 
1996) has been applied in order to better describe the vagueness of human 
behaviour under condition of uncertainty (Teodorovic, 1999). In this field, 
fuzzy inference shows interesting properties in describing the attributes 
involved in transportation choice context. In many travel choice contexts, ip 
fact, the travel alternative attributes are not easy to be defined in a crisp wa~. 
The implementation of fuzzy models for predicting travel choice gav¢ 
interesting results when applied to the prediction of choices in several travel 
choice contexts: the use of the possibility theory in the comparison of the 
utilities of the alternatives gave the basis to implement fuzzy choice models. 
In this models choice predictions are defined by the use of possibility and 
necessity measures (Dell'Orco and Kikuchi, 2004). 

A more psychological perception of choice behaviour has led to the 
application of Prospect Theory (Tversky and Kahneman, 1992) for the 
estimation of travel demand in transportation contexts (A vineri, 2003:; 
Binetti et al., 2005). In such models, more complex utility functions wer¢ 
proposed in order to explicitly capture the effects of uncertainty when 
predicting travellers' choice. 
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3. PARTICIPATED MODELLING FOR TRANSPORT 
PLANNING 

3.1 The objectives of the study 

This paper faces the concerns related to the definition and modelling of 
transport interventions and policies in urban areas, in order to enhance the 
sustainability of transport solutions. The research moves from the 
consideration that many failures of transport planning processes, which get 
results below expectations, are due to an incorrect estimation of the effects 
of the planned solutions in terms of people behaviour. In other terms, such 
processes are not able to define the interventions that can be perceived by 
users as the best suited for their mobility needs. With this aim, we discuss 
the effects of the use of choice modelling to predict people reactions to the 
adoption of new transport solutions. At the same time we wonder about the 
capabilities of participatory approaches in implementing modelling 
techniques. The use of participation (both from 'experts' and from the users) 
is seen as a tool to reveal the correct perception of the alternative attributes 
among the decision-makers. It gives contributions to define measures and 
interventions for the construction of future sustainable scenarios for transport 
systems, which are expected to be the best suited on the real needs of the 
population. 

3.2 Transport Systems in Modern Society 

All over the world, urban systems are day-by-day growing in their size and 
complexity. At the same time we are witnessing the growth of complex nets 
of cities, which involve new material and nonmaterial transport flows. 
Assessing the rules of such growth, defining acceptable measures for the 
evolution of these complex systems, is universally understood as a very 
high-responsibility challenge (Monzon et a!., 2005). It must be efficient in 
proving consistent decisions for the future form and organisation of these 
urban and regional structures, at the same time facing environmental 
concerns on the impacts of such measures. Strategic policies represent the 
guidelines for the future structure of the city, whose consequences as long 
term actions have a crucial impact on such complex systems. They influence 
the future development of major infrastructures and the consequent 
organisation assumed by the urban system, according to the visions of the 
future that inspire these strategic measures. 

Being the matter extremely complex and wide (if we think to all the 
fields of actions which are involved), the objectives of sustainable 
development can be summarised as to achieve: 
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- Social justice; 
- Sustainable economies; 
- Environmental sustainability. 

All the three issues are equally important; in the implementation of o'f: 
methodology, we focus on the development of transport solutions a~d 
interventions in urban areas that are able to meet the mobility needs ~f 
resident population as a way to meet the objective of environmental 
sustainability of transport systems. They are intended to minimise the impact 
of transport activities on the environment, ensuring the best running of the 
economic activities of the city and supporting an equilibrated development 
of the city structure. There is no doubt, indeed, that the three previously 
stated issues are strongly interrelated, and that the same measures that are 
defined with the perspective of environmental sustainability produce effects 
(positive or negative, depending on the case) referring to the remaining two 
objectives; for sure, such other effects should be considered when definin,g 
the measures and policies for strategic planning of regions and urban areas. 

Transport activities are responsible of several relevant effects on tne 
environment: in particular, they imply the consumption of non-renewable 
resources (as for fuel consumption), and/or the consumption of renewable 
resources at an excessive rate. Besides, as a consequence of the increased 
demand for transport and infrastructures, transport solutions are responsible 
of the arising of further matters, related to the further urbanization of laqd 
and the increase of the number of vehicles circulating (Greene and Wegener, 
1997). 

3.3 An integrated approach to transport planning 

The level of sustainability of transport activities depends on several elements 
which are related to urban and regional systems and their transportation sub
systems: first of all, it is strictly interrelated with the structure and the 
organization of the territorial system, as well as it is related to the endemic 
characteristics of the local transport systems, and to people habits and 
mobility behaviour. 

However, there is, to date, little evidence concerning what constitutes the 
"ideal" settlement structure from the point of view of sustainable 
transportation (Greene and Wegener, 1997). From a similar point of view, iit 
is almost impossible to define what an optimal (or "ideal") choice is, in 
terms ofsustainability, in the selection ofthe transport solutions. Anyway, in 
transport planning processes, it is possible to define a set of possibJe 
measures, which arise from a selection of the available options. In suqh 
decision processes, it is important, in order to defme consistent measures a~d 
interventions that enhance the sustainability and environmental quality of tije 
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system, to check the response such measures get among local people and 
travellers. 

From these considerations, a planning approach is hereafter presented, for 
originating future scenarios of transport systems, which are defined to be 
suited on people needs towards mobility. To do this, a participatory 
integrated approach is defined. It implies the use of participation for a dual 
goal: on one hand, it aims to investigate the real perception of the 
characteristics of the system, in order to plan interventions for the 
enhancement of the information and knowledge travellers have of the 
transport system (soft interventions). On the other hand, the use of 
participatory techniques is seen as a fundamental part of the process of 
definition of transport alternatives and solutions, in the framework of the 
creation of scenarios for sustainable future transport in urban areas, which 
are suited on the real needs of the local population and that are able to meet 
the environmental concerns towards transport activities (hard interventions). 

3.3.1 The role of participation in transport planning 

The participated methodology that is here proposed, as summarized in 
Figure n. 1, aims at increasing the level of knowledge in planning processes 
about the information and confidence people have with transport system, as 
well as in the construction of sustainable future scenarios and alternative 
solutions for transport planning in urban areas. 

As previously stated, choice processes look like very complex 
phenomena to be modelled in all research fields. Every choice is the result of 
a complicated knowledge-based decision process not easy to be described. 
Human beings make their decisions taking into account many different 
attributes. Some of them are quite easy to be defined and estimated, while 
others seem to be really obscure and cannot be easily identified or expressed 
in a deterministic way. 

To improve the reliability of transport forecasting and the efficiency of 
planning processes, in recent years the use of choice modelling in transport 
planning has been increasingly assisted also by the use of participatory 
processes. Such processes have been used to directly enroll groups of 
stakeholders into decision processes for the defmition of the priorities in 
transport planning, for the selection of the possible transport solutions, and 
for the definition of the characteristics of such solutions, as number and 
locations of stops, frequencies and timetables (Schiefelbusch, 2005); as well 
as they have been applied in order to facilitate the finding and the 
identification of not previously foreseen specific needs arising from the local 
system and from the population. Being such processes useful in the 
enhancement of decision-making outcomes, the internalization of a number 
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of additional actors and stakeholders into planning processes make decisiqn 
processes in transport more complex and time consuming (Stough a~d 
Rietveld, 1997). 
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Figure 1. Participatory scheme for transport planning processes. 

The proposed methodology implies the enrolment of groups of 
stakeholders in the whole process of planning. Diffused knowledge about the 
system, provided both by transport system users and local population and b;y 
groups of relevant "expert" stakeholders, aids planners in detecting 
weaknesses and lack of efficiency in the actual transport system, as well as it 
is directly involved by planners in the process of scenario building for 
sustainable future transport. 

The first step of the process consists of the definition of the groups qf 
stakeholders to be enrolled in the participatory process. As shown in Figure 
n.J, both experts' and users' knowledge is looked for in the proces$. 
"Experts" are represented by the categories that hold a specializeo 
knowledge about the local territorial system: they do not include onl;y 
transport "specialists" (professionals and researchers). Relevant furthdr 
groups of experts are formed by planners, local economists, entrepreneurs 
and contractors, public officials and executives. They bold a deep knowledge 
of the local territorial system, as well as they are aware of the local needs, 
and are key actors in representing and assuming decisions of great impac~s 
on their home institutions. Expert groups are involved in focused group 

I 
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meetings, where their knowledge helps planners to identify the current 
conditions of the system, including its weaknesses (blind spots), and to 
define possible actions and interventions to improve the efficiency and the 
environmental sustainability of the system. 

Users' knowledge is required in the process as well as experts' 
knowledge. Local people and transport system users contribute to the 
development of the planning process in both phases, as they are involved in 
verifying the perception of the characteristics of the system (leading to the 
definition of soft interventions on the system), and they directly play a role 
in the decision making process, as hereafter explained (planning of hard 
interventions on the system). 

3.3.2 Participatory processes for enhancing the efficiency of the 
systems 

The first aim in using participatory techniques in the proposed approach is to 
verify the level of information travellers have of the real transport system, in 
order to test and, if necessary, define the necessary interventions for the 
enhancement of travellers' information. In fact, most part of the approaches 
for choice modelling is based on the assumption of rational behaviour of the 
decision-makers. This implies the hypothesis that transport system users 
always choose the travel option that maximise their personal utility. To do 
this, travellers are assumed to know all the available alternatives belonging 
to the choice set, being well informed about the attributes and characteristics 
of all alternatives. Anyway, as observed in many transport systems, these 
basic assumptions on travellers' information and behaviour are not always 
completely satisfied. Such a consideration greatly affects the consistency of 
choice modelling outcomes in several choice contexts. The differences 
between the real perception of the available alternatives and of their 
attributes and the basic assumptions of choice models can be jugded as 
responsible of the failure of several transport policies, which do not meet the 
defined goals (Salomon and Mokhtarian, 1997). 

In this approach, the use of participation is seen as a useful tool to 
investigate the level of knowledge travellers have of the local transport 
system. Referring to Figure n.2, transport systems' users are involved in a 
participatory process with the aim of verifying and improving the capacity of 
the actual transport system. To do this, the system description and modelling 
is carried out with the contribution of local groups of experts. 

Through the use of specialised forums or surveys, representative groups 
of the local population are called to show their attitude towards the available 
travel options, as they are known in the real local contexts. Further 
information about travel options is provided in steps (as well as in different 
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way to different groups of travellers), verifying which differences, if any, 
arise between choice behaviour in the "everyday" local context and choide 
preferences expressed after the provision of relevant information about t~e 
system. 

EXPERT 
KNOWLEDGE 

I SYSTEM MODEl I 

~-- -·-1 
I SYSTEM sfMuLA TION I 

IN FORMA l iON ON PERCEIVED 
lEVEl OF SERVICE OF 

TRANSPORTAl TERNATIVES 

Figure 2. Experts' and users' participation to enhance information and knowledge of the 
transport system (soft interventions). 

Throughout the process it is possible to verify the level of knowledge 
travellers have of the transport system; if highlighted by the process, the 
need for interventions to enhance the information provided to travellers cab 
lead to the implementation of specific solutions. 

Such solutions can be directed into two basic directions: 
1. To improve information and knowledge on the choice set, in order 

to pursue the information about those travel alternatives which are 
not well known among users. 

2. To enhance the information about the alternative attributes, witl;l 
the aim of correcting the wrong perception (or lack of knowledge~ 
of the alternative attributes. 

The use of dedicated information systems can be introduced to enhance 
the level of information for travellers, following the outcomes of the process:. 
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Such interventions can gradually lead to a partial re-equilibrium of the use of 
the transport systems. Besides, the use of ITS solutions to implement 
information systems is able to increase the capacity of the transport system 
(Stough and Rietveld, 1997), as well as it can contribute to increase the use 
of those travel alternatives that show better properties with reference to 
sustainability and environmental matters, but that are often underestimated 
by the users and consequently often underused. 

3.3.3 Participatory processes for the definition of scenarios for 
future transport 

The definition of the necessary interventions in order to improve transport 
solutions for a sustainable equilibrium in urban areas requires a more 
complex approach. It involves considerations on the current growth trends in 
the urban system and on the main objectives to pursue in the implementation 
of transport solutions and policies. In this approach, the technique of 
scenario building, a way to assess planning for improving transport planning 
processes (Shiftan eta!., 2003), is used in strong relation with the application 
of transport modelling and simulation. Experts' and users' knowledge is 
involved in the process for the definition of the possible scenarios for future 
transport solutions. 

Representative groups of 'expert' people, which include, as previously 
noted, groups of actors with specialised knowledge of the context, are 
involved in the definition of the possible projects and interventions. The 
interactions between these actors and a wider group of stakeholders, through 
synchronous and asynchronous processes, lead to the definition of the 
possible projects to be modelled, as shown in Figure n.3. The participatory 
process allows investigating the real needs in terms of mobility of the local 
population. This implies an improvement of the quality of the solutions 
provided, which are supposed to be better suited for the specific needs 
arising in the local context. 

Moreover, the participatory approach allows investigating the arising of 
new forms of unexpected mobility needs, which are not easy to be predicted 
in traditional modelling. In most developed countries, new forms of work 
organization, as the e-commerce and the telecommuting, lead the evolution 
of communication systems and generate relevant flows of data. The 
evolution of contemporary society is deeply influenced by the widespread of 
such technological innovations. As evident, the effects of the widespread of 
ICT are able to modify people mobility needs and choice behaviour (Choo et 
a!., 2005). 

After the application of the modelling and simulation phase, the 
outcomes are checked with reference to the objectives of efficiency and 
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environmental sustainability, which lead the planning process. THe 
consistency of the outcomes with the objectives is presented in an iterati+ 
way to the actors involved in the process (Figure n.3) in order to implemei t 
the quality of the solutions provided. 
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Figure 3. Scenario building for future transport solutions through participation and modelling 
(hard interventions). 

The awareness of the results of such future scenarios leads to an 
implementation of the planned transport solutions. Further applications df 
the iterative process are expected to improve the quality of the planning 
process, leading to the definition of acceptable measures and solutions to bF 
realised. I 

I 
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3.4 Integrated planning for complex contexts 

The proposed methodology is intended to be applied to the definition of 
future scenarios of sustainable transportation, in the development of the 
strategic plan for the city of Bari, Italy. The need for a shift in travellers' 
behaviour, towards the adoption of more sustainable transport solutions, 
represents an extremely relevant goal for the development of planning 
processes and policies in southern Italy, where the general inadequacy of the 
public transport and the widespread of private transport are not able to 
support the development of economic activities in a perspective of 
sustainability, with the current settings. 

Thus, the use of public participation is seen to provide an important aid 
for the definition of those solutions that better combine the requirements of 
environmental sustainability with the definition of solutions which are best 
suited on the real needs of the local population. In this way, applying such an 
approach, it is foreseen the chance to define a procedure for the definition of 
future transport solutions, and for the simulation, at the same time, of their 
impacts and of the response they get among users. 

4. CONCLUSIONS 

The definition of sustainable transport solutions in complex urban contexts 
requires, as a basic assumption for such measures to be efficient, a positive 
response among users to the interventions that are introduced, in terms of 
people travel behaviour. The proposed methodology has been developed 
with the aim of improving the consistency of transport solutions, defining 
interventions that more successfully correspond to people mobility needs, as 
they arises from participatory processes. Two basic objectives are faced in 
the methodology: on one hand, the use of participation in transport planning 
processes is seen as an important tool to verify the information about the 
transport system among the users, and to evaluate the needs of specific 
interventions to improve it. 

On the other hand, the participatory process is seen as a tool for making 
new conceptions of the transport system emerge, contributing to the 
construction of future scenarios for transport planning. Such a process is 
seen to be able to detect and formalise advanced needs existent in the 
territory, and to contribute to the definition of the complex framework which 
is gradually emerging and which will increasingly have effects on the 
economies and on the mobility of the future society. 
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Abstract: The major goal of social policy in most developing countries is poverty 
alleviation. The ultimate challenge for policymakers is to use the available 
resources of the Government in order to provide the greatest possible 
assistance to those who need it most. Geographical targeting has emerged as 
one of the more feasible and efficient targeting methods. However, its full 
utilization is seriously hampered by the lack of the needed data sets. On the 
other hand, new computational approaches have great potential in providing 
spatially-disaggregate information. The paper explores the application of small 
area estimation and spatial microsimulation methods in geographical targeting. 

1. INTRODUCTION 

The major goal of social policy in most developing countries is poverty 
alleviation. The ultimate challenge for policymakers is to use the available 
resources of the Government in order to provide the greatest possible 
assistance to those who need it most. In the past, since most developing 
countries did not have reliable information on household income, many 
chose social programs with universal coverage. However, governments had 
to drastically reduce or even terminate these programs due to growing 
budget constraints. Eventually, some countries replaced universal coverage 
programs with means testing. However, the need for reliable household 
income information implied higher administrative costs. Moreover, the 
absence of reliable income data has led to massive leakage. 
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This situation has made targeting by means of indirect or proxy 
indicators the only viable alternative for most developing countries. 
Geographical targeting requires knowledge of the geographical distributio~ 
of the incidence, depth or severity of poverty (or other desired indicator~. 
This targeting method has been pursued in developing countries and is ofteb 
used in conjunction with additional targeting criteria to narrow the 
beneficiary population and thus reduce costs. However, the utilization of 
such targeting method is seriously hampered by the lack of needed data sets. 

The paper reviews the rationale of geographical targeting in improving 
the efficiency of social programs vis a vis other targeting methods. It 
presents emerging computational methods that can improve geographical 
targeting. The paper is organized as follows: Chapter 2 explains the rationale 
of geographical targeting. Chapter 3 presents the application of small area 
estimation in estimating mean household incomes for the City of Manila. 
Chapter 4 discusses the development of a spatial microsimulation model fdr 
informal households. Finally, Chapter 4 presents the conclusion. 

2. GEOGRAPHICAL TARGETING 

Geographical targeting of welfare programs is common in developing 
countries and is often used in conjunction with additional targeting criteria tb 
narrow the beneficiary population and thus reduce costs (Baker and Grosh, 
1994). The indicators used to determine eligibility could include the 
household's size, the number of children in the household, the size of the 
household's landholdings or other assets, and the region in which the 
household was located (Bigman and Fofack, 2000; Bigman and Deichmann, 
2000). 

The optimum solution in welfare programs, from a theoretical point of 
view, is to identify the target population and design the most effective 
program for this group. In most cases, however, it is not possible to identify 
the target population since this requires information that is not observable 
and thus difficult to verify. In poverty alleviation programs, the targ(jt 
population is the group of households with incomes below a certaih 
minimum level necessary to provide basic needs. Household income is ofteh 
difficult to observe, however, and efforts to assess its value and thus identifY 
the target group may involve prohibitive costs. These costs consist not only 
of direct administrative expenses for collecting the necessary information oil 
income, but also of indirect costs due to incentives that the program may 
give individuals either to modify their behavior or to falsify information oil 
their income in order to qualify for the program's benefits. Povert¥ 
alleviation programs such as income transfers or food subsidies to the poo~, 
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for example, may provide incentives to work less, cut earnings, or 
underreport income in order to quality. Even in countries that have an 
accurate income reporting system, frequent means testing is necessary to 
verify that only households that meet the criteria remain on the eligibility 
lists. 

The difficulties and expenses involved in identifying eligible households 
leave two options: either to implement universal programs that cover the 
entire population, or to use observable indicators that are highly correlated 
with the relevant unobserved variables, such as income, in order to 
determine eligibility. Universal programs are too expensive for most 
developing countries, and even many industrial countries find the rising 
welfare costs daunting. The only viable option, therefore, is to use some 
form of targeting. This, however, requires a careful choice of the targeting 
criteria\ the observable indicators that will determine eligibility, and the 
programs that fit the specific conditions of the country. 

Many socio-economic indicators are only available in a highly
aggregated form, such as for provinces or countries. Yet one would like to 
know how they vary between socio-economic groups. For estimating 
behavioral models, we clearly need a wide range of data for the same 
households, including community characteristics. This outlines the need for 
better micro data sets. Clearly research on dynamics of poverty and 
inequality should work along three fronts, namely measurement, modeling 
and data. One clear indication that suggests the greater appreciation of the 
role of spatial information in policy analysis is the increasing use of poverty 
maps (Henninger and Snel, 2002). 

3. SMALL AREA ESTIMATION 

Ghosh and Rhao (1994) and Rao (1999) present a comprehensive review of 
small area estimation models. Small area estimation has received a lot of 
attention in recent years due to growing demand for reliable small area 
estimators. Traditional area-specific direct estimators do not provide 
adequate precision because sample sizes in small areas are seldom large 
enough. Sample surveys are used to provide estimates not only for the total 
population but also for a variety of subpopulations (domains). "Direct" 
estimators, based only on the domain-specific sample data, are typically used 
to estimate parameters for large domains. But sample sizes in small domains, 

1 Aside from geographic targeting, there are other targeting options available to developing 
countries. These options fall into three categories, namely, self-targeted programs, 
programs targeted on the basis of household characteristics and programs targeted on the 
household's place of residence. 



72 Noriel Christopher C. Tigla.o 

particularly small geographic areas, are rarely large enough to provide dire¥ 
estimates for specific small domains. 

In making estimates for small areas, it is necessary to "borrow strengtN' 
from related areas to form "indirect" estimators that increase the effectivf 
sample size and thus increase the precision. Such indirect estimators area 
based on either implicit or explicit models that provide a link to related smah 
areas through supplementary data such as recent census counts and curredt 
administrative records. Indirect estimators based on implicit models include 
synthetic and composite estimators, while those based on explicit models 
incorporating area-specific effects include methods such as the so-called 
empirical best linear unbiased prediction (EBLUP). 

3.1 Types of Small Area Models 

It is now generally accepted that when indirect estimators are to be used the~ 
should be based on explicit models that relate the small areas of intere~t 

I 
through supplementary data such as last census data and curren:t 
administrative data. An advantage of the model approach is that it permits 
validation of models from the sample data. Small area models may be 
broadly classified into two types, namely the area level and unit level. 

A basic area level model assumes that the population small area mean Y; 
or some suitable function e; = g(Y), such as e; = log(¥;), is related to x~ 
through a linear model with random area effects vi : 

ei = xJ3 + ui, i = l, ... ,m 
where j3 is the p-vector regression parameters and the v 's are uncorrelate~ 
with mean zero and variance CT~. Normality of the vi is also often assumed. 
The above models also holds for non-sampled areas. It is also possible to 

I 

partition the areas into groups and assume separate models of the same form 
across groups. ~ 

We assume that direct estimators Y of Y are available whenever the ' . 
area sample size n; 2: 1 . It is also customary to assume that 

e = e +e. 
.... ~ ' l l 

where e; = g(Y.) and the sampling errors e; are independent N(O, 1/J) with 
known 1/J; . Combining this sampling model with the "linking" model, we get 
the well-known area level mixed model of Fay and Herriot (1979) 

ei = x J3 + vi + ei 
Note that under the above formulation, both design-based random 

variables e and model-based random variable v . are involved. In practice, 
' ' sampling variances 1/J are seldom known, but smoothing of estimated 

variances ,j;; is often d~ne to get stable estimates 1/Jt which are then treated 
as the true 1j; . An advantage of the area-level model is that the survey . ' 
weights are accounted for through the direct estimators ei. 
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A basic unit level population model assumes that the unit y-values Y;
1 

, 

associated with the units j in the areas i, are related to the auxiliary 
variables x ij through a one-way nested error regression model 

yii = x~/3 + vi + eii, j = 1, ... , N;, i = 1, .. . , m 
where vi "'liD N(O,a~) are independent of ei

1 
"'liD N(o,a;) and N; is the 

number of population units in the i-th area. The parameters of interest are 
the total y; or the means S:: . The above model is appropriate for continuous 
variables y. Battese et. al (1988) used a similar model in the context of 
estimating mean hectares of corn and soybeans for 12 counties in North
Central Iowa using LANDSAT satellite data in conjunction with survey data. 
In their model, the reported crop hectares for corn and soybeans In the 
sample segments within counties are expressed as a function of the satellite 
data for those sample segments, such that the reported crop hectares are 
positively correlated within the given countries but uncorrelated from 
different counties. 

3.2 Small Area Estimation of Mean Household Incomes 
in the City of Manila 

A nested error linear regression framework is used in order to derive 
estimates of mean household incomes of each barangay, which is the 
smallest administration unit in the Philippines. First, we estimate the 
parameters using best linear unbiased prediction and apply the model to 
barangay-level covariates to produced the desired estimates. In the model, 
we let YiJ be the mean household income for traffic zone j in city (or 
municipality) i. We can write 

Y;1 = xj3 + uii 
uii =vi + eii 

where the random error uiJ associated with the mean household income value 
YiJ is composed of two components, namely, v; as the ith city effect and eiJ as 
the random effects associated with zone j in city i. We assume that random 
errors, z; (i=l, ... ,m) and eiJ (j=l , ... ,n;; i=l, . .. ,m) are independent, identically 
distributed random variables with mean 0 and variances crv2 and a/, 
respectively. The assumptions imply that the covariance structure of the 
random errors, uiJ, is given by 

a~ + a;, i = p, j = q 

E(u;
1
upq) = a~, i = p,j ~ q 

0, i ~ p 

Basic in the estimation of the mean household income for the ith city is 
the prediction of the city effect V;. If the random errors uiJ are known, then 
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the best predictor of V; is the conditional expectation of V; given the samp'e 
mean u. where •• - - -1Ln, u = n. u .. 

t• 1 j=l lJ t 

Under the assumptions of the model, the random variable V; and u ;. have ia 
bivariate normal distribution with zero mean vector and covariance matrix I 

If the variances cr} and cr/ are known, the ~ parameters of the model can 

[ 

2 2 l av av 

a2 a2 + n-1a2 
v v i e 

be estimated by the generalized least-squares estimator 
j3 = (xrv-1 x)-' xrv-'Y. Then, a possible predictor for the ith city effect, V;, 

is v = ii. 8. where 
t ,. 1 

and 

- -!Ln. -U. =n. U .. 
t• • j=l J) 

u;1 = Yu - xufl 

The corresponding predictor fj. for the city household income is 
fj . = x( l/3 + ii , this is the best line'ar unbiased predictor of y . Thus, 

t 1 p 1 1 

fj . = x( l/3 + (ff. - x /3) 8 
t , p 1• n t 

a2 
8. = 2 v2 
, av +a. I ni 

where j3 is the generalized least-squares estimator. 
We obtain the model estimates from EBLUP using the following general 

steps: 
1) Estimate cr/ and cr} by method-of-fitting-constants; 
2) Estimate 8; by replacing the unknown variance by their respective 

estimators; 
3) Estimate (3 by fitting a generalized least-squares regression; 
4) Using the estimators, estimate mean household incomes; 
5) Calculate variance of errors in prediction; and 
6) Perform tests for model assumptions. 
The mean household income for each zone is taken as the average Jf 

household incomes using the class medians as the original data set contain~ 
income categories. Income data comes from the Household Interview Survey 
(HIS) under the 1996-1999 Metro Manila Urban Transportation Integration 
Study (MMUTIS). Several candidate variables that are expected to have a 
high correlation with the mean household income of the zone wer~ 

considered, namely, population density, percentage of car-owning 
households, percentage of workers with gainful employment and averag~ 
dwelling unit sizes. The model requires that these covariates be available ib 
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both the unit (in this case, traffic zone) and area level (in this case, 
city/municipality). 

From the covariates tested, the percentage of car-owning households and 
average dwelling unit size showed high correlation with mean incomes. 
However, data on car-ownership is not readily available at finer areas. On 
the other hand, dwelling unit size data can be readily obtained using high
resolution geographic data from GIS. Figure 1 below shows the 'building 
footprint' data used in calculating the sizes of dwelling units. 

Figure 1. Building footprint data in GIS (1996). 

The estimated parameters of the model with the dwelling unit size as 
covariate are 8.89960 and 0.0046 with !-statistics as 186.19 and 16.211 for 
the intercept and slope parameters, respectively. Table 1 shows the 
computed mean incomes and sample means for each city/ municipality in 
Metro Manila. The table shows that EBLUP estimates strike a trade-off 
between the large variances in some areas and precision for other areas. The 
usefulness of small area models lies in the fact that once calibrated, the 
models can be used to derive estimates for small area units using available 
covariates at that level. These estimates provide benchmark values of 'true 
estimates'. 
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Table I. Standard error of estimates. 
City No. of EBLUP Survey Direct 

zones2 regression estimates 
Manila 54 0.039 0.035 0.031 
Pasay II 0.069 0.031 0.029 
Makati 18 0.060 0.162 0.242 
Mandaluyong 8 0.070 0.185 0.304 
San Juan 4 0.089 0.390 0.560 
Quezon City 57 0.038 0.034 0.042 
Caloocan 17 0.061 0.026 0.036 
Valenzuela 9 0.072 0.034 0.028 
Malabon 7 0.077 0.048 0.097 
Navotas 5 0.082 0.032 0.560 
Marikina 8 0.074 0.046 0.050 
Pasig 11 0.069 0.054 0.051 
Parafiaque 15 0.063 0.130 0.122 
Muntinlupa 7 0.077 0.215 0.141 
Las Pifias 8 0.074 0.083 0.056 

4. SPATIAL MICROSIMULATION 

Microanalytic simulation or microsimulation models have been increasingly 
applied in the quantitative analyses of economic and social policy problems 
in recent years. Merz (1991) provides a comprehensive review of the 
principles, development and application of microsimulation found in 
economics. Clarke and Holm ( 1987) provides a through presentation on how 
microsimulation methods can be applied in regional science and planning 
analysis. 

Microsimulation models are directly concerned with microunits, or the 
individual units such as persons, households or firms. It is considered it 
forecasting instrument because policy effects can be tested and estimatdi 
within a microsimulation model system. The microunits are identified by 
characteristics such as age of an individual, number of children in a family, 
income and transfers of a household, employment structure of a firm, etc. 
The characteristics of the individual units are then modified depending on 
their individual behavior and the institutional relationship in which they 
operate. The individual impact of economic and social policies can thus be 
analyzed in a differentiated manner on the microunits concerned. It is noted 
that a large number of microsimulation models in existence are inherently 
aspatial. This means that existing microsimulation models does not 
incorporate sufficient geographic detail so as to allow richer analysis at fine 

2 Zoning unit refers to Traffic Analysis Zones (T AZ). 
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spatial levels. Spatial microsimulation models3 are extremely useful for 
policy simulations at neighborhood levels, and even voting and school 
districts. 

4.1 Microsimulation Process 

Clarke (1996) points out that there are two major works involved in applying 
microsimulation methods in spatial analysis. The first involves the 
construction of a microdata set. This procedure usually involves the use of 
contingency tables or conditional probability analysis to estimate chain 
conditional probabilities. In particular, conditional probabilities are 
calculated from available known data and then they are used to reconstruct 
detailed micro-level populations (Ballas and Clarke, 1996). The use of 
conditional probabilities allows the incorporation of the widest range of 
available known data. As most small-area population data are provided as 
predetermined tabulations, converting them into probabilities conditional on 
the attributes from another table allows separate tables to be linked together. 
There are a number of ways to generate probability relationships, such as 
linear programming models, discrete choice models, balancing factor 
methods in spatial interaction models and iterative proportional fitting (IPF) 
techniques. There are also other approaches to microdata generation such as 
reweighing of a parent sample of microdata, which are available at a 
different spatial scale. 

The next step involves the creation of a sample of individuals or 
households based on the set of probabilities. Computational constraints in 
the past are quickly being overcome by computer technologies in both 
hardware and software that now offers considerable opportunities and 
flexibility for large-scale simulations. Moreover, the lack of microdata sets 
to calibrate or test results of simulations are quickly being addressed as more 
and better data sets are becoming available. 

4.2 Spatial Microsimulation of Informal Households 

Tiglao (2002, 2004) presents an application of spatial microsimulation 
approach to model informal households in the City of Manila in 1990. 
Manila consists of 54 traffic analysis zones, 900 barangays and around 1.65 
million persons in 1990. Table 1 shows the data sets used in developing the 
spatial microsimulation model. Each data set is available under a specified 
zoning system as depicted in Figure 2. The challenge is how to integrate 
disparate data and produce a richer data set. 
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Table 2. Data sets used in the model. 

Zone level 

City/ 

Municipality 

Traffic Zone 

Baran gay 

GIS 

Data set 

1997 Family Income 

and Expenditure 

Survey (FIES) 

1996 Metro Manila 

Urban Transportation 

Integration Study 

(MMUTIS) 

1990 Census of 

Population and 

Housing (CPH) 

1996 Land Use/ 

Building Footprint Data 

Noriel Christopher C. Tiglao 

Description 

Household demographics; Detailed 

household incomes and expenditures; 

4,030 samples for Metro Manila 

Selected household demographic data; 

Member and household income; 50,000 

samples for Metro Manila 

Detailed household and housing 

characteristics; All households in 1990 

Urban land use zoning map; Building 

footprints 

The main source of household income and expenditure data is the Famil~ 
Income and Expenditure Survey (FIES). The FIES has been conducted evecy 
three years since 1988. It contains very detailed information of sources Of 
household income and expenditure, however, only for a very limited sample;!. 
The next major source of household income data is the 1996 Metro Mani' a 
Urban Transportation Integration Study (MMUTIS). The primary source qf 
detailed socio-demographic data used in the study is the 1990 Census of 
Housing and Population (CPH). 

Traffic Zones 

Cities/ Municipalities Barangays 

Figure 2. Different zoning systems. 
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Figure 3 shows the spatial microsimulation process for estimating 
household characteristics. 

Initialize base households 
using 1990 CPH data 

(age, sex, marital status, 
and education of household 

head, household size) 

I Compute economic activity I Compute occupation 
probabilijies from 

rate of household head 1 i Occupation Choice Model 

Assign occupation of 
household head based 

on Monte Carlo sampling 

Compute employment 

!' 
probabilities from 

Employment Choice Model 

Assign employment sector 
of household head based 
on Monte Carlo sampling 

Compute employment 
status probabilities and 

assign employment status 
by Monte Carlo sampling 

Compute bias-adjusted 
household income function 

based on employment status 

Estimate household income 
based on characteristics 

of household head 

Estimate permanent 
Income of household 

Compute housing tenure 
status probabilijies and 

assign housing tenure status 
by Monte Carlo sampling 

Compute bias-adjusted 
housing value function 
based on tenure status 

Estimate housing tenure 

I and housing value 

Figure 3. Spatial microsimulation of informal households. 

The model initializes a baseline population consisting of all households 
in the 1990 CPH. The economic activity participation, as well as occupation 
and employment sector of the household head is estimated using Monte 
Carlo sampling. The next stage involves the estimation of household 
incomes based on the characteristics of the household head. To achieve this, 
the employment status of the household head is first determined using a 
probit model, specifically, a binary choice model of being a wage earner (i.e. 
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formal sector) or self-employed (i.e. informal sector). Then, conditional dn 
employment status, the household income is computed using a regression 
model with correction for selectivity. 

The next step involves the estimation of permanent income of t~e 
household. Permanent income is needed to estimate the value. Housing 
values is estimated using in two steps. First, housing tenure choice ts 
estimated using a probit model of whether the household is under formal ~r 
informal housing. Formal housing consists of owner-occupiers and renters. 

I 
On the other hand, informal housing are attributed to households who own 
the house but rents (with or without consent of owner) the land. The~, 
housing value is computed using a regression model conditional on the 
tenure status with the appropriate correction for selectivity bias in the lines 
of Lee and Trost (1978). Simulated values can then be visualized using GIS 
and the output can be analyzed in a 'complete-data' setting. 

Baseline 
Characteristics 

Computational { 
Objects/ Models 

Province-ID 
District-ID 
Barangay-ID 
Household-ID 
Member-ID 
Relation to hh head 
Age 
Sex 
Marital status 
Education 

GetEconomictActivity 
Ge!Occupation 
GetEmploymentSector 
Getlncome 

HOUSEHOLD 

Variables 
Province-ID 
District-ID 
Barangay-ID 
Household-ID 
Household size 
Age of hh head 
Sex of hh head 
Marital status of hh head 
Education of hh head 
(Economic activity of hh head) 
(Occupation of hh head) 
(Employment sector of hh head) 
(Employment status of hh head) 
Members [Vector] 
Building type 
Roof type 
Wall type 
State of repair 
Year built 
(Household income) 

· status) 

GetEconomicActivityofHead 
GetOccupationofHead 
GetEmploymentSectorofHead 
GetEmploymentStatusofHead 
GetHouseholdlncome 
GetHousingStatus 
GetHousingValue 

Figure 4. Object representation of household microdata, 

Figure 4 presents the object representation of the household microda~. 
The object-oriented approach to spatial microsimulation modeling wa.s 
proposed by Ballas et al. (1999). Object-oriented programming offers a ver}r 
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flexible platform for estimation and handling of very large data sets. 
InformalSim is implemented in Java. 

There are two major objects in InformalSim, namely, the member object 
and the household object. These two objects contain variables and methods. 
Variables correspond to the actual characteristics of the respective objects. 
Variables are of two types-baseline (i.e. observed) and unobserved. Methods 
contain computational codes or models that operate on the variables. Each 
household object contains a vector (or collection) of member objects as 
would be true in the physical sense. This representation is completely 
convenient as the characteristics of the household are entirely dependent on 
the members that comprise it. Moreover, the approach allows limitless 
flexibility as future implementations may be conveniently incorporated into 
the structure. 

The current implementation of InformalSim consists of 10 modules. The 
modules are executed sequentially as outlined in the microsimulation 
process. The modules are as follows: l) Economic activity, 2) Occupational 
choice, 3) Employment sector choice, 4) Employment status, 5) Household 
income, 6) Permanent income, 7) Housing tenure status, 8) Housing value, 
9) Inequality measures and 1 0) Mapping and visualization. Figures 4 through 
7 depict some of the results of the spatial micro simulation model. 

- • 1 10 0 
- 1 100 . 100 0 
• aoo o . :uo o 
•• • oo . •o oo 
~ ~. 10 00 

Figure 6. Mean housing values. Figure 7. Informal employment(% hh). 
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Validation was conducted in order to gain confidence on the simulatdd 
values. The validation process generally makes use of reliable estimates ~f 
parameters of interest using results from small area estimation. In thts 
particular case, the average household income of each traffic analysis zo~e 
was used as the parameter for the validation work. Small area estimation 
provides more reliable estimates since it incorporates the use of auxiliariy 
variables to estimate mean incomes for each traffic zone. The validation 
process is depicted in Figure 8. There is generally good agreement between 
simulated and benchmark values as show in Figure 9. 

STATISTICAL 
SMALL AREA 
ESTIMATION 

SPATIAL 
MICROSIMULATION 

Survey data of 
household incomes 

l 
Estimation of mean 
household incomes 

at the traffic zone level 

Estimation of household 
characteristics including 

household income 

Reliable estimates of 
r--------- mean household incomes 

at traffic zone level 

I VALIDATION I 
Calculate mean 

r------ household incomes at 
traffic zone level 

Figure 8. Validation of spatial microsimulation output. 
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Figure 9. Comparison ofmicrosimulated and true values. 
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5. CONCLUSION 

The paper has reviewed the social policy-making context in developing 
countries. The pressing challenges to the policy- and decision-makers 
necessitate the greater use of spatial information in improving policy 
analysis and program design. While literature on social policy presents a 
continuing debate between universalism and targeting of program, it is 
argued that a combination of universal coverage programs with some degree 
of targeting may bring the highest potential in improving the performance of 
social programs. Improvements in social programs should be measured in 
terms of reducing Type I (exclusion of intended households) and Type II 
(inclusion ofunintended households) errors. 

This paper has demonstrated the potential of new computational methods, 
particularly, small area estimation and spatial microsimulation in 
overcoming data problems in 'data-poor' environments. These two methods 
enable the analyst to make full use of existing disparate data sets and 
produce reliable and spatially-disaggregate information. The resulting 
information can be utilized in various innovative ways to assess the 
effectiveness of existing poverty alleviation programs. More importantly, the 
resulting microdata sets can also be utilized in geographical targeting in in 
combination with other criteria. · 

Finally, it is recommended that further research work be pursued in the 
development of small area estimation and spatial microsimulation 
approaches as practical tools for improving social policy. 
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methodology 
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Abstract: This work's first aim is to analyse the relationship between urban axes' 
topological properties and urban land use location. The second aim is to do it 
in a straightforward reliable way. A bottom-top methodology is proposed and 
explored. 
It is commonly accepted that land use searches within the city for a convenient 
location, concerning their business. Location is influenced by several factors. 
These factors and their relative importance differ among land uses. 
Accessibility is usually recognised as an important factor. This work analyses 
some land uses in the city of Lisbon in relation to the location parameter: 
topological accessibility. 
The exploratory work made clearer it worth studying topology's role in the 
location of urban land use. Although short on land use types, its wide spectrum 
in relation to service level confirms both urban topology as an important 
location parameter and the proposed method as promising. 

1. URBAN LAND USE AND LOCATION 
PARAMETERS 

Being commonly accepted that land use searches within the city for a 
convenient location and that this is influenced by several factors it becomes 
important to identify those factors and their relative importance, which Is 
suspected to differ among land use types. 
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1.1 Background and proposed approach 

Urban land use location parameters vary with each type and cover a wide 
spectrum of urban morphology, economic and social factors. Several studi~s 
have been made concerning particular land use types (e.g. offices, retai1) 
including a wide range of specific parameters for each. This paper explores 
the problem in the opposite way. Instead of searching for each land use 
type's full range of concerns to location decision making it isolates one 
particular characteristic of urban morphology and works it in the context df 
different land uses in order to provide factual evidence. Usual strategies on 
addressing this theme identify in advance location parameters and their 
relative importance. This can be done in two ways: by assumption or by 
interviewing business owners. The first can obviously be misleading; th~ 
latter implies many interviews, much data treatment, and can never assuie 
every owner shares the same perspective and/or priorities. Are the}' 
consciously aware? Are business owners prepared for the interview? Is the 
interview able to bypass these facts? Does it allow for confident 
conclusions? Both strategies introduce subjective external criteria in the 
methodology which unquestionably influence the results. 

The proposed methodology aims to analyse real occurrences by simply 
magnifying a particular parameter and showing it as it is, i.e. discarding any 
subjective angles. Simply through observation, although narrower in each 
land use's analysis considering the range of parameters, it is simultaneously 
more faithful by discarding the inclusion of external data and more 
conclusive about the parameter's role and importance when analyzing either 
a single or several land use types. Therefore, the present research explores 
only the relationship between urban land use location and topological 
properties, i.e. between land use location and Space Syntax measures. 1t 
reveals the city as a topological hierarchical set of spaces where land use 
locates in accordance with their interests. 

According to their nature, and subsequently to particular needs, land use 
does search for locations with more or less say accessibility, centrality. For 
instance, it's often assumed that specialised retail tends to locate on higp 
integrated areas both at local and global levels whereas small retail usually 
searches high integration at local level but is not concerned about globaJ 
integration. Like these two assumptions many others could be made. Wh~t 
are the facts behind this kind of speculation? Facing location decisions, i's 
there a common attitude in each land use in considering topology? I.e. arb 
location patterns a function of topology? Can these somehow characterisb 
some land uses? 
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This research gives evidence about some land uses' topological 
tendencies concerning location decision making by analyzing the topological 
location properties of some types of land use. 

2. METHODOLOGY 

2.1 Accessibility Analysis 

Urban configuration influences human behaviour, particularly people 
movement, through several factors. One of the most studied for the last 
twenty years is topology. Topology in urban systems has been assessed with 
relevant results by Space Syntax methodology. This methodology aims to 
represent 'centrality measures' within the urban structure, based on the 
theory that pedestrian movement in the urban environment is strongly 
(Hillier et al., 1993) influenced by the urban grid, i.e. by the urban 
morphological structure , mainly by visual steps, i.e. the number of turns one 
have to do when walking in the city. By creating an abstract representation 
of space which is based on human visual cognition and movement (axial 
map), the analyses carries human spatial interpretation. See (Hillier et al., 
1976; Hillier et al., 1993) for a Space Syntax methodology overview and 
(Desyllas,1999a; Desyllas,l999b) for relationships between space syntax 
assessment and land use evidence. 

Following the principles mentioned above the adopted representation is 
the Axial Line and the analytical algorithms use topological steps, rather 
than metric distance generally used in traffic analysis. The urban grid is 
represented as a network of lines (axial lines), which is the least set of lines 
covering all the public space. The set of lines is the Axial Map. City axes, as 
named in abstract, are not streets or any other entity but the axial lines, the 
base element of the axial map. The axial map is analysed as a dual graph 
where nodes are the axial lines and line intersections the connections. The 
dual graph is processed by algorithms which return syntactic measures. 
These measures, extrinsic features of the axial lines, are topological 
accessibility measures, which are considered to be possible location decision 
factors and are explored in this work. The syntactic measures of integration 
are the most successful in correlating with other phenomena, namely with 
pedestrian movement rates, justifying its exploration against other 
phenomena as proposed here. 

Integration measures centrality revealing topological accessibility of each 
line in relation to the system. Global Integration is relative to all lines in the 
system whereas Local Integration only analyses the system elements at a 
predefined radius. Radius 3 was used in this work. Space Syntax 
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methodology and analytical tools - Axwoman software - were used fo 
calculate topological measures. 

2.2 Spatial Analysis and the scatterplot 

Each occurrence (event) of each land use is spatially represented on the city 
map from where it receives syntactic measures which become attributes of 
the land use, i.e. each axial line being the carrying space gives its syntactic 
values to each event. This is managed in a GIS environment. 

This methodology ends up plotting the results on graphs wher.e 
topological location patterns emerge. Plotting forms clusters of events which 
characterise land uses creating reference 'behaviour' for each type. Cluster 
analysis indicates both the relevance of topological location for each lan~ 
use through cluster dispersion, and its topologic location tendency through 
cluster position on the graph in relation to the city. Events with sirniar 
values plot within the same area on the graph. This is expected to occur 
within events of each land use. However, different land uses, if having 
different topological interests, should plot events on different areas of the 
graph. Trough a disperse plotting some land uses may reveal their 
"topological independence" probably indicating the existence of other and 
more important location parameters. 

Being space syntax measures relative to the analysed system, the lanp 
uses' topological location must be interpreted in relation to the specific city 
context. Therefore, in order to achieve the goal of plotting land uses on a 
referential which represents the city and to allow for direct comparison 
between graphs and so land use types, the scatterplot axes are the same on 
every graph and reference lines (Xr,Yr) are introduced in each graph 
representing city's mean values (Xr=Mean Global value; Yr=Mean Local 
value). Other reference guides show the Integration Core (the 10% set of 
most integrated lines) (Local Integration Core -LIC; and Global Integratioh 
Core -TIC) and the less integrated sets (LI 10% less and TI 10% less). 
Reference lines also promote further developments in the study by allowing 
the comparison of different cities and in consequence increasing analysi~ 
proficiency. Although cluster analysis is simply visual for now, a patterh 
recognition algorithm should be used in further developments. 

The strength of this method is that it is based on simple observation qf 
facts and on extracting important properties not from one element but from 
the common 'behaviour' of several similar land use units of the same typ~. 
Its proficiency increases with the number of observations (events) but it i~ 
also influenced by the type of land uses observed. Following the examples 
above: within a city, specialised retail events are in less number than sma\1 
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retail ones, in consequence the latter plot a high number of events in the 
graph and have the potential of creating a strong well defined cluster for that 
land use, the first plots less events and forms a scarce cluster. However, 
specialised retail is very much dependent on location and usually able to 
relocate easily, so its location is 'far more accurate' . This can be seen as a 
'quality vote' and thus reaching meaningful results with fewer events. 

3. CASE STUDY- LISBON 

3.1 Land use types 

Being the main goal to test the methodology and explore the relevance of the 
theme, land use types were selected regarding their commonly accepted 
status of location preferences and consequent service level, in order to 
provide a wide range of location dependence. They are generally represented 
by their total number of events within the city, which supports conclusions 
and allows for a city scale 'picture'. Exceptions to this are referred in each 
case's analysis. Land use types were selected using the following criteria: 

- Choose from different service levels, to provide a wide range of 
analysis; 

- Providing very specific services, to create a homogeneous group; 
- Apparently having location dependence, to better test the method; 
- Being independent from building properties, which allows for easier 

relocation improving liability of interpreting its location as adequate; 
- Data collection effort and possibilities I suspected interest >0; 

Table 1- Selected activities 
Service 
level 
Mid-range 
Local 
Mid-range 

Global 

Local 
Global 

Local 

Land use 
Type 
Travel Agency 
Bakery 
Bank branch 

Five Star Hotel 

Laundry 
Jewellery 

Restaurant 

Pre-analysis idea 

Probably benefits from being accessible. 
Usually seen as a local goods provider. 
Characterised by very high relocation capacity. It is known 
that their location criteria are beyond topology and include 
detailed economic data, however it is worth to analyze in 
order to better learn some possible "topological behaviour''. 
Very specific type of activity, seen as very demanding in 
terms of location. It is the exception in matching the criteria 
of being independent from building properties. However its 
specificity in terms of location justified its presence. 
Probably benefit from being accessible. 
Very specialised retial. Probably benefits from being 
accessible although, presumably, has a strong dependence 
on other criteria such as socio-economic. 
Usually seen as strongly benefiting from location. This is 
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Mid-range not a homogeneous activity as there are restaurants searched 
Global for their specific character or features rather than location. [ 

Events located in shopping centres were excluded from this study. 
Shopping centres themselves were not considered in his study for tWo 
reasons: firstly their location is more dependent on plot availability thf 
urban accessibility; secondly they promote private transportatior 
accessibility departing from the human movement behaviour assessed b[y 
space syntax methodology. For the same reason McDonald's Restauran~s 
with Mcdrive units were not considered. Events with insufficient geo
referencing accuracy were also excluded. Excluded events are referred to in 
each land use analysis. 

3.2 Case Study -Analysis 

Figure I. Axial map of Lisbon. Global Integration Core (top 10%) in grey. 

Table 2. Global Intej[ation results. 

Global Intel!ration Count Min Max Mean StD v 
Travel Agency 227 0,480330 1,071480 0,902208 0,124281 0,137752 
Bakery 273 0,453210 1,060400 0,743427 0,147975 0,199044 
Bank branch 536 0,476910 1,071480 0,855210 0,155542 0,181876 1 
5Str Hotel 9 0,436650 1,041670 0,897192 0,171274 0,190900 
Laundry 101 0,455770 1.037710 0,783150 0,154360 0,197101 
Jewellery 176 0,476910 1,071480 0,858441 0,12401 6 0,144467 ' 
Restaurant 1855 0,414400 1,071480 0,802986 0,149993 0,186794 1 
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Table 3. Local Integration results. 

Local Intel!ration Count Min Max Mean StD v 
Travel Agency 227 0,704020 6,348330 3,750775 1,012165 0,269855 
Bakery 273 1,056053 6,348330 3,015815 0,924022 0,306392 
Bank branch 536 1,210920 6,348330 3,864930 0,072098 0,018654 
5Str Hotel 9 2,724880 5,621230 4,222279 1,919408 0,454591 
Laundry 101 0,210920 4,856910 3,109442 0,986848 0,317371 
Jewellery 176 0,210920 5,334670 3,758256 0,817576 0,217541 
Restaurant 1855 0,210920 6,348330 3,262287 0,991739 0,304001 

3.2.1 Scatterplot analysis- Lisbon Axial Map 1997 
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Figure 2. Scatterplot of all Axial Map representing all city system in 1997. 

Table 4. Axial map Statistics. 
Universe: Lisbon Axial map 97 
X Axis: Global Integration 
Minimum: 0,244090 
Maximum: 1,071480 
Mean: 0,6331244 
10% less TI: 0,46897 
I 0% plus TIC: 0,83442 

Event Count: 7421 
Y axis: Local Integration (R3) 
Minimum: 0,210920 
Maximum: 6,34833 
Mean: 2,022498 
10% less TI: 1,05603 

10% plus TIC: 3,21437 

This scatterplot represents every axial line in the city of Lisbon. This 
graph works as reference representing the universe of Lisbon's axial map. 
Two Space Syntax measures are plotted: Global Integration and Local 
Integration. 
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The following graphs should be read as a subset of this one where ilie 
only features represented are the specific axial lines which are home to it 
least one unit of the referred land use type. I 

Note that the following graphs have the same scale and reference lines tb 
allow easy understanding of where and how disperse does each land use plJt 
within the universe. 

Due to its promising large potential, scatterplot analysis of axial map will 
be the subject on other paper enriched by inter-cities comparison. 

3.2.2 Scatterplot analysis - Travel agency 
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Figure 3. Scatterplot of Lines with Travel agencies in 1997. 

Table 5. Travel Agency Statistics. 

Universe: Lines with Travel A2encv 
Event count: 227 
X axis: Global Integration 
Minimum: 0,48033 
Maximum: I ,07148 
Mean: 0,902208 
StD: 0,124281 
V: 0,137752 

Lisbon's total count: 231 
Event excluded: 4 
Y axis: Local Integration (RJ) 
Minimum: 0,704020 
Maximum: 6,348330 
Mean: 3,750775 
StD: 1,012165 
V: 0,269855 

Events excluded: Due to locating in Shopping Centres 

No events at the TI zone, very scarce ones below the mean value, and the 
most of the events on the TIC area. 

Local integration: Very scarce events in the LI area, scarce below mean, 
most events clearly on the LIC zone. 
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Table 3. Local Inte~ration results. 

Local Inteeration Count Min Max Mean StD 
Travel Agency 227 0,704020 6,348330 3,750775 1,012165 
Bakery 273 1,056053 6,348330 3,015815 0,924022 
Bank branch 536 1,210920 6,348330 3,864930 0,072098 
5Str Hotel 9 2,724880 5,621230 4,222279 1,919408 
Laundry 101 0,210920 4,856910 3,109442 0,986848 
Jewellery 176 0,210920 5,334670 3,758256 0,817576 
Restaurant 1855 0,210920 6.348330 3,262287 0.991739 

3.2.1 Scatterplot analysis- Lisbon Axial Map 1997 
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Figure 2. Scatterplot of all Axial Map representing all city system in 1997. 

Table 4. Axial map Statistics. 
Universe: Lisbon Axial map 97 
X Axis: Global Integration 
Minimum: 0,244090 
Maximum: 1,071480 
Mean: 0,6331244 
10% less TI: 0,46897 
10% plus TIC: 0,83442 

Event Count: 7421 
Y axis: Local Integration (R3) 
Minimum: 0,210920 
Maximum: 6,34833 
Mean: 2,022498 
10% less TI: 1,05603 

10% plus TIC: 3,21437 

This scatterplot represents every axial line in the city of Lisbon. This 
graph works as reference representing the universe of Lisbon's axial map. 
Two Space Syntax measures are plotted: Global Integration and Local 
Integration. 
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The following graphs should be read as a subset of this one where thb 
only features represented are the specific axial lines which are home to , t 
least one unit of the referred land use type. 

Note that the following graphs have the same scale and reference lines to 
allow easy understanding of where and how disperse does each land use plclt 
within the universe. I 

Due to its promising large potential, scatterplot analysis of axial map wih 
be the subject on other paper enriched by inter-cities comparison. I 

3.2.2 Scatterplot analysis - Travel agency 
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Figure 3. Scatterplot of Lines with Travel agencies in 1997. 

Table 5. Travel Agency Statistics. 

Universe: Lines with Travel Al!encv 
Event count: 227 
X axis: Global Integration 
Minimum: 0,48033 
Maximum: 1,07148 
Mean: 0,902208 
StD: 0,124281 
V: 0,137752 

Lisbon's total count: 231 
Event excluded: 4 
Y axis : Local Integration (RJ) 
Minimum: 0,704020 
Maximum: 6,348330 
Mean: 3,750775 
StD: 1,012165 
V: 0,269855 

Events excluded: Due to locating in Shopping Centres 

No events at the TI zone, very scarce ones below the mean value, and t:Jte 
most of the events on the TIC area. 

Local integration: Very scarce events in the LI area, scarce below mean, 
most events clearly on the LIC zone. 
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This land use shows a tendency to locate itself within high values of 
Local and Global Integration, although more significant in relation to the 
latter. 

3.2.3 Scatterplot analyses - Bakery 
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Figure 4. Scatterplot of Lines with Bakery in 1997. 

Table 6. Bakery Statistics. 

Universe: Lines with Bakery 
Event count: 273 
X axis : Global Integration 
Minimun: 0,453210 
Maximum: I ,060400 
Mean: 0,743427 
StD: 0,147975 

Lisbon's total count: 273 
Event excluded: 0 
Y axis: Local Integration (R3) 
Minimun: I ,056053 
Maximum: 6,348330 
Mean: 3,015815 
StD: 0,924022 

Shows a tendency to locate itself above Local Integration mean values 
with most density around the LIC beginning. 

Global Integration: scarce events in the TI area, most between this guide 
and LIC one. 

General tendency to locate slightly above mean values, although showing 
the same behaviour in both Local and Global Integration. 
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3.2.4 Scatterplot analyses - Bank branch 
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Figure 5. Scatterplot of Lines with Bank branch in 1997. 

Table 7. Bank branch Statistics. 
Universe: Lines with Bank branch 
Event count: 536 
X axis: Global Integration 
Minimum: 0,476910 
Maximum: 1,071480 
Mean: 0,855210 
StD: 0,155542 
V: 0,181876 

Lisbon's Total count: 632 
Event excluded: 96 
Y axis: Local Integration (R3) 
Minimum: 1,210920 
Maximum: 6,348330 
Mean: 3,864930 
StD: 0,072098 
V: 0,018654 

Events excluded: Due to locating in Shopping Centres 

Plots most events above mean values. 
Dark clusters seem to emerge vertically m high Global lntegratiJn 

I 

values. 
Local integration: darker area is around LIC limit, most plots above it. 
Wide spectrum of Global Integration values, although never inside Ti 

area. 
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3.2.5 Scatterplot analyses - 5 stars Hotel: 

Tl (10% less) 0,6331244 TIC (10% plus) 
1.ooooo I 

I 

! 
6,00000! 

i 

c 
s.ooooo: 

LIC (1 0% plus) 

0 

~ 4,00000"'i 

"' I ~ 
;; 3,000001 
<> 
0 
..J i 

2,00000 i 
2,022496 

! 
1,00000"1 

! 
Ll (10% loss) 

0,00000 . I 
0,20000 0,40000 0,60000 0,80000 1,00000 1,20000 

Global Integration 

Figure 6. Scatterplot of Lines with 5 stars Hotel in 1997. 

Table 8. 5 Stars Hotel statistics. 
Universe: Lines with 5str Hotel 
Event count: 9 
X axis: Global Integration 
Minimum: 0,436650 
Maximum: 1,041670 
Mean: 0,897192 
StD: 0,171274 
V: 0,190900 

Lisbon's Total count: 9 
Event excluded: 0 
Y axis: Local Integration (R3) 
Minimum: 2,724880 
Maximum: 5,621230 
Mean: 4,222279 
StD: 1,91940 
V: 0,454591 
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At a first glance, top level Hotels locate themselves at a wide range of 
Integration values either on Global and Local. 

Curiously, the plot shows the importance of Local Integration as every 
event is clearly above the mean, and most even in the LIC zone. 

However, the two events plotted on the left are luxury hotels built on 
ancient villas and with a slight different vocation. It becomes clear that for 
everything but the exceptions this land use locates itself securely on the TIC 
area. 
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3.2.6 Scatterplot analyses - Laundry 
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Figure 7. Scatterplot of Lines with Laundry in 1997. 

Table 9. Laundry statistics. 
Universe: Lines with Laundry 
Event count: 101 

Lisbon's Total count: 101 
Event excluded: 0 

Joiio Pinelo 

X axis: Global Integration 
Minimum: 0,455770 
Maximum: 1,037710 
Mean: 0,783150 

Y axis: Local Integration (R3) 
Minimum: 0,210920 

StD: 0,154360 
V: 0,197101 

Maximum: 4,856910 
Mean: 3,109442 
StD: 0,986848 
V: 0,317371 

Small tendency to locate above mean values, especially concerning Local 
Integration, where there are a considerable number of events in the LIC area. 

Global Integration: significant percentage of events in the TIC zone. 
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3.2.7 Scatterplot analyses- Jewellery 
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Figure 8. Scatterplot of Lines with Jewellery in 1997. 

Table 10. Jewellery statistics. 
Universe: Lines with Jewellery 
Event count: 176 
X axis: Global Integration 
Minimum: 0,476910 
Maximum: 1,071480 
Mean: 0,858441 
StD: 0,124016 
V: 0,144467 

Lisbon's Total count: 194 
Event excluded: 18 
Y axis: Local Integration (R3) 
Minimum: 0,210920 
Maximum: 5,334670 
Mean: 3,758256 
StD: 0,817576 
V: 0,217541 

Events excluded: Due to locating in Shopping Centres 
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By plotting most events on the most integrated area of the graph (TIC
LIC area), this land use apparently shows concern about topologic location. 

The majority of events is above the mean values. 
There is a similar behaviour among both axes although Local Integration 

shows a wider spread. 
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3.2.8 Scatterplot analyses - Restaurant 

1: 
0 

7,00000 

6,00000 

5,00000 

~ 4,00000 
Ol 
Q) 

:E 
1i 3,00000 

0 
.J 

1,00000 

Tr (10% less) 0,6331244 TIC (1 0% plus) 

LIC (10% plus) 

Ll (10% less) 

o.ooooo-1-----.---_L_----.--'~-~L___~ __ ---i 
0,20000 0,40000 0,60000 0,60000 1,00000 1 .20000 

Global Integration 

Figure 9. Scatterplot of Lines with Restaurant in 1997. 

Table 11. Restaurant statistics. 
Universe: Lines with Restaurant 
Event count: 1855 
X axis: Global Integration 
Minimum: 0,414400 
Maximum: 1,071480 
Mean: 0,802986 
StD: 0,149993 
V: 0,186794 

Lisbon's Total count: 1918 
Event excluded: 63 
Y axis: Local Integration (R3) 
Minimum: 0,210920 
Maximum: 6,348330 
Mean: 3,262287 
StD: 0,991739 
V: 0,304001 

Events excluded: Due to locating in Shopping Centres and lack of geo-referencing accuracy1 

Most events locate above TI and LI limits. Greatest percentage locates 
above mean values. 

More evident clusters locate around TIC and LIC limits. 

4. CONCLUSION 

Amongst other criteria, land uses locate themselves based on accessibility. 
How important is accessibility? What is its role in decision making? Hdw 
and how much does it matter to each type of land use? Can land use locatibn 
be a sign of a specific urban order? What does it inform about the social 
structure? These are some open questions. Finding a straight answer for aU, 

I 
I 

I 
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if it exists, was not the goal for now, which was simply to explore a method 
to provide basic knowledge on a certain accessibility type. This work 
proposed and explored a method to analyse the relationship between some 
specific accessibility measures and land use, based on facts, in order to 
develop non speculative answers for this generic questions. 

The first aim of this study was highlighting and somehow providing 
evidence on the relationship between urban land use location and topological 
criteria. The second aim was to reach results with the least possible external 
interference. A simple observation method was presented and explored. 
Although narrower in the analysis of each land use type considering the 
range of parameters this method is simultaneously 'cleaner' by discarding 
subjective information and more conclusive about the parameter's role and 
importance when analysing either a single or several land use types. 

Although strongly suggesting the importance of topological accessibility 
on urban land use location, deeper conclusions about the data would be 
imprudent for now; it will require analyzing more land use types and 
possibly more cities to get a sharper view. Nonetheless this work is 
transparent as it presents treated data to urban planners to analyse, working it 
together with their own experience. Land use topological properties are 
plotted and graphs are available to be read and patterns analyzed. Beyond 
reference guides and analysis of cluster dispersion and positioning, it 
becomes possible to classify axial lines in the matrix of the city by their 
appetence for land use location. Further developments possibly include a 
pattern recognition algorithm to enhance cluster analysis. 

The proposed analysis looks useful to urban planning, namely in 
regeneration where diagnosis assumes a very important role. Knowing some 
examples within cities and land use types will enable to read results and find 
deviations to normal 'behaviour'. Moreover, comparing different cities may 
help identifying and perhaps understanding different socio-cultural 
backgrounds. Can the knowledge of topological location patterns help in 
diagnosing some kind of urban disorder? In the present case study it is 
possible to identify a particular feature of the proposed methodology which 
may be worth exploring. The most local integrated event, which is as well 
the 6th Global integrated plotted well detached from the city cluster on top 
right (see fig.2), represents an axial line which covers the space of A venida 
Almirante Reis. This axial line is represented in every land use type's 
scatterplot with the exception of the 5 star hotels, jewellery, and laundry, 
meaning that it carries events from all other land uses. With the exception of 
the laundry, the other land uses are from a group of very specific and highly 
demanding business. This is interesting because besides characterizing the 
land use types' general 'behaviour' this method simultaneously highlights 
spaces where, although naturally expected, some land uses do not exist. This 
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absence may be read as a note that something else with that place is ~bt 
right. I.e. intrinsic properties of space may not be adequate to its extrins:ic 
ones. This is relevant as it is thought that this unmatched may lead to urban 
decay (Pinelo and Heitor, 2005), which is the case of a significant part ~~ f 
A venue Almirante Reis. 

Many other questions remain open to be explored by future refined worl<:, 
namely how do topological properties correlate with land use types: numbbr 
of workers, available area, profits? Can this contribute to create a 
classification of land use types in regards to topological accessibility? 

Although results directly reflect land use topological 'behaviour' this 
data may also contribute to the comprehension of the city as a whole. The 
urban system (as represented in the axial map) is a network of spaces with 
topological properties. It can also be considered as a set of spaces classified 
by its extrinsic characteristics. Thus, what are the consequences of tQe 
proportion between types? At city scale, future work should answer tv{o 
emerging questions: is this classification a way to analyze cities as a whole 
quantifying proportions of line types? Are these proportions one instrumeht 
to functionally or structurally characterizing a city? 

Some answers may become loser, either at land use type or city scale, 
more work is necessary to better understand what can be revealed from the 
cluster geometry, position and density. Nonetheless the proposed exploratory 
methodology has shown to be promising for this type of analysis. 
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Abstract: Over the years, scholars have developed various models of pedestrian 
movement. These models can be used to assess the effects of detailed design 
decisions or to predict pedestrian behaviour under conditions of crowding. To 
date, not much attention has been paid to pedestrians' shopping behaviour at 
the micro level. Therefore, the main purpose of this project is to test a model 
that aims at simulating micro pedestrian behaviour in shopping streets, 
including entering shops. 

The model assumes a detailed network of links to represent the structure of 
street segments and entrances to the shops. The basic principle underlying the 
model is that a pedestrian moves from one link in the network to another, 
adjacent link. In fact, a pedestrian enters a segment at one side, heading for the 
other side of the segment. However, a pedestrian might enter the segment by 
leaving a shop as well. Then, the pedestrian might be heading for either side of 
the segment. While transferring from the current link to the next link, the 
pedestrian will be attracted by the shops along both sides of the street. 

The study area is Antwerp's main shopping street. During a one-week 
workshop in July 2004, students observed pedestrian movement in this 
shopping street. An inventory of some physical characteristics of the shopping 
street was made and pedestrians were tracked through two separate segments 
of the shopping street. In total, 334 pedestrians were tracked. 

A conventional multinomiallogit model is used to simulate pedestrians' 
micro behaviour. The process of consecutively selecting links continues until 
the pedestrian has reached one of the terminal links or a shop. The model 
performs very well. Simulated routes were used to assess the validity of the 
model. Observed and simulated link loading correspond fairly well, however, 
the model seems to slightly mispredict the attraction of a number of shops. 
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1. INTRODUCTION 
I 

In the past, a number of models have been developed to predict shoppi~g 
behaviour of pedestrians in shopping areas. Most of these models assllll1e 
some predefined list of shops or types of shops to be visited by ea~h 
pedestrian. More general, a schedule of activities to be conducted is 
assumed. For example, Borgers and Timmermans (1986) used observ~d 
shopping lists to predict shopping behaviour. This list consisted of planndd 
types of products to be bought. It was assumed that at the start of t}ie 
shopping trip, the pedestrian would decide where to buy the first item on the 
list. All shops selling this type of product were considered possible 
destinations. The decision which shop would be visited was modelled by 
means of a gravity like model including the supply of the shops and the 
shortest distance to the shops as explanatory variables. Having visited th:e 
first destination, the second item on the shopping list was used to select tlle 

I 

second destination, and so on. The route choice to each destination wds 
assumed to be dependent on the length of the route to the destination. 
Knowing that a significant proportion of the visited shops were not planned 
beforehand, a module was included to add unplanned shop visits on the route 
along the planned shop visits. This was done at the level of links in a 
network of shopping street segments. 

In the meantime, more sophisticated approaches have been developed by 
amongst others Haklay et al (200 1) and Dijkstra et al (2002). They also 
assume that pedestrians use a pre-defined schedule of activities to be 
conducted during their shopping trip. While the pedestrians walk to the next 
destination (e.g. a shop), they may be attracted by a shop or window display 
(e.g. Helbing and Molnar, 1995). This way, impulse stops can be 
incorporated into the model. Despite the potentials of this approach, a 
drawback may be that a significant number of pedestrians visiting large 
downtown shopping areas do not have pre-defined activity schedules at all. 
Borgers and Timmermans (2005a) reported that most of their respondents 
with hedonic shopping motivations in the city of Maastricht (the 
Netherlands) are not (very) familiar with the downtown area, nor have 
planned their route through the area. Knowing that downtown shopping 
areas attract many hedonic shoppers (see e.g. Timothy, 2005), the 
assumption of pre-defined activity schedules may not be applicable to a 
significant portion of downtown shoppers. 

As an alternative to the recently introduced models of pedestriat~ 
behaviour in shopping areas, Borgers and Timniermans (2004, 2005b') 
developed a model of pedestrian shopping behaviour that does not assume 
pre-defined activity schedules or familiarity with the shopping area. Their 
model is based on a link-to-link approach. They assume that a pedestrian 
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will start his shopping trip at some entry-link and consecutively chooses 
links (street segments) to proceed. The choice of a link is assumed to depend 
on distances, attraction of shops, physical characteristics of the links, 
etcetera. In addition, it is assumed that after walking some distance, the 
pedestrian walks back into the direction of the exit-link, which is assumed to 
be equal or adjacent to the entry-link. 

This model was tested in the downtown shopping areas of two medium 
sized cities in the Netherlands and performed quite satisfactory, even for 
utilitarian shoppers. However, the model only simulates route choice 
behaviour and does not include visiting shops. Therefore, the purpose of this 
paper is to investigate whether a model analogue to the Borgers and 
Timmermans (2005b) model can be used to model shopping behaviour at a 
more detailed level. 

This paper is organised as follows. In the next section, we will describe 
the model. Then, the data used to estimate and validate the model will be 
described. In the next section, the model will be specified in more detail, 
estimated and validated. In the final section, conclusions will be drawn and 
directions for further research will be given. 

2. THEMODEL 

To model pedestrian movement at a detailed level a raster of cells is 
commonly used. A pedestrian's path can be denoted by selecting the cells 
that the pedestrian will pass. The cell based method is almost directly linked 
to the cellular automata or agent based approach (e.g. Blue and Adler (2001), 
Kerridge et a! (2001)) to model pedestrian movement. Another method 
would be to register the route by means of a polygon, represented by x-y 
coordinates. This method is well suited in case routes are observed by means 
of cameras or other automated systems (see e.g. Teknomo (2002) and 
Tanaka and Shibasaki (2005)). The model for pedestrian behaviour 
developed by Hoogendoom (2003) is especially suited for this type of 
observed routes. However, to keep the analogy with the Borgers and 
Timmermans (2005b) model, it was decided to use a network approach to 
predict pedestrians' shopping behaviour. Depending on the scale of the 
network, the use of cells or links in a network is more or less similar. 

Observations carried out by Ciolek ( 1978) in a number of pedestrian 
settings have shown that one can distinguish three types of zones which are 
used by people for a variety of activities. The first zone is closest to the wall; 
solitary people or small groups stop to watch window-displays or wait. The 
second zone is a pedestrian traffic route and the third is usually furnished 
with trees, lamps, letter boxes, litter bins and so forth offering opportunities 
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for socializing and contact. Although the number and type of zones withi~ a 
shopping street might differ, the assumption of different zones seems to hdld 
for many downtown pedestrianized shopping areas. An example is shownlin 
Figure 1. In this study, we will concentrate on pedestrians' shoppibg 

I 

behaviour within segments of a pedestrianized shopping street. On the 
surface of each street segment, a network of links will be superimposed, s~e 
Figure 2. This network of links will be used to model pedestrian movement. 

•- •Furniture • • 
. . ... . ... · .. ·. 

·. . . Pe.¥-*lafl·~~ < > .. · •... ·. 

Figure 1. A typical shopping street. Figure 2. A superimposed network. 

The main principle of the model is that at his current location (a link in 
the network), the pedestrian can choose one of the adjacent links to continl!le 
his trip. Except for the links at the beginning or at the end of the street, eaGh 
link usually has 14 adjacent links (see Figure 3). The probability each of 
these 14 links will be chosen is modelled by means of a discrete choice 
model, more specifically, a multinomiallogit model (see e.g. Ben-Akiva and 
Lerman, 1985): 

Pet,j = exp(V.,,)I,Lexp(V.,,J') 
j' 

(1) 

where PeiJ is the probability that a pedestrian at link I who started 11t 
entry-link e will choose alternative link); 
is the utility of alternative j for a pedestrian at link I who 
started at entry-link e. 

I 

According to this model, the probability that a link will be chos~n 
depends on the utility of each link that can be chosen. The utility of a lidk 
depends on a number of variables, which will be described consecutivelr. 
According to Ciolek (1978), different zones can be distinguished (see Figulfe 
J). It might be expected that links located in different zones have different 
utilities. In addition, it might be expected that the utility of each zoQe 

I 

I 



Simulation of Micro Pedestrian Behaviour in Shopping Streets 105 

depends on the motivation of the shopper. For example, a run shopper might 
attach a higher utility to the pedestrian traffic zone than a fun shopper. 

Figure 3. Adjacent links. 

The next variable represents the preference of people on the Continent to 
walk on the right side of the street. So, in case of Figure I, a pedestrian 
walking from west to east is likely to walk in the bottom zone, not in the top 
zone. In addition, pedestrians might prefer to 'keep their lane', implying that 
they do not like to transfer from one zone to another. 

If a pedestrian enters the shopping street at the west side, the east side of 
the street is likely to be the destination of the pedestrian. Links heading to 
this destination will have a higher utility. Note, however, that after visiting a 
shop, the entry-side might become pedestrian's destination as well. 

The destination of a pedestrian might also be a shop in the street segment. 
Therefore, a set of variables should represent the attraction of different types 
of shops, expressed, for example, by the floor space in square meters per 
shop. In addition, the attraction of a shop might also be dependent on other 
variables like the size of shop windows or the number of advertising boards. 
Links heading to more attractive shops will have a higher utility than the 
other links. However, distance will play a role as well. Thus, the utility of a 
link will also depend on the attraction of shops and the distance to the shop. 

3. DATA COLLECTION 

During a one-week workshop in July 2004, six students collected data in the 
main shopping street of Antwerp, Belgium. The students made an inventory 
of the physical characteristics of the street and the buildings along the street, 
counted the number of pedestrians passing screen lines and tracked 
pedestrians. The data regarding the tracking of pedestrians is used in this 
paper. To track the pedestrians, the main shopping street, called 'De Meir', 
was divided into seven segments. Two segments (see Figure 4) were 
selected to track the pedestrians. From Figure 4 it can be observed that the 
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structure of the shopping street is different from the typical structure sho~n 
I 

in Figure 2. The centre zone in Antwerp's main shopping street can pe 
considered as the traffic zone. Bikes are allowed in this zone as well. Along 

I 

both sides of the central zone, a narrow zone contains street furniture life 
seats and lamps. Also a number of small cubes are placed in these zones 

1

to 
separate the centre zone from the zones along the buildings and sh(i)p 
windows. This latter zone, along the buildings, is only accessible by 
pedestrians. 

The length of the two segments is approximately 120 and 100 m for 
segment A and B respectively. In segment A, 13 shops are located, mainly 
offering fashion products ( 1 Ox clothing, 1 x shoes, 2x fast food). In segment 
B, 14 shops offer a more divers supply (7x clothing, 2x shoes, 2 small 
department stores, 1x books, 2x electronics). Segments A and B are not 
connected to each other. · Shops are also represented by links. Note one 
special link in the southwest part of segment A, the so called 'Wapper'. T~is 
is a popular side-street giving access to a large fountain, terraces, outdoor 
cafes, and a famous museum. 

Figure 4. Selected segments of 'De Meir.' 

At the time of data collection, weather conditions were fine and the 
number of pedestrians walking through the street was far below t]jl.e 
maximum capacity of the street. Effects of crowding could thus be assum<td 
to be absent. Pedestrians were tracked on a Thursday during two tinl:le 
intervals: from 11.15 to 12.20 h. and from 13.45 to 15.55 h. While trackiqg 
pedestrians, actions like walking, changing walking direction, transferring to 
another zone, window shopping, entering a shop, making a conversation, 
sitting down, etcetera were registered. The route of each pedestrian through 
the segment was drawn on a map. Care was taken pedestrians did not notice 
they we~e being ob~erved. By taking s~rategic places, t~e students were ab'e 
to examme the entire segment. Trackmg of a pedestrian ceased when ti e 
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pedestrian reached one of the terminal points of the street segment. A new 
pedestrian to be tracked was randomly selected from the pedestrians entering 
the segment at this point. In case a pedestrian visited a shop for more than 
five minutes, the first person leaving the shop after five minutes was selected 
as the next person to be tracked. In total, 333 pedestrians were tracked (176 
pedestrians in segment A and 157 in segment B). Figure 5 shows some 
examples of tracked routes. Note that entering a shop and window shopping 
were registered separately. However, in this paper we treat both as visiting a 
shop. Apart from moving through the segments and visiting shops, the other 
activities were hardly observed and will be paid no further attention to in this 
paper. 

-·~~ 
~~~~::.I 

Figure 5. Some examples of tracked routes. 

4. MODEL SPECIFICATION 

According to equation 1, the probability a link will be chosen from the set of 
adjacent links depends on the utility of each alternative. In this section, we 
will define the variables that are used to determine the utility of each link. 
For ease of presentation, we will break down the structural utility of a link 
into four parts: Ve!J = Vletj + V2e!J + V3el.j + V4el.j· The first part is related to 
characteristics of the links, the second part to the attraction of exits, the third 
part to the attraction of shops, and finally, the last part represents the utility 
of staying in a shop. It should be noted that the estimation process involved 
including and excluding several variables. Only the final results are 
presented in this paper. 

The first variable of the first part of utility indicates whether choosing a 
particular link implies walking on the right-hand side of the shopping street. 
More specifically, the street segments in Antwerp are east-westward 
directed. If a person walks from east to west in the northern zone along the 
shops, he walks on the right-hand side. Similarly, if someone walks from 
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west to east in the southern zone, he also walks on the right-hand side. If a 
link implies walking on the right-hand side, the score will be equal to unitX, 
otherwise the score will be equal to zero. I 

The second variable represents walking on the centre zone of th~ 
segment. If choosing a particular link implies walking in the centre zone, thb 
score is equal to unity and zero otherwise. The third variable identifies 
whether choosing a particular link induces a transfer from one zone to 
another zone. All links connecting the centre zone to the northern zone or 
connecting the centre zone to the southern zone score 1.0 on this variable 
and zero otherwise. 

If a pedestrian is close to an exit-link, the exit-link will be one of the 
links he can choose. If he does so, the pedestrian leaves the street segment. 
In case the exit-link is located at the entry-side of the segment, the utility of 
choosing the link will be negative, so the score of the link is set to -1.0. Op. 
the other hand, if the exit-link is located on the other side of the segment, th~ 
score will be equal to 1.0. However, if the pedestrian has visited a shop, th¢ 
score of exit-links on both sides of the segment will be 1.0. 

In sum, the first part of the utility of a link is equal to: 

(2) 

where R1 indicates whether link j implies walking on the right-hand 
side (l=yes, O=no); 

CJ indicates whether link} is located in the centre zone (l =yes, 
O=no); 

TJ indicates whether link j is located in between the northern 
and centre zone or southern and centre zone ( 1 =yes, O=no ); 

EJ indicates that link} is an exit-link (-l =on entry-side without 
having visited a shop, 1 =on entry side with having visited a 
shop or on other side of segment, O=no exit-link); 

I 
Clright, Ucentre, Utransfen and U.xit are corresponding parameters to b¢ 

estimated. 

It is assumed that the pedestrian is attracted by the exit-links at the exi~
side of the street segment. The exit-side is the side opposite to the entry-side. 
If the observed trip started in a shop, all exit-links (on both sides of the 
segment) are assumed to attract the pedestrian. This attraction is called the 
main attraction. In case a pedestrian visited a shop for less than 5 minutes 
after entering the street segment, the exit-links on the entry-side of the 
segment may also attract the pedestrian after visiting the shop because the 
pedestrian might go back to the side of entry. However, this attraction might 
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differ from the previously defined main attraction. Therefore, a secondary 
attraction is introduced. 

Links that point into the direction of exit-links have a higher utility 
than other links. Note in equation 3 that the distance from the alternative link 
j to the exit-link k is divided by the distance from the current link I to the 
exit-link k. This is done to eliminate the distance-effect to a large extent in 
favour of the direction-effect. 

(3) 

where Elk= 1.0 if exit-link k is not located on the entry-side of the 
segment, 0.0 otherwise; 

E2k = 1.0 if exit-link k is located on the entry-side of the segment 
and the pedestrian has visited a shop after entering the 
segment, 0.0 otherwise; 

fJlk represents the main attraction of exit-link k; 
/f2k represents the secondary attraction of exit-link k; 
0k is the distance from link} to exit-link k; 
d1k is the distance from current link I to exit-link k; 

In addition to the attraction of exit-links, shops will attract pedestrians as 
well. The attraction of a shop is measured by the floor space of the shop, 
multiplied by a parameter for the relevant type of shop. In this study, six 
types of shops were distinguished: clothing, footwear, department stores, fast 
food, books and electronics. However, if the shop is further away, the 
attraction will be less, so the floor space of each shop has to be divided by 
the distance from the alternative link} to the shop. 

If a shop has been visited once, the attraction of the shop is likely to 
change. Therefore, we differentiated between the main attraction 
(represented by the yl-parameter) and the secondary attraction (represented 
by the y2-parameter) of a shop. The main attraction applies if the shop has 
not been visited before, the secondary attraction if the shop has been visited 
at least once. In equation: 

(4) 
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where Slrm = I .0 if shop m belongs to type t and has not been visite~ 
before by the pedestrian, 0.0 otherwise; 

S21m = 1.0 if shop m belongs to type t and has been visited befote 
by the pedestrian, 0.0 otherwise; 

F m is the floor space of shop m; 
0m is the distance from link} to shop m; I 

y 11 and y2, are parameters representing the main and secondary 
attraction of shops of type t. 

The first part of the right-hand side of equation 4 represents the maip 
attraction of the shops and the second part represents the secondary 
attraction. A link close to attractive shops will have a higher utility than a 
link further away from attractive shops. 

Shops are represented by links. If a pedestrian chooses a link that represen~s 
a shop, the pedestrian will in fact visit the shop. The pedestrian might stay 
for more than 5 minutes in the shop. Then, tracking this pedestrian ceased. 
To simulate observed behaviour, we have to be able to predict the 
probability the pedestrian will stay for more than 5 minutes in the shop. This 
probability is predicted by adding a so called 'Stop' -alternative to the set of 
adjacent links. In other words, the shop competes with its adjacent links to 
keep the pedestrian inside. The utility of not leaving the shop within 5 
minutes (V4) is measured by a type specific constant and a type specific 
parameter multiplied by the floor space of the shop. The constant represents 
a kind of average probability to stay more than 5 minutes in a particular type 
of shop, while the floor space parameter measures the effect of the size of the 
shops. It is expected that the probability to stay more than 5 minutes 
increases with increasing floor space. As said before, not leaving the shop 
competes with the links adjacent to the shop. The utility of these adjacent 
links is calculated according to equations 2-4. The Vl, V2, and V3-utility 
components are always equal to zero for the Stop-alternative and only the 
Stop-alternative has a non-zero V4-utility component. Note that the utility of 
adjacent links depends, amongst other things, on the attraction of shops. If 
the current location of a pedestrian is a shop, this shop does not contribute to 
this attraction of shops. 

V 4 el.j = L, 01S11 + A1S11F; (5) 

where S11 = 1.0 if the shop at link I belongs to type t, 0.0 otherwise; 
F1 is the floor space of the shop at link /; 
8, and ')..., are parameters representing the constant and the floor space 

effect of type t. 
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5. MODEL ESTIMATION AND VALIDATION 

The parameters of the multinomial logit model are estimated by means of 
Limdep (Greene, 2003) and presented in Table 1. The model performs very 
well indicated by a high value for rho2 (0. 72). According to the estimated 
parameters, pedestrians prefer to walk on the right side of the street, dislike 
the centre zone which is also allowed for bikes, and dislike to a large extent 
switching to others zones. If one of the adjacent links is an exit-link at the 
opposite side of the entry-side of the street segment, or on the same side if 
the pedestrian has visited a shop, the link will have a relatively high utility 
according to aexit· However, exit-links on the entry-side, if the pedestrian did 
not visit a shop, will have a relatively low utility because the value of aexit 

will be subtracted. Remember that choosing an exit-link implies the 
pedestrian leaves the street segment. 

The main and secondary attraction of exit-links was measured for each 
exit-link separately. According to these ~-parameters, all main attraction 
effects could be represented by just one common value. This value is 
positive, indicating that pedestrians have the propensity to walk to the other 
side of the street. In case of the secondary attraction parameters, all except 
one could be bound to one value. The exception is the popular side-street the 
'Wapper', of which the secondary attraction is nearly equal to the main 
attraction of the exit-links. The secondary attraction of the other exit-links is 
still positive, although to a lesser extent. This implies that exit-links on the 
entry-side have a moderate attraction effect on pedestrians who have visited 
a shop in the segment. 

The y-parameters represent the attraction of shops. The parameters 
identify the attraction of a square meter floor space divided by the distance 
(in m) to the shop. The main attraction is positive for all types of shops, 
except for fast food outlets. The parameters for books and electronics are 
positive, but not significant at conventional levels. This is probably because 
of the small number of these types of shops in the street segments. The 
attraction of a shop visited before is negative, especially for fast food 
restaurants. For electronics and books, no significant y2-parameters could be 
determined. 

The parameters measuring the constant utility of 'not leaving a shop 
within 5 minutes' are very high, indicating that if pedestrians visit a shop, 
the probability of leaving the shop within 5 minutes is very small. Only for 
clothing and shoes significant effects per square meter floor space could be 
measured. 

To assess the performance of the model, Monte Carlo Simulation was 
used to reproduce observed routes through both segments. For each tracked 
pedestrian, starting from the observed entry-link (which also might be a 
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shop), a consecutive set of links was chosen from the choice sets. Given eacp 
choice set, probabilities for each alternative link were calculated. A random 
number was used to select one of the alternatives. This process continue~ 
until the pedestrian reached an exit-link or did not leave a shop within fivel 
minutes. This process was repeated 50 times for each respondent. 

r, bl 1 E . t d a e sttma e parameters. 
Variable Parameter Sig 

a,;ght Walk in right-hand side zone 0.3583 0.0000 
acentte Walk in centre-zone -0.5091 0.0007 

a.r.nsfCT Transfer to other zone -3 .330 0.0000 
acxit Terminate at exit-link 0.7400 0.0000 

fJla/1 Main attraction all exits 2.421 0.0000 
B2wapper Secondary attraction exit Wapper 2.323 0.0000 
B2other Secondary attraction other exits 1.157 0.0000 

Main attraction of shops: 
yl/ -clothing 0.002893 0.0000 
yl2 -shoes 0.01305 0.0000 
yl3 - department stores 0.008874 0.0000 
yl4 -fast food -0.1014 0.0002 
yls -books 0.01759 0.0517 
yl6 - electronics 0.04188 0.1368 

Secondary attraction of shops: 
y2/ -clothing -0.05320 0.0000 
y22 -shoes -0.04427 0.0978 
y23 - department stores -0.09288 0.0007 
y24 -fast food -1.701 0.0952 

Do not leave shop, constant: 
8/ -clothing 14.57 0.0000 
82 -shoes 9.023 0.0000 
83 - department stores 13.23 0.0000 
8s -books 13.45 0.0000 
86 -electronics 12.05 0.0000 

Do not leave shop, floor space: 
'AI -clothing 0.0007427 0.0166 
'A2 -shoes 0.008628 0.0191 

The simulated routes were used to determine link loadings. In Figures 6 
and 7, observed and simulated link loadings are shown. Observed and 
simulated link loading correspond fairly well. It is clearly visible that the 
three east-west paths represent the most frequent used routes, both observed 
and simulated. However, the simulated loadings on these links are somewhat 
underrepresented for the benefit of the diagonal and the perpendicular links. 
In segment B, the number of pedestrians in the middle part of the southern 
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zone is underpredicted. Apparently, the attraction of the shops in this section 
is not well represented by the model. We do not observe this kind of local 
rnispredictions in segment A. 

In addition to the visual inspection of Figures 6 and 7, Table 2 provides 
some statistics to assess the performance of the model. Table 2 provides 
information about transitions between zones. The main zones represent the 
three east-west paths. The two secondary zones represent the zones located 
in between the main zones. The main zones facilitate direct east-west 
movement, while the secondary zones facilitate both diagonal and 
perpendicular transfers from one main zone to another main zone. Shops are 
located along the northern and southern main zone . 

. i 1/)( • • 0. 

Figure 6. Link loadings Segment A, observed (left) and simulated (right). 

Figure 7. Link loadings Segment B, observed (left) and simulated (right). 

In both segments, the number of transitions into a shop (or Wapper) is 
over-simulated. Apparently, the shops attract too many pedestrians. This 
probably explains the other deviations between observations and 
simulations. Due to the relative high number of simulated shop-visits, the 
number of transitions out of shops is over-simulated as well. Because the 
shops attract too many pedestrians, the number of transitions from main to 
secondary zones and vice versa is over-simulated. This in tum explains the 
under-simulation of transitions within the main zones. Furthermore, if too 
many pedestrians enter a shop, the number of pedestrians that will stay in the 
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shop (and thus cease their trip) will be too high, causing a shorter me~ 
distance than observed. Notwithstanding the deviations between observe~ 
and simulated pedestrian behaviour, the mean difference between ~e 
observed number of pedestrians per link and the simulated number of 
pedestrians per link is less than 4 persons, which may be considered ia 
satisfactory result. 

Table 2 Performance indicators 
Segment A Segment B 

Observed Simulated Observed Simulated 
Transitions into shops/Wapper1 (%) 5.9 9.7 8.6 11.5 
Transitions out of shops/Wapper (%) 5.2 8.4 8.2 10.6 
Transitions within main zone (%) 77.0 69.1 74.7 70.0 
Transitions from main to secondary 3.5 5.6 3.3 3.6 
zone(%) 
Transitions from secondary to main 2.7 5.2 2.0 3.6 
zone(%) 
Mean length of route (m) 110.0 105.4 90.0 81.2 
Mean absolute difference(#) 3.67 3.96 
I) lo this table, the Wapper - the Side-street 10 segment A - IS treated like a shop. 

6. CONCLUSIONS 

In this paper, a model to simulate pedestrian behaviour in two segments of 
Antwerp's most important shopping street was presented. A virtual network 
of links was superimposed on the shopping street segments. The model 
assumes that a pedestrian continues his trip by choosing one of the links that 
are connected to his current link. The probability a link will be chosen 
depends on the attraction of exit-links, the attraction of shops, and the 
tendency of pedestrians to walk on the right-hand side of the street, and the 
aversion of pedestrians against walking in the central zone, which is also 
used by bikers, and, to a much larger extent, the aversion against transferring 
to another zone. According to the high rho2 -value, the model performs well, 
but according to the simulations, the attraction of shops on pedestrians seems 
to be somewhat overestimated. 

Although the model performs well, some shortcomings should be 
discussed. One shortcoming of the model is the absence of the pedestrians' 
history. Each pedestrian is observed during his movement through one 
segment only. Consequently, we do not know whether and which shops th,e 
pedestrian visited before. For example, if a pedestrian has visited a particul~r 
shop in a previous segment of the shopping street, the probability a shop will 
be visited while being observed might be affected. To prevent this problerrl., 
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the full trip of pedestrians through the shopping area should be observed, 
which is very time consuming. 

Related to this problem is that the probability a particular shop will be 
visited is likely to be affected by having visited a shop of the same branch 
before. This effect might be either positive or negative. Visiting a particular 
shop might indicate the pedestrian is looking for a particular type of goods, 
and therefore, all shops selling this type of goods might have a relatively 
high probability to be chosen. On the other hand, however, after visiting a 
particular type of shop, the pedestrian might have no further needs regarding 
that type of products. Of course, both effects might cancel out each other. 

The model presented in this paper only simulates pedestrians' path 
choice and entering shops. Other activities like sitting down on a bench or 
making a conversation are not taken into consideration. These activities 
occurred seldom during the observations. Tracking more pedestrians would 
give better insight into this kind of activities. This also holds for pedestrians 
turning back without having visited a shop or done something else. During 
tracking pedestrians we observed a small number of pedestrians turning 
back. For that reason, we allowed pedestrians choosing each link adjacent to 
the current link, even those links implying a turn. In contrast, most models 
assume only options in front of the pedestrian to be appropriate alternatives. 
More observations will reveal the validity of this assumption. 

Finally, the model is based on pedestrians' behaviour observed in two 
segments of one shopping street of one city during a particular day of the 
week under nice weather conditions. Pedestrians' behaviour might be 
different in other shopping streets or street segments, in other cities, during 
other days, under other weather conditions, etcetera. It goes without saying 
that this research should be repeated under different conditions. 

From a theoretical point of view, the conventional multinomial logit 
model has some shortcomings as well. The model assumes that adding or 
deleting an alternative decreases or increases the probability of other 
alternatives to be chosen by equal proportions. This assumption is unrealistic 
when some alternatives are more similar than other alternatives which might 
be the case in this study. In this context, Antonini et al (2005) presented an 
interesting model of pedestrian movement. They assume that a pedestrian 
can move into one out of 11 radial cones, spanning a visual angle of 170°. 
Within each cone, a 'keep the same speed', 'slow down' or 'accelerate' 
option can be chosen, generating a choice set of 33 alternatives. To take into 
consideration the similarity between alternatives (same direction or same 
speed option), two different models were formulated: a cross-nested logit 
and a nested logit with error components. An alternative to these models 
would be a cross correlated logit model (see e.g. Bhat, 2003). 



116 Aloys WJ Borgers eta!. 

7. REFERENCES 

Antonini, G., M. Bierlaire, and M. Weber, 2005, "Discrete choice model of pedestrian 
walking behaviour", Transportation Research B, 39, p. ??-??(in press). 

Bhat, C.R., 2003, "Simulation estimation of mixed discrete choice models using randomized 
and scrambled Halton sequences", Transportation Research B, 37, p. 837-855. 

Ben-Akiva M. and S.R. Lerman, 1985, Discrete choice analysis, theory and application to 
travel demand. The MIT Press, Cambridge and London. 

Blue, V.J. and J.L. Adler, 200 I, "Cellular automata microsimulation for modelling bi
directional pedestrian walkways". Transportation Research B, 35, p. 293-312. 

Borgers, A.W.J. and H.J.P. Timmermans, 1986, "City center entry points, store location 
patterns and pedestrian route choice behavior: A microlevel simulation model", Socio
Economic Planning Sciences, 20, p. 25-31. 

Borgers, A.W.J. and H.J.P. Timmermans, 2004, "Simulating pedestrian route choice behavior 
in urban retail environments". Paper presented at theW ALK-21 conference, Copenhagen. 

Borgers; A.W.J., A.D.A.M. Kemperman, and H.J.P. Timmermans, 2005a, "Pedestrian 
behaviour in downtown shopping areas: differentiating between hedonic and utilitarian 
shoppers", Proceedings of the RARRS-conference, Orlando. 

Borgers, A.W.J. and H.J.P. Timmermans, 2005b, "Modelling pedestrian behaviour in 
downtown shopping areas". Proceedings the lOth International Conference on Computers 
in Urban Planning and Urban Management, London, United Kingdom. 

Ciolek, M.T., 1978, "Spatial behavior in pedestrian areas", Ekistics, 268, p. 120-122. 
Dijkstra, J., A.J. Jessurun, and H.J.P. Timmermans, 2002, "Simulating pedestrian activity 

scheduling behavior and movement patterns using a multi-agent cellular automata model: 
The Amanda model system", Proceedings of the Transportation Research Board 
Conference, Washington. 

Greene, W.H., 2003, LIMDEP- Nlogit Version 3.0 Reference guide, Econometric Software, 
Inc. 

Haklay, M., D. O'Sullivan, M. Thurstain-Goodwin, and T. Schelhorn, 2001, "So go 
downtown: simulating pedestrian movement in town centers", Environment and Planning 
B, 28, p. 343-359. 

Helbing, D. and P. Molnar, 1995, "Social force model for pedestrian dynamics", Physical 
Review E, 51, p. 4282-4286. 

Hoogendoorn, S., 2003, "Pedestrian travel behavior modelling", Proceedings of the lOth 
International Conference on Travel Behavior Research, Lucerne, August 2003. 

Kerridge, J., J. Hine, and M. Wigan, 2001, "Agent-based modeling of pedestrian movements; 
the questions that need to be asked and answered", Environment and Planing B, 28, p. 
327-341. 

Tanaka, H. and R. Shibasaki, 2005, "3-D Spatial behaviours or urban lives, a smart mobile 
mapping and visualizing system", Proceedings the lOth International Conference on 
Computers in Urban Planning and Urban Management, London, United Kingdom. 

Teknomo, K., 2002, "Microscopic pedestrian flow characteristics: development of an image 
processing data collection and simulation model", Ph.D. Dissertation, Graduate School of 
Information Sciences, Tohoku University, Japan. 

Timothy, D.J., 2005, Shopping tourism, retailing, and leisure, Channel view publications, 
Clevedon, Buffalo, Toronto. 



User Simulation Model: Overview & Validation 
Capturing human behaviour in the built environment using RFID 

Vincent Tabak, Bauke de Vries, Jan Dijkstra, and Joran Jessurun 
Eindhoven University of Technology 

Keywords: Organizational behaviour, Building performance simulation, Activity based 
modelling, Workflow modelling. 

Abstract: This paper presents the validation setup for the user simulation model as part 
of the ongoing research project called "User Simulation of Space Utilisation 
(USSU)". The aim of this research project is to develop an overall model for 
the simulation of human movement and utilization of space capacity in office 
buildings. In this model, two aspects are essential: the interaction between the 
building occupants while performing their activities and the way to model 
these activities in space. 

1. INTRODUCTION 

Many different building simulation tools have been developed, for example 
in the field of building energy systems, building physics, building services 
and air/smoke dispersion. There is an urgent need for these tools due to the 
growing complexity of buildings and the growing emphasis on performance 
aspects, for example in the quest for sustainable buildings (Lam, Wong, et 
al., 2001). 

Increasing computer power, refined algorithms and improved calibrated 
models make it possible to simulate physical processes at more detailed 
building level in shorter periods of time (Hensen, 2004). As yet, these 
models rely on assumptions referring to the behaviour of occupants of 
buildings. In the field of building usage simulation, research is poor on the 
complexity of human behaviour and the space utilisation in buildings. We 
think a model for building usage simulation that produces data about 

117 

Jos P. van Leeuwen and Hany J.P. Timmennans (eds.) Progress in Design & Decision Support Systems 
in Architecture and Urban Planning, 117-132. 
tfh 1ntemationa/ DDSS Conference, 4-7 July 2006, Eindhoven University of Technology. 



118 Vincent Tabak eta/. 

activttJ.es of members of an organization can improve the relevance artd 
performance of building simulation tools. This is relevant for engineeri9g 
domains as well as for architects to evaluate the performance of a buildit)g 
design. 

Building usage simulation has common ground to topics in the resean:jh 
area of activity based modelling (Meyer-Konig, Khipfel, et al., 2002~. 
Activity based modelling is of interest due to considering travel and activity 
forecasting processes as a group decision making process introduc~g 
interaction between individuals. In our approach we build upon two existing 
methods for modelling the different kinds of activities found in a:n 
organization, namely workflow modelling (resulting in the so-called skeleton 
activities) and activity based modelling for predicting the individual 
behaviour (resulting in the so-called intermediate activities) (Tabak, oe 
Vries, et al., 2004). These methods have to be adjusted and extended f<?r 
applying them into the context of building usage simulation. To oill 
knowledge there are no workflow models which take the location of tHe 
former mentioned activities into account. 

Although a member of an organization often executes activities alone, 
without any help (e.g. preparing a presentation), a lot of activities require 
mutually interaction between people (e.g. giving a presentation). This has 
major impact on the scheduling process, because the same activity has to be 
inserted in the schedules of all people involved, and on the location finding 
process as the activity location should be able to accommodate the size of 
the group of employees concerned. Determining which activities requine 
interaction is one of the responsibilities of the so-called scheduler. The rule 
based scheduler tests the current schedule against a set of predefined criteria 
and if necessary it will adjust the schedule such that it will become a valid 
schedule. For example: 

IF priority of activity Anew > priority of activity Ax 
THEN Anew may interrupt Ax 

The intention is to approximate real world scheduling behaviour of humans.; 
The paper is organized as follows. First, we point out the current stage ih 

related research areas. Next, we give an overview of the user simulation 
model for the simulation of human movement and utilisation of spac:e 
capacity in office buildings. After that, we will describe how to validate our 
model using RFID (radio frequency identification) technology. We will 
finish with a brief discussion and future work. 
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2. RELATED RESEARCH 

As indicated in the introduction this research project has conunon ground to 
topics in the research area of activity based modelling. Activity based 
models are used to predict the effect of policy measures on the possibilities 
of individuals to participate in activities and on the resulting travel demand 
(Arentze and Tinunermans, 2000). Most existing approaches to model 
activity schedules assume an individual-based decision making process. 
These models do not take into account the interaction between individuals; at 
best only implicitly through the inclusion of explanatory variables related to 
household composition. According to Vovsha, Petersen, et al. (2003) and 
Scott and Kanaroglou (2002) there is a need for incorporating interaction 
between household members to develop sound forecasting models. Recently, 
there is a noticeable growing interest in modelling intra-household 
interaction in the field of transportation research. According to Vovsha, 
Petersen, et al. (2004) modelling interaction approaches can be grouped in 
three categories, namely: 
- Structural equation models. 

These models are used to explore the relationships between activities 
performed by male and female household-heads (Golob and McNally, 
1997). 

- Models that explicitly consider the intra-household interaction 
mechanism. 
These models are based on a joint decision making process. The activity 
schedule of the household is the result of a negotiation process in which 
the interests of the individuals are weighted against those of the group 
(Zhang, Tinunerman, et al., 2002). 

- Models that represent a choice between individual and joint 
activity/travel. 
These models are based on a discrete number of activities episodes rather 
than continuous activity durations. Scott and Kanaroglou (2002) have 
developed such a model in which the daily numbers of non-work, out-of
home activity episodes are modelled for household heads. 

In most of recently developed models the group decision-making process 
is limited to (two) household heads. For our user simulation model we have 
developed an approach to deal with the interaction between (skeleton) 
activities of all members of an organization. This approach will be discussed 
in chapter 3. 
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3. USER SIMULATION MODEL: AN OVERVIEW 

Figure 1 shows the structure of our model for the simulation of hurn<\n 
movement and utilisation of space capacity in office buildings. The model 
consists of a number of sub-models; each of them takes care of one aspect ~f 
the office building usage simulation. I 

Figure I . Model structure. 

Movement 
pattern 

The organizational model and the building model depend on user-input. 
The resource management model integrates these two models. The scheduler 
takes care of producing the desired output of the system, namely a 
movement pattern which not only describes which activities are performed 
and at which location, but also the route that is followed between the 
locations of these activities We distinguish two types of activities, i.e. 
skeleton activities and intermediate activities. Skeleton activities are the 
main activities in our system and will be discussed in section 3.1. 

For modelling real human behaviour and space utilization, workflow 
depended activities as well as activities that are the result of human natu11e 
are crucial to incorporate in our user simulation model. The latter activities 
are called intermediate activities. Intermediate activities strongly depend on 
the psychological or social needs and desires of an employee. In our model 
the intermediate activities are limited to the following: 
- Lunch 

Sport (during workday) 
Get a drink 
Smoke (not at workplace) 

- Have a short break (e.g. informal meeting with a colleague) 
- Go to toilet 

Receive unexpected visitor 
Walk to printer 
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- Walk to mailbox 
The intermediate activities are modelled with an activity based model 

(Tabak, de Vries, et al., 2006). 
In the next sections we will discuss the sub-models in more detail. 

3.1 Organizational model 

The skeleton activities are the main activities in our system and directly arise 
from the workflow of the organization. The skeleton activities are highly 
responsible for structuring the schedules of employees. Examples of these 
activities are among others: having a meeting, doing research or writing a 
paper. Because the skeleton activities depend on the workflow of the 
organization, the user of the system has to specify the structure of the 
organization in detail as input for the overall model. 

An organization consists of a number of roles (e.g. secretary or manager) 
and a number of organizational-units (e.g. the sales or complaints unit). An 
organizational-unit usually consists of number of roles and a role can belong 
to more than one organizational-unit. The role is linked with the resource 
person in the resource management model (see section 3.3). A person can 
fulfil more than one role. 

Each organization has its own specific workflow. Not only will the 
workflow strongly differ between organization-types (e.g. an insurance 
company has a completely different workflow than a consultancy firm), but 
also in an organization-type itself the workflow can vary (e.g. not every 
insurance company has the same workflow). 

As mentioned in the introduction our model must provide some means of 
interaction between individuals. Therefore we introduce the concepts task 
and task-group in the organizational model (Tabak de Vries et al., 2006). A 
task is a logical unit of work, which is carried out by one person (Aalst and 
van Hee, 2002). A task belongs to a certain organizational unit. Each task is 
considered to be a skeleton activity for which one role is responsible. Some 
tasks (e.g. having a presentation) require linkages between individuals that 
belong to the same unit. To determine which tasks are related we apply the 
concept task-group. A task-group is a collection of tasks which are related to 
each other in the context of employee-interaction. 

For the organizational model the user has to input data related to the 
organization in question. Among other things, the user has to specify for 
each role in the organization a set of tasks (see table 1 for an example). This 
set of tasks determines which skeleton activities an employee can perform 
during a workday. Each task has a set of properties, e.g. the time percentage 
and average duration. Each role has also a task which is marked as the main 
task; each role spends most of its time on this task. The main task plays a 



122 Vincent Tabak et ~/. 

special role in the scheduling process of activities (see section 3.4.1.4). Inp~t 
data can be constructed from job descriptions stated by the organization in 
question. The properties of the tasks can be calculated based on data of ttle 
time registration system of the considered organization. 

For each employee, the output of the organizational model is a set ~f 
skeleton activities. for a s.pecific workda~. This list .o~ ~ctivities is used by t~e 
scheduler as startmg pomt for scheduling the activities for the workday ~n 

question. These activities are drawn from the total list of tasks of ea4h 
employee based on the time percentage of each activity; the higher the time 
percentage, the more time an employee spends on this activity and the higher 
the probability that this activity will be selected. 

Table 1 Examples oftasks of a PhD candidate. 
Task Time Priority Average Minimum Main task 

percentage duration duration 
(%) (minutes) (minutes) 

Get PHD coaching 8 9 60 30 
Research 50 I 30 15 X 
Give presentation 5 7 60 30 
Write publication 1 4 60 30 

3.2 Building model 

The building model describes how we deal with the spatial conditions in 
which activities take place. A node object is the central object in our 
building model. All spatial and physical resources (e.g. workplaces, printers) 
are located at a node and all nodes are linked with each other by edges. 

Each activity occurs at a certain location, called abstract-spaces. An 
abstract-space bas no dimensions. It forms the abstraction of real spaces in 
buildings and it contains a collection of one or more nodes. The size of this 
collection specifies the capacity of the abstract-space; for a meeting room, 
this means the number of available seats. 

A building that consists of a number of spaces, like office rooms, meeting 
rooms or hallways, is represented by abstract-spaces that can contain one or 
more abstract-spaces. An example of an abstract-space is an office room; 
this office room, however, can contain a workspace and a meeting space 
(both are abstract-spaces). 

3.3 Resource management model 

The resource management model provides the interface for the schedule 
model with the organizational and building model. It contains and keeps 
track of all the information related to the recourses available either in the 
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organization or in the building. We distinguish three different types of 
recourses: 
- Persons 

Two sub-types employee and quest are characterized. The most important 
one, employee, provides the link with the organizational model as well as 
the link with the scheduler. Each employee has a schedule with activities. 
The other one, guest, plays a role in the scheduler. 
Abstract-spaces 
All activities are performed at an abstract-space. This recourse is linked 
with the building model. 
Facilities 
This type of recourses provides facilities for the organization to perform 
their activities, e.g. a printer or a pc. 

3.4 Scheduler 

For simulating the usage of office buildings it is essential to know which 
activities are performed by employees in the organization. Therefore each 
employee has an activity schedule. This schedule consists of an in time 
ordered set of activities. Each activity has a location (the abstract-space) and 
can involve, depending on the type of activity, one or more persons and/or 
facilities. 

For each employee, the schedule describes the order of activities for a 
certain period, e.g. a workday. It reveals the needed movement demand as 
derived demand from the activities. With the schedule the system knows the 
location of each activity for an employee, but not yet which route he or she 
should follow to get from one activity to another. Therefore, the information 
about an activity in the schedule is combined with route information to move 
from the location of an activity to the next activity location. The result is a 
movement pattern: the activity schedule including the routes (see table 2 for 
an example of a movement pattern). Routes and movement time are 
calculated using a shortest path algorithm with the building model as input. 

The structure of the scheduler and its Artificial Intelligence (AI)-modules 
is given in figure 2. In the next sections we will explain what is understood 
by an AI module. We will also describe the AI modules which currently 
comprise the scheduler and how these modules are activated. 
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Table 2. Example of a movement pattern. 
Activity Start End Location Priority Resources Movement 

Time Time time (sec) 

Program .09:29:06 09:35:36 
Workplace Joran{9.13: 

414 
office room} 

Get a 
09:35:36 09:38:24 Pantry 5 24 

drink 
,....-

Workplace Joran (9.13: f 
Progran1 09:38:24 09:41:06 414 

office room) 

Teach 09:41 :06 12:18:54 
Lecture hall 2 

8 1134 
(extemalabstractspace) 

t 1Program 12:18:54 13:02:31 
Workplace Joran (9.13: 
office room} 

Receive 
13 :02:31 13:07:31 

Workplace Joran (9.13: 
6 

guest office room 

Program 13:07:31 13:58:50 
Workplace Joran (9.13: 
offic~ room.) 

Attend 
Meetings space (9.20: Jos, 

13: 58:50 17:00:00 
small meeting roo,m) 

6 
Bauke 

70 

I I Skeleton activi!}' I I Intermediate activi!}' 

Schedule 

I Merger f-- .startTime -----1 OverlapRemover I -EndTime 

1 

1 

Scheduler 

L GapRemover j-- -lsAc1ive J L.....-t lnteractlonScheduler I 
+Activate() J 

t 

AI module 

I SkeletonScheduler _;-., A ResourceFinder I 
+Execule() 

.... 
+Delenminelmportance() 

llntermedlateSchaduktr f-- Y MovementTimeScheduler I 

Figure 2. Structure of the scheduler and its AI modules. 
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3.4.1 AI modules 

The scheduler consists of A1 modules; there currently are 8 modules. Each 
AI module is responsible for a separate task in the scheduling process. In the 
next sections we will give a short description of each module. 

3.4.1.1 Skeleton-scheduler: scheduling the skeleton activities. 
This AI module determines for each skeleton activity in the list of activities 
generated by the organizational model its start time and end time. When the 
skeleton-scheduler is activated one skeleton activity at a time is scheduled. 
The order in which the skeleton activities are scheduled is determined by the 
priority of the activities; starting with the activity that has the highest 
priority. When an activity is selected the module looks for timegaps which 
match with the duration of the activity. From these timegaps the skeleton
scheduler only considers those start times which equal to multiples of a 
certain period (the so-called timeinterval which is given in the system 
configuration file and has a default value of 30 minutes) and chooses from 
all possible start times a start time at random. This means that only start 
times like 8:30 or 13:00 are considered, when the default value of the time
interval is used. 

3.4.1.2 Interaction-scheduler: determining interaction between 
activities. 

Based on the concept task-group this module determines for each activity if 
it requires interaction with other employees (e.g. the activity give 
presentation requires the presences of other individuals). If an activity 
requires interaction, the module determines which other activities have to be 
scheduled for which individuals and adds these activities to the appropriate 
schedules. 

3.4.1.3 Intermediate-scheduler: scheduling intermediate activities. 
The different intermediate activities the simulation model currently takes 
into account are scheduled by this AI module. Scheduling these activities is 
done using two different methods, namely the S-curve method and the 
probabilistic method. Each activity has been assigned to a method based on 
its characteristics. 

3.4.1.4 Gap-remover: repairing gaps in a schedule. 
The scheduler aims at completely filling a schedule with activities; in other 
words a schedule usually will not have any spaces which are not occupied by 
an activity (such spaces are called gaps). The aim of the scheduler is to 
produce a valid schedule, without any gaps and overlaps (see overlap-
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remover). However at certain stages in the scheduling process an activity cab 
be removed and the schedule will exhibit a gap. This AI module finds add 
repairs any gaps in the schedule by creating a skeleton activitY 
corresponding to the main task of the employee in question with the duratiop 
of the gap. 

3.4.1.5 Overlap-remover: repairing overlaps in a schedule. 
As a result of actions taken by some modules, for example the interaction
scheduler or the intermediate-scheduler, overlaps of activities in a schedule 
can occur. A schedule has an overlap if the start time of one of its activities 
lies before the end time of the next activity in the schedule. The overlap
remover repairs one overlap in the schedule by rescheduling one of the 
activities related to this overlap. 

3.4.1.6 Merger: joining several activities into one activity. 1 

As a result of the way in which the skeleton activities are selected by the 
organizational model and due to the actions of some AI modules, such as the 
gap-remover, a schedule can consist of several skeleton activities who 
belong to the same tasktype and who directly follow each other in time (the 
end time of an activity corresponds with the start time of the next activity in 
the schedule). These activities will be joined into one activity by the merger. 

3.4.1.7 Resource-finder: selecting an appropriate location. 
For each activity the module chooses a location which matches with the type 
of activity and the size ofthe group of employees concerned. 

3.4.1.8 Movementtime-scheduler: determining the required 
movement time. 

After the locations of all activities in the schedule are determined, the 
scheduler can fix the required movement time to walk from an activity to the 
next activity. Movement time is calculated based on routes betweep 
locations of the activities which are determined through a shortest patp 
algorithm. This module is responsible for adding the movement times to the 

I 

activities in the schedule. This will lead to overlaps in the schedule because 
there is no time available 'to squeeze in' the required movement time; the 
overlap-remover is responsible for (re)scheduling the activity schedule. 

The interaction-scheduler, intermediate-scheduler and overlap-remover 
are discussed in more detail in Tabak, de Vries, et al. (2006). 
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3.4.2 The scheduling process 

Figure 3 shows an example of the scheduling process for one person; it 
shows a realistic order of AI modules which are activated when creating a 
movement pattern for an employee. 

When the scheduler is activated and each time when an AI module is 
finished, all AI modules are asked to determine its importance. Each AI 
module determines its importance based on the characteristics of the 
schedule and its activities. In the initial stage of the scheduling process, the 
importance of skeleton-scheduler is very high, because the schedule contains 
activities which are not scheduled yet. At the same time the importance of 
the movementtime-scheduler is low, because the activities do not have a 
location assigned to it yet. So at a certain stage of the scheduling process a 
specific AI module can be more important than another AI module, but this 
can switch around. During the scheduling process the characteristics of the 
schedule chance, as a result the importance of an AI module will chance too. 
In the latest stages of the scheduling process all skeleton activities are 
scheduled, i.e. the importance of the skeleton-scheduler is low, and for each 
activity the location is determined, i.e. the importance of the movementtime
scheduler will be high. 

Figure 3. A realistic example of the scheduling process for an employee. 

The scheduler activates the AI module addressed to the highest priority. 
This results in that the skeleton-scheduler is frequently activated in the first 
stage of the scheduling process and not anymore in the later stages. The 



128 Vincent Tabak et (11. 

movementtime-scheduler, however, will only be activated in the later stag1s 
of the scheduling process, as you can see in figure 3. When the selected ~J 
module is finished (it has made its modifications to the schedule) again ail! 
AI modules are asked to determine its importance and an AI module fs 
selected once again. · 

The scheduling process of the scheduler is a cyclic procedure, whidh 
stops when all criteria are satisfied; the schedule can not be improv~d 
anymore within the given constraints, i.e. all AI modules report ~n 

importance equal to zero. While during the scheduling process some AI 
modules will be activated several times, others will only be needed one~. 
Furthermore, the end user of the system does not have any control over the 
order in which the AI modules are activated; the scheduler selects the A.I 
module with the highest priority as mentioned above. When the scheduling 
process is stopped, the scheduler has generated movement patterns that 
describe the space utilisation of the organization for the period in question 
and where each activity is executed in the building space. 

4. VALIDATION 

For a thorough evaluation of the system we have performed an experime~t 
for assessing its predictive quality in the context of a real building, 
organization and actual human behaviour. The experiment results ill 
observed data about the space utilisation of the organization in question. 
These data will be compared with the space utilisation predicted by our user 
simulation model to evaluate the simulation model. 

4.1 The technology 

To capture the real space utilisation we applied RFID (radio frequenc~ 
identification) technology. This technology is used by some Dutch 
organizations to regulate their access control and as means of time 
registration, but up to now never on the detailed scale as we are using it. 

An RFID system normally consists of readers and tags. An RFID tag is ~ 
device which can be remotely accessed to retrieve data stored in its chip. 
Each tag is equipped with an antenna to receive and respond to radio
frequency queries from an RFID receiver. There are two types of RFID tags: 
passive and active tags. Passive tags do not have an internal power supply; 
the power required to transmit a response is induced through the incoming 
radio-frequency signal. These tags can only be read out from short distances 
(up to several meters). The active tags, however, can have a read distance of 
up to several hundreds of meters. Therefore these tags have been supplied 
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with an internal power source. An active RFID tag will send out a signal for 
example every 1.5 seconds. The battery of these tags last up to 5 years. In 
our experiment we applied the active tags in combination with a number of 
readers (see figure 4). 

Figure 4. RFID tag and readers. 

4.2 The experiment 

For this experiment we have utilized one floor of our faculty building and its 
occupants. For three months we have collected data about the behaviour of 
all participating employees with carefully placed RFID readers on this floor. 
Each employee was asked to carry an RFID tag for the duration of the 
experiment. With the RFID tags we were able to track the movements of the 
employees across the floor and thereby collecting data about the real space 
utilization. 

Figure 5. Screen dump of tracking software showing the setup of zones. 
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4.3 Data processing 

When comparing the collected with the predicted space utilisation we ha~e 
to pay attention to the way in which we collected the activity behaviot¥. 
Although the user simulation model predicts space utilisation on the level 9f 
(parts of) building spaces, in the experiment we have observed spa~e 
utilisation on the level of sets of spaces, called zones (see figure 5). T~e 
main reason for this was that it proved to be too costly to equip each spa~e 
with an RFID reader. To be able to compare the observed space utilisation 
with the predicted space utilization, the predicted data has to be aggregat~d 
to allow for comparison and hence model validation. 

Furthermore, the recorded data will have to be analysed and adapted to 
solve problems related to the setup of the experiment in conjunction with the 
RFID technology. As mentioned above the floor was divided into zones; 
each zone was equipped with 1 or 2 readers to detect the presence of a t~g 
(and so an employee). A reader uses a spherical radio field to detect tag~. 
When two or more readers are nearby each other, the spherical fields <i>f 
some readers can overlap; the distance at which this occurs depends on how 
the reader was set up (e.g. the threshold of the signal strength used by a 
reader to detect a tag and the type of antenna equipped with the reader). This 
means that a tag can be in 2 or more zones at the same time. The tracking 
software selects the reader (and so the zone) addressed to the highest signal 
strength. However, as the signal strength of a tag recorded by the reader is 
influenced by all kinds of distortions and reflections, the signal strength is 
constantly changing. This causes tags (and so people) to jump from one zone 
to another when they were not moving. These movements have to be filtered 
out by using smart algorithms. 

Table 3. A fragment of the original recorded zone-entries for an employee. 

Time 
13-3-2006 8:25 
13-3-2006 8:25 
13-3-2006 8:25 
13-3-2006 8:36 
13-3-2006 8:36 
13-3-2006 8:38 
13-3-2006 8:41 
13-3-2006 8:42 
13-3-2006 8:42 
13-3-2006 8:50 
13-3-2006 8:50 
13-3-2006 8:51 
13-3-2006 8:51 
13-3-2006 8:52 

Zone entry 
Vincent Tabak Entered the Exit elevators OS CO zone 
Vincent Tabak Entered the Pantry big meetingroom zone 
Vincent Tabak Entered the Open workarea OS CO zone 
Vincent Tabak Entered the Offices A TRJUM north CO zone 
Vincent Tabak Entered the DSiab zone 
Vincent Tabak Entered the Exit stairs zone 
Vincent Tabak Entered the DSiab zone 
Vincent Tabak Entered the Offices A TRJUM north CO zone 
Vincent Tabak Entered the Open workarea OS CO zone 
Vincent Tabak Entered the Secretary zone 
Vincent Tabak Entered the Pantry big meetingroom zone 
Vincent Tabak Entered the Exit elevators OS CO zone 
Vincent Tabak Entered the Pantry big meetingroom zone 
Vincent Tabak Entered the Open workarea OS CO zone 
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Table 3 shows the zones an employee has entered in the first half hour of 
his workday according to the tracking software. Table 4 shows the zone
entries after certain filters have been used, like: discard all Entered the Exit 
stairs zone-entries when the current zone is DSlab (people can not directly 
enter the zone Exit stairs zone from the zone DSlab). 

Table 4. Adjusted zone-entries for one employee. 
Time Zone entry 
13-3-2006 8:25 Vincent Tabak Entered the Exit elevators OS CO zone 
13-3-2006 8:25 Vincent Tabak Entered the Pantry big meetingroom zone 
13-3-2006 8:25 Vincent Tabak Entered the Open workarea OS CO zone 
13-3-2006 8:36 Vincent Tabak Entered the Offices ATRIUM north CO zone 
13-3-2006 8:36 Vincent Tabak Entered the DSlab zone 
13-3-2006 8:42 Vincent Tabak Entered the Offices ATRIUM north CO zone 
13-3-2006 8:42 Vincent Tabak Entered the Open workarea OS CO zone 
13-3-2006 8:50 Vincent Tabak Entered the Secretary zone 
13-3-2006 8:50 Vincent Tabak Entered the Pantry big meetingroom zone 
13-3-2006 8:51 Vincent Tabak Entered the Exit elevators OS CO zone 
13-3-2006 8:51 Vincent Tabak Entered the Pantry big meetingroom zone 
13-3-2006 8:52 Vincent Tabak Entered the Open workarea OS CO zone 

5. DISCUSSION AND FUTURE WORK 

In this paper, we have set out our user simulation model for interaction in 
activity location scheduling as part of an overall model for the simulation of 
human movement and utilisation of space capacity in office buildings. 
Comparing the predicted space utilisation with the observed human 
behaviour will be a challenging task. There will be a number of aspects to 
consider when validating the user simulation model, such as: 

The routes between locations of the activities are generated using a 
shortest route algorithm; in real life people will not always use the 
shortest route between two locations. Some people will have a favorite 
route and others will more or less wander from one location to another. 
Similar considerations count for the selection of a location for an activity. 
When the system has to choose a location for an activity, it will always 
select that location which is located at shortest distance from the 
workplace of the employee in question. In real life people will have a 
preference for a certain location and are willing to walk longer to reach 
that location. 
We expect the observed data will show that people make movements that 
can not be directly explained by normal movement behaviour. Examples 
of these movements are: an employee turns back to his/her workplace 
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when he/she forgot something when walking to an activity or wandering 
behaviour of an employee when having a short break. 

In the near future, we hope to present the results of the comparison of t~e 
observed data and the predicted data. 
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Abstract: Existing land-use allocation methods assume that the suitability of a spatial 
distribution of land-uses can be measured as the sum of suitability scores 
across parcels. Although this may be plausible for some land-uses, facilities 
such as retailing, schools, medical services, etc., intend to serve the needs of a 
local population and should be evaluated at the level of a facility network, 
instead. The purpose of the present paper is to develop a method that combines 
a suitable heuristic for facility-location planning with an existing mechanism 
for land-use allocation, to solve this shortcoming of existing models. In 
specific, the proposed method combines the interchange heuristic for locating 
facilities and a swapping heuristic for area-type land-use allocation in a multi
agent framework. A case study shows that the method generates plausible 
land-use plans in reasonable computation time. 

1. INTRODUCTION 

Land-use plans provide local authorities with an instrument to control or 
influence new developments in existing or new urban areas within the 
boundaries of their jurisdiction. Supporting the generation of land-use plans 
is a long-standing aim in spatial model and system development. In this 
paper, we consider the well-known problem of determining the spatial 
allocation of land-uses given the boundaries of a plan area, a classification of 
land-uses and the task size of each land-use (where task size denotes the total 
area to be realized of the land-use). Existing methods dealing with this land-
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use allocation problem have proven their value either in models fdr 
predicting land-use changes over time (descriptive, e.g., White and Engelep 
1993) or for supporting plan decisions (prescriptive, e.g., Klosterman 1999~. 
The suitability functions used may differ in important respects betweep 
approaches. However, invariably and implicitly the functions are based op 
an assumption that may not hold for every type of land-use. That is, they 
assume that the suitability of a spatial pattern of a certain land-use is equal (o 
the sum of the suitability scores across the spatial units of that land-use. This 
assumption may be valid or good en~ugh .an approximatio~ for area-ty~e 
land-uses such as, for example, housmg, mdustry and agnculture, but ts 
problematic for land-uses that correspond to services for a spatiality 
distributed demand, such as, for example, retail centres, schools, green parks 
and medical services. In the latter case, the spatial units of the land-use 
constitute a network of facilities and suitability should be evaluated at the 
level of the network. For example, a location that has a low suitability score 
when considered individually may still be part of the best possible network 
for the facility. From the network point of view, every location is as suitabl'e 
as the performance of the entire network and identifying the best location, 
hence, requires a network-level analysis. 

Location-allocation models are ideally suited to optimize the spatial 
configuration of a facility network of some type (e.g., retail centres, school$, 
etc.) These models rely on some method to search for a set of locations that 
is optimal in terms of a user-defined objective function and possibly one or 
more constraints. A well-known heuristic that can handle large solution 
spaces and has proven to be effective is the interchange algorithm. The 
interchange heuristic has been developed for a particular location-allocation 
problem, known as the p-median problem (Teitz and Bart 1968). However, 
Hillsman (1984) showed that the method is suitable for a much wider class 
of location-allocation problems. The heuristic assumes the number of service 
locations, p, as given and tries to fmd a selection of p locations among m 
candidate locations that maximizes the value of a given objective functiop. 
within specified constraints (if any). 

I 

Therefore, the purpose of the present paper is to develop a method f~r 
generating land-use plans that combines location-allocation models anp 
land-use allocation models. The proposed method uses the interchange 
heuristic for allocating service-type of land-uses and a swapping heuristic for 
dealing with area-type of land-uses. Allocating area-type of land-uses i;s 
based on conventional assumptions regarding the suitability function, but it 
uses a somewhat more refined allocation procedure. The purpose of the 
paper is to develop and empirically illustrate the new method. To that effect, 
the paper is structured as follows. In the next section, we will first briefly 
describe the two component heuristics involved, i.e. the interchange and 
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swapping algorithm. Then, in the next section we describe the integration of 
the two heuristics in a single procedure. In the section that follows, we 
discuss the results of an application conducted to illustrate the method. 
Finally, we conclude the paper with discussing the major conclusions and 
suggestions for future research. 

2. THE COMPONENT MODELS 

2.1 The swapping heuristic 

The allocation of area-type land-uses consists of two functional components, 
namely a method to determine the suitability of each location for each land
use and an algorithm to allocate land-uses to locations given the suitability 
scores. This approach corresponds to existing land-use allocation models. 
The way the components are specified, however, differs and, therefore, we 
explain the models in more detail in this section. First, we will explain the 
way the study area is represented. 

Representation of the study area 
Consider as given a study area represented as a grid of cells, a classification 
of land-uses and a task-size for each land-use in this classification. Cells are 
small enough to allow the assumption that each cell is covered by a single 
land-use. In the existing situation, each cell has a particular land-use. For (at 
least some of) the cells in the plan area, the existing land-use may be 
changed to some other land-use. The land-uses a cell is allowed to take is 
indicated by a vector of Boolean variables denoted as FiJ (FiJ = I, if the j -th 
land-use is a possible future land-use of the i-th cell, and FiJ = 0, otherwise). 
If j' is the current land-use and the variable is zero for all j "* j' then we say 
that the current land-use is fzxed, i.e. unable to be converted to any other 
land-use. A land-use will be considered fixed if the cell does not belong to 
the plan area, i.e. the area the planner considers for implementing new 
developments. A land-use may not be fixed and yet certain alternative land
uses may not be available for the cell. This may occur, for example, because 
land characteristics prohibit certain land-uses (e.g., the soil is not suitable for 
agriculture) or regulations prohibit a change to some other or to any other 
land-se (for example, locations with historical value that should be 
preserved). 

The treatment of roads in the study area also deserves attention. A road is 
not considered a land-use. Rather the presence of a road is an attribute of a 
cell. In this way, we can represent a situation where the area a road covers is 
small compared to the total size of the cell. The land-use of the cell then 
represents the dominant land-use and the attribute indicates that the cell has 
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a road. A situation where a road does cover the area completely or almof1 t 
completely can be represented as well, namely by setting the land-use o 
Ignore, a special dummy land-use, and the attribute to presence of a road. 

The suitability function I 
The suitability of a cell for a particular land-use depends on 1a9d 
characteristics of the cell, on distances, and on adjacencies to each type ~f 
land-use. For each land-use, the suitability of a cell is defined by 

sij = Ix~ + II>t· + IA,j. (1) 
k j' j' 

where S u is the suitability score of cell i for land-use j; Xi represents the 
(weighted) score of land characteristic k of cell i regarding land-use j; DJ. is 
the score of the distance class representing the shortest distance from cell i to 
the nearest cell with land-use j ', for land-use j and A{ is the score of tije 
adjacency to land-use j' for land-use j in cell i. The land characteristics of! a 
cell are not taken into consideration in this paper. The contribution of lancl
use j' at some distance from cell i may be both negative and positive and 
need not be linearly related to the (shortest) distance to land-use j'. 
Therefore, distance will be represented by means of classes for whidh 
specific suitability scores have to be specified. For example, if housing 
should be at some distance from a main road because of noise and pollutiop, 
but not too far away, the distance classes '0-500m' and 'more than 2500m' 
do not contribute to the suitability score while the in-between class '50@-
2500m' contributes significantly positive to the suitability score (see Table 2 
for an example). It should be noted that the distance scores are assumed to qe 
weighted. In case j' represents a facility-type land-use (shopping centres, 
schools, etc.), the distance to the nearest centroid cell of the facility is us~d 
as well as the distance to the nearest cell with that land-use. The centroid
based distance is relevant from the point of view of accessibility to facilitie~, 
whereas by means of the land-use based distance one can take possible 
interactions between land-uses into account. In case j' is an area-type land
use, the distance to the nearest cell with land-use j' is used. 

The adjacency score represents the effects of neighbouring cells. F~r 
example, for a housing cell it may be preferable to have similar cells as 
direct neighbours, while it might be less preferable to have a school as 
neighbour. Adjacency is defined at two levels. The first level represents the 
four lateral neighbouring cells, the second level represents the additional 
four corner cells. The user may differentiate between these levels wh<:Jn 
specifying the (weighted) effects of adjacency between any pair of land-uses. 
The adjacency score represents the weighted sum of effects across tHe 
neighbourhood cells. 
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Note that both distance scores and adjacency scores are determined given 
the existing situation in the (urban) surroundings and land-uses that have 
been allocated to cells in the plan area. As a consequence, the scores have to 
be updated each time a land-use has been assigned to a cell in the plan area. 

The allocation algorithm 
The algorithm assumes a predefined order of area-type land-uses to be 
allocated to the plan area. To start, the system determines the suitability 
score of each cell i available to the first land-use and allocates the first land
use to the best cell. Next, the system calculates the suitabilities for the 
second land-use in line, taking into consideration the allocation of the first 
land-use in the previous step. Again, the land-use will be assigned to the cell 
with the highest suitability score. This is repeated until the last land-use has 
been assigned. This procedure is repeated until the required number of cells 
has been assigned for each land-use. However, the suitabilities used in this 
initial round of allocations do not take adjacency scores into account (the last 
term on the right-hand-side of Equation 1). By not being sensitive for 
adjacencies, the model in this initial allocation stage is able to find 
'intrinsically' good locations for land-uses. 

Because the area-type of land-uses have been assigned on a cell-by-cell 
basis and adjacencies have not been taken into account, the resulting plan is 
not likely to be optimal. Therefore, the system initiates an optimization 
round. The total utility of the current plan is calculated as follows: 

(2) 
i j 

where U is the utility of the current solution; a iJ is 1 if area-type land-use 
j has been assigned to cell i, 0 otherwise. The system starts swapping any 
pair of different area-type land-use cells across the plan area to improve the 
utility of the solution. After each swap, the system calculates the utility of 
the adapted situation using the same Equation (2). If the utility of the 
adapted situation is larger than the utility of the current situation (i.e. U' > 
U), the current situation is set to the adapted situation. Otherwise, the swap 
is reset. Anyway, the system continues swapping until no more swaps can be 
made to increase the utility of the current solution. The allocation of area 
land-use types is then completed. 

2.2 Location-allocation models and the interchange 
heuristic 

The basics 
Schools, green parks and shopping centres are examples of service type of 
land-uses. These facilities are characterized by the fact that they satisfy some 
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demand of a local population whereby users have to travel to the locatio*s 
and are free to choose a location that provides the facility. Locatio~
allocation models are suitable for such so-called user-attracting facility 
systems (Leonardi, 1981). In the most general formulation, these mode~s 
intend to find the optimal configuration of a facility system (serving a loc~l 
population) in terms of the number, location and size of outlets. PossiblY, 
one or more constraints are formulated in terms of minimal performan4e 
requirements a solution must meet (e.g., a retail centre should be available 
within walking distance from each origin location). 

Many location-allocation models have been described in the literature (for 
an overview, see Beaumont 1987). Arguably, two basic models are releva~t 
and suffice for the purpose of the method developed here, namely the p-median 
model and the maximum-covering model. The objective of the p-median model 
is to fmd the locations of a given number of p facilities (e.g., shopping centres, 
schools or green spaces) that minimize the total distance users must travel to 
reach the nearest outlet from their origin location (usually, their residential 
location). The maximum-covering model, just as the p-median model, assum<~:s 
the number (p) of facilities as given. In contrast to the p-median model, 
however, it assumes a certain pre-defmed critical distance. An origin location is 
considered to be covered only if a facility is available within this critical 
distance. The maximum-covering model tries to fmd the p facility locations that 
maximize the number of users (or, more generally, the total demand) covered. 

The interchange heuristic is an efficient and effective method to search 
solution spaces of this type. This algorithm developed by Teitz and Bart (1968) 
systematically evaluates marginal changes to an initial set of facility locations. 
An initial solution is supplied to the algorithm; this is the first current solution. 
The first candidate not in the current solution is substituted for each facility 
location in the current solution. The substitution yielding the largest 
improvement in the objective function value, if any, is selected for :a 
substitution (interchange). When all of the candidates not in the current solutidn 
have been tested for substitution for all of the locations in the current solutioo, 
an iteration is complete. The algorithm terminates when no interchange was 
implemented in the last iteration. 

Extensions ' 
In the context of land-use planning, the number of facilities, p, is not give$, 
but rather a facet of the solution that needs to be optimized. Furthermore, the 
facilities do not necessarily have the same size. We, therefore, use ttie 
interchange algorithm within a larger procedure that optimizes the size and 
number of facilities simultaneously with the location of facilities. T~e 
approach is based on a distinction between macro-strategy and location (or 
micro-)strategy proposed by Ghosh and McLafferty ( 1987). A macro
strategy defines the number of facilities and the size of each facility but do~s 
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not specify locations. In the context of the land-use allocation problem 
considered here, the task size and, hence, the sum of sizes across facility 
locations is given. This means that there are as many possible macro
strategies as ways of partitioning a given task size. Clearly, the number of 
ways in which this can be done is virtually infinitely large if facility sizes 
can vary on a continuous scale. 

We assume, however, that the macro-strategies a planner may consider 
are more qualitative in nature. Specifically, we assume that the range of 
potentially interesting solutions can generally be covered by as few as three 
more abstract macro-strategies for each facility system and each study area. 
These include a centralized, semi-centralized and a de-centralized strategy. 
The definitions of these strategies are based on a three-way classification of 
facility locations. In order of ascending size, this classification includes 
neighbourhood facilities, city-district level facilities and city-level facilities. 
The facilities of each order have a standard size, referred to as Small, 
Medium and Large. A decentralized strategy partitions the task size into 
Small facilities only, a semi-centralized strategy splits the total into Medium 
facilities (and forms Small facilities of the left over) and the centralized 
strategy creates as many as possible Large facilities (and forms first Medium 
and next Small facilities of the left over). 

Note that within a macro-strategy, the number of facilities (p) is given 
implying that the interchange heuristic can be used to search for optimal 
locations. Having identified the optimal locations for each macro-strategy by 
means of the interchange heuristic, the macro-strategies can be evaluated and 
the one that maximizes some objective function can be identified as the 
overall best solution of the location problem. There are two issues that need 
more attention in this approach. 

First, if a set of p facilities differ in size then there are two possibilities: 
they are either hierarchically structured or they offer the same service and 
just differ in capacity (i.e., the intensity of use they can support). Two 
facilities are considered of a different level if the larger facility offers all 
services the smaller facility offers and additional services as well. If facilities 
are hierarchically structured then a macro-strategy including k different 
facility sizes requires k times applying the interchange algorithm for 
generating a micro-strategy. Let PI .. . Pk represent the numbers of facilities 
in the different size categories from largest to lowest size. Most naturally, we 
could follow a top-down approach where the interchange heuristic is run first 
to find the locations of the PI largest facilities, next to fmd the locations of 
the pz smaller facilities, taking into account the PI locations as existing 
competitors. This continues until in the last run the locations of Pk facilities 
are determined taking the locations of PI + p 2 + ... + Pk- I facilities into 
account. 
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On the other hand, if a set of p facilities differ in size, but are npt 
hierarchically structured, then they all compete on the same level with eadh 
other. In that case, the interchange algorithm needs to be run only once to 
locate all p facilities simultaneously. If the maximum-covering modelJ'"s 
used, the critical distance, i.e. the radius of the catchment area of a facili . , 
could be set dependent on the size of the facility. A larger facility has a 
larger capacity and hence could attract people from a wider area. This can oe 
represented by setting the critical distance to a larger value (simulating \a 
larger catchment area). A similar measure is not possible for the p-median 
model and, therefore, we conclude that the p-median model is limited (or, 
stronger, not suitable) in a non-hierarchical, heterogeneous-size strategy 
case. 

Second, having generated a micro-strategy for each macro-strategy in the 
way described above, the macro-strategies can be compared on relevant 
criteria. Where accessibility or coverage is a primary concern at the micro
level, a wider range of planning objectives is relevant at the macro-level. In 
particular, economic considerations play a role. Macro-strategies may diff~r 
in terms of the balance between costs of running a facility system and 
demand attracted to it. Centralized solutions benefit from economies of scale 
and, therefore, tend to perform better in terms of profitability of a facility 
system. Also, they may be preferred from the point of view of an efficient 
use of space. 

3. THE INTEGRATED SYSTEM 

Using the interchange algorithm on a grid of land-use data 
The interchange algorithm assumes as input: a set of candidate locations, the 
locations of existing facilities (if any), the origin locations of demand (with 
associated demand weight) and a matrix of distances between demand and 
facility locations, and generates as output the allocation of new facilities, 
which may differ in size, to candidate locations. It is natural to interpret the 
point locations as centroids of the areas covered by facilities. Thus, in case 
of an existing facility we identify the most central cell as the location of th'e 
facility. In case of a new facility, on the other hand, we use the point locatiop 
as a seed from which the area grows out in all directions until the area 
needed for the facility is realized. In this process, only those cells that ar.e 
available for the conversion undergo the change. As a consequence, th~ 
resulting area for the new facility is not necessarily a contiguous area. 

A next question is how we can identify candidate and origin locations 
based on land-use information. As candidate locations we consider all ce11s 
that are convertible to the land-use that corresponds to the facilitY 
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considered. Compared to traditional applications where candidate locations 
are pre-selected, the resulting set of candidate locations will be very large for 
any study area of realistic size and spatial resolution (cell size). However, as 
it appears, the interchange algorithm is very efficient and still finds solutions 
in reasonable time for realistic dimensions of size and resolution of a study 
area (using a standard PC). The origin locations of demand are identified as 
all cells that have a land-use from which demand for the facility could 
originate. In case of most user-attracting facilities, the housing land-use is 
the main source of demand. If the land-use classification allows a 
differentiation in housing density, it is possible to use density as demand 
weight for each origin location. Land-uses other than housing may also be an 
origin for demand. For example, if one assumes that shopping trips may also 
originate from office locations, then cells including office activity may be 
identified as additional origin locations (of which the demand weight can be 
set to indicate the relative size of demand from such cells). 

Once the origin and destination locations are known, the distance matrix 
can be calculated in conventional ways. If the actual or planned road 
infrastructure is known, distances can be calculated based on least-costs 
paths through the network. Otherwise, one should use metrics such as 
straight-line distances or Manhattan distances, etc. 

The interaction between the interchange and swapping algorithm 
Each facility type corresponds to a unique land-use. Therefore, if G denotes 
the number of facility types, then there are H = G + 1 processes involved to 
allocate land-uses to locations, i.e. G interchange-based processes to allocate 
the service-type land-uses and one swapping-based process to allocate the 
(remaining) area-type land-uses. In the following we will use the term agent 
to refer to a process. Thus, the system includes G service-agents that are 
specialized in a particular service land-use and one area-agent that takes care 
of the simultaneous allocation of area-type land-uses. We integrate the 
processes, by putting the agents in a sequence. The agent first in sequence 
generates a plan of his land-use(s) considering all cells convertible to his 
land-use( s) as candidate locations. The agent next in line then generates a 
plan of his land-use(s) considering all cells that are convertible to his land
use(s) and are not occupied by the first agent as candidate locations. This 
process continuous until the H-th agent has generated a plan of his land
use(s). Thus, an agent later in the process has, on the one hand, more 
information as he knows the land-use allocations of earlier agents and, on the 
other hand, less freedom of choice, as he may not use the cells claimed by 
earlier agents. 

The plan resulting from this sequential procedure is not necessarily 
optimal from the point of view of each agent. An agent earlier in the process 
makes allocation decisions without knowing the actions of agents later in the 
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process. Therefore, he may wish to reconsider his plan after the plans qf 
agents later in the process have become known. To allow revisions, t~e 
above sequential procedure is repeated. In the second round, the agents 
successively reconsider their plans in the same sequence. Each agent earli~' r 
in the process is allowed to override claims of cells by agents lower in t e 
process. This means that the set of candidate locations of each agent sta 

1
s 

the same. Only the amount of information has changed: an agent earlier iln 
the sequence can now adapt or in any other way respond to the land-u~e 
plans of the agents later in the sequence. After the second round, the state Of 
the plan area will have been changed to the extent the agents have ma9e 
revisions. The procedure is repeated until none of the agents makes revisioris 
any more. 

Revising a plan does not require a different heuristic. The same swapping 
and interchange algorithm is used for revision as for generating an initial 
plan. Recall that both algorithms - swapping and interchange - generate !a 
solution in two stages. In the first stage an initial solution is determined and 
in the next stage this solution is optimized by applying swapping/substitution 
operations in an iterative procedure. The revision of a plan involves re
running the second optimization stage taking the current solution (for the 
land-use) as the initial solution. Thus, none of the agents starts from scratch 
in a revision round. Rather each agent tries to improve the current solution 
by a process of swapping land-uses between cells or by a process of 
relocating (centroids of) facilities, depending on the type of agent. It should 
be noted that, in case of service agents, there is a minor initialisation step 
involved: the cells currently occupied by the own land-use and that have a 
plan status are reset to the original land-use to simulate that the area of 
originally planned facilities is released. 

Limited information and coping with uncertainty 
All agents except the agent latest in the sequence have to deal with limited 
information especially in the first round of the procedure. For example, if the 
area agent responsible for housing and possibly other area-type land-uses is 
located later in the hierarchy than the retail agent, then the latter has tp 
generate plans with limited information about which cells will become 
housing cells and, hence, about where the origin locations of demand will b~. 
To deal with this type of uncertainty, each agent takes the potential land-use 
of a cell into account. For the service agents this means that each cell that is 
convertible to a housing cell is counted as a housing cell (with an average 
demand weight) even if the current land-use is other than housing. In other 
words, agents are optimistic and adopt best-case scenarios in case of 
uncertainty. 
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Generating alternative plans 
The above iterative procedure results in a land-use plan for the study area. 
As discussed in Section 2.2, service agents may consider different macro
strategies for their land-use. The above iterative overall procedure is 
repeated under each combination of macro-strategies so that the system 
generates 3G plan alternatives if each of the G service agents considers three 
optional macro-strategies for their land-use (e.g., a centralized, semi
centralized and decentralized strategy). In this way, the macro-strategies are 
evaluated under best micro-strategy choices of all the agents involved. Users 
are able to bring in whatever criteria they consider relevant for evaluation 
and making a choice. 

The sequence of agents 
The sequence of the agents is another parameter of the system that may have 
an influence on outcomes. It is plausible to assume that the land-use type 
that is most important for the structure of the plan area should be placed 
highest in the hierarchy. For example, the spatial pattern of shopping centres 
may have a relatively large influence on the structure of the plan area (e.g., 
central places of activities), which suggests that a Retail agent should be 
placed highest in the hierarchy. 

4. ILLUSTRATION 

The case considered 
As an illustration, we consider the problem to generate a land-use plan for an 
area that bas been allocated to accommodate the growth of a city. The 
expansion comprises an area of approximately 500 hectare and should 
accommodate approximately 6,000 dwellings. Table 1 represents the land
use classification used in this application and the task size for each land-use. 
Housing is subdivided into four housing types, namely detached houses, 
linked houses, row houses and apartments. The demand weights shown in 
the last column reflect the housing density, expressed as the number of 
dwellings per hectare, which varies across these housing types. The plan area 
can benefit from existing facilities in the city. Nevertheless, one or more 
shopping centres, schools and parks (for green recreation) need to be 
developed to serve the demands of the new population at a more local level. 
A 50 by 100 grid of 50-meter cells was used to represent the study area, 
which comprises the plan area, the immediate surrounding area and a part of 
the city. The task sizes shown in Table 1 are expressed in number of cells. 

As Table 1 shows, the land-use classification used includes eight Area
type and three Service-type land-uses. We assume that industrial area and 
landscape have already been allocated meaning that the task size of industry 
and landscape is zero. The existing land-use of all other cells of the plan area 
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is set to rest-green (i.e., undeveloped land); development of each land-use 1s 
considered possible in each of these cells. Thus, all agents can considf r 
converting rest-green to their land-use in as far it has not been taken l:)y 
agents earlier in the sequence. The swapping algorithm deals with t~e 
allocation of the four housing types. The interchange algorithm, on the other 
hand, considers the allocation of area for shopping centre(s), green parkd) 
and school(s). New facilities of these types have to compete with existing 
facilities in the city. These include three Large shopping centres (one on the 
south side and two on the west side of the city) and three Large schools (all 
located on the west side). There are no existing parks in the city. 

The parameter settings of the suitability function used to calculate 
suitability scores reflect general (Dutch) planning standards. That is, housing 
prefers to be close to green, adjacent to housing of the same type, distant to 
industry, at some optimal distance from a road and close to retail, green add 
school facilities. In terms of accessibility, somewhat more weight w~s 
attached to apartment and row houses compared to the more expensiv.e 
detached and linked houses (because the latter residents are often more 
mobile). In terms of environmental factors, somewhat more weight was 
assigned to the more expensive forms of housing. As an example, Table 2 
shows the settings of the parameters of the distance function for detached 
housing. The columns represent the distance range (only the upper limit is 
shown) and the associated score for each distance class distinguished. Note 
that the facility land-uses (retail, schools and green spaces) appear twice in 
the table: above the dotted line as distance to land-use and below the dotted 
line as distance to centroid (differentiating between different size categories 
of the facility concerned, l =largest, 3=smallest). 
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Table I. Land-use classification and parameters of the case study. 

Code Land-use class Land-use type Task size Demand 
(N cells) weight 

1 Housing Detached Area 215 2.8 

2 Housing Linked Area 268 5.6 

3 Housing Row Area 386 7.0 

8 Housing Apartments Area 130 9.3 

4 Retail Service 4 0 

5 Green parks Service 200 0 
7 Schools Service 4 0 
6 . Rest-green* Area 0 0 
9 Landscape Area 0 0 
10 Industry Area 0 0 
11 I ore 

*Green land-use that remains if no specific development is implemented 

Table 2. ExamJ:!Ie of a distance 12arameter table {Housing detached}. 

Land-use Interval 1 Interval2 Interval3 Interval4 IntervalS Interval6 

Housing D < 60 ( 35) < 110 ( 28) < 160 ( 21) < 210(14) ~ 210(7) 

Housing L < 50 ( 5) < 200( 15) ~200 ( 25) 

Housing R < 100(5) < 500 ( 15) ~500 ( 25) 

Housing A < 200 ( 5) < 1000 ( 15) ~1000 ( 25) 

Retail < 500 ( 8) < 1000 ( 6) < 1500(4) < 2000 ( 2) ~000( 0) 

Green < 100 ( 12) < 200 ( 9) < 400 ( 6) < 800 ( 2) ~800 ( 0) 

Schools (0) 

Rest-green < 1000 ( 8) < 2000 ( 4) ~000 ( 0) 

Landscape < 100, ( 12) < 200 ( 9) < 500 ( 6) < 800 ( 3) ~800 ( 0) 

__ !!ldus!ry __ ___ ..::.._ 50Q_(::!.~_ . :":_I_9.29_(:?.L?.~_<l_0_9._(:!) _____ ··-- -·- ---- ·------ ----
Retail 1 < 800 ( 8) < 1200(6) < 1700 ( 4) < 2000 ( 2) ~000 ( 0) 

Retail* 2 < 600 ( 8) < 900 ( 6) <1200(4) < 1500 ( 2) ~1500 ( 0) 

Retail* 3 < 500 ( 8) < 800 ( 6) < 1000 ( 4) <1300(2) ~1300 ( 0) 

Green < 500 ( 8) < 800 ( 6) <1400(4) < 2000 ( 2) ~000 ( 0) 

Green* 2 < 250 ( 8) < 500 ( 6) < 800 ( 4) < 1500 ( 2) ~ 1500 ( 0) 

Green* 3 < 100(8) < 300 ( 6) < 500 ( 4) < 800 ( 2) ~800 ( 0) 

Main road < 500 ( 0) < 1000 ( 16) < 1500 ( 16) < 2000( 16) < 2500 ( 16) ~2500 ( 0) 

School < 1000 ( 12) < 1600(6) ~ 1600(0) 

School* 2 < 1000 ( 12) < 1600(6) ~1600(0) 

School* 3 < 1000 ( 12) < 1600(6) ~1600 ( 0) 

*Relevant only in case of hierarchical facility system 
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Table 3. Settings of the Service-type land-uses used in the case study. 

Retail No Large 4 900 
Medium 2 550 

Small 1 400 
--(3~~~~---··-----------Y-es --------i~~g~------------------2oo ______________ 1oo-o------, --

Medium 40 500 
Small 17 350 --- ----------------------------------------------------------------------------------------------------------

Schools No Large 4 900 
Medium 2 700 

Small 1 450 

Table 3 shows settings that are used for the interchange algorithm. Only, 
green facilities are supposed to be hierarchically structured. That is, W.e 
assume that larger parks can accommodate more forms of recreation tha~ 
smaller parks, whereas larger shopping centres/schools satisfy the sa~e 
demands and differ only in terms of capacity from smaller shopping 
centres/schools. In all cases, the size of the catchment area is supposed to be 
dependent on facility size: larger facilities have larger catchment areas than 
smaller facilities. The radius of the catchment area for each facility type and 
each size class was set such that the plan area is just fully covered by the s~t 
of facilities that can be developed of that size class given the task size. 

Results 
The sequence of agents adopted in this case was as follows: 1) Retail; 4) 
Green; 3) Schools; and 4) Area agent (i.e., housing). Rather than using 1be 
stopping rule, we used a maximum of two cycles meaning that each agent 
has one opportunity to revise his plan. As it appears, all agents do revi~e 
their plans. The retail, green and school facilities tend to move somewhat 
towards the centres of high density housing. The housing agent then follow:s 
these moves in terms of moving clusters of high density somewhat closer to 
central places. As a result, after one revision round the solution is near to a 
state of equilibrium. 

The computation time required for the interchange algorithm to generate 
a solution depends strongly on the model used. The p-median model requires 
much more computation time than the maximum covering model: 2.b 
minutes versus 2 seconds. The larger computation time is a result of bo~ 
longer time per iteration and a larger number of iterations. The computatiop 
time needed by the swapping algorithm is rather constant and of the order qf 
magnitude of 3.5 minutes. The computation time for the overall algorithm, 
when the maximum-covering model is used by each service agent, is less 
than 1 0 minutes (on a standard PC). 
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Figure I. Example of a land-use plan generated by the system where service agents all use a 
semi-centralized strategy. 

Because initial solutions of the interchange algorithm are random, we 
may expect differences in results across runs even if the settings are kept 
constant. As it appears, however, the solutions generated are robust for the 
initial solution, i.e. multiple runs give the same result, suggesting that the 
solutions found are indeed optimal. This statement should be nuanced for the 
maximum-covering model. In that case, the robustness depends on the 
setting of the radius of the catchment area. If this radius is too large or too 
small then there are many optimal solutions and the one generated, then, 
obviously will depend on the random solution. If the radius is set to an 
appropriate distance, the optimum is unique and the algorithm robust. The 
differences in solutions between the p-median and maximum-covering 
model tend to be fairly modest. 

As an example, Figure 1 shows a land-use plan generated by the method 
where all service agents used a semi-centralized strategy and the 
maximizing-covering model. The figure shows only a part of the study area, 
to fit the width of a page. Not shown is the existing city on the west side of 
the plan area. The black line represents the borders of the plan area. The 
small circles indicate the positions of the centroid of each facility. Since all 
agents used a semi-centralized strategy, the facilities of each category are of 
a medium size. Given these sizes there are two shopping centres, two 
schools and four parks located in the plan area. There are some tendencies 
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clearly visible. The higher density areas tend to be attracted somewh~t 
stronger towards the centres formed by the facilities. This means that t~e 
semi-centralized solution gives rise to multiple centres in the arrangement of 
housing as well. Rest-green serves as green buffers between clusters Of 
different housing types and between industry and housing. 

5. CONCLUSIONS 

In this paper we argued that service-type and area-type land-uses require 
different allocation mechanisms and combined suitable heuristics for each of 
these types in an integrated system. The case study conducted showed the 
application of the method and highlighted performance characteristics of the 
new algorithm. As it appears, the new algorithm generates a land-use plan in 
reasonable computation times. By explicitly representing macro-strategies of 
agents, the method also provides a way of generating a set of meaningful 
land-use plan alternatives. This is considered an important property of a 
land-use allocation model if it is to be used for planning support. Future 
research could focus on various ways of elaborating components of the 
method. The objective function could be elaborated to take other than 
demand-covering and accessibility considerations into account. Also, mote 
sophisticated models of spatial choice behaviour of users of facilities could 
be incorporated. In particular, trip-chaining behaviour that leads to multi
purpose trips could be represented to take spatial agglomeration benefits into 
account in the allocation of facilities. Similarly, the suitability functions 
could be extended to take land-characteristics into account in addition to 
distance and adjacency considerations. 
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Abstract: In a multi-player urban planning process, the outcome of any individual 
decision of the actors is uncertain until a state where the plan is satisfactory for 
all. To support the plan generation phase, this paper develops a generic multi
agent system, in which agents represent particular land-uses. In the system, 
agents higher in the hierarchy have priority over agents lower in the hierarchy 
to claim units of land. This one-direction claim process may result in a plan 
that is not optimal for every agent. The system, therefore, allows agents to 
revise their plans in an iterative procedure. A case study illustrates centralized, 
semi-centralized and decentralized solutions for a plan area based on the 
outcomes of different strategies used by facility agents (retail, green, schools) 
and a housing agent. The results show that the proposed system is able to 
generate rational and realistic plan alternatives for new residential areas. 

1. INTRODUCTION 

Various urban planning actors operate in a highly complex, dynamic and 
uncertain environment to achieve a set of collective goals regarding the 
future location of the various land uses. This multi-player planning process 
is influenced by various objectives that may partly conflict, counteract, or 
synchronize because decisions are subject to interdependencies of land uses 
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from different individual actors' needs and desires, which may be 
competitive or cooperative. A major difficulty in this context is that acto~s 
are unable to determine which responses and actions will and will not ~e 
effective until the end of the planning process. They are often confronte:d 
with uncertainty about other actors' decisions and their own individmh 
contributions to the collective decisions in the interactive planning proces~. 
Most of the interactions between actors in a planning process are based ob 
their personal (subjective) beliefs (i.e., expectations), desires (i.e., goals), 
preferences, and heuristic rules, attempting to minimize the uncertainty t;o 
achieve a set of outcomes satisfied by each of them at an aggregate level. 

In order to represent and simulate the interactions (e.g. action and 
reaction) of multiple actors, we use multi-agents to represent the multiple 
actors of particular land uses. The authors have explored the land use 
decision of individual agent under the uncertain outcome of other land use 
agents in previous studies (see Ma, et a!., 2004, 2005). In this paper, we 
develop a generic multi-agent system to generate land use plan alternatives 
in an interactive environment of multi-agents, building on Arentze, et a!. 
(2006). The goal of the planning support system is to generate meaningful 
plan alternatives for a given land-use allocation problem. A set of plan 
alternatives is considered meaningful if it varies in terms of the strategies 
which the different agents could adopt. 

This paper is organized as follows. After this introduction section, the 
second section describes the proposed multi-agent system. Next, the third 
section describes an application of the system in a case study to illustrate its 
properties. Finally, the last section swnmarizes the major discussions and 
discusses issues for further research. 

2. METHOD TO GENERATE PLAN PROPOSALS 

2.1 Assumptions 

Consider the decision problem that a retail agent, a green agent, a scho01 
agent and a housing agent can expand their land-uses in the same 
administrative plan area. They may be either present in the existing area or 
they may be newly introduced. Assume that the size of the expansion is 
known and fixed (i.e., as the outcome of earlier plan decisions) for eaoh 
agent. In the following we will use the term 'Task Size' to refer to the size of 
the expansion of a land-use. Let the plan area be represented by a raster of 
grid cells. The size of the cells is small enough to assume that a single land
use exists in each cell. The existing land-use of each cell is given as well as 
the nature of new developments, if any, allowed in each cell. The latter is 
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represented as a binary variable for each alternative land-use indicating 
whether or not the existing land-use may be converted to a new land-use. 

The decision problem varies from one agent to another. For example, 
depending on given task sizes, the retail agent wants to develop new 
shopping centres, the green agent wants to develop new green parks, etc. For 
the so-called 'facility' agents, i.e., retail agent, green agent, and school agent, 
the decision problems can be generalized as: 1) how many new facilities are 
to be located in this area? 2) what is the area size of each facility? 3) where 
should each new facility be located in the plan area? The housing agent 
differs from the facility agent in that it differentiates between different 
housing types. In the case study, we assume that the housing agent considers 
four types of houses, i.e., detached houses, semi-detached houses, row 
houses and apartments in the plan area. The distribution of his Task Size 
across these different types is given and fixed at the moment of land-use 
planning. His decision problem involves: 1) what is the total size of each 
type ofhouses? 2) where to locate each type of houses in the plan area? 

2.2 General procedure 

In this proposed system, each agent first generates a set of alternatives so
called macro-strategies for his own land-use independently of the other 
agents and Task-size independently of the other agents. A macro-strategy is 
here defined as a strategy for allocating the total size of land for a particular 
use in the plan area. Later, we detail the strategies each agent may consider. 
For the planning support system, generating different macro-strategies is 
important as it provides the basis for the ability of the system to generate 
different (overall) plan alternatives for the area. A strategy never changes 
during the process, thus to guarantee resulting plan representing some 
optimum within the specific combination of strategies adopted by the agents. 
The agents involved are arranged in a sequence. Agents earlier in the 
sequence have priority over agents later in the sequence in claiming units of 
land (i.e., cells in the grid). This means that once the units of land are 
claimed by an earlier agent, other later agents cannot claim these units any 
more. 

For each combination of alternative strategies across agents a plan is 
generated, as follows. The first agent in line uses its specialised knowledge 
to generate his plan and passes the initiative over to the second agent in line. 
Given the claims made by the first agent, the second agent then generates his 
plan for his land use and passes the initiative to the third agent, and so on. 
This sequential process results in a plan that may not be optimal from the 
viewpoint of every agent individually because earlier agents may wish to 
change their claims given the land-use plans of the later agents. Therefore, 
the system invokes a new cycle in which each agent is able to revise his plan 
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in the same sequence. The cycles of revision are repeated until none of the 
agents wishes to make a change in his claims anymore. As stated abov,', 
agents are not allowed to change strategy when they revise a current plan. 

The procedure is schematically summarized in Figure l. We emphasize 
that each agent at each moment in the planning procedure can override th¢ 
land use of cells of other agents lower in the hierarchy, as long as the land i~ 
available for the agent's land-use, whereas the reverse direction is ndt 
feasible. The interactions between agents happen through the environment o!f 
the multi-agent system, where agents operate in a hierarchical order of R-G;
RG-H-S denoted 'Retail, Greenspace, RestGreen, Housing and School' 
agents. This structure is feasible in the practice but may not optimal. 

Figure 1. Interaction of multi-agents in the plan generation. 

An agent needs the following abilities to fulfil its role in the above 
procedure: I) a method to generate a set of strategies for his land-use; 2) a 
method to generate a plan for his land-use; 3) a method to reset his current 
plan for his land-use. Revising an existing plan does not require additional 
knowledge compared to generating a plan. A revision is the result of 
successive application of the resetting and generating methods. 
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2.3 The components of the system 

2.3.1 Plan generation methods and land-use types 

In the proposed system, each agent first generates a set of alternative macro
strategies of his land-use independently of the other agents. The methods 
used to generate the strategies can differ from one agent to another agent. In 
this regard, we distinguish two types of agents. On the one hand, agents 
concerned with retail, green-space and school facilities are referred to as 
'facility' agents and, on the other hand, the housing agent is classified as an 
'area' agent. Facility and area agents use different methods to evaluate the 
suitability of locations for their land-uses. Facility agents try to optimize a 
network of facilities considering the spatial distribution of demand for the 
facilities. Location-allocation models are well-suited for solving this 
problem. On the other hand, area agents conduct a suitability analysis of 
locations on a cell-by-cell basis whereby the overall suitability of a land-use 
plan is calculated as a sum of suitability scores across the cells occupied. 

Although facility and area agents use different methods to generate a plan 
for their land-use, their methods also have a conunon feature. Both types of 
agents distinguish between a macro-strategy and a micro-strategy (Ghosh 
and McLafferty, 1987). A macro-strategy represents a specific setting of the 
parameters of the method used to spatially allocate the land-use, whereas the 
micro-strategy represents this allocation solution itself. In other words, a 
micro-strategy is embedded in a macro-strategy and determines how the 
macro-strategy is realized in terms of a land-use plan. At both micro and 
macro levels, the facility agents and area agent(s) use different concepts and 
methods, as we will explain below. 

Macro-strategies of facility agents 
A macro-strategy of a facility agent defmes the number of new facilities and 
the size of each new facility. In line with central-place theory, we classify 
possible macro-strategies in terms of a hierarchy of facility locations. In the 
case study (as well as most Dutch facility systems), we assume a three-level 
system. In a three-level system we can distinguish the following strategies: a 
maximally centralized strategy, a semi-centralized strategy and a 
decentralized strategy. In a maximally centralized strategy, the facility-agent 
realizes as many first-order facilities as possible given his Task Size. In a 
semi-centralized strategy, the facility-agent does not develop first order, i.e., 
city-level, facilities, but develops as many district-level facilities as his Task 
Size allows. Finally, in a decentralized strategy, the facility-agent only 
develops neighborhood-level facilities. Because the size of the facilities 
decreases with descending order of facilities, the centralized strategy results 
in a few large facilities, the semi-centralized in some more semi-sized 
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facilities and the decentralized in many small sized facilities. Note that tHe 
macro-strategies assume a standard size for each facility order as given. 1 

A given Task Size is not necessarily an exact multitude of a standard si:z;e 
used. The size remaining after having developed the maximum number 9f 
facilities of the preferred size is used for facilities of smaller size. In t~s 
way, for example, a city-level strategy may include lower-level facilities ~s 
well as the city-level facilities. 

Macro-strategies of area agents 
In formulating his alternative macro-strategies, an area agent could take 
many parameters of his method to generate a land-use plan into account. 
However, given the objective of the system to generate meaningful plan 
alternatives for planning support, we suppose that only the weight of 
accessibility of different kinds of facilities (i.e., retailing, green space and 
school) relative to the weight of distance and adjacency to other land uses is 
relevant here. The lower the relative weight, the less sensitive the area ageqt 
is to the plans of facility agents and the higher the probability that the land
use of area agents is located relatively distant from facilities. Then, in the 
revision stage, the facility agents are likely to respond and change the 
locations of their facilities to better cover the spatial distribution of demand. 
Thus, depending on his macro-strategy, an area-agent either acts as a 
follower or as a leader. Thus, even if, for example, the housing agent appears 
last in the sequence, his preferences may still have a dominant impact on the 
final plan. 

Micro-strategies of facility agents: the interchange algorithm 
In the system, facility-agents use the interchange algorithm as a heuristic to 
find an optimal or good solution at the micro level. Recall that a micro
strategy is embedded in a macro-strategy. Since the macro-strategy defines 
the number and size of facilities only location decisions are left and, 
therefore, the interchange algorithm is a suited method for this stage. Thle 
interchange algorithm is a widely used heuristic to solve the p-mediap 
location-allocation problem. The heuristic is very efficient and appears to bb 
robust and effective in the sense that it tends to produce the global optimUQ1 
or near-global optimum with high probability (Rosing, eta/., 1979). The firSt 
step in this method involves generating an initial solution randomly and th~s 
is followed by an iterative procedure of trying to improve the solution b~ 
substituting (i.e., interchanges) locations in the solution by candidate 
locations not in the solution. Although the interchange algorithm was 
developed originally for the p-median model (Teitz and Bart, 1968) it ha:s 
been shown to be useful for a larger class of location-allocation model ~s 
well (Hilsman, 1984). 

In the context of the present system, a facility agent may consider several 
models as alternatives. First, the maximum-covering model seeks to 
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maximize the total demand covered by the facilities. Hereby, a demand is 
covered if it falls within the catchment area of at least one facility. The 
radius of the catchment area of a facility is the maximum distance where 
people can be attracted to visit the facility. It is set dependent on the size 
(i.e., order) of that facility: the larger the facility (i.e., the higher it orders) 
the larger the catchment area will be and vice versa. Thus, in maximizing the 
total coverage, the maximum covering model seeks the set of locations that 
minimizes the overlap in catchment area between the facilities. At the same 
time, the model is sensitive to the size of the demand available within cells. 
In case of retail, green-space and school facilities, demand for the facilities 
originate from households at origin locations. The higher the density of 
housing, which may vary between the housing types considered by the 
housing agent, the larger the weight of the cell in the function that calculates 
the total demand covered. Therefore, apart from minimizing the overlap, the 
model seeks to maximize the housing cells and in particular high density 
housing cells within catchment areas of facilities. 

Second, the p-median model minimizes the total weighted distance to the 
nearest facility across the origin locations of demand. Since households are 
the users of the facilities, housing density within cells is used as weight. 
Thus, the model searches for the locations that maximize the accessibility of 
the facilities for the population served by the facility system. 

A number of observations are worth making. First, the interchange 
algorithm treats facility locations as point locations. Therefore, we take the 
locations (i.e., cells) found as the centroids of the areas occupied by the new 
facilities. Having identified the centroid of each new facility, facility-agent 
claims all the land (i.e., cells) in the surrounding of each centroid available 
for his land-use and needed to realize the size of the new facility. 

Second, the interchange algorithm requires that all candidate locations 
are pre-defined. In the context of our system, each facility-agent considers 
all cells available for his land-use as the set of candidate locations. Note that 
the size of the candidate set will be smaller for agents later in the sequence, 
since the cells claimed by agents earlier in the sequence are no longer 
available as candidates. 

Third, the facility agents face a problem of estimating the size of the 
demand for their facilities in each cell in the plan area. In the initial stage of 
the procedure, the housing plan is unknown at the moment when each 
facility agent generates a plan, given the sequence that we assume in the 
system. Therefore, the facility agents count cells with a potential housing 
development as well as cells with existing housing development as demand 
locations. Since housing density is unknown, an average density is assumed 
for potential housing cells. 
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Fourth, it is important to note that the agents also take the location and 
size of existing facilities into account (e.g., shopping centers, green spac~s 
and schools). Existing facilities have the same catchment area definition $ 
the new facilities. The only difference is that it is not possible for them tb 
change location, i.e., they are fixed in the solution. : 

Finally, the p-median as well as maximum covering model are rather 
restrictive in terms of the assumptions about the spatial choice behavior of 
users of the facilities. In particular, they assume that people always choose 
the nearest facility (p-median model) or that a critical distance exists (the 
maximum covering model). In later versions of the model, we include more 
behavioral realism in the objective function such as that, for example, peopl~ 
may also make multi-purpose or multi-stop trips and that choice behavior is 
probabilistic. Such objective functions have been studied in previous work df 
Ma, et a/. (2004, 2005). 

Micro-strategies of area agents: the Hara algorithm 
The housing agent uses the so-called 'Hara (Housing-type Allocation in 
Residential Areas)' algorithm for the allocation of housing types to the plan 
area (see Arentze, et a/., 2006). The Hara-algorithm first allocates housing 
types to cells in the plan area based on the suitability of each cell for each 
housing type. The suitability of each cell depends on the land use of adjacent 
cells and the shortest distance to specific facilities. After allocating all 
housing cells, a total suitability score can be calculated. Due to the 
consecutive allocation of housing types to cells, the total suitability score 
might not be optimal. Therefore, a process of swapping housing cells will be 
start up: randomly selected pairs of different housing cells will be swapped if 
this will increase the total suitability score. This process continues until the 
total suitability score does not improve anymore. 

3. ILLUSTRATION 

3.1 The decision problem 

As an illustrative case, we consider Meerhoven, which is an area designated 
for the expansion of Eindhoven, The Netherlands. Meerhoven is located in
between Veldhoven (a smaller city) and Eindhoven and experiences the 
influence of both cities at the same time. The area is currently being 
developed. For illustration purposes, we assume the stage where the task size 
of each land-use for the area is known and a land-use plan is yet to be 
determined. 

The size of the larger study area is 1 ,250 hectares and is represented by a 
grid of 50 x 50 meter cells. This cell size is the largest size for which it is 
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still reasonable to assume that cells can take on only a single land-use. Thus, 
the total area comprises 5,000 cells. The plan area, i.e., the area designated 
for the new developments, covers a subset of 1,500 cells with an area size of 
3,750,000 m2 (375 hectares). 

Figure 2. The study area. 

Figure 2 shows the different land-uses in the study area: vacant land use 
(plan area), recreation, industry, landscape (canal), agriculture, schools 
(Sch I, Sch2, Sch3 and Sch4), shopping centres (SC 1 L, SC2M and SC3M), 
housing (housing I, housing II, housing III and housing IV), and 
transportation (highway and road) and other type of infrastructure. 
Specifically, the land use 'housing' is subdivided into four types of houses, 
i.e., detached houses (housing 1), semi-detached houses (housing II), row 
houses (housing III) and apartment (housing IV). Three shopping centres are 
located in the external area: a large shopping centre (SCIL) and two 
medium-sized shopping centres (SC2M and SC3M). In the plan area, 
approximately 6,000 new houses together with the necessary facilities need 
to be developed. 

The system includes four agents: three facility agents (retail, green space, 
schools) and one area agent (housing). The area agent is responsible for the 
land-use planning of each housing type distinguished. Industry, agriculture 
and landscape play a role in the existing area, but are not involved as new 
developments in the plan area. Hence, a single area agent suffices in the 
present case study. A special land-use category that the system takes into 
account is called Restgreen (land use code '6'). Restgreen is the land-use 
that remains if no specific development is specified for a plan-area cell. 
Thus, in the existing situation all plan-area cells have a Restgreen land use. 
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Table I shows parameters for the facility agents relevant for determining 
macro-strategies. For the retail agent the task size equals I 0,000 m2

• Base~ 
on this Task Size and standard sizes of shopping centres that a~e 
representative for the Dutch situation, the macro-strategies available include 
a maximally centralized strategy (one big shopping centre), a semi
centralized centre (two district-level shopping centres) and a decentralize~ 
strategy (four neighbourhood-level shopping centres). In a similar way, t~e 
green agent bas as options: one big green park (of 200 cells), 5 district park!s 
and 12 neighbourhood parks. Finally, the school agent considers one large 
school, two smaller schools and four small schools. 

Table I. Task size and available macro-strategies of facility agents. 

Agent Land Task Hierarchical Criteria Macro-strategy 

use size orders Required Size of a No. of No. of, 

code (m2) inhabitants facility facilities cells p~r 
(103) (104 m2) facili!}( 

City (section) Approx . 20 1.0 I 4 

Retail 4 10,000 District 1()--20 0.5 2 2 

Neishborhood 6-10 0.3--().4 4 I 

City (section) Approx. 20 14-1,35 I 200 

Green 5 500,000 District 10-20 4,25-14 5 40 

Neighborhood 6-10 <4,25 12 17 ' 
City (section) 800 households I 4 

School 7 9,600 District 800 households 2 2 

Nei~hborhood 800 households 4 

Table 2 shows the task sizes and available macro-strategies of the 
housing agent. The plan area should accommodate a total of 6000 new 
households distributed across housing types as follows: 600 detached 
houses, 1500 semi-detached houses, 2700 row houses and 1200 apartments. 
Using standard figures for housing densities for the different types, these 
quantities lead to 215, 268, 386 and 130 cells for the housing types 
respectively. 

Table 2. Task sizes and available macro-strategies of the housing agent. 
Housing Land Task size Criteria No. of new No. of 

types use Proportion of No. of Space per house houses/cell cells 
code house types houses ~Ee {m22 

Detached 10% 600 900 2,8 215 

Semi -detached 2 25% 1500 450 5,6 268 

Row houses 3 45% 2700 360 7,0 386 

A~artment 8 20% 1200 270 9,3 130, 
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3.2 Plans generated by the system 

In this section, we will discuss the results of an application of the system to 
this case. Each facility-agent has three macro-strategies, i.e., centralized, 
semi-centralized and decentralized. Thus, in terms of the facility agent alone, 
the system can generate as many as 27 collective plan alternatives. If we add 
to this the macro-strategies the housing agent may consider, the number of 
options is a multitude of this figure. In this paper, we discuss the results of 
only three cases as examples. These include: each facility agent uses a 
centralized strategy, each facility agent uses a semi-centralized strategy and 
each facility agent uses a decentralized strategy. The housing agent does not 
vary the parameters of his behaviour across cases, i.e., does not adopt any 
specific strategy. As an illustration, the retail and school agents use the 
maximum covering model and the green agent uses a p-median model for 
determining a micro-strategy in each case. 

Table 3 summarizes the settings of facility-agent parameters that were 
kept constant across cases. The parameters a and p are used in a MNL 
model to predict the demand attracted to each facility under the condition of 
a plan. The MNL models do not play a role in the planning process, but are 
used for analysing the performance of a plan in terms of travel demands and 
the economic performance of facilities in the system. The parameters are 
defined for each size category and each facility type respectively and 
indicate a constant and a distance coefficient respectively. The radii of 
catchment areas were calibrated such that the maximum covering model 
displayed the maximum sensitivity and produced unique solutions. The 
number of trips per household per month per facility type represents an 
average. These parameters are used to calculate travel demands in the system 
as part of a performance analyse of plans generated. 

Table 3. Settings of parameters of the facility agents. 

Agent Facility size fJ a No. oftrips No. of cells Radius of a 

per household per facility catchment area 
per month size {m} 

Large size -0.003 2.7 4 900 

Retail Medium size -0.003 1.65 12* 2 550 

Small size -0.003 1.2 400 

City (section) -0.003 3.0 0.4 200 1,000 

Green District -0.003 1.5 0.8 40 500 
Neighbourhood -0.003 1.05 2.0 17 350 

Large size -0.003 2.7 4 900 

School Medium size -0.003 2.1 4.5* 2 700 

Small size -0.003 1.35 450 

*Assumption: no difference in trip purpose between facility sizes in case of retail and school. 
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Figures 3, 4 and 5 show the three plan alternatives resulting from th~ 
centralized, semi-centralized and decentralized macro-strategies of facilirlr 
agents respectively. The figures show only the left part of the study area t~ 
highlight the plan area indicated by the same legend of land-use code~ 
shown in Figure 3, but we emphasize that the solutions generated arb 
sensitive to the situation in the right part of the study area as well. Severa:l 
patterns are visible in these results. First, in each plan housing types ar~ 
clustered in more or less homogeneous areas reflecting a preference to 
develop the same housing type in adjacent cells. Second, Restgreen tends to 
be arranged as buffer zones around clusters of housing types and between 
housing and industry in all solutions. Third, as a tendency, high density 
housing (apartments and row houses) is centred around facilities such as 
retail and green spaces. Lower density housing is concentrated in more 
peripheral layers around high density areas. As a result the plans vary in th~ 
extent to which they give rise to a single-centric versus a poly-centric 
structure of the area. 

Table 4 shows the results of a performance analysis of the plans under 
the different strategies. The indicators calculated relate to accessibility 
(average and maximum distance to the nearest facility across households, 
average trip length across households) and economic performance of 
facilities (total and minimum demand attracted across facilities) and are 
expressed per facility type (retail, school, green). Predicted trip length anq 
predicted demand are derived from an MNL model for each facility type. A~ 
expected, the accessibility increases with increasing decentralization. For 
example, for retailing the average distance to the nearest facility decreases 
from 834 meter (centralized), to 793 meter (semi-centralized) to 745 meter 
(decentralized). Perhaps more surprisingly, also the total demand attracted to 
new facilities in the solution increases for all facilities except green space. 
Note that the total demand for as well as the total size of facilities in the 
study area stay constant across the plans. Hence, an increase in demand 
attracted by the new facilities means a decrease in the demand attracted by 
the existing facilities in the area. Therefore, the new retail and school 
facilities as a set appear to be more competitive in less centralized solution$. 
The reason why this does not hold for green space relates to an assumptiop 
that we made regarding the type of this facility (see Table 3). In case df 
green space we assumed that larger green spaces have more to offer thap. 
small green spaces and therefore attract green-space trips of a higher order as 
well. In other words, for green-space demand is elastic and larger green 
spaces generate additional demand. 
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Figure 3. The plan alternative of the centralized macro-strategy. 

Figure 4. The plan alternative of the semi-centralized macro-strategy. 
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Figure 5. The plan alternative of the decentralized macro-strategy. 

Table 4. Performance indicators. 

Distance to tbe Distance of trips Total demand new 

Strategy Agent nearest facility (predicted) facilities (visits/month) 

(m) ~m~ ~redicted) 

Average Maximum Average Total Minimum . 
Retail 834 1,914 900 54,734 54,734 

Centralized Green 1,712 3,250 1,712 55,781 55,781 

School 585 1,649 668 30,363 30,363 

Retail 793 1,914 888 56,621 26,770 

Semi-centralized Green 1,305 3,092 1,437 48,808 4,846 

School 499 1,230 607 30,564 15,228 

Retail 745 1,901 875 61,598 13,954 

Decentralized Green 1,232 3,105 1,468 34,863 1,352 

School 433 1,063 579 30,746 7,243 

Finally, Table 5 shows a summary of the land-use suitability scores for 
each land-use in each plan. As it appears and in line with the earlier findings, 
the total suitability score across cells increases with decreasing centralization 
in case of each land-use. The increase is due to the distance component of 
the suitability scores, as the adjacency component stays approximately the 
same across the plans. The explanation is straightforward: in moue 
decentralized solutions distances to nearest facilities tend to be shorter b'y 
which the suitability scores increase. 

In sum, the results of this analysis indicate that a decentralized strategy 
yield a better performance in terms of the accessibility, economic 
performance and suitability indicators considered here. We emphasize, 
however, that this reflects limitations of the performance measurements 
used. As the green-space case shows, a centralized solution may outperform 
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a less centralized solution in economic performance of the facility system, if 
demand is assumed to be elastic such that larger facilities evoke more 
demand. At the same time, the performance measures used did not take into 
the possibility of decreasing economic costs that result from economies of 
scale. Larger centres may reduce the costs per unit floor space and in that 
way increase the profitability of centres. 

Table 5. Suitability scores for three macro-strategies. 

Land use Centralized (I 03
) Semi-centralized (I 03

) Decentralized (103
) 

Dist. Adja. Total Dist. Adja. Total Dist. Adja. Total 
Detached 32,9 14,5 46,4 33,7 14,5 48,2 34,9 14,8 49,7 

Semidetached 36,1 18,3 54,4 39,8 18,2 58,0 42,2 18,5 60,7 

Row house 89,6 60,5 149,6 96,0 60,8 156,8 95,8 60,9 156,3 

Retail 0,8 0,8 0,8 0,8 0,8 0,8 

Green 1,4 1,4 2,5 2,5 2,8 2,8 

Restgreen 5,4 14,4 19,7 5,4 14,4 19,8 5,8 14,8 20,6 

School 0,4 0,4 0,4 0,4 0,4 0,4 

Apartment 38,9 30,9 69,8 43,0 30,9 73,9 43,5 30,9 74,4 

Landsca e 

Industry 0,3 0,3 0,3 

Total 203,6 139,3 342,9 221,2 139,4 360,5 225,8 140,2 366,0 

4. CONCLUSION 

In this paper, we have developed and illustrated a generic multi-agent system 
to generate land use plan alternatives in an interactive environment of multi
agents. Each agent in the system is specialized in a certain land-use (i.e., 
facility agents, e.g., retail, green park and school and area agents, e.g., 
housing agents). The different agents may use different methods to generate 
plans for their land-use. Particularly, facility agents use the interchange 
algorithms and formulate their location problem as a maximum covering 
model or p-median model, whereas area agents use a different heuristic 
based on suitability analysis. Apart from the methods used, each agent in 
addition may consider different (macro) strategies in the problem solving 
process. As illustrated in a case study, centralized, semi-centralized and 
decentralized macro-strategies may be varied to generate alternative plans 
that are interesting from a planning support point of view. We conclude, 
therefore, that the approach provides a promising framework for a planning 
support system that allows users to generate land-use plan alternatives. 
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Study on a Decision Support System for Large-Scale 
Shopping Centre Location Planning Using a Multi
Agent System 

Zhenjiang Shen, Mitsuhiko Kawakami, and Ping Chen 
Kanazawa University, Japan 

Keywords: Inner city decline, Planning regulations, Planning policy, Agent 

Abstract: Multi-agent system as a bottom-up approach has been shown powerful in 
better understanding processes of urban development and growth. Most of 
them are approaching from economic theory and social behaviours but urban 
planning. This paper proposes an alternative approach to urban simulation that 
combines urban planning with agents' behaviour in multi-agent modelling thus 
to make scenarios analysis more reasonable particularly for decision based on 
urban land use plan. This paper discusses the approach as a computer 
simulative solution of a new large-scale shopping centre location for most 
regional cities in Japan where commercial heart of inner city is facing decline. 
We postulate that policy decision makers can get better understanding of the 
policies' impact on inner city commercial environment under different 
scenarios through computer experimentation. 

1. INTRODUCTION 

The commercial environment of most regional cities in Japan is experiencing 
decline in its centre area. More and more large-scale shopping malls shifting 
to out-of-city location is commonly recognised as the reason for the decline 
of city centres. Local governments have issued a series of policies in an 
attempt to promote the regeneration of central commercial environment by 
regulating the location of large-scale shopping centres. 

There is a need to develop a simulation tool to exhibit the effects of 
different policy scenarios on the regeneration of central commercial 
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environment. The context of social, economical and spatial processes in 'a 
city is a complex matter; this is exactly the situation at which multi-age1t 
system model approach can be employed (Koch, 2005). Currently, there a~e 
a number of multi-agent models that simulate complex urban phenomena or 
dynamic development process in urban land use. However, as Batty an~ 
Torrens pointed out there are inherent limits for complex system models tf 
predict urban future for purposes of problem solving (Batty and Torrenf, 
2005). We might be able to decrease this kind of limitation by implementing 
more complicated social behaviours as a procedure to approximate the real 
world environment in multi-agent simulation, and make it to be a bett~r 
virtual laboratory. On the other hand, most of urban planners have a shared 
understanding that social behaviours are regulated by social norm and 
legislation, and those regulatory requirements could be utilised for defmition 
of agents' behaviour rules in MAS simulation. Thus, not only the utility 
model based on economical and sociological theory but heuristic procedure 
based on urban plan regulations and relevant policies designated by urban 
law system can be integrated into agents' behaviour in the simulation mode,!, 
this is likely to be considered as a worthwhile recommendation fqr 
installation of more wealthy agent behaviours in urban dynamic simulation 
using MAS. 

So far at least, there are many projects that represent more and more 
acceptable and completive sets of agent behaviours in MAS simulation for 
various types of actors in urban space. Benenson ( 1998) simulated the 
population dynamics in a city, in which inhabitant agent can change their 
residential behaviour depending on the properties of their neighbourhood, 
neighbours and whole city. Ma, et al. (2004) accounted for uncertainty in 
large-scale shop location decision-making through representing developer 
agent's knowledge using Bayesian Decision Networks. CityDev, an 
interactive simulation model, provides a better reflection of reality in light of 
that it simulates the economic system of a city in its real and monetaey 
aspects, in which students can play as Mayor or planner agents (Semboloni 
et al., 2004). There is also an multi-agent land-use and transport model fqr 
the policy evaluation of a compact city from the viewpoint of urban physidtJ 
compactness, total trip length, energy consumption and the social welfare of 
residents (Kii and Doi, 2005). It has been demonstrated that multi-agemt 
technology can be further used for generating sets of alternative land-use 
plans, in which agents are land-use experts that initiate the development of 
plan proposals and communicate with each other over time in order to draw 
up the proposals incrementally (Saarloos et al., 2005). However, few of them 
explicitly include the urban planning regulations and relevant policies as the 
preconditions or rules of agents' behaviour in simulation that should n0t 
only pursue agents' optimal behaviours conducted through solvabie 
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mathematical model, but also enable the agents to behave in response to 
actual constraints in land use. 

The aim of the system presented in this paper is to provide a spatial 
decision support tool for local city planning on large-scale shop location. 
Different from other existing multi-agent studies aiming at decision 
supporting, this system utilises urban planning regulations and polices as 
agent's behaviour rules and an urban land use plan as simulating 
environment. Thus we can better measure the likely impact of land use 
policy at the local level. More specifically, planner agent provides the urban 
plan as the simulation environment and other agents who are active in the 
urban area behave consistently with rules of urban planning regulations and 
policies. Furthermore, planner agent should make proposes for revision of 
urban plan according to the simulation output of urban activities; consensus 
process under consultation of planner agent for amendment of bylaw is 
expected to be a simulative self-organization process between different 
agents. 

In this paper, a case study is conducted to validate effect of restrictive 
items that are location candidate sites and floor area upper-limitation of new 
large-scale shop, which are described for regulating new large-scale shop 
development in bylaw system of a local city, Japan. For examination the 
impact of a large-scale shop on the commercial circumstance in inner city, 
the planner agent launches a scenario; the developer agent makes decision 
where to locate a new large-scale shop consistent with restrictive items, and 
household agents make decision where to go shopping through comparing 
respective utilities measured by price, distance, floor space and so on. This 
paper is structured as follows. First, the section 2 introduces the planning 
regulations for location of a large-scale shop in Japan, which is utilised as 
planning rules provided by planner agent in simulation. The followed section 
3 outlines the framework of the system and gives an introduction to agent 
behaviour models of developer and household. Section 4 and 5 provide an 
illustration comparing different parameters and policy scenarios in terms of 
their effects on future inner city. Finally, Section 6 summarises the major 
conclusions and discusses points for future research. 

2. PLANNING REGULATIONS FOR LOCATION OF 
LARGE-SCALE SHOP 

2.1 Land use in urban planning area in Japan 

In Japan, cities executing City Planning Law are grouped into two types. The 
first type is called Delineation City (DC), for that in these cities an 



172 Zhenjiang Shen eta/. 

Urbanization Control Line (UCL) is set to divide urban planning area intb 
Urbanization Promotion Area (UP A) and Urbanization Control Area (UCA). 
UP A is the area in which a local government is willing to promotb 
urbanization and land use zoning ordinance must be carried out. UCA is thb 
area where urbanization must be constrained. Land use zone is furthdr 
classified into three major groups: residential, commercial and industri~l 
uses including twelve categories of land use zones. Another type is called 
Non-Delineation City (NDC) in which urbanization promotion area and 
urbanization control area are not distinguished, but also consists of two kinds 
of area: the Certain Uses Area in which lands are classified according to how 
they are used and "White Land" in which land use type is not defined. 
Figure 1 shows the spatial relationship in urban planning area. 

Figure I . Urban Pla!Uling Area. 

Non·Delineation City 

Certain Uses Area 

White 'land 

Out-urban-planning-area 

Delineation City 

Urbanization Promoting Area 

. Urbanization Control Area 

:; : <;~(~(i,~~;~~ri fi(n!i~~: : : 

2.2 Large-scale shops and their possible location 
according to planning regulations 

Under the Japan Large-scale Retail Location Law issued in 2000, there ar~ 
two types of large-scale retail store. The first is defined as buildings with th~ 
shop floor area of 3,000 m2 and over; the second is defined as buildings witb. 
the shop floor area of over 500, but less than 3,000 m2

• According to Japah 
Building Standards Law revised in 1995, the commercial facilities with more 
than 3000 m2 floor space are referred as large-scale facilities. Here we adopt 
3000 m2 as the threshold of large-scale shopping. , 

Among twelve land use zone categories, there are the first class low-rise 
exclusive residential district, medium-high rise exclusive residential district, 
the first class residential district, the second class low-rise exclusive 
residential district, medium-high rise exclusive residential district and 
exclusive industrial district, in which large-scale shops are not permitted to 
locate. The regulations on large-scale shop location are shown in Figure 2. 

There are also bylaws for regulating locations of large-scale shops in 
order to prevent inner city commerce from decline. Table 1 shows one ip 
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which the rules of location candidate sites, floor space upper-limitation of 
large-scale shops are stipulated. In this paper, the impact of the planning 
regulations and rules are visualized in order to observe the dynamic 
interaction of commercial environment between the inner city and its fringe. 

l"' low-rise exclusive resldentlel district 

2~'~~ low-t'"lse exclusive resldentlel district 

1"' mld-hlgh rise exclusive residential district 

2""' mid-high rise exclusive residential district 

1"' residential district 

Exc lus ive Industrial distinct 

X 

X \..a~e-scale shop are not perm~d ID loc&tl! In tf'lese Land zoning district 

0 Large-scale shop Glln be pet"mltted 1D locate In these Land zoning distric t 

A In pr-Inciple, .any development a~ pr-ohib it In Urbentz:ation Concrol Arell 

Figure 2. Regulations on location of Large-scale shop. 

T. bl 1 B I fi I . a e sy1aw or pJannmg regUJatwn o fl h arge-sca e s op ocatwn. 

Location 
Floor space upper-

candidate sites 
Sub conditions oflocation candidate sites limitation of large-scale 

shop (m2
) 

Central area CBD No limitation 
Improvement areas along main road 20000 
Other improvement areas 3000 

Railway Station Main road connecting station and other 
10000 

area large-scale transport facilities 
Cultural Areas along main road 3000 
preservation zone Other areas 1000 
Sub central area Areas along main road 5000 

Other areas 1000 
Neighbourhood Areas along main road 3000 
commercial areas Other areas 1000 
Residential areas Areas along main road 3000 

Other areas 1000 
Industrial areas Areas along main road 3000 

Other areas 1000 
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3. FRAMEWORK OF SIMULATION 

3.1 Agents in the simulation 

Planner agent 
Here, a planning conditions-based simulation approach is proposed to 
simulate the impact of large-scale shopping centres on inner city commerci.\.1 
environment. Although the model is again applied to a hypothetical city, tHe 
land use zoning and relevant policies are set the same as reality in a Japan 
local city. A planner agent is defined to provide planning information of 
each 0.25 square kilometre cell. The planning information includes not onl:y 
land use plan but also planning regulations and policies associated with land 
use type, which could be changed by planner agent in the simulation through 
making consensus with other agents. In this paper we just make suggestion 
that planner can provide planning information and generate scenarios 
according to planning regulations and relevant policies. Actually, the role df 
planner agent for making consensus with other agents is remained as a futu~e 
task. 

[J-. cityl 
• city2 
• city3 
-'. railway 
·x main road 
e big shop 
• small snap 
® railway station 
~ central commercial area 

1st. exclusive residential district 
1st. low-rise exdusive residential district 
1st. medium-hil;lh exclusive residential district 
2nd. exclusive residential district 
2nd. low-rise exclusi"¥"e residential district 
2nd . medium-hi~h exclusive residential district 
quasi residential district 
comercial district 
neiohbourino commercial district 
quasi industrial district 
industrial district 
solely industriol district 

(a) Urban Space (b) Land use zone in central city 
Figure 3. The Environment of Simulation provided by planner agent. 

The total urban planning area is represented as 50*50 cells including ,a 
central city and two neighbouring cities. The model assumes that the centr~l 
virtual city has the typical characteristics of local city in Japan: 1) with Ia 
traditional commercial centre located in the heart of the city; 2) with urbap 
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planning area divided into UPA and UCA; 3) with defined land use zones 
within UPA. The upper-left neighbouring city like is a DC like central city 
and the right-down neighbouring city is a NDC. The urban structure is 
shown in Figures 3(a) and 3(b ). Each cell on the urban space has its 
attributes defined and deployed by planner agent: The urban planning area 
types, land use zones and necessary urban facilities 

Large-scale shop developer agent 
Location can be very crucial for the development of shopping centre in the 
sense of affecting sales, market share and profits. Due to its importance and 
complexity, location problem itself has gained much interest. Modelling how 
to select a location with best competitive advantage for a shop, however, is 
not the focus of this paper. In this model, the large-scale shop developer 
agent probes the possible location for large-scale shopping centre under 
regulations and relative policies. If users click a button for launch a scenario, 
the planner agent will generate the initial setting for this scenario and the 
developer agent will search a location that matches the conditions described 
in the initial setting. To represent how the developer agent to find an 
appropriate location for a new large-scale shopping centres, we employed 
the Decision Table (T. Arentze, A. Borgers, et al, 2000) to describe this 
process (Table 2). 

Table 2. Decision table of developer agent for large-scale shop location. 

CI Scenario Center Activation (CA) 
Railway Station Neighborhood 

Development (RSD) Commerce 
Location is pennitted in 

C2 ITJPA y N y N y N 

Location is pennitted in 
C3 I land use zone(s) y N I y N I y N I 

Floor space up-limit is 
C4 y N I I y N I I y N I I 

AI Create new 8-shop y I I I y I I I y I I I 
Rl R2 R3 R4 R5 R6 R7 R8 R9 RIO Rll Rl2 

Household agent and Shop agent 
Besides of planner agent and developer agent, there are other two kinds of 
agents living in this virtual urban space for examination and exhibiting of 
impact of large-scale shopping centres (hereafter: B _shop) on small shops 
(hereafter: S_shop) in inner city commercial environment: Shop, Household. 
Shop agents are further classed into two types according to the floor space: 
B_shop and S_shop. Developer agent locates a new B_shop when he gets the 
development permission from planner agent; S_shops concentrate in 
commercial area, no new S_shop is created in this simulation. The 
relationships between agents are show as Figure 4. 

Small shops are assumed have homogeneous attributes, i.e. they have 
same goods prices and floor spaces. Households and B _shops however are 
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heterogeneous. Existing B_Shops' floor spaces are given exogenously. Ne'o/ 
B _Shop's floor space are set according to local planning regulations when h 
is opened by developer agent. All B _Shops' goods price is assumed follo.Jv 
an exponential decay with distance to city centre and is influenced by flodr 
space and unobserved factors, given by 

p 
1 

= K * EXP( -b *do)- Rnd() * S 
1 
I a ( 1) 

Where 
p

1 
is the price ofthej th B_shop; 

K is a constant, equal to the price of small shop in city centre; 

b is the price decline index, which is given exogenously; 

d oj is the distance ofthejth B_shop to city centre 0; 

Rnd () is a random number generated by computer, representing uncertain part of pri9e 

derived from the influence of shop's floor space, 
S 

1 
is the floor space of the jth B _shop; 

a is a exogenous constant, here its value is set equal to 500. 

Create 

HOUSEH~ . 
Shoppin Create t·-, 

• X f------. s_sHOP 4=-=- ( PlANNER 

•Y 
•PERMIT_DISTANCE • X 
•STATE •Y •Set_Cityl( ) 
•LIKE_DEDREE_NBSHOP •FLOOR SPACE •Set_City2( ) 
•LIKE_DEGREE_SSHOP •GOOD _)RJCE •Set_City3( ) 
•SHOP _F _B •N-SELL •Create_Zone( ) 
•SHOP_F_S •MARKETS HARE •LoaHe_Smallshop() 
•SPACE_W •Scenario_generatlon() 
•TRAVELCOST_W •Calculate _ Market_Share() 
•PRJCE_W •Set_Price() 

~Located 
•Set_Acceptable_ TO ( ) -· 

-- ~ •Speclfy_ Lo<atlon_Bshop( ) Locate UrtNon 
•Speclfy_Locatlon_S<hop( ) -~ '1 0 • Shopping_at_ Bshop() 
•Shopplng_at_S<hop() •URBAN_AREA .- ·; ',woRLii -· ,. 

L Shopping 

•LAND_ZONE . -. ..,,r ... < 
•LOCATION_PLAN 

Locate 
•CITY2_AREA •COUNT_H_ B 

•CITY3_AREA •COUNT_H,_S 
B_SHOP •INITITIAL_LOCATION •COUNT H NB 

•POTENTIONAL_LOCATION •SUM DEMAND 
•UNrf:_ TRAVEL_ COST 

•X •PRJCE_DECLINE_INDEX 
•Y 

Create •OPTIONAL_FLOOR_SPACE 
•FLOOR__SPACE '• 
•GOOD_PRJCE .3.;:BSHOP _DI!V!LOPER --../ 
•N-SELL •Create_Household_( ) 
• MARKETSHARE •Get_Sum_Demand( ) 

•Cout_Shopping_Household 

•Ca lculate _ Market_Share( ) 
•Lo<ate_Exlstlng_Bshop( ) •Market_Statlstlcsffi 

•Set_Price( ) 
•Create_New_Bshop() •Stop_Simulatlon() 

Figure 4. Objects and agents in the urban space. 

To simplify, we assume that all households in one cell space have the 
same shopping preference and are represented by one household agent 
(hereafter 'household' means 'household agent'). The household agents ar:e 
supposed to have different estimates as to distance, price, or shop's floor 
space when decide where to go shopping. Through simulation, the market 
shares for both of B_shop and S_shop will emerge as spatial pattern in th~ 
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simulation world. The change of spatial ratio of S_shop to B_shop could be 
employed to assess scenarios generated by planner agent. 

3.2 Household shop choice model 

We adopt a standard random utility framework (Baltas et al, 2001) for 
household shop choice. In every step, what a household basically does is 
continuously comparing the shopping utility of optional shops and choosing 
where to go shopping unless his demands have been satisfied. When the total 
demands of all agents are satisfied, the simulation process will be ended. We 
assumed that: 
( 1) The goods sold in all shops are homogeneous, i.e. the household goes to 

buy the same goods at all the shops. 
(2) Each household has a constant demand for goods (i.e. 50 units demand). 
(3) Each step, a household wants to buy a unit of demand. 
(4) A household only consider shops within a certain distance, his reachable 

distance y. 
(5) When available shops are under equal conditions in terms of utility, the 

household chooses one from them randomly. 
The utility of household i associating with alternative shop j is given by 

Uij=Vij +cij (2) 

f 1 ex ,u> = /],, • x iij 
TC" =A., • a • ~r-(x_; ___ x 

1
-).,-2 +-(y-i --y-

1
--=-y 

Where 

V is the deterministic part of the utility. 
lj 

(3) 

(4) 

(5) 

x.if is the kth attribute describing store j presented to household i., 

including price X1i and floor space X2i. 

f/X "') is a function to evaluate the attractiveness of the kth attribute of 

shop j to household i. 
TCif is a measure of the disutility of travel between site of household i 

and site of shop j. 
/], is a specific taste weight of the household i with respect to the 

attribute k of a shop. 
"t is a parameter reflecting the attitude of the household i toward the 

cost of travel, here it is set equal to -1. 
a is an exogenous constant that represents the unit travel cost. 
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c .. is the unobserved random component of utility that is used to capturte 
CJy 

uncertainty of shopping behaviour. 
The shop with the highest utility is supposed to be chosen, given by 

p {choice is}} = p { u ij ~ u,k' for all k:l= j} (6) 

The simulation model described in this paper is currently implemented ip 
KK-MAS (http://www2.kke.co.jp/mas_e/MASCommunityl.html), a tool fqr 
simulation of complex systems. 

4. SENSITIVITY ANALYSIS FOR SIMULATION 

Simulation process 
The shopping behaviours of household agents as described in section 3 are 
simulated for producing market shares of shop agents in urban space in order 
to visualize the impact of the new B_shop, which bring S_shop agents in a 
city centre into more intense competition.From the description given in 
section 3, the simulation process can be implemented as follows: 
(l) Planner agent set urban planning areas, land use zones and commercial 

centre location. 
(2) S_shop agents and existing B_shop agents are created in the urban space. 

Household agents are created and distributed to the whole central city 
urban planning area. 

(3) Developer agent places the new B _shop in urban space according t.o 
defined scenarios and planning regulations. 

(4) Give the initial values of parameter exogenously including unit travel 
cost, reachable distance and B _shop price decline index for the 
household shop choice model. 

(5) Households then decide where to go shopping as described in section 3, 
until their demands are fulfilled. 

Before policy scenarios simulation, we conduct a sensitivity analysis for 
our simulation model; see Figure 5 (a-d). At the moment, each parameter is 
examined respectively; we argue that if one parameter is proved valid in 
affecting shopping behaviour, it is self-evident that all parameters can work 
together to impose such affection. 

Unit traffic cost (a) 
Figure 5(a) shows the relationship between shop-sale and unit-travel-cost. 
Given that all shops are accessible to household (reachable distance=30), the 
less the unit travel cost is, the more likely the household to go shopping ~t 
out-centre large-scale shops and the less amount of goods the central centre 
sell. It is obviously that, if unit travel cost equal to 0, the market share of 
central small shops will shrink to 0. 
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a=20 a=50 a=lOO a=l50 
• Household shopping at S_shop • Household shopping at B_shop 

y=30,b=O,S1=10000, S2=20000 
(a) Unit travel cost and shop-sale spatial pattern 

y=5 y=lO y=l5 y=20 
• Household shopping at S_shop • Household shopping at B_shop 

a=O, b=O, S1= 10000, S2=20000, 

b=O b=0.04 b=0.08 b=O.l 
~ousehold shopping at S_shop ~ousehold shopping at B_shop 

a=l50,y=30,S1=10000, S2=20000 
(b) Price decline index and shop-sale pattern 

==== 

S1 = 3000 S1=8000 S1=12000 S1=20000 
• Household shopping at S_shop 1111 Household shopping at B_shop 

a=l5, y=30, b=0.05, S2=20000, 
(d) Floor space and shop-sale spatial pattern 

Figure 5 Parameters validation 
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Reachable distance (y) 
Figure 5(b) shows the relationship between reachable distance and shop-sale. 
Reachable distance is a variable that indicate how far the household will B{ 
able to go shopping. In simulation, when reachable distance is less than 1 T' 
the sale amount of both B_shops and S_shops is increasing. After this poinr, 
the sale amount of S_shops decreases sharply. This is accounted for by t:Qe 
fact that once the large-scale shop is accessible, and do not need to pay travel 
cost, all reasonable people will choose to shop at the large shop. 

Price decline index (b) 
Figure 5(c) shows the relationship between price decline index and shop-sal

1
e. 

In simulation, when keeping other parameters as constant, the Price decline 
index and the sale amount of the shops present an approximate linear relatic>n. 
The larger the index is, the lower the B_shop's goods price becomes and tile 
lower the sale amount of S_shop is. This is consistent with our experience 
that the lower price of B _shop can usually attract more households. 

Floor space (Sj) 
Figure 5(d) shows that central shops sale performance is also affected by t~e 
B _shop's floor space. The larger floor space implies that the B _shop can 
serve goods with lower price according to the equation (1), which also 
indicated that floor space may affect price in an unobservable way. For 
example household may relate larger floor space to better shopping 
environment and more goods choice. So the increase of larger floor space 
will cause S_shops to lose their customers. 

All above four cases are simulated in the same land use planning setting; 
the parameters validated in this section have good expression in the 
simulation. Households' shopping behaviours are significantly affected by 
factors, such as travel cost, shop location, price and floor space; thus resu~t 
in different shop-sale spatial patterns that indicate city centre comrneroe 
performance. 

5. POLICY SCENARIOS EVALUATION 

As described in Table 1, there are two important indicators that are regulated 
location candidate sites and floor space upper-limitation in the bylaw for 
regulating new B_shop development. For examination of the two policy 
variables, planner agent generates the potential scenarios in simulation. 

As regulated location candidate site is a discrete variable, planner agemt 
employs a decision table for creating scenario (Table 3). Comparatively, the 
floor space upper-limitation value can be tested in simulation because it is 
simulative continuous variable. In respective location candidate site as 
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different scenario, the policy analysis of floor space upper-limitation can be 
conducted. 

Table 3. Decision table of planner for generating scenarios. 

Cl Scenario Center Activation (CA) 
Railway Station Development Neighborhood Comrreroe 

(RSD) Promoting (NCP) 

C2 Location is in center y N y N y N 
Location matches zone 

CJ type y N I I y N I y N 
Location is consistent 

C4 with bylaw y N I I I y N I I y N I 
Vlstanoe to eXJstmg 

C5 shops is appropriate y N I I I I y N I I I y N I I 

AI Set potential location y I I I I I y I I I I y I I I 

A2 Set floor space up-limi N I I I I I 10000 I I I I 3000 I I I 
Rl R2 R3 R4 R5 R6 R7 R8 R9 RIO Rll Rl2 RIJ Rl4 RIS 

Because some location candidate sites are similar in terms of impact on 
city centre S_shops and our purpose is to verify the effectiveness of MAS in 
policies analysis, some location candidate sites are excluded in this 
experiment. The following three scenarios are compared: 

1. Centre Activation (CA): To reverse the decline, encourage large
scale shop to locate in the centre commercial area without upper
limitation for floor space, but strictly restrict out-centre location. 

2. Railway Station Development (RSD): In order to develop railway 
station area into a comprehensive business area, B _shop can be 
opened near the station, with an upper-limitation of 10000 m2

• 

3. Neighbouring Commerce Promotion (NCP): To improvement 
community convenience, encourage B _shop to locate in 
neighbouring commercial area, with an upper-limitation of3000 m2

. 

The base scenario with two existing B_shops as described in section 3 is 
compared to CA scenario, RSD scenario and NCP scenario. All these 
alternative scenarios are simulated with same initial parameter setting as 
base scenario (Table 4), which is a scenario in which no new B_shop 
development would be permitted. This allows us to compare the policy 
implications for the centre shops. 

Table 4 Basic setting in simulation, which are the same in different scenarios 
Initial setting for simulation 
Unit travel cost= I SO; 
Permit distance=30; 
Price decay index=O.OS; 
Floor space of small shop=300 
Floor Space of ! 51

• Big Shop=IOOOO; 
Floor Space of2"d. Big Shop=20000 

Small shop price=300 
Each household demand=SO 
Household number= 1270 
B _shop agent number=2(basic scenario) 
B_shop agent number=3(other scenarios) 
S shop agent number= 17 
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5.1 CA scenario 

The spatial effects of CA scenario in which a new B shop without floor 
space upper-limitation is set at the central commerce area as shown i~ 
figures 6, 7. The spatial pattern in Figure 6 is represented by the distributiop 
of market share of centre S _shop. From a comparison with Base scenario, ft 
can be seen that with the establishment new B _shop the original centre shop 
is faced with fierce competition and they lost most of their market share. But 
from the Figure 7, it can also be told out that the whole centre market share 
is greatly improved. This indicated that CA scenario do have effect in the 
sense to improve the market performance of city centre, but may do severe 
harm to the centre S _shops if there is no limitation on B _shop's scale. 

• Mt~rket sh~e ~ 80% I 
B 50%~ market share< EiOOk. 
• 25% 50 market share< 50"'.4 
• lo<Yo~ market s~re < 25% 
D M.5rket sh.5re < 10% 

Floor space = 3000 Floor space=SOOO Floor space=8000 

• Marl<et·shar-e ~ 80% 
• 50% ~market share < 80% 
• 25% ~IJ1arket sh.ere < 50% 
• 10%~ mMi<et sh.!Jre < 25% 
0 Market .share < 10"/o 

Floor space = 10000 Floor space= 15000 Floor space=20000 

Figure 6. S_shop-sale patterns inCA scenario. 
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10000 

~ 25000 

~ 20000 

! 15000 

.ll 10000 

5000 

OL_-~----~-~---~==~ 

8 10 15 18 20 

Floor Space of New &_Shop 

........,._s_shop 
------ ExlstJng B_Shop 
-o- New B_Shop 
-+-Center 

Figure 7 The sale statistics in CA scenario (floor space unit: I 000 m2). 

5.2 RSD and NCP scenario 

The effects of scenario RSD and NCP on centre small shop are not as 
remarkable as those in scenario CA, but reflect that both of RSD and NC}> 
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have no any help to promoting the centre commence development, see 
Figure 8. To compare, we make developer in three scenarios to give a 
standard floor space to new B_shop, 3000 m2

• Then an interesting result 
generate out, as show in Figure 9. In later two scenarios the loss of market 
share of S_shop caused by the new B_shop is more than in CA scenario. 
This further indicates that the CA scenario might be an effective measure to 
improve the activity of centre commerce if there is a reasonable limitation on 
B_shop's floor space. 

CA scenario RSD scenario NCP scenario 

Figure 8. S_shop-sale pattern in RSD and NCP. 

30000 

25000 

c 20000 , 
Q 

E 
< 

!5000 . 
10000 ~ 
5000 

0 
Base CA RSO NCP 

Scenarios 

• Market share ~ BOOk 
• SO% ~ mari<:et shara < 80% 

• 25% smerket share < SO% 
• 1~~ market share < 25% 
0 Market share < lO'Vo 

(when floor space of new B_shop=3000 m2
) 

Figure 9. Centre area and S_shop-sale in scenarios. 

6. DISCUSSION AND FURTHER RESEARCH 

In this study a multi-agent system is presented in the context of Japan to 
simulate the process of city centre decline through local interaction. By 
introducing real urban planning regulations and relevant policies to forming 
agent's behaviour environment and rules, this study explores a way to 
improve the persuasion of future simulated in MAS and thus better support 
urban planning decision-making. 

Land use zone regulation of national law system and local bylaw for new 
B _shop are adopted in this study, consequently the potential location 
candidates of new B _shop can be limited to narrower extent through 
decision tables. Multi-agent approach exhibits how market spatial pattern 
emergent from household shop choice process affected by urban policies. 
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This suggested that it is feasible for urban planners to regulate local bylaw to 
direct the development of B_shop. Specially, in this paper, the impact df 
B _shop on the commercial environment of city centre is visualized in sever*l 
scenarios different in the value of the upper-limitation of floor space an~ 
possible location for B-shop. ~ 

However, there are still many challenges remained for further researc . 
The most important challenge is how to evaluate spatial patterns that do n . t 
have adverse impact on inner city through agents' interaction. The second is 
how to considerate agents' self-organization process for making consensus. 
Moreover, given the complexity of urban systems, more social-economic 
information should be taken into account in simulation. Though the system 
now is able to visualize the processes and relations between shop location 
and inner city decay based on Multi-agent platform, there is still a big 
limitation in dealing with data and visualization. In future we will integrate 
the model with GIS, and then more satisfying outcomes can be expected. 
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Abstract: People only move a limited number of times during their lifetime. Factors such 
as high financial costs, local social networks, emotional bounds, etc. make that 
people typically postpone this decision as long as possible, up to the point 
where the benefit of alternative housing outperforms all these factors. Then 
things generally have to go fast. This combination of time-pressure, high costs 
and lack in experience turn residential search and location choice into a 
complex decision process. This paper presents a model developed to grasp 
some of this complexity. Households are approached as autonomous decision
makers continuously evaluating whether to search for information, to visit 
houses for inspection, to start negotiating with the owner of a house for sale or 
to do nothing and stay in the current house. Households make these 
evaluations on the basis of beliefs regarding their environment and update 
these beliefs each time they collect new information on this environment. 

1. INTRODUCTION 

Dynamic micro-simulation models simulate behaviour on the level of 
individuals and this over a period of time. Applying this approach to 
residential search and location choice would allow planners, developers, 
policy makers, and the like to assess the impact of planned interventions, 
projects and policies. It would, for example, give a developer, considering 
constructing housing in a certain area, an indication of the profile of 
interested buyers, the rate of selling, the prices buyers are willing to pay, etc. 
all this relative to the required investment. 
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For a model to dynamically assess plan proposals, the modelle~ 

population should be able to react and even pro-act to these proposals. Th~s 
makes that modelled individuals thus have incomplete knowledge of their 
own future and the future of their environment and thus have to ma~e 
decisions on the basis of beliefs regarding this future. To reduce th1e 
uncertainty involved in this decision-making, each individual will search f~r 
information. Searching typically involves a series of decisions: when to statt 
searching, when to stop searching, how much information to collect prior tb 
evaluation, which information to remember and which to forget, how much 
to rely on experience, to name just a few. Search methods and models differ 
in how these decisions are implemented. For an overview see Chorus et al. 
[2005]. 

Models adopting a behavioural approach to searching are generall~ 

divided into two categories depending on how they address the above 
decisions [Baryla et al. 2000, Wadell 2001]. On the one hand there ate 
models that assume individuals to search by first evaluating all availablb 
choice alternatives in order to then make the best choice. There is no 
provision for continued search. Models belonging to this category are known 
as Fixed Sample Size (FSS) models. For examples in the context of 
residential search see Blijie [2004] and Ettema [2005]. On the other hand 
there are models that assume individuals to search by evaluating only one 
choice alternative at a time, on the basis of which the individual decides 
whether to continue searching or not. In this approach not all alternatives 
need to be assessed. Models belonging to this category are known as 
Sequential Search models [Richardson 1982]. For an example in the context 
of residential search see Torrens [2001]. FSS models are fast but costly, 
whereas Sequential Search models are slow but flexible. It is proven that a 
more realistic way of searching lies somewhere in between these approaches 
allowing individuals to sequentially evaluate a number of choice alternatives 
(instead of all or just one) before having to make a decision [Morgan anp 
Manning 1985]. In the context of residential searching, a household might 
evaluate all the ads in one newspaper to then decide whether to visit an 
advertised house for inspection or to consult another source of information. 
It is the aim of this paper to present a model allowing for this type of search
behaviour where households make all the above decisions based on 
incomplete information, anticipating changes, trading off search-costs and 
search opportunities; all this in a dynamic fashion . FSS and Sequential 
Search could then be interpreted as special cases of this behaviour. 

In section two, the conceptual framework of the model is introduced and 
implemented. In section three, a series of simulation results is discussed, 
assessing the face validity of this framework. The paper ends with some 
conclusions and suggestions for future research. 
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2. FRAMEWORK 

2.1 Basic decision process 

Households make location-choice decisions in a physical and social 
environment. The physical environment refers to the housing market; the 
social environment refers to other households. A household might consist of 
multiple household-members. Each household-member has a series of 
characteristics, influencing his or her life course. Over time, each member 
grows older and so its life course changes; apart from this, the environment 
changes. Assume that each household-member attempts to maximize the 
utility of his life course. For this reason, the individual member will try to 
behave strategically, anticipating his own changes and the changes of the 
environment. This also counts for decisions related to housing. In order to 
maximize the lifetime utility expected from living in any house, the 
individual will continuously evaluate whether it would be better to move to a 
new house or whether to stay in his current house. The individual member 
will not make this decision alone but does this as a household, having to 
arrive at a joint choice. In this paper, joint choice is implemented assigning 
an identical weight to the choice of all household members assuming all to 
contribute in a similar fashion to each decision. Other, more realistic intra
household relations could be incorporated in future model versions. 

When making these decisions households have to rely on partial and even 
imperfect information on their environment. In order to reduce this 
uncertainty, households search for information. Searching is implemented as 
a two-stage process where the individual first collects a series of potentially 
interesting choice alternatives from an information source to then visit some 
of these alternatives gaining full information. The assumption is that a 
household will only decide to buy a house once it has complete information 
on this house. Once the household made up its mind regarding which house 
to move to it will have to negotiate with the real-estate agent selling the 
house to come up with a price at which to buy the house. This process of 
searching, visiting and negotiating is not necessarily a sequential process; a 
household might for example decide to start searching again in information 
sources after already having visited a series of houses. The household thus 
has to decide, at each moment in time, whether to search, visit, negotiate or 
do nothing. Because a household cannot predict the outcome of each of these 
actions with certainty, it will have to make this decision on the basis of 
beliefs. Each time an action is executed; all household members have access 
to new information. On the basis of this information all members can then 
update their beliefs (see Figure 1). 
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(a) 

(b) 

(c) 

Figure 1. Basic decision process. 

2.2 Beliefs and belief updating 

A house is defined on the basis of a series of attributes such as housing
typology, size, neighbourhood population, number of rooms, distance to the 
nearest city centre, price, etc. Each unique combination of attribute values is 
referred to as a housing-class, denoted as v = 1, ... , V. Houses for sale are 
stored in information sources representing newspapers, social networks, 
estate agents, websites, etc. Each information source has a series of attributes 
such as number of published houses, composition, quality of information, 
credibility of information, etc. and could be related to a geographical area, ,a 
particular culture, etc. Once a household decides to consult a particular 
information source it evaluates all the houses advertised in that source. A 
source typically only provides partial information, meaning that the reader is 
only certain about the value of some attributes of the houses for sale. On the 
basis of some attributes that are always known, the household will define 
housing-categories, denoted as k = 1, ... , K . Each housing-class v belongs 
to only one housing-category k . Only after visiting a house for inspection, 
the household will have full information on the values of all attributes. 
Until the household visited the house, it will thus have to rely on beliefs 
regarding the values of the unknown attributes. In the presented model, we 
assume individuals to classify phenomena of interest into sets of discrete 
states/outcomes such as housing-classes and -categories. Beliefs then 
represent subjective probabilities that the phenomena fall within any of these 
states. Households have beliefs regarding the probability of finding ady 
housing-category on the housing market, called category-beliefs and denot~d 
as Pr(k). Households search for houses for sale in information sources. T* 



Modelling Residential Search and Location Choice 189 

actual probability of finding a house belonging to a housing-category k in a 
source s then depends on the attributes of this source. Suppose we are 
interested in the probability of not finding any house belonging to a housing
category k in source s, denoted as Pr(k ~ s). This probability equals the 
probability that all houses of the source belong to another housing-category: 

Pr(k ~ s) = [1- Pr(k)]"'Cs) (l) 

l"(s) represents the expected number of published houses of source s 
and is called source-beliefs. Note that Pr(k) represents the probability of 
finding a house belonging to category k on the housing market as a whole. 
The probability of finding a house belonging to category k in source s then 
becomes: 

Pr(k E s) = 1-Pr(k ~ s) = 1-[1- Pr(k)]'"Cs) (2) 

The underlying assumption is that all sources have a housing-category 
distribution identical to the one of the housing market. Pr(k E s) therefore 
only depends on the expected number of published houses of the source. In 
future simulations, this assumption will be abandoned so that the 
composition of the source will also be taken into consideration. The 
individual evaluates this probability on the basis of expected number of ads 
I" (s) because at the moment of evaluation, it has no exact knowledge on the 
actual number I ( s) and thus has to estimate it on the basis of beliefs. I" ( s) 
is implemented as the sum of all possible number of ads weighted with the 
respective beliefs Pr(l(s) =I): 

I" ( s) = L Pr(l ( s) = 1)1 (3) 
I 

Besides category- and source-beliefs, the individual also has beliefs 
regarding the probability of finding a house on the housing market belonging 
to a housing-class v conditional on housing-category k , called class-beliefs 
and denoted Pr(v I k), and beliefs regarding the probability of successfully 
buying a house at a price c conditional on housing-category k , called price
beliefs and denoted Pr( c I k) . 

Beliefs are based on previous experiences and other sources of 
information, with varying degrees of credibility. For example, each time a 
household consults a newspaper or visits a house for inspection it has access 
to new information. On the basis of this new information, the household
members can update their beliefs. We assume this updating to go as follows 
[Arentze 2005]: 
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(4) 
i 

Pr/ expresses the probability that the observed attribute has value i f t 
time t. Parameter a= [0,1] expresses the relative weight an individual 
assigns to accumulated past experiences W1 

• If a = 1, full weight is given 
to previous experiences that is the number of times the individual has made 
the same observation until t + 1. In contrast, if a = 0, past experiences have 
no impact at all . One might interpret this as the individual forgetting what he 
or she has gone through. Parameter 8 expresses how certain the individual 
is about the newly gained information. 8 will vary between 0 (perfect 
incredibility) and 1 (perfect credibility). Recall that the information 
published in an information source is incomplete. Consulting such a source 
thus only provides the individual with partial information. Visiting a house 
for inspection, on the contrary, provides the individual with full information. 
At the start of simulation beliefs have to be initialized. This will be deal t 
with in the numerical simulation section. 

2.3 Search and choice process 

Recall that a household has to decide, at each moment in time whether to 
search, visit, negotiate or do nothing. The household will select the action 
maximizing the lifetime utility expected to derive from living in the house 
acquired through one of these actions. The probability that the household 
will decide to search is: 

(5) 

Z refers to searching, EU z, EUb and EUn refer to the expected lifetime 
utility related to, respectively, searching, visiting and negotiating, and V 0 

refers to the lifetime utility derived from staying in the current house. T~e 
decision of which action to pursue can be represented with a Decision-Tree 
as in Figure 2. A Decision-Tree is a tool to formalize problems in decision
analysis [Neapolitan 1990]. Working with a tree implies, first, evaluating all 
the actions in this tree to then select and execute the action with the highest 
expected utility. 
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U(v, c)-c'-c'-c'-Ll. 

move U(v,c)-c'-c'- Ll. 

lf move 

U(v,c)-c'-Ll. 

lf 
move 

action 4: stay lf 

Figure 2. A Decision-Tree illustrating the decision of which action to pursue. Each node 
implies one decision: in a square node (or decision-node) the decision only depends on the 

agent, in a round node (or chance-node) the decision depends on what happens in the agents' 
environment. 

Recall from section 2.1 that a household has to visit a house for sale 
before it can start negotiating and that a household can only visit houses for 
sale it found during searching. Consider as an example a household that just 
experienced a change in its life course (e.g. divorced) and for this reason 
expects to derive more lifetime utility from other houses for sale. It will 
select the information source it expects to be the best source available and 
evaluate all published houses for sale, storing potentially interesting houses 
in a list of houses to visit. In the following decision round, the household 
will again evaluate all actions, considering whether it would be more 
beneficial to consult another information source or to visit one of the stored 
houses for sale. In the same fashion, the household will add houses it visited 
and finds acceptable to a list of houses to negotiate over. The household thus 
starts without any experience gaining knowledge with each decision-round. 
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2.3.1 Action 1: searching 

In the search-branch of the Decision-Tree, the individual evaluates th~ 
expected utility of all available sources to then select the best one: 

EUz = max[EU(s)] 
s 

EU(s) represents the utility expected of searching in source s. This 
utility depends on the beliefs of the individual of finding houses belonging to 
particular housing-classes in this source (the second node in the search
branch). If he or she would perfectly know the contents of a source, theh 
EU(s) would be the lifetime utility the individual expects to derive frorh 
living in a house belonging to the best housing-class v available in th~ 
source, or belonging to the housing-class it is currently living in: 

EU(s) = max[EU(v)- ez] (7) 
v 

cz = yz log(~U)t~ 

cz represent the costs related to consulting a source and are defined 
dependent on the change in utility ~U due to a change in life course. Such a 
change might make that a house no longer answers all the needs of the 
household generating a decrease in experienced utility. t~ refers to the time 
the household is already searching. Assuming the costs to increase with 
search time, t~ is a measure for search-effort. Besides consultation-costs, 
there are also costs related to visiting a house, called inspection-costs and 
denoted cb and costs related to negotiating over a house, called negotiation
costs and denoted en . eb and en are defined dependent on ez: eb = rb e• 

d n nz ·h z b d n ·h h h an e = y e , Wlt y , y an y aS Wetg t parameters SUC t ~t 

rn < rb < rz < 1. The underlying assumption is that households with a 
I 

minor loss in utility will favour searching over visiting and negotiating ( ei 
b n ' and thus c and e converge to zero). As the loss increases, households 

will start to prioritize negotiating over visiting over searching so that thb 
costs of visiting and negotiating become relatively lower than those ¥ 
searching. As such, costs represent a heuristic, making households beha~e 
strategically, preventing them from always searching in the same source. 

In reality individuals have limited a-priori knowledge about the contents 
of a source and thus cannot be certain whether any housing-class will b:e 
listed or not. Let v; ( i = 1, ... , V) be an ordered list of all housing-classes 
theoretically available such that, for the individual 
EU(v1) > EU(v2 ) > ... > EU(vv) and let Pr(v1 E s) denote the individuals 
belief that housing-class v1 appears in information source s: 
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Pr(v E s) = ~)Pr(v I k)Pr(k E s)] (8) 
k 

Pr( v I k) represent the class-beliefs and Pr( k E s) is as defined in 
Equation 2. Recall that a housing-class v can only belong to one housing
category k . The individual will weigh the expected utility of this class with 
the belief that it is present in the source Pr(v1 E s)EU(v1) . The same for the 
second favourite class, this time weighing the utility with the belief that the 
favourite will not be present and the second favourite will be present 
Pr(v2 E s)Pr(v1 ~ s)EU(v2 ). Because the individual is uncertain regarding 
the presence of any housing-class, he or she will repeat this evaluation for all 
classes V , each time weighing the expected utility with the belief that a 
particular class will be present and all better ones not. The sum of these 
weighted utilities then represents the expected utility of the source. Equation 
7 then reads: 

EU(s) = IPr(v;)[EU(v)-cz] 

i-1 

Pr(v;) = Pr(v; E s) IJ Pr(v1 ~ s) 
j=l 

(9) 

(10) 

The lifetime utility an individual expects to derive from a house not only 
depends on the attributes of this house but also on the price; the higher tills 
price the less resources the individual has left for other activities, lowering 
his or her overall utility. EU(v) therefore depends on the beliefs the 
individual holds with respect to the price c he or she expects to pay for this 
class (the third node in the search-branch). 

EU(v)= IPr[c(v) =c][EU(v,c)-cb] (11) 
c 

Pr[c(v) = c] represents the belief that a housing-class v can be bought 
for a price c and cb represent inspection-costs. 

This brings us to the last node of the search-branch where the household 
has to decide whether to move to a house belonging to housing-class v with 
cost price c or to stay living in its current house. It will decide to move if 
the expected lifetime utility of the house for sale exceeds the lifetime utility 
of the current house U 0

: 

EU(v,c) = max[U(v,c)-cn -~,U0 ] (12) 
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en represent negotiation-costs and d refers to a resistance to change 
incorporating that the expected lifetime utility of living in an alternati~e 
house should significantly outperform the lifetime utility of the currel)t 
house before the household will even consider moving. 1 

Recall from the decision tree that the household will first evaluate all 
actions to then execute the action with the highest expected lifetime utili~. 
Assume that the household evaluated all actions and that it expects to deri~e 
the highest utility from searching in information source s . The househol~ 
will then consult this source looking for potentially interesting houses for 
sale. Recall that, while consulting, the household gains full knowledge on 
the content of the information source. But because the housing marbt 
changes continuously, this knowledge is only temporary. The individual can 
therefore only update his or her category- and length-beliefs (using Equation 
4) tuning them to what is available on the market, at that moment. Because 
of this updating another action might become the best one to choose. 

2.3.2 Action 2: visiting 

A source only provides partial information making that a household is never 
completely certain whether an advertised house matches a housing-class, 
either because the description in the information source is incomplete or 
because the source is not hundred percent credible. The lifetime utility 
expected to derive from a house for sale EU(o) therefore depends on the 
belief that it matches one of all possible housing-classes v : 

EU(o) = IPr(v(o) =vI k)EU(v) (13) 
v 

Pr( v( o) = v I k) represent the class-beliefs as introduced in section 2.2 
and EU(v) is the expected lifetime utility of housing-class v as defined i'n 
Equation 11. Each house for sale of which the expected lifetime utility 
exceeds the lifetime utility of the current house, incorporating resistance to 
change, is added to the list of houses to visit. In the visit-branch of t* 
Decision-Tree, the individual will evaluate the expected utility of all hous{ls 
for sale stored in this list of houses to visit to then select the best one: 

EUb = max[EU(o)] (14)' 
0 

E U ( o) is as defined in Equation 13. Assume again that the househofd 
evaluated all actions and that it expects to derive the maximum utility from 
visiting a house o . The household will then visit this house for inspection 
gaining full information on the values of all attributes of this house. On the 
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basis of this acquired information the household members will update their 
class-beliefs and reassess EU(o) . If this reassessed EU(o) exceeds the 
lifetime utility of the current house, incorporating resistance to change, the 
household will add the visited house to its list of houses to negotiate over. 

2.3.3 Action 3: negotiating 

In the negotiation-branch of the Decision-Tree, the individual evaluates the 
expected utility of all houses for sale stored in the list of houses to negotiate 
over to then select the best one: 

EUn = max[U(o)] 
0 

U(o) = max[U(v,c) -en -L\,U0
] 

(15) 

(16) 

At this moment, the household has full information on house o . U ( o) 
thus represents the lifetime utility of a house o belonging to housing-class 
v and price-class c . 

Assume again that the household evaluated all actions of Figure 2 and 
that it expects to derive the maximum utility from negotiating over a house 
o . The household will then contact the estate-agent selling the house and 
start negotiating trying to agree upon a price at which to buy the house. Each 
negotiation round the buyer has to decide whether to accept the price and 
buy the house, or reject the price and search for another house or propose a 
counter-price. The buyer will make this decision on the basis of beliefs 
regarding the behaviour of the seller and the situation on the housing-market, 
trading off utility, urgency and availability. The seller, in turn, has to make 
the same decision. The negotiation stops when both agree upon a price or 
when one withdraws. As stated in the introduction, the main focus of this 
paper lies on the search process. The negotiation process is therefore kept as 
simple as possible: a house will be sold, if the price the buyer proposes 
exceeds a minimum price defined by the seller. In case of a successful 
negotiation, the household will move to the house, in case of a failed 
negotiation, it will remove the house from the list of houses to negotiate 
over. A model incorporating the negotiation process in full detail is being 
developed in parallel [Devisch et al. 2005]. -

2.3.4 Action 4: staying 

The lifetime utility of staying U 0 (action 4 in Figure 2) is equal to the 
lifetime utility derived of living in the current house. Staying is interpreted 
as passive searching incorporating that individuals are exposed to 
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information, and thus search continuously whether or not they are aware qf 
it. In the current model, passive searching is implemented as actiVe 
searching, be it in a passive information source. 

3. NUMERICAL SIMULATION 

The proposed framework is implemented in the context of student housing. 
The city of Eindhoven in the Netherlands makes up the housing market and 
the students studying at the Eindhoven University of Technology make up 
the population. During the simulation students may change residence 
reacting to changes in their environment, such as cheaper rooms, or reacting 
to changes in their own life course, such as the need for more privacy. 
Students can either move away from their parents, move back to their 
parents, move to another residence or leave the housing market. As students 
typically do not buy but rent their housing, the applicability of the student 
scenario is limited. The purpose is therefore only to assess the face validity 
of the conceptual framework. 

Housing Market settings 
The housing market is modelled as a collection of neighbourhoods, in turn 
modelled as a collection of housing-complexes, consisting of a number of 
housing-units; one unit per student-household. Each housing-unit is defined 
through a unique set of attributes as illustrated in Table 1: number of rooms 
and size are defined on the level of the housing-unit, housing-typology and 
number of housing-units are defined on the level of the housing-complex and 
neighbourhood-population and distance to the campus are defined on the 
level of the neighbourhood. Data on these attributes is obtained via housing 
agencies currently working within the Eindhoven student housing market. 
Recall from section 2.2 that households classify housing-classes in(o 
housing-categories, defined on the basis of attributes that are always knowD; 
in this simulation this are housing-typology and size, making up 9 housing
categories. 

Table I. Housing-unit attributes (left) and individual attrib utes (right). 
housing-un~ attributes values individual attributes values 

housing-typology student housing, hospita, appartment gender male, female 
size small , average, big study-year 1 to7 
number of rooms 1 to2 budget 200 to 1000 
number of housing units low, average, high living as a single yes, no 
neighbourhood population uniform, slightly mixed, multi-cultural living with parents yes, no 
distance to campus close, average, far 
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Population settings 
The student population is modelled as a collection of individuals forming 
households. Most student-households will only consist of one student. Some 
students might live together as a couple though. Each individual student is 
defined through a unique set of attributes as illustrated in Table 1: gender, 
study-year and budget are defined on the level of the individual student; 
living with parents and living as a single are defined on the level of the 
household. As with the housing-units, students are classified into student
categories, be it on the basis of attributes that can change over time as 
illustrated in Table 2. Data on student attributes is obtained via the database 
of the university and a questionnaire distributed among 600 students. 

T. bl 2 s d a e tu ent-categones. 

study· year living as a single 
living with 
parents 

student category 1 <=3 yes yes 
student category 2 <=3 yes no 
student category 3 <=3 no no 
student category 4 >3 yes yes 
student category 5 >3 yes no 
student category 6 >3 no no 
student cateqorv 7 Sto_lll)ing 

Each student has preferences regarding the kind of housing-unit and 
neighbourhood he or she would like to live in. Seven preference-profiles 
have been defined, relative to the housing-typology and size of the housing
unit. A student with preference-profile five, for example, has a preference for 
living in an apartment and has no preference for any particular size. The 
utility values matching each preference-profile are estimated on the basis of 
a stated preference experiment, of which some are illustrated in Table 3. 

Table 3. Utility values regarding the housing-unit attribute 'size'. 
housing-unit size 

small medium large parents 
preference profile 1 1.00 1.90 2.20 0.00 
preference profile 2 0.00 1.90 2.20 0.00 
preference profile 3 1.00 1.90 2.20 0.00 
preference profile 4 0.00 1.90 2.20 0.00 
preference profile 5 0.80 1.90 2.20 0.00 
preference profile 6 0.00 1.90 2.20 0.00 
preference profile 7 0.00 0.00 0.00 2.20 

Recall that agents anticipate changes in their life course, evaluating 
decisions on the basis of lifetime utility. A change in life course is modelled 
as a student changing student-category. With each change, the student might 
change preference-profile. The lifetime utility the student expects to derive 
from a housing-unit belonging to a housing-class v and price-category c 
thus depends on the probability that the student will change to any of the 
student-categories and/or to any of the preference-profiles. 
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3 7 7 

U(v,c) = I(~=Pr1 
(i)[IPr

1 (j I i)U(v,c I j)]] 
/=0 i=l J=l 

where Pr 1 (i) expresses the probability that a student will change to student
category i at time t, and P<(j I i) expresses the probability that a studeqt 
with student-category i will change to preference-profile j at time t . In t~e 
simulation, the student anticipates changes over a period of three years. I 
Belief settings 
As explained in section 2.2, each individual has class-, category-, source
and price-beliefs. Class-beliefs are initialized on the basis of the actual 
distribution of the values of all unknown housing attributes, reflecting that 
individuals have some knowledge of the housing-market. Category-beliefs 
are initialized in the same fashion. Recall that the individual uses Equation 2 
to calculate the availability beliefs of housing-classes. Source-beliefs are 
initialized being normally distributed around the actual number of published 
houses in the source. Price-beliefs are defined exogenously for each housing
category and are, upon initialization, the same for all students. 

Experiments 
Each experiment is run for 25 years. During each year, each student grows 
older and might, as a consequence, change student-category and/or 
preference-profile making that the current house might no longer answer all 
the needs of the student. Each year consists of 12 evaluation moments at 
which each student evaluates which action to pursue. Each year old students 
leave the simulation and new students enter the simulation. The number of 
incoming students is set so the overall population remains constant. The 
model records for each student for each year whether it changed student
profile and which actions it pursued. Data is only recorded for students wi~h 
a full life course, being students that started as first year students and 
stopped or finished studying. The first l 0 years are not recorded to avoid 
initialization effects. 

Table 4 illustrates 4 experiments under different parameter setting~: 

experiment (a) functions as the base case, in experiment (b) all costs cz, cb 
and en are set to zero, in experiment (c) the search experience W1 is set to 
one and in experiment (d) students begin with uniform beliefs regardidg 
Pr(v) and Pr(v I k). Simulation results are grouped according to how many 
years the student studied when leaving the simulation (from 1 to 7). What is 
recorded is the percentage of time each student spent on each action, the 
average number of moves and the average number of visits per move. The 
average number of moves is a measure for the success-rate of the seardh 
strategy and the average number of visits per move is a measure for the 
efficiency of the strategy. 
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T, bl 4 E a e xpenmen resu It s. 
years do average 

average 

studied 
search visit negotiate 

nothing moves visits per 
move 

do average 
average 

search visit negotiate 
oothing moves 

visits per 
move 

1 6.05% 3.97% 0.39% 84.17% 0.07 2.95 12.07% 3.09% 0.18% 79.23% 0.03 2.46 
2 7.35% 4.14% 0.39% 84.85% 0.12 3.01 12.16% 1.95% 0.10% 82.51% 0.03 3.15 
3 5.38% 3.38% 0.40% 88.49% 0.17 3.03 13.58% 3.37% 0.14% 80.56% 0.06 3.80 
4 3.68% 3.04% 0.36% 91.09% 0.21 2.56 13.26% 4.80% 0.26% 79.84% 0.14 2.92 
5 3.16% 2.82% 0.44% 92.07% 0.31 2.40 13.82% 4.93% 0.28% 79.45% 0.21 3.78 
6 3.52% 2.58% 0.40% 92.23o/o 0.36 2.17 10.13% 4.31% 0.18% 84.10% 0.16 4.75 
7 3.01% 2.58% 0.39% 92.91% 0.42 2.07 8.81% 4.06% 0.19% 85.84% 0.20 4.49 

(a) (b) 

years do average 
average 

search visit negotiate visits per 
si!Jdied nothing moves move 

do average 
average 

search visit negotiate 
nothing moves 

visits per 
move 

1 6.87% 3.98% 0.54% 83.20% 0.10 2.76 12.61% 1.01% 0.35% 80.63% 0.06 1.89 
2 8.69% 3.66% 0.50% 83.86% 0.16 2.73 10.84% 0.92% 0.30% 84.65% 0.09 1.79 
3 5.55% 2.65% 0.45% 89.01% 0.20 2.79 10.93% 0.81% 0.33% 85.58% 0.16 1.85 
4 5.09% 3.09% 0.55% 89.42% 0.32 2.21 11 .05% 0.95% 0.31% 85.84% 0.19 1.77 
5 5.31% 3.17% 0.57% 89.43% 0.41 2.35 10.61% 0.96% 0.41% 86.52% 0.33 1.57 
6 3.90% 2.15% 0.42% 92.26% 0.38 1.99 7.41% 0.79% 0.32% 90.20% 0.30 1.42 
7 3.36% 1.88% 0.37% 93.28% 0.40 1.87 6.54% 0.78% 0.27% 91.30% 0.30 1.58 

(c) (d) 

The base case (a) illustrates that the longer a student studies, the more he 
or she does nothing. This is because a student can only change preference
profile a limited number of times. Furthermore, older students seem to move 
more and do this more efficiently. This might be due to a higher search
experience. In the second experiment (b), costs are not included resulting in 
an increase in searching. An explanation here is that the market changes 
continuously, so that when students update their beliefs after searching, they 
always expect to find more beneficial alternatives then the ones already 
assessed. Without time-pressure, students thus move less and do this less 
efficiently. In the third experiment (c), the initial experience W 1 is set from 
hundred to one, making that, initially, students assign all weight to recent 
observations. Because of the high turnover rate on the housing market, 
students will thus have a more precise image of this market, resulting in a 
higher searching and moving percentage than in the base case. In the last 
experiment (d), students have no beliefs regarding the distribution of 
housing-categories and -classes. This is implemented as horizontal initial 
belief-distributions. Over time the students do gain knowledge. The result of 
these settings is that students search longer and thus visit and negotiate 
significantly less than in all other cases. Students that do find a house though 
do this very efficiently. An explanation could be that because of the uniform 
distribution, students assign average utilities to all houses so that when they 
finally visit a house for inspection, the utility might exceed this average 
making that they immediately negotiate over it to buy it. 

4. CONCLUSIONS AND FUTURE WORK 

The aim of the model was to grasp some of the complexity inherent in 
residential search and location choice. This is achieved by approaching each 
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household as an autonomous decision-maker making decisions on the bas~s 

of beliefs regarding their environment and letting all household membe~s 
dynamically update their beliefs each time they gains new information op 
their environment. Experiments show that this approach is able to capturb 
some of the real world complexity in that modelled households behav¢ 
strategically trading off expected market opportunities against expected 
costs, in that they learn and use their experience when making decisions and 
in that they are able to anticipate changes in their life course. 

The current experiments are run in the context of the student housing
market. A suggestion for future work could be to run similar experiments in 
the context of a household housing-market. As mentioned in section 2.2, 
another suggestion would be to incorporate the composition of the source as 
an attribute influencing the availability beliefs of households. 
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Study on Decision Support System for District 
Planning in Public Participation 
A case study in Kanazawa City, Japan 
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Keywords: Design tool, Regulation of townscape, District plan, VRML 

Abstract: In this paper a design tool for promoting consensus between people within a 
decision support planning system at a district level in Japan is proposed. While 
opening necessary planning information to the public using WEGIS, VRML 
and other medias, the design tool is employed to exchange design elements in 
VRML world. These design elements are likely to be adopted by a local 
planning committee on making a decision of a district plan according to the 
Japanese legal system. 

1. INTRODUCTION 

1.1 Situation of public participation at the district level 
planning 

In recent years many types of public participation has been introduced for 
district level planning. Visual images reflecting planned or discussed 
contents could be very effective for participants to clearly understand and 
review the design elements as well as documents and drafting materials. That 
kind of visual image needs to reflect planning variables discussed between 
participants. 

In recent years, introduction of multimedia tools is growing to include 
planning field due to the wide spread of the Internet and the development of 
computer technology. Various public participation systems have been 
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developed and applied to provide support in the discussion of planning and 
design. , 

This paper provides a decision support system that promotes a high levtH 
of consensus between all the people involved at a district level in Japa~. 
While opening necessary planning information to the public using WegGIS, 
VRML and other medias, the design tool is employed to exchange desigb 
elements in VRML world. These design elements are likely to be adopted by 
a local planning committee in making a decision for a district plan accordin~ 
to the Japanese planning system. 

The existing relevant systems are reviewed as follows. Regarding a 
design tool, the possibilities for each user to build his/her owned space and 
their communication in a virtual city have been proven successful by the 
Alpha world project (Smith, Andy, et a!., 1998), which is a pure virtual 
world without any design regimes. However, it is not built for a real 
construction project, so it is very freely accessible virtual environment in the 
initial step for practice in urban planning and design. 

In the context of urban planning and design, the Ryoanji project (Okabe, 
Atsushi, et al., 1999) was carried out for examination of possibilities of 
cooperative remote design while sharing the same virtual space, which is 
developed according to certain needs from a real site of Ryoanji. The 
Ryoanji project discussed the possibilities of remote design game, but they 
did not provide a useful design tool. 

An on-line design collaboration system was proposed (Shen, Zhenjiang, 
et al., 2003) for collecting participants ' designs on the Internet environment, 
in which participants can make their new ground surfaces, and arrange 
design or select elements on the planning space in the VRML world. 

The design tools can serve a visualization tool of planning and design 
alternatives (Bulmer, Daniel, 2001) that are suggested by the participant ip 
the planning process and facilitate better public participation. In addition, 
Andy Smith (Hudson-Smith, A., et a!., 2002) discussed a design tool tb 
generate alternatives for public participants in the Woodberry regeneration 
project. 

However, there are few research projects in the context of providing ~ 
design tool for a decision support system of a district plan. In our project, 
planning and design elements of townscape rules are obtained from relevallt 
ordinances in the Japanese legal system. There are several planning elements 
relating land use rules for land lots, building volume, building design anp 
other elements for a townscape. For example, the design rules regarding 
townscapes are height, colour, roof type and latticed window of buildings 
and so on. Land use rules for land parcels include parking locations, numbdr 
of stories and FAR for buildings along the street, which are likely be define~ 
in the district plan. In addition, residents themselves could also agree to have 
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a more detailed design elements based on their requirements. The design 
tool, that can simulate these design elements with VRML for discussing and 
evaluating the district planning, can also be opened to the Internet 
environment and the local planning committee for reaching a consensus 
between all parties involved. Users will be participants consisting of 
residents, experts and administration officers. 

In this paper a system is proposed that could reflect districts level 
Planning variable and be used for supporting public participation. This 
system creates 3D images reflecting multiple Planning variable. Using this 
system district level planning could be reviewed and discussed. 

1.2 Effectiveness and demand of public participation 
using computer system 

A system is needed for public participation where participants can grasp the 
actual conditions and planning themes, have common relating information 
and can reflect on variables that have been discussed. The traditional method 
in which specialists such as planners prepared alternative plans and explain 
them at an ad hoc meeting requires participants to gather at a specific place 
and time. This kind of restriction limits the number of participants and the 
types of members. Explanations at this type of meeting using documents and 
physical models tend to be complicated because the contents could be 
enormous and complicated according to the amount of information. 

On the other hand a computer system could express 3D images with 
multi media such as literal expression, visual image and sound expression. It 
is then possible to have variable expression reflecting Planning variable for 
district level planning. It also utilizes the Internet for exchange opinions and 
reach to the final plan. 

If the system is formulated to be manipulated by participants using the 
interactive function of VRML they could change proposed plans according 
to their ideas. In this context the function of the system should be designed 
for residents who are not familiar with this special field so they can easily 
understand contents and manipulate the computer at a minimum level skill. 

2. VARIABLES FOR DISTRICT LEVEL PLANNING 

Planning variables for district planning are related to building form, the 
appearance and the site. 
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2.1 Selecting Planning variable for the situation 

In Japan there is an institution of District Planning for district level plannin~. 
It is one of the planning systems based on the City Planning Law of Japalil. 
Based on this institution a specific district is designated and select~d 
Planning variable are settled on this district. Selecting the Planning variab'e 
public participation is necessary. Planning variable are public facilities suob 
as roads and parks at the district level, building form regulations such as 
building height, building coverage ratio and floor area ratio, architectural 
design such as roof design and wall colour, and recent years many types Qf 
public participation has been introduced for district level planning. Visu!l 
images reflecting planned or discussed contents could be very effective for 
participants to understand and review them clearly as well as documents an:d 
drafting materials. That kind of visual image needs to reflect planning 
variables discussed between participants. 

Table 1. Planning variable of the District Plan. 

Categories Planning variable 

Usage of Land and Building Restriction of building usage 

Building form regulation Limitation on floor area ratio 

Limitation of building coverage ratio 

Limitation of building height 

Limitation of building area 

Limitation of site area 

Restriction of building position 

Regulation of architectural design Restriction on roof and eave 

Restriction on outside wall 

Restriction of advertisement 

Others Restriction of gate and fence 

2.2 Case study area and selected simulation planning 
variable 

A case study area, which is showed in Figure 1 and called Zaimoku-cho in 
Kanazawa City, is selected for the 3D simulation. This area is one of the 
most historical areas where some traditional townhouses and street structures 
have survived and relatively new houses also built along the historical street. 
A Neighbourhood Commercial District is designated on this area as land u$e 
zoning, where a maximum building height of 12m is also designated. 
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Table 2 shows selected planning variable for 3D simulation of this study. 
They are minimum distance of building wall setback from the road line, 
maximum building height and restriction of storey. Table 2 also shows 
actual figures used for simulation. 

Table 2. Selected planning variable and their simulated parameters. 

Planning variable Regulation Simulated figures 

Wall position Minimum distance 0 0.5-2.0m 

~etback 

Building height Maximum height !Om or 12m 

Restriction of storey Number of storeys 2 storey or 3 storey 

Figure I . Case study area (Zaimoku-cho in Kanazawa City). 

3. FORMULATION METHOD OF PLANNING 
VARIABLE USING VRML 

In order to visualize the results using applied planning variable for 
participants who manipulate the system on interactive circumstances, a 
simulation system should show 3D images of the result as well as the 
original townscape. For this purpose an animation using an "Interpolator" 
function ofVRML is applied. 

Table 3 shows types ofVRML fields that are related to planning variable, 
which are "Scale" and "Translation". As for the wall position 
"Positionlnterpolator" can be used to change the distance of wall setback by 
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translation and scale field. In this function "Positionlnterpolator" should qe 
given for showing position change because the starting point for change is 
the centre position of building. If the direction should be changed ~b 
simulation, the "Orientationlnterpolator" is necessary too I 

Building height and storey can also be changed by 
"Positionlnterpolator". Change of storey is simulated by the change 6f 
"Scale" field through "Positionlnterpolator", which can eliminate a storey. 

Table 3. Selected three variables relating building and interpolator. 

Planning Regulation VR parameter VR fraction 

variable 

Wall position !Minimum setback distance Scale ofXY direction Translation and scale 

Building height !Maximum height Scale of Z direction Scale 

Building storey !Maximum storey Storey Scale 
I 
I 

In this study 3dsmax is used for 3D modelling. In order to create dynam~c 
3D images on the web, data of 3dsmax is needed to exchange to VRML-. 
When 3D space is modelled using 3dsmax and exported to VRML, a file 
containing all 3D data is output. As this generates a heavy load on the 
computer system, part of 3D objects that are created in 3Dsmax are saved 
separately to be integrated as one file, in which coordinates of these objects 
are described. 

In order to visualize change of building forms an animation procedures 
are recorded using 3dsmax. After exporting to VRML these animation 
procedures of 3dsmax should be controlled by a design tool in order that the 
alternatives of planning variable can be dynamically visualized through 
users' operation. Values of time such as "key" and "keyvalue" are used ~o 
control the animation function through "ROUTE". A system is developed to 
visualize building regulations using "Positionlnterpolator" an,d 
"Orientationlnterpolator", which can be employed to adjust buildings' scale 
and translation value (Table 3). In order to visualize 3D images reflecting 
planning variable each 3dsmax data is given relating animation function. 
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Figure 2. Interface image adding building form using 3dsmax . 

4. VARIABLES FOR DISTRICT LEVEL PLANNING 

4.1 Selecting planning variable for the situation 

As the developed system in this study deals with building wall position, 
number of storeys and building height as indices of building forms, each 
main component of building form such as roof and each storey is filed by 
being grouped. Then it is possible to change the 3D images reflecting these 
indices. Using this system each building can be changed in terms of its wall 
position, building height, number of storeys and height of each storey. 
Figure 4 shows an example of the 3D images. 
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Figure 3. Components of building fonn. 

Figure4. An example oftownscape images from the eye-level view. 
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Figure 5. An example oftownscape images from the bird's eye view. 

4.2 Outline of the system 

In this study a system is developed, which can reflect changes of building 
wall, height and number of storeys. Figure 6 shows an interface image, on 
which a right-hand side image is VRML of the study area and participants 
could be browsing in the studied area where planning variable have not yet 
been applied through VRML. Left-hand side image shows interface image to 
select planning variable, on which a red sign on the map is showing a 
specified site. White letters under the map shows a name of the specified 
building and three below columns are buttons to select planning variable. If 
any of these buttons is selected an animation started to show image change 
of the corresponding planning variable. Then participants can easily 
understand the change comparing before and after application of the 
planning variable. 

Figure 7, 8 and 9 shows examples of the image after applied planning 
variable. Namely figure 7 shows the setback of the building wall as 2m 
compared to the original one, figure 8 shows an image of building storey 
change as three to two, figure 9 shows an image after building height change 
from 1Om to 12m. 
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Figure 6. Interface image of the system. 

Figure 7. An image of building wall setback. 
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Figure 8. An image of building storey change from three to two. 

Figure 9. An image of building height change from lOrn to 12m. 

4.3 Development design tools for reviewing application 
of planning variable 

Framework of the system is shown by figure 10. "3D objects" in the VRML 
are formulated using buildings by 3dsmax and 3D environmental data, and 
gif type data is indicated in VRML space and set as an interface of the 
system. Then, each of them is given by "TouchSensor" and by selecting 
between them participants can change alternatives to be considered using 
"JavaScript (ScriptNode)". In order to express 3D data ofVRML the system 
uses "blaxxun Contact 5.1 ". 
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Participants follow procedure to use the system as follows. i 
1. Selecting a building to be studied; after selecting a specified building 

on a HTML form object, "Switch node" of VRML is changed to match t~e 
selected item of the HTML form object, whereas a function coded ~n 

"JavaScript" makes the specified building appeared on CRT. 
2. Manipulation of "2Dlayer panel" describing building names; aft~r 

clicking panel a menu of applied planning variable begins to appear, which 
is reviewing of building wall position, number of storeys and building heigfut 
in this study. 

3. Using popped menu and visualization of planning variable; after 
clicking a planning variable on the menu, visualized image can be reviewe.d 
in VRML. 

Button,explanationOI 
and so on 

:.. ........ ........................ ................................... ..... ...... ................................... : 

PART2 J VRML world as 3D Layer for a lernatives 

PARr3 

Design 
tool for 
townscape 

•.................................... .. . . . . . . 
· +Mytime · 

and Touch 
l Use Sensor 

Export to VRML :...L-~n~ll~ne~~~:-::----:7 i ~:"1itecture /VRML FILE/ !.· 

Ard.itecture /VRML FILE/ 
no 2 --- · i 

- /vRMLFILE/ : 
; 

/VRML FILE/ ~ 
~ 

I 
(modeling data 

.Including animation sky ./. ~ 
1 information) ground ~ VRML FILE/ 

................................................................................................... .. .......................................... ) 

Figure 11. Diagram of the system. 

Figure 12 shows function diagram for visualization. As selecting function 
between planning variable is formulated on interface used 20 layer, 
animation function is needed to be connected to the interface using 20 laye,r. 
To do this both animation control using "TouchSensor" and "Script" 0f 
VRML. 
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I Trigger I Engine I lllrget I 

Toud1Sensor 

__. Everaby 
Interpolator r--4J.---., 

Figure 12. 2D layer and menu. 

1. Manipulation of "key" and "keyValue" in "Interpolator" 
As exported animation using 3dsmax, the "key" values are given from 

0.0 to 0.9, which is utilised to make corresponding to "keyValue" for 
interpolators including position and orientation. Each of these is given 
"TimeSensor" and animation is divided into three parts. 

Figure 13 indicates an example in which translation and scale values can 
be changed through a, b and c-1, c-2 procedures. For example, 
"Positionlnterpolator" and "Orientationlnterpolator'' can be used to change 
value of scale, thus it has two interpolations indicated in Figure 13 and 14 as 
c-q and c-2. 

2. Setting animation by "ROUTE" 
Animation is controlled by using "eventln" and "eventOut" of functions 

in "ROUT". "Loop" in "TimeSensor" which is "Node" of VRML should be 
also discharged, otherwise animation will repeat and does not stop and 
repeat. 
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DEF Box01-P05-INTER? Positioninterpolator ( 
r----------, 

Key 1 g, 0.3, 0.6, 1 ] 
I 0.9 I 
r----------~ 

KeyValue I 1245 0 8354, I 
I -8.343 0 8.354, I 
1 -27.52 o 8.354. : 

L~!2--~-8j~--1 J 

DEF Box01-ROT-INTERP Orientationinterpolator ( 
r----------, 

Key 1 Q. 0.3, 0,6, 1 ] 
I 0.9 I r----------1 

KeyValue I 0 1 0 -D.6288, 1 
I 0 1 0 -D.8187, I 
: o 1 o -o.9432. 1 
L2._~_o __ -<2:,9Z~-1 l 

DEF Box01-SCALE -INTER Positioninterpololator ( 
r----------, 

Key I Q. 0.3, 0.6, I ] 
I 0.9 I 
r----------~ 

KeyValue I 2.223 2.223 2223, I 
1 2.479 2.479 2.479, 1 
I 2.69 2.69 2.69, I 
I I I 2.834 2.834 2.834 I ] .._ __________ , 

DEF Box01-SCALE-ORI-INTER Orientationinterpololator { --·---------· 

<«(a) For changing 

Translation 
<«(a) 

,,·, 

.;/ 
.,,. 

(«(b) For changing 

Rotation 
( (<(b) 

>' >A•·:. ~ ' 

< ; <(b~"i)C:. : , For changing 

Key I , g, 0.3, 0.6, I ] < «(c-Z) For changing 
I 0.9 I 

KeyValue ~j"---0---;-- ScaleOrienta~ion 
: g, 3«<c-Z). 
1 1 0 0 
I 0, 
I 1 0 0 
I 
I 0, 
I 1 0 0 

'' l2. _____ ~.;:;;..,;;_, 
I 

Figure 13. Adjustment of"key" and "keyValue." 

As shown in Figure 13 "fraction changed" is "eventln" and "set fraction" 
is "eventOut" function. An animation starts to move by linkage of both Of 
them, "TimeSensor" and "Interpolator". Parameters such as "Translation1', 

"scale" and "scaleOrientation" are changed to control wall position, numb¢r 
of storeys and building height relating defined building indicated by a, b or c 
procedures. However because the orientation values are not changed in this 
system, b and c-2 process can be omitted actually. 
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ROUTE~!-TIIAER.fro;t,on chanqec/TO BoxOJ -POS-DVIFRP.set fraction 

ROUTE BoxOI-POS-INTERP.111/ue chanqedTO BoxO!.set translation 

~- ·-····-·--···-··-··---······-················-~--·········--········-···· 
ROUTE BoxOI-TIMER.fraction_changed TO BoxOI-ROT-INTERP .set _fraction 
ROUTE BoxOI-ROT-INTERP.value_changed TO BoxOI.set_rotation 

~~----· .. ···········--- -·············- ................................................... ------ - ···---···--····· 
ROVTE BoxOI-TIMER.frac'tion_changed TO BoxOI-SCALE-INTERP.set_fraction 
ROUTE BoxOl-SCALE-INTERP.~Iue_changed TO BoxOI.set_scole . 

ROUTE BoxOI-TIMER.fraction_changed TO BoxOI-SCALE-ORI-INTERP .set_fraction 
ROUTE BoxOI-SCALE-ORI-INTERP.value_changed TO BoxOI.set_scaleorientation 

Figure I 4. Routine of animation. 

5. CONCLUSION 

• •<(a) 

·····---
«<(b) 

« •(c-1) 

• ••(c-2). · 

In this study a system is developed, which can represent a townscape and 
review planning variable. Considering existing planning regulations at 
district level this system deals building wall position, number of storey and 
building height. A system is developed using Blaxxun3D and 3dsmax, which 
can review a combination of planning variable comparing between them. 

The developed system is applied to a case study area, where is one of the 
historical areas in Kanazawa City, and simulated images and animations are 
presented. 

A further study is needed to review other planning variable that are not 
dealt with this study. 
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Abstract: In the planning process, Yamato city set up four citizens' participatory 
channels; two in the real space and the other two in the cyber space. The 
channels in each space are divided into two types; one restricts membership 
and the other does not. This paper aims to clarify the functions of these four 
channels through protocol analysis and draws the following two findings. (I) 
In the channels with the restricted membership, the theme of the discussion 
continues between the real space and the cyberspace mutually. Consequently, 
close communication became possible. (2) The other finding is that the 
continuity of discussions exists almost one-way from the restricted channels to 
the unrestricted, so the unrestricted channels are regarded as functioning to 
enhance the validity of the citizen discussions in the member-restricted 
channels. For closer communication, however, the continuity from the 
unrestricted to the restricted channels should be ensured, hence it is necessary 
to establish some systems for the continual communication. 

1. BACKGROUND AND PURPOSE OF RESEARCH 

In order to enhance the acceptability of a plan, it is necessary that various 
values and interests are appropriately compared and studied while "fully 
considering and closely examining the reasons for validity through public 
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debates" in the policy formulation process (Sato, 2001 ). For that, on top of 
the conventional communications between citizens and the government, it 1is 
significant for individual citizens to their opinions heard so that they afe 
transformed to an opinion of a group of citizens, through discussions amo~g 
citizens by means of comparing and studying their values and interests. 1 

Many local governments have used the Internet as one of ~e 
participatory channels. It has been pointed out that if the Internet is used asi a 
citizens' participatory channel, the participation rate per household increas~s 
approximately ten times (Kobayashi, 1998). Therefore, the Internet is ~n 
effective tool for expressing the interests and values of many citizens 
extensively. E-mails and an electronic conference system are good examples 
of concrete methods of it. Particularly, an electronic conference room is 
expected to develop as a means of increasing validity of discussions amolilg 
citizens since it is characterized as enabling citizens to communicate not 
only with the government but among citizens and allowing anyone to browse 
the process of discussions. 

The research on the utilization of an electronic conference system for city 
planning has been conducted by Kobayashi et al. (Kobayashi, 200l). 
Regarding electronic conference rooms where anyone can participate, it has 
been pointed out that "it is difficult to maintain the continuity of a discussion 
due to the fact that a speaker of an utterance changes". The appropriate 
number of participants to a meeting along with the uniqueness of a meeting 
in the cyber space can be pointed out as the factors behind this. Concerning 
the former, the more participants in the decision making, the more 
diversified their opinions will be. Consequently, it is thought that reaching a 
decision through discussions becomes less likely. Regarding the latter, it is 
pointed out by Fukushima that the participants to an electronic conference 
system feel the shortage of communication, and the factor behind this is 
noted as the difficulty of communicating their emotions and thoughts 
(Fukushima, 2002). To overcome these challenges, two other participatqry 
channels are need to set in addition to the participatory channel in cyber 
space for anyone, such as an electronic conference system and ; one , is 
channels in both real and cyber space where restrictions are applied for 
participation and only special members can join in, and the other is a channel 
in the real space in parallel to the one in the cyber space, for smoothly 
communicating emotions and thoughts. 

As the case study, this research uses the process the Yamato City 
Information Management Plan (hereafter, the Information Plan) went 
through, where four types (reaVcyber space and restricted/unrestric~ed 

participation) of participatory channels were utilized as a means of citizelils' 
participation for planning and decision-making. The purpose of this researtch 
is to clarify how setting up such channels contributes to reaching! a 

I 
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consensus by analyzing the interrelationship among those participatory 
channels. 

2. RESEARCH METHOD 

This research analyzes the minutes from the four channels from two 
viewpoints: speaker-oriented analysis on who is in the communication, and 
the policy formulation process focusing on the contents of the utterance. The 
former analyzes from whom to whom an utterance is directed, based on the 
recognition that it is significant that individual citizen opinions are 
transformed into those of a group by having mutual discussions among 
citizens. The research method applied for this is the Protocol Analysis, 
which extracts the thought of speakers through their utterances. The targets 
in this analysis are the minutes from the participatory channels in the real 
space, which is the record of utterances, and the log from the participatory 
channels in the cyber space. For the specific analysis unit, Story Grammar 
by Stein et al. known from Protocol Analysis is being used as a base. "A 
large setting" is a speaker, "minor setting" is a participatory channel and 
time the utterance was made, and "an attempt" is the contents of that 
utterance. As "a reaction", the recipient of the utterance was added with an 
aim to clarify to whom that utterance was directed (Table 1). 

Table I. Categories of Story Grammar from Stein et al. 's Protocol Analysis and the Mapping 
of Indices in This Research. 

Item Name Details Positioning in this research 

Large 
Appearance of a leading role Speaker(s) 

Setting 

Minor Participatory channel(s) 

Setting 
Setting of the time and place 

Time 

Attempt 
Actions by a leading role to achieve the 

Policy formulation process 
goal 

Reaction 
The response 

that attempt 

from other participants to 
Recipient(s) of the utterance to 

*The category "reaction" is a unique setting to this research. 

Regarding the latter viewpoint, the analysis on the policy formulation 
process, this viewpoint focuses on the contents of utterances and clarifies 
what types of utterances are given within each channel and how these 
utterances interwork with other participatory channels. 
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3. PROTOCOL ANALYSIS 

3.1 Case Overview 

Following the achievement of the target goals of the Yamato City'!s 
Informatization Plan (the general plan for the Yamato city's regionJl 
advancement in computerization) and the Yamato city's Strategic Plan f~r 
the Internet Use, the Information Plan is the administrative plan that is 
positioned as the master plan of information policies and specifies overall 
principles on information policies. 14 months have been spent for planning 
from January 2001 to March 2002. 

In formulating the Information Plan, as the real space participatory 
channel with participatory restrictions, the Dokodemo Community Citizens' 
Conference (hereafter, Citizens' Conference) was set up and represented by 
six citizen committee members selected from the public (Figure 1). The 
conditions for application were: "residents of Yamato city and/or commutds 
and/or students of schools in Yamato City who are the Internet users and cap 
browse and send/receive e-mails" and ''those who can proactively participate 
in activities in the real local community as well". The members were 
recruited on the Yamato City website. The Citizens' Conferences were held 
9 times in total, approximately every 2 months. Mostly, the city government 
did the planning of the Citizens' Conference, but the last 2 conferences were 
planned by the members. Also, as a means of communication among 
members, the Dokodemo Community Citizens' Conference mailing list 
(hereafter, ML) was set up, whose members consist of the members of the 
conference and the staff in the Information Policy Section of the 
administration office. This is the participatory channel in the cyber space 
where the participation is restricted. As aforementioned, all of the membel1s 
can read the ML because one of the application criteria for the Citizens' 
Conference members was being able to access the Internet. 

As the participatory channel with no participatory restrictions, the 
Dokodemo Community New Information Planning Conference Roorp 
(hereafter, Dokocomi) was set up, using the electronic conference system i.p 
the cyber space. As a participatory channel in the real space, Dokodemk> 
Community Off-line meeting (hereafter, Off-line meeting) was set up, which 
was convened 6 times in total approximately every 2 months. Invitation 
bulletins for the off-line meeting were posted on Yamato city's website, a 
town magazine, and a city paper. In addition to citizen participants in 
Dokocomi, non-participant citizens and the members of the Citizenf 
Conference participated in the meeting and discussed the Information Platlt. 
The off-line meetings were scheduled in the daytime and evening alternate!~ 
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so that citizens can participate when they have time. In average, 17 citizens 
participated in an off-line meeting each time. 

Participation 

Unrestricted 

Real Space 
Off-Meeting 

CyberSpace Dokocomi 

Restricted 

Citizens' 

Meeting 

ML 

Figure 1. Participatory Channels in the Information Plan. 

These 4 participatory channels were set up with the intention of 
collecting citizens' opinions when developing the Information Plan. While 
opinions were being gathered by the Information Policy Division, the 
Citizens' Conference played the leading role in preparing the final report, 
"Report on the Study Results by Dokodemo Community Citizens' 
Conference - from Hardware to the Heart" and submitted it to the New 
Information Planning Committee, the key player in compiling the 
Information Plan. 

3.2 Speakers in Communication 

In order to clarify from whom to whom communications were established in 
the 4 participatory channels, the large setting and the reaction of Story 
Grammar were analyzed on the utterances related to development on the 
Information Plan (Kaiho, Harada, 1993) to examine who participated in the 
discourse. Speakers are categorized into 3: the government, a citizen, and 
others2l. Reactions are classified as follows. For example, if citizen A gives 
an utterance in a series of sequential utterances and citizen B makes a 
corresponding utterance after Citizen A, it is assumed that, in Citizen A's 
utterance, citizen-to-citizen communication exists. If citizen B gave an 
utterance and no utterance followed after that, that utterance is considered as 
directed to citizen A and citizen-to-citizen communication exists in Citizen 
B's utterance (Figure 2). Regarding continuity in a series of utterances, if 
each utterance continues to have the same topic with the previous one or 
holds a part of it, the utterance is regarded as continued. If no partial element 
from the previous utterance is observed, it is not considered as continued. 
Based on this speaker-oriented/recipient-oriented classification methods, the 
ratio was calculated on how much speaker-oriented/recipient-oriented 
utterances in combination accounted for each participatory channel (Figure 3, 
4). 
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Figure 2. Example of Speaker-Oriented Communication. 
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Figure 3. Speaker-Based Flow of Communication of the Information Policy 
(before releasing the draft). 

In the Citizens' Conference and ML where participation is restricted, 
much citizen-to-citizen communication was observed and these channels a~t 
as formulating citizens' opinions among citizens' representatives. Howevef, 
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before releasing the draft proposal of the Citizens' Conference, citizen-to
government communication was as active as Citizen-to-citizen 
communication. Regarding the Citizens' Conference, the ratio of citizens' 
mutual communication is lower than that of ML, as quite a few utterances 
were made from citizens to the government for confirming the status and the 
planning process, which was the basis of discussions. 

c itizen I • 
t"~ 

54.4% 

29.8% 

Participant 
unresbicted 

I 

Citizen I 

Citizen I t 22.~ 
50.0% 

27.3% 
Citizen I _.,. .. .... ,J.,.. •• 

<Legend> 

==~> :0-10% 
fiEf w:;;.;.]s;;:;;;;;;;::, =;:> : 31 - 40% 

Real space 

I Government II Citizen I 28.8%~ 

147>% 
E 23.7% 

I Government II Citizen I 

I Government I I Citizen I 23.3% 
I' 

34.9% 

I Government II Citizen 

Cyberspace 
liiiiiiiiiiiiiiiiii~i? : 11 - 20% 

--·~: 41-50% 

I 
51.2% 

• 
• 

I Gave rrunenll 

laov errunent I 
Participant 
resbicted 

laov errunent I 

I Gave rrunent I 

: 21-30% 
: 51%-

* The sum of the ratio of each channel1s not always I CJO",(,. because of unidentified speakers in 
some cases or utterances followed by corre!!ponding ones from both a citi:zen and the 
government. 

The speakers in communication (after the release of the draft) 

Figure 4. Speaker-Based Flow of Communication of the Information Policy 
(after releasing the draft). 

In the case of channels with unrestricted participation, the 
communication from citizens to the government in off-line meetings takes 
up about a half each of total communication in the pre- and post- draft stage 
whereas in Dokocorni the communication from citizens to the government is 
merely about 20 to 30%. In off-line meetings, citizens can share the real 
space and visually confirm the positioning of the government, who is the 
primary entity for planning. In contrast, in Dokocorni, citizens are unable to 
share the real space with it. Hence, whether citizens can feel the presence of 
the government directly has influence on the communication. While in the 
off-line meetings 60% of citizen-to-citizen communication took place before 
releasing the draft, in Dokocorni it was about 50% after releasing the draft. 
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These two ratios seem close to each other, but are different in timing; befor¢ 
or after releasing the draft. The guidelines of the planning policy had n9t 
been released in detail until the draft release. In off-line meetings, activitie~ 
to increase validity of Citizens' Conference were observed as citizens 
mutually exchanged their opinions about the plan, transforming individu~l 
citizens' opinions into a group opinion. After the release of the planning 
draft, as the direction of the plan and the concrete means were shown, the 
gap in the way of thinking between the government and citizens became 

I 

apparent. Citizens tried to make their opinions reflected on the plan by 
expressing themselves directly to the government, the primary planning 
entity. In the Dokocomi, activities were observed among citizens mutually 
discussing the differences made known after the release, collecting thei~ 
opinions with an aim to transform them into the voice of a citizens' group, 
and to make that opinion reflected on the plan to enhance its validity. 

3.3 Policy Formulation Process 

3.3.1 Policy Formulation Process in Each Participatory Channel 

This section analyzes in which stage of the policy formulation process the 4 
participatory channels function. The "attempt" on Story Granunar 
corresponds with each stage of the policy formulation process. The 
framework of the policy formulation process to be applied in this section is 
as follows. Activities conducted by the government are illustrated in a tree 
structure, where a large frame for government's activities is set as a policy 
and underneath of it several projects exist as means to materialize the policy 
(Mayama, 200 1 ). Consequently, the planning process also follows the 
process in which a problem is found and analyzed to set a policy issue anti 
plan a policy, then to set a project issue and compile a project plan tp 
execute the policy in a concrete form (Figure 5). 

Problem finding 
and analysis 

Policy issue setting 
and policy planning 

...0.. 
Project issue setting 
and Project drafting 

Figure 5. Policy Formulation Process. 
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Which stage in the policy formulation process can be expected to 
function for each participatory channel? For example, will it be that citizen 
opinions mainly function in finding a problem and that its solution often 
depends on the government? Or, if a solution is proposed, will it be a 
proposal considering the upper goal in the policy level, or is it possible to 
expect something more concrete in the project level as well? In order to 
clarify these points, utterances in the 4 participatory channels are classified 
in accordance with the 3 stages of the policy formulation process in Figure 5. 
The following statements are the fme definitions of each stage in policy 
formulation and the classification indices for utterances. Problem 
finding/analysis is defined as activity to find a problem requiring 
improvement and to ascertain its cause. Utterances pointing out a problem 
are classified in this stage. Setting a policy issue and policy planning is 
defined as activity to clarify problems the government should address and to 
show the basic principles of their solution. The classification indices are the 
following contents in the Information Plan; "Objectives and Background of 
the Plan" (Chapter 1 ), "Outlook in 5 Years", "Attaining a Goal", and "Steps 
for Attainment" of each item in Chapter 2, and "Orientation" of each item in 
Chapter 3. Utterances overlapping with them are categorized in this stage. 
Setting a project issue and drafting a project plan refers to efforts necessary 
to materialize the policy. "Schedule to Execute Measures" (Chapter 2), and 
"Execution Plan" (Chapter 3) are the classification indices for this stage, and 
utterances overlapping with them or those mentioning some means to 
materialize a policy plan will be categorized. An utterance only providing 
information is categorized as "Providing information". There are also some 
utterances which do not belong to any of the above categories. Such an 
utterance is categorized as "Others". 

Before the release of the draft, in all 4 participatory channels, utterances 
concerning problem finding/analysis accounted for 25% to 50%, while those 
on setting a policy issue/policy planning represented 25% to 40% and those 
on project issue setting/project plan drafting were 20% to 50%. In all the 
channels, citizens consider each stage (Table 2). 

After the release of the draft, problem finding/analysis was hardly done 
in Citizens' Conferences, ML and Dokocomi, whose utterance rates 
remained at 2% or less, while in off-line meetings, about half of the 
utterances were on problem finding/analysis, with the utterance rate at 
49.1%. Regarding the policy issue setting/policy planning and project issue 
setting/project plan drafting, the utterances were used in different ways 
between the real space and the cyber space. In the real space (Citizens' 
Conferences and off-line meetings), each channel had the utterance rates on 
policy issue setting/policy planning and on project issue the setting/project 
plan drafting at around 30%, while in the cyberspace (ML and Dokocorni), 
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the utterance rates on policy issue setting/policy planning were 3.9% and 
9.1% respectively, and those on project issue setting/project plan drafting 
were 37.3% and 90.9% respectively, indicating that 10 times more utteranc~s 
were made on the project issues compared to those on policies. Therefor1, 
the cyber space tends to be used for detailed discussions on project issu9s 
after the draft release, and it is necessary to constantly ensure the 
coordination with the discussions held in the real space on policy issues. 

Table 2. The number and the Ratio of Utterances in Each Stage of the Policy Formulation 
Process. 

Before the 
release of 
the draft 

After the 
release of 
the draft 

Before the 
release of 
the draft 

After the 
release of 
the draft 

In the cyber space, provision of information is processed as an utterance. 
Since outcomes of revised reports were frequently sent in Dokocon}.i 
throughout all stages, and in the ML after the draft release, many utterances 
were observed to provide information. Also, the figures for "others" aJle 
higher in the channels with restricted participation, because many utterances 
were made on modification on the writing style, such as modification on 
expressions/grammar of the reports while preparing them. 



Participatory Channels in Real and Cyber Meetings 229 

3.3.2 Continuity of Discussions among the Participatory Channels 

Next, this research analyzes how the discussion continued among the 4 
channels. Classification categories are created based on the index of the final 
report on the Citizens' Conference (Table 3), along which categories 
utterances are classified and analyzed based on whether the topic maintains 
chronological continuity with other channels in the level of minor category. 
Exemplifying with "improvement of information environment", in the first 
Citizens' Conference, "development of the infrastructure", "use of IT 
environment in schools", and "improvement in awareness of/ environment 
for mothers" were proposed. In the subsequent ML, views were expressed 
that public terminals are readily available for mothers to operate personal 
computers but in reality they are not in frequent use, hence indicating the 
continuity in discussions from the citizen conference to the ML. 

In the following Citizens' Conference, some countermeasures were 
discussed, including pros and cons on setting up personal computers in 
community centers, the necessity of holding seminars using citizen terminals, 
and improvement in the installation environment. Concurrently, in an off
line meeting, opinions on improvement in the installation environment were 
voiced (Figure 6). As a result of the analysis in the aforementioned method, 
the following 3 points were clarified. 

Table 3. The Classification Categories on the Continuity of Discussions. 

Large Category Minor Category 

Improvement in IT environment 

Promotion of the Human resource development 

informatization Partnership between citizens and the government 

Providing information 

Public Relations 
Increasing participants to the 

Holding citizen seminars 
e-conference room 

Coordination with the real community 

Community administrator 

Improvement in the e- By types of cards 

conference room system Registration of a card 

Community 

Vision 

Foundation of a citizen 
Scope of management 

organization 
Type of an organization 

Constituent members 

Establishment structure 

Human-oriented planning 

For execution of the plan 

Provisional promotion system 
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Figure 6. The Continuity of the Discussions between the Participatory Channels. 
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Firstly, between Citizens' Conferences and ML, both with restriction on 
participants, there is mutually strong continuity. The discussion in the 
bimonthly-basis Citizens' Conference continued in the ML. Conversely, the 
subsequent Citizens' Conference was held based on the discussions in the 
ML. By having the ML as supplement for the conference in the real space, 
where the time for discussion is limited, it can provide more opportunities 
for discussion and to contribute to deep communication. On the other hand, 
if participation is unrestricted, continuity is observed only one-way, from the 
off-line meeting to Dokocomi, and efforts were not made for continuity in 
the off-line meeting to deepen the discussions held in Dokocomi. It was also 
found that between the channels with restricted participation and those 
without the restriction, only one-way continuity from the restricted channels 
to unrestricted channels is observed, except the continuity observed from the 
first off-line meeting to the subsequent ML. 

Secondly, the continuity of discussions tends to be observed in a 
direction from the channels with restricted participation to those without 
restriction, or within the unrestricted channels, from the off-line meeting to 
Dokocorni. Therefore, in the channels with unrestricted participation, 
activities are observed to enhance the validity of Citizens' Conferences by 
involving many citizens to consider and re-examine various interests and 
values. 

Thirdly, while continuity is frequently observed before the draft release, a 
tendency for weaker continuity was observed after its release. 

3.3.3 Coordination on the Policy Formulation Process among the 
Participatory Channels 

This research now clarifies the policy formulation process in the 4 
participatory channels and the continuity of discussions among the channels. 
Within each stage of policy formulation process, among utterances on 
problem finding/analysis, policy issue setting/policy planning, and project 
issue setting/project plan drafting, those whose utterance rate exceed 20% 
are judged to function in that participatory channel, and the utterances in 
continuity between the stage of policy formulation process bearing the 
function and each participatory channel are classified (Figure 7). 

Before the release of the draft, in all of the 4 channels, activities were 
observed intending to enhance the validity of Citizens' Conferences by 
increasing the number of citizen participants, communicating with more 
citizens on the draft plan and exchanging opinions, with efforts to ensure 
continuity of discussions from the channels with restricted participation to 
unrestricted channels. Also in all channels, all stages in the policy 
formulation process, namely, problem finding/analysis, policy issue 
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communication is made between a citizen and an administrator to address 
the citizen's opinion to the government, while in the cyber spac(l, 
communication is rather among citizens; hence it can contribute to citizen 
communication to obtain consensus from more citizens by mutually 
examining various values and interests, and by transforming the views of 
individuals to the view of a group. 

However, continuity was not observed in discussions from Dokocomi to 
off-line meetings, ML, nor to Citizens' Conferences. The intention in this 
research was to reach consensus by setting participatory channels in the real 
space with unrestricted participation and those with the restriction in order to 
encourage continuing discussions in these channels by representative 
citizens on unconcluded discussions in an electronic conference system. This, 
however, was not achieved. In future, it is necessary to set the 4 participatory 
channels, as well as to create a system to provide feedback on discussions ih 
an electronic conference system, which includes to create a summary or 
discussions in an electronic conference system and to provide thel 
information to other participatory channels. 

Lastly, it is possible that the contents and granularity of communicatiop 
and drafts can influence on the result of the analysis. This research, howeve~;, 
has only one study case and several cases will be needed for comparison anil 
examination in future. 

5. REFERENCES 

Sato, I., 2001, Ordinance for Urban Development and Regional Publicity- from a legal 
sociology perspective-, City Planning, No. 234, The City Planning Institute of Japan, p. 
19-22. 

Kobayashi,T. and Hibata, Y., 1998, A Study on Using the Internet in the Process of the Urban 
Master Planning -Centering around the case of experiment in Yamato City-, City planning 
No.2] 5, The City Planning Institute of Japan, p. 77-85. 

Kobayashi, T. and Hibata,Y., 2001 , A Study on Possibility of Forming a Citizen Opinion by 
Use of a Multi-Function Electronic Conference System, City planning Separate Volume 
No.35, The City Planning Institute of Japan, p. 49-54. 

Fukushima, K., 2002, The Supplementary Relationship Between an Electronic Conference 
Room and Local Activities in Participation-Oriented Urban Planning- ExemplifYing 
Yamato-City's Social Experiment in "Dokodemo Community"-, Graduate school of 
Media and Governance, Keio Univ. Master's thesis, p. 59-60. 

Kaiho, H. and Harada, E., 1993, Introduction to Protocol Analysis- What to Read from Data 
ofUtterance, Tokyo, Japan, p. 119-120. 

Mayama, T., 2001, The Nature of Policy Formulation- Ability of Policy Planning of Modern 
Local Governments-, Tokyo, Japan, Seibundo, p. 61-67. 



UrbanLab 
Generative platform for urban and regional design 

Luca Caneparo, Francesco Guerra, and Elena Masala 
High-Quality Laboratory- Territorial Integrated Project, Politecnico di Torino, Italy 

Keywords: Generative modelling, Participatory design, DSS, GIS, Software agent, Urban 
design, Regional design 

Abstract: UrbanLab is a computer system supporting urban and regional design. The 
papers outlines two leading aspects of this large research project, aimed 
respectively to make explicit the dynamic of the design in its time and 
geographic dimensions, and to interactively represent the interplay of some, 
explicitly, recognised factors, for instance the role of a multitude of different 
(local) actors in the design process. UrbanLab has been applied to several 
projects at different scales. We consider the applications to dynamically and 
interactively generating models of an Alpine valley. The modelling in the 
spatial and temporal dimensions provided us with the elements to study the 
evolution over the next twenty years. 

1. PLATFORM FOR SUPPORTING URBAN AND 
REGIONAL DESIGN 

UrbanLab is a computer system supporting urban and regional design. We 
have been developing a generative modelling platform with the central goal 
of turning ideas into simulation of design proposals at the urban or regional 
scale simply and promptly. 

The main aims of the system are: 
1. to go over a static conception of the urban design, towards a dynamic 

one, along the temporal axis; 
2. interactively represent in the design process the interplay of some, 

explicitly, recognised factors. 
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1.1 Dynamics in the Design Process 

In the last three decades a number of researches has been investigating the 
dynamic nature of urban and regional systems. Several studies have 
considered the theoretical shift from morphology to processes. This shift has 
been encouraged by new scientific theories of change, emerged at the cross
over of different disciplines (e.g. cognitive, biology, physics artificial 
intelligence), namely under the umbrella of the science of complexity. Self
organization theory has been considered promising, because it provides both 
an effective theoretical framework for connecting natural and social 
sciences, and modelling the dynamic of system, whose previously were 
considered incompatible with fundamental properties of social systems. The 
social dimension of urban systems is considered one of the irreducible 
properties to study and understand the phenomena (Larco, 2003). 

Modelling urban and regional process as self-organising systems turns 
out making explicit the dynamic, rather than the states of the system, the 
operational among the actors, rather than of their intentionality. 
Consequently the dynamics of urban systems do not fall into the class of 
heteronomy systems, defined by hierarchical, top-down oriented process, 
where exogenous factors and endogenous variables direct the evolution from 
macro--decision and macro-scale towards the micro, nor of self-standing 
systems, with no actual interplay occurring between inside and outside, for 
which defmitive solutions can ideally be deduced. Instead they fall into the 
class of systems defined by internal self-organisation, autonomy systems. 

«Autonomy, implied in the notion of territory as an auto-organising 
system, is a serious challenge to urban planning and design: perhaps the 
most radical since planning and design have become specific disciplinary, 
technical and professional fields. It may be of some use to remember that our 
activity field is an historical construct, whose cultural roots can be traced to 
the XV century Italian Renaissance (Choay, 1980), but which became 
generalised, structured and socially recognised in the XVIII and XIX 
century's processes of modem State organisation (Picon, 1988), reaching its 
peak in '50es post-war-reconstruction and '60es welfare societies (Picon and 
Desportes, 1997). A constant and profound relationship (dependence) on 
power and state has somehow inscribed hierarchy and authority in the 
genetic code of architecture and urban planning, making the final user (the 
citizen, the inhabitant, the visitor) into a voiceless quantity, incapable of 
individual choice (Tosi, 1994) (Hall, 1988). When asked by Doctor Jaoul's 
little daughter about her room in the father's new house, Le Corbusier 
answered: "Go and play, little darling, I know what you need."» (Caneparo 
2001). 
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So, we think that the time has come to enter an "age of maturity" for the 
considerable amount of useful experimental results of the theories and 
methods on the dynamic for the practice of urban and regional designers and 
planners. 

1.2 Dynamic Modelling 

The UrbanLab platform implements concepts for dynamic modelling of 
cities and regions. By dynamic modelling we mean a system that evolves in 
time according to the reciprocal actions between micro-scale and macro
scale. 

The micro-dynamics works from the bottom-up: it is driven from 
individual local actors (e.g. the landowners, households etc.), and actors 
from organisations (e.g. real estate developers, decision-makers etc.), their 
actions, aims and aspiration (e.g. the decision to settle, the choice of a 
location, the seek for visibility or, on the contrary, privacy, the choice of a 
building typology and construction system, the necessity for adaptation and 
further change when facing new needs, etc.), and their interactions (market, 
social etc.). 

The macro-dynamics works from the top-down, at the levels of spatial 
and socioeconomic resolutions (e.g. general planning, socio-economic 
trends, demographic and market dynamics, infrastructure, mobility and 
accessibility etc.), that tends to orient the overall system in the medium/long
term. 

Modelling urban and regional dynamics means taking a step towards 
dealing with the wide range of possible results a self-organising system can 
produce, and can also be a step towards reaffirming a role for architects, 
planners and designers. 

1.3 Interaction of Explicited Factors in the Design 
Process 

Among the major investigation issues in architecture, planning and 
geography in the second half of the twentieth century are the levels of 
formalisation at the micro- and macro-scale (Batty and Torrens, 2001; 
Broadbent, 1990; Calthorpe ,1993; Krieger, 1999; Hillier and Hanson, 1984; 
Holland, 1998; Portugali, 2000; Torrens, 2006). While concepts related to 
the identification of each scale, respectively micro- and macro-, of the 
phenomena and structures have been defined and documented, the dynamic 
interaction ofbetween different scales is less explored and known. 

Self-organising systems can produce a wide range of possible results, the 
challenge in modelling them is evaluating the effects of parameters ingrained 
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in a complex dynamics, in measuring their real effects and relating them to 
the hypotheses. The theoretical capability to interrelate the behaviours of the 
individuals at the micro-scale with the cumulative behaviour and evolution 
of systems at the macro-scale is hardly to be measured and validated, 
because it demonstrates difficult to actually identify and evaluate the 
contributions of individual agents/events in the whole dynamic. 

In the short novel, "On Exactitude in Science", Jorge Luis Borges (1975) 
imagines an empire where the science of cartography achieves such 
perfection that the map of a single Province occupies the whole city, while 
the map of the Empire the whole Province and so on. At the end, this science 
of representation becomes so exact and increasingly complex, to evolve in a 
map at the full-scale of the Empire itself. Borges comments that the Empire 
no longer exists, and we guess that the map itself becomes the reality, 
overcoming the problematical and arbitrary aspects of the model-making. 

Every model should assume hypothesis and from them apply 
simplifications, otherwise the model will evolve in Borges' full-scale 
representation of the world. At the moment, we don't have access to a theory 
for defining most significant variables, describing the dynamics of the urban 
and regional system. In this lack of theoretical and methodological 
frameworks, we have required UrbanLab to support software rapid 
prototyping: to turn hypothesis into software, for verifying them rapidly and 
accurately into a working model. Changing a hypothesis in a model could 
require, in some way, structural modifications to the system, for modifying 
or adding functions and variables. 

The rapid prototyping capabilities of UrbanLab should be considered 
within the application domain of design and planning. The capability of 
modelling a project rapidly and accurately along its temporal and 
geographical axes allows designers and planners an early evaluation of the 
effects, in the complex dimension of their interrelations. These are often 
exceedingly complex, driven by a plurality of actors and interests (often 
conflicting, but subjectively regarded as licit and justified), that can not be 
solved, as a problem setting and solving. Instead it opens a process that 
hopefully will lead to a convergence toward a balance, defined on the base of 
a set of agreed goals, of policies, and strategies for achieving them. 

The very nature of this process is dynamic and interactive: the recursive 
interaction with policy, planning and design making by means either of 
successive corrections and adaptations or of radical changes of strategy, 
when needed, i.e. choice ~ design-model ~ outcome ~ evaluation ~ 
adaptation/change ~ choice ... 

For urban and regional designs, software rapid prototyping turns out as 
an interactive tool for modelling, simulating, evaluating, open to architects, 
planners, decision-makers, as well as researchers. 
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2. URBANLABSOFTWARESTRUCTURE 

With CAD systems models are created at design time. On the other hand, we 
are committed to dynamically and interactively generating models according 
to users' interactions. Our approach relies on a generative platform: a 
software system generating design simulation at run-time. To this aim, we 
have been developing a generative modelling platform with the central goal 
of rapidly prototyping design into dynamic simulation simply and promptly. 

Providentially, in the past decades ICT has progressed a number of 
advanced tools that our research can profit of. 

Firstly Wirth's (1975) groundbreaking separation between data structures 
and algorithms. Since, especially in Europe, the geographical structures 
change relatively slowly (e.g. infrastructures and land use, workplaces and 
residences), comparing to the activities (e.g. travel patterns, works and 
residents), we have mapped this in the configuration of the system, 
separating the description of the urban or regional structures, from the ones 
of the actors, and from the models of interactions-activities. 

UrbanLab implements a generative description- a.k.a. worliflow- where 
datasets are associated to tasks to perform on that data. 

2.1 Datasets 

The datasets describes the urban and regional structures, intended as 
structured data describing aspects of a city or region. 

Usually in developed countries, there is a large availability of databases 
maintained by a number of public administrations, agencies, corporations 
etc. For instance, the available data could be digital terrain models, 
regulatory plans, CAD models of buildings and infrastructures, Census, 
Registry, Local Tax information, commuting times, but also consumers' 
locations and choices from telecommunications companies or from other 
commerce-oriented services. The data exists, but it is heterogeneous and 
sparse, spread over different formats, sources and ownerships. 

UrbanLab implements the methods and tools to read these data from 
various authorities (Figure 1) and to organize and correlate it into datasets, 
representing the structure of a city or region. 
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Figure 1. Scheme of the platform for generating dynamic datasets from different data sources 
and owners. 

2.2 Tasks 

To compute a task, it is necessary to group and relate different datasets, both 
in input and output. It is possible to have more than one input dataset, which 
can also be derived from previous output. Tasks are especially powerful 
when they integrate generative procedures in a dynamic, self-organizing 
system. Several dynamic procedures can coexist, for instance spatial, 
temporal and scale ones. Procedures differ from algorithms in that the 
dynamics of the systems emerges from the interaction of numerous, 
concurrent tasks, rather than from the application of some mechanism 
(Lodding, 2004). 

The spatial dynamics influences the morphology of a model. For 
example several tasks can be structured in order to define these relationships: 
the plan of a building from GIS or CAD data, the number of its stories from 
a property database, the terrain elevation from a digital terrain model, the 
texture of the roof from an aerial photograph. But it can also define how to 
stack the stories, how they are connected with the roof, or how to map the 
textures. These tasks can propagate downward to micro-levels and spread 
over the full urban or regional extent (Figure 2). Datasets, resulting from a 
task, can also be reiterated in other tasks. In this way, a small number of 
tasks can usually generate a wide variety of models which, according to our 
experience, can be fine-tuned to cities and regions in different countries. 

In the temporal dynamics, tasks can be defined to model the temporal 
evolution. For instance, in one case project after we mapped an area on a 
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rectangular grid, we proceeded to associate each cell to a vector by which we 
defined its status, while the transition rules defined its evolution in time. The 
results have been useful in representing the outcomes of planning strategies 
and policies. 

Concerning the scale dynamics, our present approach is to simulate urban 
and regional dynamics through the modelling of different interacting 
processes at various scales: at the macro-scale long term, large scale 
dynamics of the area are modelled, whereas at the micro-scale individual 
decision-making is the starting point for urban or regional dynamic 
generation. 

Figure 2. Screenshot of the real-time navigation in the generative model of an urban scenario: 
the central area of Torino. 

2.3 Workflow 

UrbanLab platform defines the relationships between the different datasets 
and the tasks in the workflow. It is executed at run time to create detailed, 
generative and dynamic models of large areas. Because the workflow just 
defines the relationships and tasks, the very nature of the system is both 
interactive and dynamic. It rapidly propagates not only the resulting changes 
in the datasets or tasks, but also the apposite tasks which represent time 
dynamics or user interactions at the macro- and micro-scales of the model. 
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3. DYNAMIC AND INTERACTIVE TASKS 

UrbanLab approach to model urban or regional dynamics is through the 
interaction of tasks at different scales. 

3.1 Cellular Automaton Tasks 
c. 

At macro scale, the urban and regional dynamics are treated in the formal 
Cellular Automata definition, as originally introduced by von Neumann 
(1963 and 1966) and Ulam (1974). 

For the purposes of the macro-scale model, a cellular automaton is a 
discrete dynamical system. Space, time, and the states of the system are 
discrete. Each site, defined a cell, in a regular spatial lattice or array, the 
grid, can have any one of a finite number of states. The states of the cells in 
the lattice are updated according to the rules. That is, the state of a cell, at a 
given time, depends only on its own state one time step previously, and the 
states of its nearby neighbours at the previous time step. All cells on the 
lattice are updated synchronously. Thus the state of the entire lattice 
advances in discrete time steps (Batty and Xie, 1994; Couclelis, 1997; 
Engelen et al., 1999). 

The mathematician's definition (Wolfram, 1994) of a cellular automaton 
is: a regular lattice of sites, where each site takes on k possible values, and is 
updated in discrete time steps according to a rule that depends on the value 
of sites r in some neighbourhood around it. 

Usually, d=dimension, k=states per site, r=radius. In the macro-scale 
model are assumed d=2, k=24 and r=8. 

A d-dimensional cellular automaton takes as its underlying space the 
lattice SZ (Z=integers, infinite in both positive and negative directions) where 
S is a fmite set of k elements. The dynamics are determined by a global 
function 

F:SZ-?SZ 
whose dynamics are determined "locally". A "local (or neighbourhood) 

function" /is defined on a finite region 
f: sr+/ -7 sz 
The global function F arises fromfby defining 
F(c); = f(c;_, , ... , Ci+r) 

Cities and regions do not behave like cells. To be more precise, they 
mutate in time due to anthropic factors and thropic processes. Furthermore, 
the hypothesis of autonomy, as is implicit in the paradigm of cities and 
regions as self-organising systems, is a leading factor to commitment to 
innovative planning and design practices. From this point of view, a simple 
cellular automaton modelling approach is hardly justified, especially where 
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transition rules exemplify antbropic factors. We have thus opted for the 
interaction of tasks at different scales: at the socio-economic scale by 
Cellular Automaton and at the morphological scale by individuals and their 
system representation by software-agents. 

3.2 Multi-Agent Tasks 

At the micro-scale cities and regions are generatively modelled from 
individuals' decisions. The approach is bottom-up, starting from the 
decision-making processes. 

Every individual is simulated by a software agent. To simulate at the 
extent of a city or region, such a large number of individuals-agents, rapidly 
and faithfully, role modelling has supported us in defining the personal 
position and the set of responsibilities within the defined context. In the case 
of an urban scenario, the personal positions can be real estate redevelopers, 
households and/or businesses. While the responsibilities can be respectively: 
edification I adaptation I increase of development, mobility or location 
decisions. 

The implementation of role modelling in a task is actually an agent
oriented extension (Kendall, 1999) of usual object-oriented modelling 
(Kristensen, 1999). 

For the Definition in a task, every agent is viewed as an autonomous, 
rational being, with reasoning capabilities, resources, skills, goals and 
preferences. At the implementation level, it is done by classes from the 
platform agent library. Usually the implementation requires entering the 
parameters for configuring the relevant classes. 

For the Organisation in a task, the agent is positioned within its social 
context, with relationships with other agents. This relies on the concept of 
agency: a group of allied and/or competing agents. Agencies can be 
collaborative, e.g. behaviours that concur to determine the settlement
building of collectives services (schools, hospitals, bus stops, parks, parking 
lots) or competitive, e.g. behaviour oriented towards the market, real estate 
and personal profit on the example of the "Monopoly" game or of stock 
market simulators. At the implementation level, the platform requires us 
assigning the agents to the agency they belongs to, the roles they play within 
the agency, the agents' awareness of and the abilities they know other agents 
have. 
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4. ALPINE VALLEY PROJECT 

Until now, UrbanLab has been applied to various projects at different scales. 
For instance, it has been used at the urban scale for evaluating the 
transformation of a central area in the city of Torino, Italy. This project 
involved the re-functionalising of an old industrial district into a new cultural 
centrality by changing the infrastructures and building new centres and 
complexes (Figure 2). 

Here we present a project on a regional scale: the possible evolution 
scenarios of an Alpine valley (Val di Susa, Italy, a site of the '06 Winter 
Olympic games), which needs to re-program its future, in search of a 
competitive and sustainable growth in a landscape quality prospective. 
Crossed by main road axes, highway, railways and a river, the region is 
structured in the form of a long corridor compressed along its infrastructures. 

The project concerns a t·ooo km2 area, where a main unresolved problem 
is the relationship between the regional infrastructures and the settlements. 
The generative modelling platform was thus directed at creating four 
ideaUtypical scenarios: 1. Ordinary Dynamic, 2. Linear Growth, 3. Reticular 
Growth, and 4. Green Corridors (Figure 3). These were not merely future 
scenarios, but effective anticipations of development capabilities over a 
twenty year period. 

Figure 3. The four scenarios modelled. 
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4.1 Cellular Automaton Tasks 

Specific instances of the Tasks have been defined to implement the general 
definition of Cellular Automaton (1) in the platform: a software agent a 

relates to an object c that represents the attributes of a cell at time t. In the 
current project, the attributes of the cell-object c are: Land use L, Zoning Z, 
Accessibility A and an aggregate value defined as Suitability U. Every agent 
a implements a set of Transition Rules T, specifying the changes of non
spatial states, i.e. L, Z, A and U. 

The agency system for this project has been defined in: 
A~ (S, Ts; L, CL; R, NR) (2) 
The first pair denotes a set of states S, associated with the agent, and a set 

of state transition rules Ts, used to determine how agent states should change 
over time. The second pair represents the location L of information of object 
c CL. R specifies the neighbours of the agent and NR represents the 
neighbourhood transition rules that govern how agents relate to the other 
agents in their vicinity. According to this definition (2), state transitions and 
changes in location for an agent depend on the agent itself and on the input, 
given by the states of the neighbouring agents and objects. 

At the macro-scale the region has been mapped on a grid of one hectare 
cells (1 00 by 100 m side), to which has been assigned the prevalent land use 
L. Zoning Z is based on 1990-2000 Regulatory Plan of every Municipality. 
Local Accessibility A to cell c is computed considering the structure of the 
network or the type of link within the infrastructures. Finally Suitability U is 
the geocomputation of the amenity at c as the weighted mean of the local 
visibility, the desirability of the neighbourhood (e.g. parks, recreation etc.) 
and the solar radiation. 

4.2 Multi-Agent Tasks 

The aim of the Micro-Scale Tasks is to develop a dynamic, four-dimensional 
model (3D+ time) of the region. 

This Task is based on interacting agents to which are assigned specific 
design tasks and that they have to pursue. Each agent views its local part of 
the system at a given time step. 

According to Franklin and Graesser ( 1996), the agents in this case project 
can be defined as: 
a) autonomous, because they are able to meet autonomously their own 

design tasks; 
b) situated, because they relate to a specific portion of the region; 
c) reactive, because they perceive the environment through communication 

with other agents and from its representation, i.e. datasets. 
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The implementation relies on agent roles and role models for describing 
agent systems. The role models and agency defined for this case project are: 
- Floor Area Ratio: for a given cell c is the ratio of useable floor area to the 

land area from the Property Parcels. The inputs are from both agents a, 
the Property Parcels and a possible Regulatory Plan dataset. The task is 
defining a ratio, e.g. 1 suggests that one story building covers the entire 
site, 2 story building covers half the site and so on. 
Property Parcels: trade alternative aggregations of the parcels to define a 
site. The inputs are from Floor Area Ratio and Building layout. The task 
is to meet a building layout possibly across several parcels. These parcels 
have to be cleared because the area of the building footprint must be 
considered in its number of stories to fit a Floor Area Ratio. 

- Accessibility: for a given parcel is the local measure according to the 
typology of transportation means and its proximity. The inputs are from 
Property Parcels and Infrastructure dataset. The task is the computation 
of the local accessibility to a parcel. 

- Building typology: generatively modelled from a given library of 
typologies. The inputs are from the Floor Area Ratio, the Property 
Parcels, the Accessibility and the Regulatory Plan dataset, if any. The 
task is to fit a typology to generate a building footprint on one or more 
adjacent parcels to meet the Floor Area Ratio. 

- Building Budget: estimates the total-building construction budget. The 
inputs are from the building typology and the shape. 

- Building Sustainability: evaluate the budget for the energy both of 
construction and maintenance of the building over the simulated period. 
The inputs are from the building typology, the shape and the site (solar 
radiation). 
Each of the defined roles is played by an individual agent that can 

collaborate or compete with other agents to accomplish a common task. 
Once role models and agency have been designed, the platform 

automatically translates the role-specific solutions into agent descriptions. 
From the agent descriptions the Agent Generator can create an individual 
agent, assigning to it a situated and specific task, e.g. a specific cell from the 
macro-model or a property parcel from a taxation dataset. 

4.3 Building Design Multi-Agent Tasks 

A Building design agent sets the relationships: 
- competitive with the Floor Area Ratio agents for defining the highest 

ratio possible, the Building Budget and Sustainability to find a balance 
with the developer investment, which is an input from the macro-scale 
model, 
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collaborative ones with both Property Parcel and Accessibility agents to 
optimise respectively the building plan in a site layout and the access to 
the infrastructures. An example of working relationships is fitting the 
ratio of a building Floor Area to Accessibility. 

Figure 4. Graphical editor of the inputs in the Micro-Scale Tasks: the Regulatory constraints 
(min green), accessibility to roads and services (min yellow), privacy and quietness (min 

pink). 

4.4 Ordinary Dynamic Scenario 

Of the four ideal-typical scenarios generated, for concision, is presented just 
the one defined as "Ordinary Dynamic". 

In this scenario the constraints posed by the Regulatory Plans are relaxed 
and the dynamics of the region are generated over the next twenty years. 
UrbanLab allows the users to interactively navigate inside the scenario at 
different time steps. To understand the dynamics quickly and faithfully, it is 
possible to set two or more windows, side-by-side, each of a different time 
step. Figure 5 shows the same scenario presented for respectively the year 
2000 and 2020. 

The scenario dynamic highlights a large number of new settlements and a 
sprawling trend along the main longitudinal infrastructural axes. 
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Figure 5. Screenshot of two synchronised views in the real-time navigation of the Ordinary 
Dynamic Scenario: year 2000 vs. 2020. 

5. CONCLUDING REMARKS 

5.1 Complex System Modelling 

As two light bulbs never break in the exact same way, similarly the 
dynamics of urban or regional systems is never the same. Anyway in the 
case of the bulb, it is possible to statistically relate lines of breaks in the 
glass and the expected ways of breaking. 

These "statistical" relationships are currently studied in our Laboratory 
by an interdisciplinary group, with contributions from physics, mathematics, 
geography, economics, and information technology (cf. Acknowledgments). 
We are experimenting two different methodologies of comparisons between 
observed and simulated scenarios: from the known past to the observed 
present. The first methodology is based on statistical spatial metrics to 
compare the observed and simulated (Luca et al. 2005). The second is based 
on the fractal analysis of urban or regional patterns. We study these patterns 
by a fractal dimension, which range falls between one and two. The 
boundaries can have a fractal dimension somewhere between a straight line, 
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with a fractal dimension of one, and a boundary, that is so complex, it is 
space filling with a fractal dimension of two. Thus the fractal dimensions can 
be used as an index for measuring the complexity of the pattern, between a 
polygon and a curve (Batty et al., 1993; De Cola and Lam, 1993). 

In addition, we are experimenting both spatial metrics and the fractal 
dimension for evaluating if and how dynamic and interactive generative 
modelling represents an effective approach to urban simulation in linking 
local processes, i.e. the ones modelled at the macro-scale with the cellular 
automaton, to the morphological processes, i.e. the ones modelled at the 
micro-scale with agents. 

We are studying how unstable spatial changes at the neighbourhood scale 
becomes smooth at a larger scale, and how continuous changes at the urban 
scale and smooth change at short time steps can lead main discontinuities in 
longer time periods. How and when emerges order from micro-dynamics? 

The emerging synthesis methodology is demonstrating counter to usual 
strategies in urban or regional modelling that instead tends to reduce or 
aggregate the essence of these systems. 

5.2 Knowledge Sharing through Dynamic and 
Interactive Generative Modelling 

Dynamic and interactive generative modelling represents an innovative 
methodology for sharing knowledge through scenarios. In the case project 
considered, dynamic generative modelling has proven to be an effective 
metaphor of argument and narrative: our methodological commitment is 
simulating as a medium for dialoguing with real people (Guhathakurta, 
2002) about their expectations, projects, interests as well as frustrations in 
the city/region. To this aim, our experimentation in case projects has been 
oriented to generating ideal-typical scenarios. This has been pursued to the 
conscious detriment of realistic representation in the models, because spatial 
and temporal evidence would extend and encourage public discussion and 
participation by means of an intuitive, yet rigorous, visual language. 

Because urban or regional systems are exceedingly complex, and cannot 
be accurately predicted, we promote interactive modelling to understand the 
dynamic, as open and transparent decision making processes: not as 
predictions, but as one possible future. 

Dynamic generative modelling has proven to be a working tool for 
designers, planners, communities and decision-makers. The case projects 
have taught us that complex social systems can be profoundly influenced by 
a pervasive access to information. Thus we are considering the sharing of 
urban and regional "knowledge" through interactive modelling, not just as a 
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communication tool, but also as an integral part of the design and planning 
processes. 
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IT Tools for the Valorisation of the Building Heritage 
Analysis and reuse of rural buildings to improve cultural-tourism 
activities 
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Abstract: According to the valorisation of sustainable policies, many European countries 
developed common or individual strategies to preserve and exploit their 
environmental and building heritage. Through the VILLAS transnational 
project it has been possible to create a set of specific tools, focused on 
different user types and needs that are easy to be combined and applied to 
assess and valorise private and public building heritage. 

1. INTRODUCTION 

According to the valorisation of sustainable policies, many European 
countries developed common or individual strategies to preserve and exploit 
their environmental and building heritage. At the beginning of 2004 the EU 
co-funded the three-year program VILLAS 1 to promote a common strategy 
to preserve and upgrade the building heritage and its related landscape, 
enhancing them as part of the European cultural and historical identity and in 
a framework of sustainable development. 

Changes in life-style, fragmentation of landholdings and a lack in private 
and public funding can be considered as the main obstacles for the 
conservation of the building heritage. These problems are often coupled with 

1 VILLAS, "Villas, stately homes and castles: compatible use, valorisation and creative 
management", Community Initiative INTERREG III B (2000- 2006) CADSES, Priority 3, 
Measure 3.1: Protecting and developing cultural heritage. 

253 

Jos P. van Leeuwen and Harry J.P. Timmermans (eds.) Progress in Design & Decision Support Systems 
in Architecture and Urban Planning, 253-268. 
8'h International DDSS Conference, 4-7 July 2006, Eindhoven University of Technology. 



254 R. Di Giulio et al. 

a short tourist environmental promotion and scarce local and national 
incentives (for investment, sale and maintenance). Management policies for 
historical buildings need to be reviewed, both in theory and practice, positive 
spurred by the "translation" of economic strategies commonly used for 
private investments and the application of IT systems for the environment 
planning. IT tools give a strong support to manage information, to co
ordinate diagnostics activities, to guide the design planning, to facilitate 
public/private partnerships and to communicate manifold data. 

The VILLAS project, focused on developing regional innovation 
strategies together with local policies, deeps large scaled objectives as the 
promotion and preservation of cultural heritage, the deepening of regional 
identities and the maintenance of natural and building heritage. The 
innovation of this program is overcoming the traditional fragmentation in 
managing and promoting the historic environment, providing an exportable 
model to integrate different transnational areas, therefore manifold 
stakeholders and potential investors. 

The research area is the "CADSES"2 one, where is possible to find 
similar issues both about building decay and growing interests about new 
policies for the reuse and valorisation of the heritage properties. 

This program includes sixteen partners from four Countries (Italy, 
Greece, Austria and Croatia), representing the set of stakeholders normally 
involved in the heritage preservation of a large European architectural estate. 

The Italian IRVV3 would like to exploit its large heritage of Palladian 
villas, the IBACN4 is searching for a new environmental outlook about the 
management of its gardens and villas inheritage and the Austrian region of 
Carinthia needs to valorise its castles. 

Through the VILLAS project local administrations search for a new 
strategy to promote sustainable tourism, to exploit their building heritage 
and to support innovative working opportunities, this is the example of the 
Italian regions of Veneto (leader partner) and Umbria, of the province of 
Campobasso, the municipality of Corfu (Greece) and the Croatian involved 
counties (Zagreb, Krapina-Zagorje, Varasdin, Pozega-Slavonia, Koprivnika
Krizevci), coordinated by the Faculty of Architecture of Zagreb. 

The Italian Universities of Ferrara and Trieste use their specific 
knowledge about building refurbishment, IT tools and economic assessment 
to support the Villas goals and to enlarge their potential through the research 
fields and the chance of making practical surveys. 

2 CADSES: Central European Adriatic Danubian South-Eastern European Space 
[www.cadses.net]. 

3 IRW: Regional Institute of Villas of the Veneto. 
4 IBACN: Institute of Cultural Heritage of the Emilia Romagna Region. 
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2. A DSS FOR THE BUILDING HERITAGE 

2.1 The definition of a common Decision Support 
System 

255 

All the analysed heritage assets are facing a different typology and degree of 
risk, from congestion and abuse to environmental damage or destruction. 
The proposed VILLAS system has been studied to define a compatible re
use strategy, according to the planning criteria and spatial policies of the EU 
research area and enabling to operate on a great diversity of protected built 
environment typologies (i.e. villas, gardens or rural buildings). 

The intensive relationships and interdependencies that emerged between 
the international project partners showed that it's possible to manage a social 
and economic integration based on sharing common problems and 
opportunities, improved by the definition of strategic networks and common 
tools. Each project partner (PP) has limited skills and purposes, dues to his 
own knowledge and to the mission of his organisation (administration, 
research, education, etc), but through the transnational research activities this 
heterogeneity became a resource. It has been possible to develop specific 
systems (to analyse, assess and redesign the building heritage) but organised 
as a set of tools in spite of focusing on different target groups and user 
needs. 

According to these manifold features, the VILLAS strategy is made of 
different kind of tools; these systems have been studied to be easily 
combined, to be adapted to the cultural and economic attitude of each 
specific regional framework. The VILLAS decision support system (DSS) is 
a set of preferred assessing and planning tools, focused on evaluating the 
best building use in perfect agreement with its cultural and architectural 
value and with the economical investment that has to be done. By choosing 
the building heritage as the DSS case study all the IT opportunities have 
been exploited to manage the subtle relationship that rise from the necessity 
to preserve the building environment but also to maximise the needed works, 
controlling costs. 

Some of the VILLAS tools have been developed just by one of the PP 
(using the common VILLAS knowledge) but promoted through the common 
project media (conferences, website, etc) and used by the other partners as 
best practices, case studies or a chance for new common projects. The 
Carinthia region, in example, designed a set of digital and paper flyers to 
promote their castles and tourist routes, but these thematic guides includes 
best practices and project references chosen from the international VILLAS 
ones, searching for an overall view of the cultural offer. 
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Figure 1. The VILLAS common web site (www.villas-eu.org). 

A second set of tools has been made to collect, analyse and share the 
information gathered by all the involved partners, therefore it can be 
considered as a transnational Decision Support System, including: 

• a web-site (see Figure 1) and a web-GIS, used as common 
information framework (see Figure 4); 

• a transnational mapping system, the GIS (see Figure 5); 
• a property questionnaire to evaluate the building attributes (from 

dimensional to environmental features) and to collect the owner 
requests; 

• a building survey made of a set of matrices to assess the planning 
priorities (to be submitted to a panel of experts) as regard building 
vocationality and the sustainability of the reuse proposals. 

These tools have been strictly related, comparing their specific results and 
information, and linking preferable design choices with the building 
environment and boundaries. 

These multi-criteria systems have been realised using the collected data 
(as a statistical database), studying the refurbishment strategies of a list of 
international best-practices, relating local regulations and national tourist and 
reuse policies. In this way the design proposal is not unique but it can be 
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associated to the moving of its "scenario", that is the changing of planning 
priorities (as costs, times, dimensions, etc). 

Starting from the existing methods to collect information it has been 
developed the VILLAS questionnaire (the main VILLAS survey), organised 
to manage a large number of parameters, according both to the transnational 
objectives and to the specific research requirements of each project partner. 

The questionnaire is made of eight main focuses: 
• Characteristics of the place (position, accessibility, infrastructures, 

landscape, economic and urban features) 
• Typology and original elements that can identify the building 

(typology, dimensions, main building features, organisation of the 
building estate, historical and architectural factors) 

• State of maintenance of the building (poor fair or good about the 
most important technical systems) 

• Ownership (property constraints, public/private relations, etc) 
• Current or previous use of the building (type, use level, criteria 

driving the use, etc) 
• Profitability of the economic activity actually host in the building 

(income, dimensions, client targets, etc) 
• New preferred use of the building for medium-long dated projects 

(criteria driving the use or change, regulations, costs, etc) 
• Characteristics of the current and the hypothetical alternative uses in 

the building (comparing different building uses proposed both by the 
property and by the partner that make the survey). 

Having a look of the Villas questionnaire it's possible to distinguish 
between to different kind of information: objective and subjective. The 
collection of data about the state of the art (objective facts) allows to create a 
map of the case studies and to schedule them for planning purposes. The 
analysis of more subjective features (as design proposals, cost projections, 
etc) is undoubtedly useful to address the "reuse" phase, recording some 
property attitudes (to sell, to enlarge, to change the building, etc) and 
suggesting large scaled planning strategies according to them; see Figure 2. 

The results of this large assessment of the VILLAS buildings have been 
used by each partner to evaluate the selected case studies, verifying how 
many features can hinder or facilitate both the survey procedure (maps, 
drawings, etc) and the chance of reuse of the buildings (regulations, costs, 
property attitudes, etc). 
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Figure 2. Example of the collection of data (excel files) through the interactive database. 

Through the questionnaire it have been realised two other different 
VILLAS tools: the comparison matrices and the GIS scheduling system. 

2.2 The tools for the building assessment 

Starting from thousand of data collected through the questionnaire, it has 
been possible to create a list of preferred relations between building features 
and it's attitude to be reuse in a short or long term. 

The Ferrara research group, according to its knowledge about 
architectural and technical matters, it's elaborating a scheduling of the case 
studies (now limited to the rural typologies), underling the elements that can 
affect the use, reuse, refurbishment and re-design of the buildings, referred 
both to their use destination and to the construction/cultural features. 

The University of Trieste (another Italian research partner) is selecting 
sensitive bench marks (as sustainability or reuse vocationality) to guide each 
potential planner or investor in searching the best project options. These 
matrices relate a number of building variables (as architectural typology, fine 
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arts attributes, etc) with others socio-economic indicators, as the area, user 
requirements and other parametrical features useful to guide the proper 
building valorisation. Through the analysis of hundred of buildings (all the 
VILLAS case studies) and of many successful economic reuse plans (chosen 
by the Project Partners), it has been possible to estimate value functions in 
order to determine the proper contribution of each variable in achieving the 
expected goals (see Figure 2). 

Figure 3. Example of weighting parameters, associated to the questionnaire results. 

Each building included in the VILLAS survey has been described by a 
number of variables, that represent the matrix columns; in example: 
architectural typology, fine arts attributes (such as marbles or frescos), 
gardens, services. Social and economic indicators referred to the area 
(infrastructures, distances, land use, etc) can be analysed both as simple data 
include in the basic building matrix and as a bench mark to define 
relationship between the building and its reuse capability. 

The analysis matrix requires the definition and elicitation of preference 
criteria and relative weights. Analysing a number of successful economic 
reuse cases, value functions will be estimated in order to determine the 
proper contribution of each variable in achieving the planning goals. The 
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main research hypothesis have been also verified proposing some simplified 
"scenarios", made comparing some preferred assessment matrices 
(dimension/costs, land use/building reuse, maintenance status/building 
redesign, etc), to a transantional panel of experts. This group of experts 
(technicians, administrators, designers, etc), responsible for different 
building planning/design stages, share their knowledge by giving their 
(quantitative) opinion on the role of certain preferred parameter 
combinations to the reuse opportunities. 

This assessment activity will allow the definition of economically 
sustainable reuse evidences, while tracing the model connecting all the 
variables to the project goals. To verify the final results of this stage it will 
be defined a set of detailed reuse programs (for some chosen case studies) , 
analysing the difference between the expected results (using the assessment 
matrices) and the real cost and time goals achieved by each designed 
alternative solution. 

The valorisation of the existing building heritage is an objective that have 
to be reached with the promotion of the affordable management of the 
cultural and architectural policies, encouraging public/private partnerships. 
The VILLAS system is organised as a network between both "users" and 
"suppliers" and they continuously empower the system with new case 
studies, requests and information, improving the tools and the reliability of 
results. 

2.3 The GIS and web-GIS systems 

The data collected by each Project Partner, through their main activities and 
on site surveys, have been resumed onto a GIS web site made of both 
traditional geographical mapping systems and of more interactive webpages 
(see Figure 4) . 

I order to join the complexity of the research objectives and to 
communicate the collected information to a large set of potential users 
(Public Administrations, investors, tourists, etc), the VILLAS IT tools have 
been co-ordinated through this web site, arranged into a private and public 
interface. The "confidential" web access is dedicated to the research partners 
and it's normally used to show and manage the information. The "open" web 
interface allows the data spreading, enabling transnational virtual tours 
between all the buildings fit into the GIS database and it shows the VILLAS 
tools, encouraging new partnerships. 

The IT systems have been used to translate all the research information 
into a mathematical model (for the GIS data organisation) and into an 
alphanumerical structure, to convert the building surveys into an integrated 
web visualisation. The publishing system is managed by a web server that 
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works as http daemon and it runs the server side language. In this way it's 
possible to handle a spatial and alphanumerical database, both as local or 
remote connection. 

The cartographic program is an image server that generates standard web 
images that can be shown through a common browser, starting from raster or 
vectorial plans (the heterogeneity of basic data mirrors the blend of research 
partnerships). 

liiiEQ 
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AREAS _,....., -<o-"11 
IMJW,- MNepst 

GLOBAL SEARCH 

LOGIN 
r---, 
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r:::::::= 
~ 

Developed by the Faculty of Archlrecture of Ferrara- Contact us 

Figure 4. The main webpage of the VILLAS GIS system (http://villas.unife.it). 

The building showing through GIS maps allows to verify the context and 
to better understand distances, land features, the relation with infrastructure 
and services and to be able to arrange a simple virtual tour or, if needed, to 
design large refurbishment plans (land marketing). 

The web system is enriched with aerial and satellite photos (subjected to 
the specific privacy policies of each research partner), that give the chance of 
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customise the information and to have a more friendly impact over the 
unprofessional users . 

The use of a software integrated into the GIS database allows to create a 
topological tool, combining the SQL language with spatial instructions, 
therefore ensuring both a geo-graphical virtual sailing and an alphanumerical 
approach. The GIS system allows managing the data, searching information 
or creating a set of thematic maps or lists. 
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Figure 5. Example of a GIS mapping of the VILLAS collected case studies. 

... 

The GIS data collection as been made handling together commercial and 
Open Source softwares, according to each partner needs, generating a final 
common file, ready for the publishing. 

To make more readable the data sharing just a selection of the complete 
survey database has been included onto the GIS system as references, 
including a homogeneous classification of the chosen case studies (building 
code, name and address, the typology, etc). The research partners have, 
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naturally, a special licence to visualise and edit all the complete VILLAS 
data (shape files, maps, databases, etc). 

The public web area of the GIS system shows the Villas purposes and 
tools and can be used to test the DSS itself (inviting people to join to our EU 
project) and to make tourist maps and tours through the VILLAS Countries, 
having a look of selected case studies. It includes: Country maps, basic GIS 
mapping info (roads, towns, etc), the basic shape files (with the some 
building details, needed to fit them into the geographical references) and 
some other cultural information. According to the typical needs of "public" 
users (i.e.: having more historical or tourist info, visualise photos, drawings, 
etc) the GIS webpages have been enriched with downloadable files 
(connected to the case studies), with search toolbars and links to some 
related websites. 

The restricted web area has to be used just by the Villas partners to 
manage the data and to use them to organise and show new transnational 
proposals for projects of building renewals or the development of related 
planning programs. It includes: deepened GIS mapping info (geographical 
covers, etc), satellite photos, the complete building survey and any other 
collected documentation about the building (photos, drawings, sketches, 
artistic information, etc). To deepen the analysis and promotion of reuse 
activities, the selected VILLAS case studies have been associated with a 
short list of parameters that can be useful to select the preferred 
refurbishment plans and, just for pilot buildings, also a detailed cost/benefit 
study of designed proposals. 

This web structure associated to a GIS mapping systems is opened to 
further implementations, as an example with tourist information (restaurants, 
hotels, etc) or thematic tours (cycling, walking, etc). 

3. THE RURAL HERITAGE AS A CASE STUDY 

Since before the Roman empire, when Etruscan people lived near the Po 
river, the Emilia Romagna region is characterised by farms and rural 
activities. This land use has been maintained until the middle of XX century, 
when the green image of the region changed, day by day, in a confused 
mixture between urbanised and abandoned areas. Rural buildings have been 
predominantly erected for agricultural purposes, this means that where 
farming practices changes or move these heritage estate is no longer required 
for its original use or has to be suited to modern farming needs and 
additional services (hotel, commerce, restaurant, etc). 

Rural building reuse is subject to a framework of rules common to all 
building constructions, balancing private interests with the well-being of the 
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wider community and environment, diversifying the wider rural economy 
and improving the local tourism activities . Choosing the rural courts as a 
VILLAS research field , the group of Ferrara would like to enhance this 
building heritage, defming some needed boundaries to disrespectful projects, 
together with exploiting the reuse and refurbishment opportunities. 

Planning parameters that actually safeguard the natural environment 
seem too strict to allow the development or modification of traditional 
farming policies and, in parallel, the urban designing rules cannot control the 
strict dependence between the rural building and its surroundings. 

The importance of a new planning policy has been already discussed by 
the local Public Administrations that are overrunning the traditional general 
town planning through the creation of province Structural Plans, forcing the 
approval of each project to a larger overview of heritage saving and public 
benefits. This planning strategy is trying to change the relation between 
public and private projects, enhancing the "orchestration" as key word; but 
how evaluate the advantages (in terms of social, economical and cultural 
benefits) of each new design proposal? And where are the boundaries 
between private rights, the safeguard of green lands and the need of 
guarantee a support to the economical development of rural areas? 

Public administrations generally use the building surveys procedures and 
the geographical maps update (i.e. dwg ones), just as tools when carrying out 
new large city plans. In this way the role of the surveys is marginalised to a 
mere control of the state of the art, leaving to subjective (and desultory) 
estimations the assessment of what and how designing and changing, day by 
day, the rural heritage. The diffusion of satellite photos and of GIS mapping 
systems is, fortunately, modifying this lack of information, but the 
quantification and qualification of each land or building abuse and the 
defmition of large neglected areas don't give specific indication about how 
to promote a design change. 

The British experience can be considered as a good example of protection 
of the rural environment, controlling the design stage both as economical 
opportunity and a land safeguard. The County regulations in UK recommend 
the proposal of a reasonable business conversion plan together with the 
traditional design project, this to evidence how economical and social 
benefits can counterbalance the refurbishment building works, without major 
or complete reconstruction. 

In Italy both investors and owners have actually a lot of difficulties to 
manage the proposal of new appropriate building destination and to finalise 
the design according to the safeguard regulations of land and architecture. 
Local authorities are interested in founding available resources and in co
ordinating large scaled plans to provide successful rural conservation 
policies but, on the other hand, private owners need to share the aims of 
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these public choices, having a suitable support in terms of organisation and 
economical incentives. The effectiveness of the proposed VILLAS tools can 
be measured just verifying the balance between the analysis of existing 
building and the assessment of suitable reuse proposals. 

According to this methodological approach, applied to the rural building 
estate, the research unit of Ferrara developed a set of strictly related tools to 
include all reuse features (and stakeholders) as a global integrated process. 
These tools can be summarised as: 

• a grid to easily examine the rural estate (simplified survey for large 
planning or tourist mapping), through a set of defined parameters, 
selecting a first short list of features: dimensions, number of building, 
uses, number of floors, rural court typology; 

• a larger survey list (pre-design analysis), including more technical 
questions: traditional technical elements (roof, floors, frames, etc), 
state of maintenance, building typological features; 

• a comparison matrix between the building use (existing and 
proposed) and some other critical performances that as to be joined 
(safety, health, accessibility, refurbishment costs, new installations, 
space for commercial or service activities, etc). 

The combination of these checklists is well matched with two sets of in
depth studies: rural building technical schemes and preferred use 
destinations. The first document is a collection of traditional rural building 
elements, to help users to classify the typological and technological features 
of their properties and to do a simple comparison between standard 
performance and existing ones. 

The second guidebook is a short anthology of the most appropriate uses 
in a rural context, addressed to many kind of commercial, tourist or 
recreational purposes. Each of these functions have been scheduled to 
include: boundaries and technical requirement, description of basic activities, 
preferred related services, key regulations, links with other support 
structures. 

The given answers to the VILLAS questionnaire and the economical 
weighting systems proposed by the PP of Trieste have to be seen in parallel 
with this more technical survey, to elaborate a basic set of reuse alternatives 
then deepened with the on site technical survey. The relation between 
checklist and guidelines drafts a real DSS, helping to understand and qualify 
the physical conditions of all the aspects of rural building heritage. This is an 
essential basis for determining priorities for future actions, following 
different kind of design planning according to the specific objectives of each 
stakeholder. 
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Figure 6. A short picture of the rural building scheduling system. 

This method, deepened for rural buildings, can be adapted to other 
building typologies just selecting their specific features and applying 
appropriate restoring strategies. 
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4. CONCLUSIONS 

The VILLAS main result is to offer a framework to assess the potentiality of 
the building estate, relating the reuse opportunities to the variable features of 
each case study in its specific context. Building diversification is subject to a 
framework of regulation common to all improving policies, which tries to 
balance private interests with the well being of environment and 
communities, examined in a sustainable large scaled perspective. None 
activity has to be ruled out in principle but not all the existing reuse 
functions will be appropriate in all circumstances, they have to be checked 
according to the context and to general planning objectives. 

The expected transfer of the VILLAS research outputs into the building 
heritage policies includes the support to public and private planners, 
suggesting a more focused list of assessment tools. Therefore each kind of 
DSS tool needs is own language, adjusted to the targeted users, and all the 
stakeholders have to be equally supported and addressed in their planning 
and designing choices. 

The networking approach create the preconditions for the development of 
sustainable cultural heritage transantional tourism, promoting the exchange 
of information and the adoption of common methods to plan the building 
reuse. 

The classification of potential economic uses, the defmition of new 
typologies of legal restrictions, the upgrading of juridical instruments and 
establishment of common management methods have been developed to 
improve the effectiveness of resource allocation policies for the renewal and 
valorisation of the cultural heritage. 

The VILLAS support system is therefore structured as a set of preferred 
tools and guidelines because the simplicity and adaptability of suggested 
reuse analysis and practices are as important as the correctness of the 
proposed solutions themselves. As regard the rural building heritage the 
provided tools can be summarised as: 

• the definition of a on site survey grid to foster the readability of the 
rural court (building, open spaces and environment); 

• the suggestion of an assessment model of the needed maintenance 
and refurbishment works, related to the functionality level of the 
building and supporting sustainable and traditional building methods; 

• the promotion of guidelines that sum up the preferred uses for rural 
buildings, examining the existing boundaries to their application, the 
main references to local and national regulations and supporting 
associations; 

• the definition of a short list of comments, useful for the local 
planning, through the suggestion of selected building features 
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(technological, typological, esthetical) that should be taken into 
account to constraint and address the reuse practices and to assess the 
affordability of a proposed design solution; 

• the availability of a GIS updated mapping system that resume a large 
part of the existing rural court county area and that can be easily 
developed through a more large building survey and the integration 
of existing local mapping system (town plans, tourist maps, etc). 

The VILLAS networking ensures the dissemination of the outputs and 
the enlargement of the project boundaries through the involvement of many 
different stakeholders; but the analysis of the building heritage is just a part 
of the process for its preservation. The final results of the VILLAS research 
activity underline the unavoidable role of communicating the collected 
information (using traditional and IT tools) and sharing the assessing 
methods to help a large public access to the practices of sustainable use of 
the heritage estate. 
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Abstract: Collaboration benefits the process of complex design. However, there are 
many communication problems among different stakeholders in the domain of 
industrial design, because the situation of communication and decision
makings for stakeholders is so complicated. To deal with the complexity 
requires both a web-based collaborative system to communicate and share 
information immediately, and a multi-agent system (MAS) integrated with 
K W architecture to possess different levels of competence at performing a 
particular task. The goal of our system is to integrate a variety of 
representational methods of transferring knowledge and to communicate 
among different stakeholders using a single platform. To demonstrate our 
proposed concepts, we focus on a prototype system for notebook design for 
the company ASUS, a leading notebook manufacturer based in Taiwan. 

1. INTRODUCTION 

There is substantial evidence to support the statement that collaboration 
represents more than just the sum of the parts. Human- human collaborative 
problem-solving theory suggests that people construct and maintain an 
understanding through dialog in which meanings are accrued incrementally, 
as well as evidence of what has been understood to date (Ostwald, 1995). 
For this reason, collaboration benefits the process of complex design. In the 
domain of industrial design, a development project usually involves diverse 
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team members such as sales manager, project manager, industrial designer, 
and mechanical, electrical, and layout engineers. Different stakeholders has 
different views of the system, while they also need to be able to 
communicate with each other using common models and languages 
(Joharmesson and Perjons, 2001). According to Burdman (1999), however, 
there are 11 factors that cause poor communication: (1) people have 
backgrounds in different disciplines; (2) a lack of mutual understanding of 
terminology; (3) personality; (4) hidden agendas; (5) ineffective meetings; 
(6) proximity; (7) assumptions; (8) poor infrastructure and support; (9) being 
an expert; (10) fear; and (11) lack of a good communication structure/system. 
In addition, the sharing of real-time information and updating information 
can also pose difficulties. 

Such complexities in decision-making compel managers to utilize 
information-analysis tools to support business decisions. Decision support 
systems (DSS) are becoming increasingly more critical to the daily operation 
of organizations. Data warehousing, an integral part of this, provides an 
infrastructure that enables businesses to extract, cleanse, and store vast 
amounts of data; however, only a fraction of the required information is 
stored on computers: the vast majority of a firm's intellectual assets exist as 
knowledge in the minds of its employees. Knowledge warehouse (KW) 
architecture not only facilitates the capturing and coding of knowledge, but 
also enhances the retrieval and sharing of knowledge across an organization 
(Nemati, Steiger, et al. , 2002). 

To deal with such complex communication and decision problems, 
therefore, requires both a web-based collaborative system to communicate 
and share information immediately, and a multi-agent system (MAS) 
integrated with KW architecture to possess different levels of competence at 
performing a particular task. One significant benefit of multi-agent systems 
(MASs) is their scalability. In MAS, the agents need to work collectively 
such that, as a group, their behaviour solves the overall problem without 
disruption, conflict, or glitches. When a task is assigned, the agents are likely 
to be in need of finding other agents to collaborate with. Such a task is easy 
if the agents know exactly which agents to contact and at which location 
(Zhu 2006). 

For our particular system, the goal is to integrate a variety of 
representational methods of transferring knowledge and to communicate 
among different stakeholders using a single platform. Our system especially 
focuses on the way in which to efficiently communicate between people in 
the marketing and design sections of an organization, because the sales 
manager rarely has a chance to communicate with the industrial designers or 
engineers. In addition, not all requirements can be incorporated in the 
industrial product because of design and technology constraints. As the 
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project manager is involved for both areas, it is important to consider 
communication between the project manager and the sales manager, as well 
as communication between the project manager and the industrial designer 
or engineer (Figure 1). 

Marketing Section 

Figure I. Concept diagram of communication flow for suggested system. 

To demonstrate our proposed concepts, we focus on a prototype system 
for notebook design for the company ASUS, a leading notebook 
manufacturer based in Taiwan. We therefore need to know the entire 
notebook development process at ASUS and then use this understanding to 
develop our particular system. First, we acquired knowledge by interviewing 
different stakeholders to obtain domain knowledge and work scenarios. 
Secondly, in terms of knowledge management, we analyzed data from the 
interviews and stored this information in different databases as a knowledge 
warehouse and a decision instance database. Thirdly, in terms of the 
combined multi-agent system (MAS), we used MAS to assist in 
stakeholders' collaborative work and in assigning tasks. Finally, in terms of 
Web-based distributed technology, we integrated our system with CSCW 
technology that enables different stakeholders to communicate with the 
system and with each other. The system design principles involved in this 
prototype can be extended to other design domains. 
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2. BACKGROUND 

2.1 New Product Design Development Process in 
Industrial Design 

In addition to considering aesthetics, usability, and ergonomics, product 
design can also encompass the engineering of objects, usefulness as well as 
usability, market placement, and other concerns (Wikipedia, 2005). 

In business and engineering, new product development is the complete 
process of bringing a new product to market. There are two parallel aspects 
to this process: one involves product engineering; the other is marketing 
analysis. Marketers see new product development as the first stage in 
product life cycle management, engineers as part of Product Lifecycle 
Management. There are several stages in the new product development 
process (Figure 2). 
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Figure 2. New product development process. 
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These steps may be iterated as needed. To reduce the time the process 
takes, many companies are completing several steps at the same time. Most 
industry leaders see new product development as a proactive process where 
resources are allocated to identify market changes and seize upon new 
product opportunities before they occur. Many industry leaders see new 
product development as an ongoing process in which a new product 
development team is always looking for opportunities (Wikipedia, 2005). 

2.2 Decision Making Process in CSCW 

2.2.1 Computer Supported Cooperative Work (CSCW) 

Few contest the claim that modem information technology, supported by 
computers and communications, contributes to a dramatic improvement in 
productivity and effectiveness among individuals engaged in a wide range of 
tasks. Computer-supported cooperative work (CSCW) aims to provide 
similar improvements for 'multiple individuals working together in a 
conscious way in the same production process or in different but related 
production processes.' If achieved, this aim promises to multiply our 
productivity, perhaps by more than the square of the number of users, as 
compared against the productivity improvements that personal computers 
provide to each of us as individuals (Mills, 1999). 

CSCW researchers propose a new type of software called CSCW system 
or groupware (Ellis, 1994), which is software for teamwork and can aid 
communication in an organization and helps staff work together on joint 
tasks. From basic components or ideas within groupware, more complex 
forms can be created (LePoire, 1999). Groupware can be defined as software 
that facilitates work within groups and provides three key group functions: 
communication, collaboration and coordination (Chaffey, 1998). 

Groupware characterizations attempt to group disparate technologies such 
as email, forums, and workflow, file sharing, document management, 
conferencing, and shared applications. The relationships and boundaries 
between these are not well defined (LePoire, 1999). Table 1 shows the main 
groupware functions. The main functions are usually present in groupware 
applications to help teams collaborate. 
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Table 1. Main groupware functions (Chaffey, 1998). 
Groupware function · "i•'' Application 

~ . ~ ~ ' -'-~ -- '"""·· '' 

Email & messaging E-mail, electronic forms processing 

Document management and information Improved information dissemination 
sharing 

Collaborative authoring Team development of documents 

Conferencing Text conferencing, video conferencing, 
white boarding 

Time management Calendar and group scheduling 

Groupware management and decision support Remote and distributed access facilities 
including replication and access control 

Ad hoc workflow Loosely coupled collaboration 

Structured workflow Structured management of tasks 

2.2.2 Project Manager as a Decision Maker (CSCW point of view) 

Leading organizations we studied generally hold project managers 
accountable for meeting cost, schedule, and performance goals. Some of 
these organizations allow individual project managers to decide what 
management tools best meet their needs to monitor and track project 
milestones and to identify cost and schedule variances from the project plan 
To do this, project managers have to do several sequences of decision 
makings: intelligence, design, choice and implementation (Guisseppi, 2002). 

Decision Support Systems (DSS) are defined as interactive computer
based systems intended to help decision makers utilize data and models in 
order to identify and solve problems and make decisions (Power 1999). DSS 
are further classified into four main categories: data, model, process and 
communication oriented. Decision making support has evolved over time 
and across disciplines. Initial support was offered by a DSS, with the typical 
architecture shown in Figure 3. In the typical DSS, the problem-pertinent 
data and models are captured and stored as inputs in the system (Guisseppi, 
2002). 

The DSS concept presumes that the problem pertinent data and models 
have been created and made available to the system prior to user processing 
(Hooghiemstra, Kroon, et al., 1999). It also assumes that the user can utilize 
the computer technology to perform the technical processing operations and 
computations required by the system (Lawrence and Sim, 1999). 
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Figure 3. DSS typical architecture (Guisseppi, 2002). 

2.3 Knowledge Management for Collaborative Systems 

2.3.1 Interview 

Patton (1990) suggests three basic approaches to collecting qualitative data, 
through interviews that are open-ended: informal conversation, the general 
interview guide approach, and the standardized open-ended interview. 
Informal conversational interviews are a spontaneous flow of questions 
where the subject may not realise that the questions are being monitored. 
The general interview guide approach predetermines a set of issues to be 
explored. The standardized open-ended interview pursues the subject 
through a set of fixed questions that may be used on a number of occasions 
with different subjects. The three approaches are distinguished by the extent 
to which the questions are standardized and predetermined, each approach 
having strengths and weaknesses dependant to some extent upon the purpose 
of the interview. 
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In a guided interview, taking notes is deemed to be a distraction in 
developing an affinity with the interviewee. This is where verbatim 
transcripts of recorded interviews prove invaluable. The interviewer is free 
to be attentive to the interviewee, in the knowledge that the transcribed 
details can be attended to later (Gittins and Bass, 2000). 

2.3.2 Scenario-Based Design 

Scenario-based design is useful in situations where the design of the system 
is fragile in the sense that there is no detailed conception of exactly which 
work activities should be supported and in which way (Bardram, 2000). 
Such systems are characterized by high uncertainty and risk, and therefore 
have to adapt an experimental and iterative way of design (Boehm, 1988). 

The purpose of collaborative scenarios is to provide support for the 
overall design of a computer system by describing collaborative work 
activities that are to be supported and/or affected by the future computer 
system. Such scenarios are work-driven, open-ended and informal narratives 
of what people do and experience as they try to perform different activities 
with or without making use of a computer application (Karat, 1995). The 
definition provided by Carroll (1995) makes a good starting point for 
discussing what a collaborative scenario should cover: "The defining 
property of a scenario is that it projects a concrete description of activities 
that the user engages in when performing a specific task, a description 
sufficiently detailed so that design implications can be inferred and reasoned 
about. Using scenarios in system development helps keep the future use of 
the envisioned system in view as the system is designed and implemented; it 
makes use concrete - which makes it easier to discuss use and to design 
use." 

2.3.3 Knowledge Warehouse 

The goal of a knowledge warehouse (KW) is to provide the decision maker 
with an intelligent analysis platform that enhances all phases of the 
knowledge management process. Two comments can be made to further 
amplify and explain the KW goal: first, this goal assumes that the user of the 
KW is the decision maker; second, an intelligent analysis platform is defined 
as a PC-based platform that makes available to the decision maker an array 
of analytical tools, each of which utilizes various technologies to aid the 
socialization, extemalization, combination, and internalization of knowledge 
management (Nemati, Steiger, et al., 2002). 

Compared with data warehouse for data, KW is more complicated. The 
primary source of data in data warehouses is transaction data (easily stored 
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in a relational database), but the primary sources of knowledge in the 
knowledge warehouse include text streams, film clips, mathematical models 
and their instances (stored as equations, matrices, arc/node descriptions, etc), 
and analysis results (stored as equations, weight matrices, text streams, etc). 
Further, for knowledge stored in the form of models and solved model 
instances, the KW is required to efficiently store, retrieve and manipulate 
many solved model instances, with each instance tied (logically) to its 
associated model and/or tied (logically) to a related instance (Nemati, Steiger, 
et al., 2002). 

Development and implementation of KW architecture requires the 
following generic activities (Nemati, Steiger, et al., 2002): (I) designing and 
implementing techniques to identify and record both knowledge and 
ignorance and then designing processes to share, use, and protect such 
knowledge and to remedy ignorance by learning or knowledge creation; (2) 
designing and orchestrating contexts, environments, and activities to 
discover and release what is not formally or explicitly known and possibly 
coaching and encouraging people to be effective in these processes; (3) 
articulating and communicating the purpose and nature of knowledge 
management and connecting it to other strategic and operational initiatives 
and activities of the organization. These factors are due to the additional 
tasks that knowledge warehouses should perform. They are the following: 
( 1) Creation of a knowledge management infrastructure. (2) Building a 
knowledge culture by active promotion of the knowledge agenda, including 
the development and diffusion of knowledge management models, 
frameworks, and language. (3) Facilitation of knowledge-oriented 
connections, coordination and communication throughout, and also without, 
the organization. 

2.4 Multi-Agent Systems (MAS) 

One of Multi-agent information systems research goals is to study how an 
agent adjusts knowledge, goals, skill and plan, to generate the collective 
behaviours through the interactions among agents. Multi-agent systems are 
composed of two or more intelligent agents (Figure 4(a)). An agent has 
detectors, effecters and a decision-making mechanism (Figure 4(b )) 
(Yamada, Nakakoji, et al., 2004). 

A general understanding of MAS is that: (I) each agent has a partial 
capability to solve a problem, (2) there is not necessary a global system 
control, (3) data and knowledge for solving the problem are decentralized, 
and (4) computations carried out among the agent are asynchronous (Flores
Mendez, 1999). 



280 

ill 

Ji-Hyun Lee and Huai-Wei Liu 

(a) 1'Vlulti--agent sy:s:t.eu.1,.. V\tbere the i.t.l.t.era.ction.:s. an..,.ou.g 
agent'S affect the system dyn.a.:nllc:s and the in.t:eract:ions: 
bet.vveen. 'the sys1C:m dy.'l..amics and ic.s agents affect hovv 
each agent behaves 

(b) Agen~ model 

Figure 4. Multi-agent system (Yamada, Nakakoji, et al., 2004). 

Barbuceanu and Fox (1995) design a multi-agent system (MAS) 
composed of four components: agents, tasks, organizations, and information 
infrastructure. Agents in the MAS are distributed geographically, are 
autonomous but interdependent in their task environments, are embedded 
with self organization capability, and are adaptive to changes in their 
environment. For dynamic multi-agent systems, agents need to know how 
and where to find the other agents. The dynamic nature of agent distribution 
motivates this research to look at the topological models of MAS and study 
how these models facilitate or hurdle the agent collaborations (Giampapa, 
Paolucci, eta!., 2000). 

3. METHODOLOGY 

3.1 Interview with ASUS Staffs 

In this paper, we chose one notebook development process within ASUS for 
which to collect qualitative data by interviewing different stakeholders such 
as the manger, designer, and engineer (Figure 5). Interviewing not only 
provided qualitative data for this paper but also demonstrated the way in 
which the proposed system can operate in the real world. 
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Figure 5. Results of interview. 

Within ASUS, the process flow for notebook development is as follows. 
First, the sales manager is provided with requirements determined from 
marketing analysis and consumer needs, and then communicates with the 
project manager. Secondly, on the basis of this information, the project 
manager decides upon goals, the process schedule, team members for the 
development, and the sourcing of resources. Thirdly, the industrial designer 
receives information related to the development goals and draws a 2D 
graphic that is sent to the mechanical engineer who constructs a 3D graphic 
and model. Finally, the electrical engineer designs the connector and 
electronic components and has the layout engineer design the circuit. Over 
the entire development process, the engineers largely follow the designer's 
idea because the technology exists to support any new type of notebook 
development. 

3.2 Establishment of the Knowledge Warehouse 

As each stakeholder owns a different domain of knowledge, we established a 
KW that enables stakeholders to store and retrieve their knowledge. The 
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project manager uses the KW to make decisions and communicate. Figure 6 
shows the location ofKW in our particular system. The knowledge related to 
sales manager is marketing analysis, customer psychology, production cost, 
etc. For industrial designer, it is design principles, idea generation and 
drawing representations. The knowledge related to engineer is product 
mechanics, electrical layout, etc. Those are stored in KW as their domain 
knowledge. The KW also supplies a management platform for project 
manager and via KW he/she communicates and makes important decisions 
with other stakeholders. 

CSCW 

Store and Retrieve 

Store and Retrieve 

Figure 6. The location ofKW in our system. 

3.3 Establishment of the Decision Instance Database 

For the decision instance database, we take into account the project 
manager's requirements and the decision principles of ASUS and followed 
the decision-making process to store necessary information and instances. 
Here we supply the decision-making history and marketing analysis 
information for the project manager to add to the decision instance database 
and thereby help in making important decisions. The project manager must 
consider the following tasks over the entire notebook development process: 

1. Using marketing analysis data to formulate the notebook 
development goal and design target. 

2. Deciding upon which stakeholders to organize into the 
development team, assigning tasks, and communication with 
stakeholders. 

3. Arranging and maintaining the development schedule. 
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4. Choosing references and collecting resources and supplies for the 
industrial designer. 

3.4 Different roles in the Multi-Agent System 

The multi-agent system (MAS) is a system used to support our proposed 
system. The stakeholder can communicate with others or the core system via 
the collaboration of agents in MAS. We established several agents to help 
with different functions (Figure 7): 

1. Interface agent: the interface agent provides a communication 
platform for stakeholders and sends requirement messages to the 
Task agent. 

2. Task agent: the task agent operates according to the requirement 
messenger and assigns work to different agents. 

3. Knowledge agent: the knowledge agent is linked to the 
management knowledge warehouse. Each stakeholder can store 
and share knowledge information via this agent. 

4. Instance agent: the instance agent is linked to the management 
decision knowledge database. It can provide decision cases and 
suggestions for the project manager. 

4. IMPLEMENTATION 

4.1 System Architecture 

The system proposed in this paper uses Java as a development language, 
because Java is a general-purpose programming language with a number of 
features that make the language well-suited for use on the World Wide Web, 
it meets our requirements in the present paper. The entire system concept is 
to enable communication between different stakeholders, store and share 
information in a single platform, store all information in a central database 
(KW and decision instance database), and provide the data upon which the 
project manager makes decisions (Figure 8). 
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When users login to the system, the system will show a customized 
interface according to the user's role. Because different stakeholders have 
different domain knowledge, depending on the roles of the each stakeholder, 
the system only shows information that is important for the individual 
stakeholder. We believe that this concept makes the system more convenient 
and separating information. In the system overview presented in Figure 8, 
the entire system and interface implementation are focused on the project 
manager. For the project manager, this system does not automatically make 
any decision by itself; it provides information from the knowledge 
warehouse and decision instance database to the project manager or agent 
and provides suggestions that help the project manager with his/her thinking 
and decision-making. 

4.2 System Interface 

The example interface for the project manager is shown in the following 
three figures. The entire interface operation flow that we used in the scenario 
description enables the project manager to perform functions step-by-step. In 
this way, the user can draw on system instructions to appropriately operate 
the system; this avoids excessive information that can lead to confusion and 
error. 

Figure 9 shows the main interface for the project manager. He/she can 
select the work that he wants to perform. When the project manager wants to 
make a decision and to refer the decision history saved in the KW, he/she 
can connect to decision KW and perform the required tasks, for example, fill 
the descriptions out, etc. for this interface (Figure 1 0). After that, our system 
can display the results according to the user's query (Figure 11 ). With the 
KW and immediate feedback, the system is able to help the project manager 
to support his/her decision-makings for the project. 

5. CONCLUSION 

In this paper, we developed a system that can support communication and 
the sharing of information between different stakeholders, as well as provide 
data for the project manager to analyze, consider, and decide upon over the 
entire development process. We expect that our proposed system can support 
several important decision-making events in product development via 
improved communication and collaboration within the design team and 
multi-agent, and via the distribution of multiple information sets to each of 
the stakeholders, especially the sales manager. 



286 Ji-Hyun Lee and Huai-Wei Liu 

we~lcoll'i!' e;· please choose fuctioQ! 
. 0 Current works -

:. Q Achieved perCentage of-~~~- . 
progress . • ':"· . 

0 Connect k~lectgew<~rehouse 
o Connect decl~~\~nce':c!~base 

:~ ::-:-,~:, ~, ,', L~I{.~'fr) · 
0 Contact team rnembe.f: . : ;~ ~·; 

Figure 9. Main interface for project manager. 

DeciSIOn mstdflCP agent r ~ JfJ[RJ 

Please write down the description 

! Display:14.1" WXGA Color Shine (l}lan! type) LCD Panel 
'CPU: Intel® Pentium® M 730-77'0, 533MHI_ FSB, 1.60-2.13GHz, 2.MB ll cad1e 

HOO : 'fO/&:l/00 
Chpset : 91SGM (WlA} 

' Me11101Y: DOR2 400/533~ up to !GS 

I Wirl!less : 802.118/b/9 
Interface; 3 X USB, tx "TV-out, 1 x Cllrd Reader 

! Ditnension and Weignt : 33x2ot7x3-3.27on, 2 kg (+cell battery Mil\ tmveler I drawer) 

Search 
!uilillttltllllll 

Figure 10. Decision instance agent interface (a). 

There are several directions the system can be extended in the future: 
1. Support for multi-file formats: different domain stakeholders 

may use different software to finish each part of the process, thus 
producing a variety of file formats. If the proposed system can be 
adapted to accept different file formats, this will help make 
communication more convenient and enhance the sharing of 
information. 
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Figure 11. Decision instance agent interface (b). 

2. Record data within the server: If the stakeholders are 
agreeable, the system can record their work behaviour. In this 
way, we can acquire considerable data concerning cooperative 
work; such data is useful for research into collaboration design in 
academia and business. 
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Abstract: This paper focuses on using oversized display for supporting design 
communication process between designers and clients. The interactive 
behaviors are analyzed and testified with a prototype developed in this 
research. Based on interviews with designers and clients, focus of the 
communication process in this research is onto developing an immersive 
environment for exchanging and negotiating the design artifacts. Several 
immersive virtual environment as well as visualization method (display) is 
reviewed. Furthermore, three over-sized display projects (ShadowLigbt, 
CaveUT and Blue-c) with immersive perception at full-scale or near full-scale 
design artifacts are studied as the inspiration of this research. Designers 
identify what kinds of influence they had on the design of client's interior 
space and to what extent they are aware that they can design and influence 
their perception. An over-sized display environment with direct manipulation 
interface is developed for evaluation platform. 

1. INTRODUCTION 

1.1 Design communication as the understanding of the 
design artefacts 

The communication problems between designers and clients often occur 
when the artefacts (design outcomes) produced by designers are not matched 
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to what clients expected. This is to say that how to understand or achieve the 
common understanding of artefacts between designers and clients are the 
issue addressed and studied mostly. Furthermore, large display often used in 
immersive environment while provides significant immersion for 
environment is also a powerful tool for showing what the artefacts are in an 
immersive simulation. 

Presenting the artefacts that are easily recognized and associated with 
viewers' real scene counterparts virtually can improve the communication in 
interdisciplinary teams in making decision. (Popescu and Hoffmann 2005) 
Therefore using virtual objects with large display can be a valid tool for 
achieving the understanding of artefacts between designers and clients. 

1.2 Oversized display as a communication tool 

While visual realism enables the dissemination of the simulation results to 
non-specialists, as addressed in (Popescu and Hoffmann 2005 ), for the 
communication purpose described above, the size of display needs to be over 
the human in order to achieve the immersive experience we needed. 

For novice designers, while they are short of experience in scales and 
dimensions, the spatial dimensions and display are two key communication 
tools for them to understand and persuade clients. When using desktop-based 
computer-aided design environment with a shrink-sized on-screen display, 
the lost of normal scale will need a learning curve which is a shortage for 
communicating with clients. 

In addition, the diverse of display media such as Full-scale display 
(Martens and Voigt 200 l) or stereo display all provide different degree of 
immersion and exchange interface. For the interest of this paper, we choose 
over-sized display as the media for our communication study. 

2. THE PROBLEM 

With the background above, this paper studies the application of an over
sized display in communicating with clients especially onto the 
understanding problem of artefacts. Furthermore, the interior designers often 
depend on drawing such as the construction plan as the media for clients. 
While simple and strong is expressing design knowledge but failing on 
immersive experience from the client point of view. More media or 
presentation approaches are conducted in trying to resolve this issue. 

With appropriate tool developed, the communication with clients should 
allow client to participate in the process or more actively involved. 
Therefore, the media developed should be simple and intuitive enough for 
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both designers and clients. While "intuitive" is a subjective term, we refer it 
to a common knowledge and consensus in normal situation. Moreover, when 
designing an interior space (such as a living room or a kitchen) in our ideal 
environment, designer should be able to hear the requirements from clients 
and to communicate with clients directly in a 30 immersive fashion. 

3. RELATED WORKS 

For finding suitable solution, the related works are divided into three 
catalogues: 1) virtual design environment, which shows the work done in 
several virtual design studio works for supporting our concept of 
communication with large display; 2) large scale display, which provides 
inspiration and research for implementing our system; 3) case studies, there 
are several researches done in similar approaches which can provide insights 
in both interface design as well as system approach; 4) gestalt analysis, for 
achieving the intuitive interaction using over-sized display, we need to 
analyze the possible gestures for our interactive purpose. 

3.1 Virtual design environment 

While addressing in a more general communication problem, collaborative 
design researches have tested and conducted various directions in 
experimenting possible communication methods in both syntactic and 
semantic ways. Among those, diverse forms of Virtual Design Studio (VDS) 
(Achten, et al. 1999, Schmitt, et al. 2001) have established and realized part 
of global design teaching environment. The main communication among 
participants varies in tasks and structure. Some are purely text-based or 
include various forms of interactive, synchronous or asynchronous 
collaboration. However, 'virtual' in VDS often refers to the way they 
communicate with each other and exchanging design and ideas. Using 
Virtual Environment (VE) as tool of design and communicating with the 
remote partners is not what we expect in our research but the communicating 
process shows the interaction and display technology have been matured 
enough for our study. (Schnabel, et al. 2001) 

3.2 Large-scale display 

Large-scale displays have been used in different projects for different 
purposes. Seldom researches are done in comparing different displays in 
similar setting or purpose. The one which catch our attention is the 
immersive display for education using CaveUT (Jacobson, et al. 2005). 
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CaveUT (will be described in more details later) built large-scale inunersive 
virtual reality displays with conununicating (educational) purposes. 
Furthermore large-scale display in simulations has become an affordable 
research tool in science and engineering. However, precise models of the 
physical properties are required in order to provide enough considerations 
and appropriate geometric details. Material data and algorithms are devised 
and validated from experiments and theoretical considerations. (Popescu and 
Hoffmann 2005) 

While display-only approaches only has one way of interaction that 
cannot provide enough inunersive experience and the inputs for display-only 
approach have many limitations. Irrunersive Virtual Reality (IVR) as Virtual 
Reality (VR) with a sensorial irrunersive display shows the possible solution 
for our over-sized display-the sensible inputs. 

Back to the large-scale display, some displays are clearly irrunersive (i.e. 
a six-walled cube, rear-projected on every side) and some are not (i.e. a 
standard monitor), while there is a continuum of displays in between. 
Furthermore, we call a display irrunersive if it fills more than half of the 
user's overview. With these reviews, over-sized display with sensible input 
methods will be the main study platform for our purpose. After this, we start 
to review several cases for finding the system implementation solution. 

3.3 Large-scale display case studies 

The cases in this session are ShadowLight, CaveUT and Blue-c. Each project 
shows some significance as well drawbacks in terms of our research 
purpose. 

3.3.1 ShadowLight 

ShadowLight (Leetaru 2004) provides a loosely defined environment 
capable of sustaining interactive schematic design using a variety of virtual 
media types. Rather than providing a built-in set of manipulators keyed to a 
particular set of design tasks, ShadowLight instead defines a basic set of 
interfaces against which third party plugin authors develop. These plugins 
are self-contained applications, with their own interaction, processing, and 
simulation logic. This allows for a very diverse spectrum of possible plugins, 
ranging from simple drawing tools to complete embedded simulations. The 
setting is shown in Figure 1. 
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Figure I. ShadowLight's interface. 

The ShadowLight environment provides more services to the developer 
than traditional VR libraries. For example, a plugin to create freeform 
ribbons or tubes may have a very simple click-and-drag interface to draw a 
new shape in space, while a sculpting tool may have significantly more 
complex interface needs. A physical simulation, such as a fluid flow, might 
have any number of input and interactive control parameters. The plugin 
architecture allows that fluid flow to integrate with other plugin elements in 
the same virtual world. 

In each case, the plugin developer is entirely free to leverage devices 
ranging from floating palettes and popup menus to proprietary widgets and 
gestural interfaces. The output of each plugin is a set of objects added to the 
space. In the case of sketching or sculpting tools, these objects may be static 
polygonal meshes, while in the case of more advanced tools; the result might 
be dynamic bodies with highly evolved behaviours. 

Design in Shadow Light is based around the notion of a ''world", defined 
as an infinitely bounded space that serves as the medium in which the 
designer composes. To interact with this world, a six-degree of freedom 
"wand" is used which provides three buttons and a joystick. The wand is 
tracked over a certain physical space in front of a stereo-projected surface, 
such as a CAVE (Mullins and Strojan 2004) or ImmersaDesk 
(Czemuszenko, et al. 1997). The user may navigate about the world by 
pointing the wand in the desired direction of travel and pushing forward on 
the joystick. No global collision detection is performed, so the user is free to 
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travel to any location in the world through any path, to freely explore the 
space from locations not possible in real life. 

3.3.2 CaveUT 

CaveUT (Jacobson, et al. 2005) developed on BNA VE a PC-based CAVE
like display the Medical Virtual Reality Center and builds large-scale 
immersive virtual reality displays for the educational purposes. CaveUT 
supports off-axis projection for correct perspective and multiple views from 
the observer's viewpoint. 

CaveUT differs from most CAVE-like setups in a variety of ways, but 
the difference that is most significant to many people and institutions is cost. 
Even a very elaborate CaveUT setup costs a fraction of what standard CAVE 
setups do. CaveUT use for the two-walled UT -Cave, and the tripods to hold 
up the projectors. This makes CaveUT affordable for individuals. 

CaveUT use simple equipment and reach powerful visualization display, 
this technology help our project to build low-cost immersive display wall. 

Figure 2. National Science Foundation's Education with Virtual Experience Workshop. 

3.3.3 Blue-c 

Blue-c (Gross and Staadt 2001) developed in ETH is a new generation 
immersive projection and 3D video acquisition environment for virtual 
design and collaboration. Blue-c combines simultaneous acquisition of 
multiple live video streams with advanced 3D projection technology in a 
CAVE-like environment, creating the impression of total immersion. The 
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main Blue-c portal currently consists of three rectangular projection screens 
that are built from glass panels containing liquid crystal layers. These 
screens can be switched from a whitish opaque state (for projection) to a 
transparent state (for acquisition), which allows the video cameras to "look 
through" the walls. A sub-project using Blue-c technology is called 
Powerwall is shown in Figure 3. 

Figure 3. Powerwall by ETH. 

The projection technology in Blue-c is based on active stereo using two 
LCD projectors per screen. The projectors are synchronously shuttered along 
with the screens, the stereo glasses, active illumination devices, and the 
acquisition hardware. From multiple video streams, we compute a 3D video 
representation of the user in real time. The resulting video inlays are 
integrated into a networked virtual environment. Our design is highly 
scalable, enabling Blue-c to connect to portals with less sophisticated 
hardware. 

The second Blue-c portal consists of single projection screen, similar to a 
powerwall. The whole installation looks like a open box, literally shifted into 
one of the hallways of the building of the architectural department. In 
contrast to the cave, this portal has been built in a public space, free 
accessible for students and visitors at all times. 

In order to acquire the users and transmit their three-dimensional 
representations to the cave portal in real-time, sixteen cameras are placed 
inside the walls. Stereo projection and six-dimensional mice offer the users 
the impression of full immersion. Next to the Blue-c technology capabilities, 
this space can also be used for meetings and presentations. 
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The Blue-c application of Architectural Design, the architects work with 
both low-scale physical models and computer-generated images of buildings. 
But the advantages of full immersion, involving visual, acoustic, and hectic 
senses remain widely unexplored. The Blue-c system will provide the 
technology for a variety of new collaborative design, management and 
refinement procedures between the architect, his/her client and third-party 
experts. 

3.4 Gestalt analysis for interacting with 3D information 
space 

After reviewing the possible technological solution for our display, we now 
turn to define the interaction needed. There are several interactive behaviour 
researches such as (Lu 2005) are focusing on the behaviours in front of large 
display. Most are focusing on navigation that is a clear and important 
behaviour for communicating with clients. 

Based on Lu's thesis, navigational behaviour particularly corresponding 
to human intuitive hand gestures can be divided into 2 directions: orientation 
and event transmission. It can further break down the modes through which 
human being's turning, jumping, grapping and walking are simulated in 
manual control of 3D VES pertinent to basic navigational operation. The 
gesture provide feedbacks to navigational experience in the immersive 3D 
environment and at the same time information is read conducts searching in 
conjunction with icons such as spatial types, layouts and locations. The 
analysis matrix from (Lu 2005) is shown in Figure 5. 

Figure 4. Gesture Analysis. 
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4. METHODOLOGY 

With reviews, we have examined the requirement for implementing the over
sized displays as well as the gestalt analysis for interaction. For achieving 
the platform for studying the over-sized display in communicating with 
clients, the interviews for communicating in over-sized display is conducted 
as well as the analysis of the interactive behaviours in front of display. 
Followed by implementation and used usability analysis for the display as a 
communication tool. Result and usage discussion is discussed and argued. 

5. ANALYSIS AND IMPLEMENTATION 

For reifying the concept in our study, we analyze the possible interactions 
including: 1) user how to navigation between physical and virtual, 2) how to 
present, and 3) how to modify. ·The analysis for navigation is shown in 
Figure 5. After this analysis, the system implementation is shown in 5.1. 

forward, static backward, tum left turn right 

'" .. 
i I , 

.... 

Figure 5. Behavior transform. 

For intuitive purpose, the interaction in our system is based on body 
movement as shown above. By glancing at visual perception and using body 
as the input interface, the natural behavior can be provided and sensed by 
our display system. The natural behavior as walk, step to forward, backward, 
leftward and rightward can be sensed and tracked. 
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5.1 System framework 

The system for over-sized display is called Immersive Virtual Design 
Simulation (IVDS) which is comprised of display, sensors and computing 
engine. The system framework is shown in Figure 6. Sensors for providing 
the interface of navigation, presentation and modification are based on both 
DDR Dance pedal and Joytokey. The display is mainly the projector with 
large screen. The computing engine is implemented in Form Z using Form Z 
SDK. The Artefacts are mainly the Form Z geometries with Import I 
modification functionality. 

Figure 6. The system framework. 

5.2 Display 

The oversize display is a projection based Form Z 3D software system that 
has been developed for flexible presentation tasks and deals with a variety of 
functions. Based on commodity hardware, it significantly reduces the time 
and money needed to develop and present Immersive Virtual Environment 
(IVE) applications while simultaneously expanding the options available 
compared to similar systems. The system structure is shown in Figure 7. 
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Figure 7. Oversize display construct. 

5.3 Software 

The platform used for large-display is based on extension structure of Form 
Z 3D (auto·des·sys 2004) software environment. The glue between DDR 
pedal and Form Z is based on joystick device with Joytokey software. These 
tools make it possible to easily create any form, real or imagined. The plug
in realizes an Oversize Display working bench that supports designing and 
modeling under the form Z virtual environment. 

6. AN EXAMPLE 

Communication problems rise up the time designer would repeat. Such as, 
client's languages might not completely describe the requirement and be 
understood by designer, or designer's terms or drawings are not understood 
by client, either. Further, terms and drawings could not be touched, felt and 
working as the real objects in the design. For a client, it would be more 
difficult to understand. 

For example, when clients like two photographs the following paragraph. 
But they don't understand the kitchen size whether it is suitable in them 
house. The designer will be planned in accordance with the style that the 
client is choosing after being thought to measure the size of the kitchen in 
them position. But can only experience the proportion sense of the kitchen 
and space after the kitchen installs finishing in the client's position. 
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Figure 8. This is two kitchen case pictures(Domus 1990). 

7. CONCLUSION 

We therefore reasonably conclude that the oversize display can help 
designing conununication process between designer and client and 
perceiving in the physical space. The primary finding of this research is that 
it is possible to use oversize display envirorunents to gather data about user 
perception in the real world. 
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Abstract: This paper describes a pilot test conducted as part of the ongoing research 
project. The performed pilot test describes the co.11aborative knowledge 
construction under two conditions: i) Collaborative knowledge construction in 
a traditional brainstorm setting ii) Collaborative knowledge construction in a 
proposed method (section number) described further in the paper. The pilot 
test focuses on measuring the shared mental model of a multi-disciplinary 
design team involved in a problem solving session. The approach to the study 
to predict shared understanding was to measure overlapping of mental models 
on a set of concept construct pairs of individuals during the design session. 
The findings of the pilot test were that the shared understanding in the 
proposed condition was better compared to the traditional means of brain 
storming. 

1. BACKGROUND 

The ongoing research project Collaborative Design Argumentation Space 
(CDAS) aims at supporting multi-disciplinary and collaborative design 
teams. The CDAS (Deshpande et al. 2006) project results in i) developing a 
formalism to capture arguments; ii) developing a technique that can process 
arguments in real-time; iii) developing a representation technique to show 
the arguments to the participants. The focused domain of the project is 
architectural, urban design and construction. 
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One of the reasons for the complexity of understanding decision making 
in such domains is simply they are collaborative in nature. Within the 
complex collaborative dynamism, design problems and solutions evolve 
through a series of sessions where knowledge is elicited and shared, 
interdependencies among tasks and conflicts among perspectives are 
identified. New independent issues are raised from knowledge generated. 
They are defended, debated and decisions are made on them. Issues are 
raised from new knowledge or old decisions. Deadlocks are revisited and 
decisions are made on future tasks. As a response to the above acts, the 
members in a design session pose questions such as - what is the status of 
the current design, what did we discuss and what is the outcome in the last 
meeting, why is 'that' important anyway, what can we learn from the past 
sessions? The important aspects in collaborative session can be seen as -
developing shared understanding about the issues involved, recording of the 
design process to understand what happened earlier. 

Answers to questions of complex nature can be explained by capturing 
design rationale (DR). The design rationale expresses elements of the 
reasoning which has been invested in the design of an artifact. The DR 
answers Why .. ? questions of different sorts (Shum, 1996). We believe that 
the shared understanding in a team equals the construction of design 
rationale and that argumentation is the main way to discussing points 
between the team members. Most of the research efforts are largely artifact 
oriented where the focus is on tracking design artifacts throughout the design 
cycle - specifications, requirements, alternatives, decisions etc. However, 
the process by which the artifact is in its present state is left out implicitly. In 
particular what collaborative knowledge elements and their dependencies 
contribute to the 'arguable' issues and why some decisions were taken is not 
made clear. 

There exist tools and approaches (Moran and Carroll, 1996) to capturing 
design rationale which differ in terms of the processes, representation 
formalisms involved and the interface and interaction methods applied. 
CDAS project represents collaborative knowledge, arguments, and evidences 
as the main elements of the design rationale. We believe this can explain the 
individual perspectives and their knowledge dependencies, why particular 
decisions were taken, and so has the capacity to justify recent decisions, 
inform future decision making and build shared understanding. 

This paper only looks at the first stage of any collaborative design session 
which is pooling-in collaborative knowledge. Perspectives and other 
proposed contributors to shared understanding such as arguments, evidences 
will be presented in future publications. Collaborative knowledge 
construction can be seen as a pre-argumentative period and a major 
contributor to developing shared understanding. It is also seen as the 'meta 
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knowledge filter' before making any informed arguments and decisions thus 
eliminating unwanted overhead during the actual argumentation and decision 
capture. 

,-;. 

Figure 1. Proposed CDAS. 

The rest of the paper explains collaborative knowledge construction and 
representation of it by 'causal mapping' approach. It further describes the 
pilot test and its results in measuring shared understanding during the pre
argumentative phase of a collaborative design session. 

2. COLLABORATIVE DESIGN KNOWLEDGE 

In collaborative design problem solving meetings, argumentation in general 
is used to improve ones own work, share knowledge and understand existing 
artifact or design state from collaborative point of view. Any collaborative 
design session uses the individual and collaborative design knowledge 
generated as a resource to build an argument. During the collaborative 
knowledge construction process, tacit knowledge is made explicit and things 
are made transparent. Formalizing tacit knowledge and structuring and 
questioning explicit knowledge results in building much needed shared 
understanding in collaborative design sessions. 

Typically, when a problem is presented to a team, members (representing 
a discipline) try to figure out their positions and their roles to play based on 
their own knowledge or experience. Eventually, they start to develop 
hypothesis, intentions, alternatives, beliefs or perspectives, criterion, and 
constraints etc. All these are uttered as statements. Ex: 'the new student 
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facility should be a recreation area' or 'it must be a knowledge centre'. 
When individual statements are created and shared, members involve in 
activities to converge those statements such as, combining similar interests 
(compound statements) or grouping a set of statements into a concept. A 
concept is a single ideational category (Carley and Palmquist, 1992). It has 
no general meaning. A concept can be a single word or composite word or 
even a phrase. Ex: considering the statement examples above, 'function' 
can be a concept. Herein knowledge types are related to each other or 
expanded further. A concept function can have values. Ex: bar, library etc. 
These values reflect the individual statements uttered earlier. 

While explicating collaborative knowledge or perspectives, there exist 
dependencies among each other members' discipline. For example, two 
concepts can be linked by causal relation. A causal relation is the tie that 
links two concepts together. Ex: the concept 'function' can be causally 
related to another concept 'costs'. Causally co1U1ecting all the applicable 
concepts results in a 'causal map' which is a directed graph that represent 
the cause-effect relations embedded in a team members' thinking (Fiol and 
Huff, 1992). The advantage of constructing a causal map is that all the 
elicited collaborative knowledge can be seen as the teams' understanding on 
the whole situation at hand. Figure 2 explains the proposed collaborative 
knowledge structure. Causal maps have been used extensively in the areas of 
problem solving, policy analysis and management sciences to represent 
salient factors, knowledge, and conditions that influence decision making. 
Another advantage of constructing collaborative knowledge as a causal map 
is that causal maps are useful tools to construct Bayesian networks (Bayes 
nets) on which probability encoding techniques can be used to assess the 
numerical parameters of the resulting Bayes nets. Causal maps make the 
following assumptions in context of collaborative design and decision 
making (Nadkarni and Shenoy, 2000). i) Causal relations are a major way in 
which collaborative design decision problems can be described and 
understood; ii) Causality is the primary form of post-hoc explanation of 
decision outcomes; iii) Choice among alternative decision actions involves 
causal relations. 
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Figure 2. Collaborative knowledge structure and knowledge elements. 

3. PILOT TESTS 

With initial brainstorms and conceptualized ideas, we conducted two pilot 
tests. The idea was to probe more into the collaborative design knowledge 
construction process and subsequent argumentation in general. We were also 
motivated to observe the requirements in terms of interface and interaction 
during the process. The whole collaborative session was divided into two 
sessions, session-! and session-H. For the session I, a wizard-of-oz style 
prototype system was employed for the purpose of the study. This session 
was focused on the issues related to the development of an argument such as 
knowledge construction. For the second sub session, a facilitator mediated 
process was employed to construct the argument structure. This session 
focused on the identified elements in session-! and the subsequent flow of 
the argumentation process. A team of 7 members belonging to the Design 
Systems Group assumed the roles of 'experts' to participate in the test 
sessions. 
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4. SESSION-I 

4.1 Method 

Objective: To see whether the proposed method of constructing collaborative 
knowledge as a causal map influenced the shared understanding on the 
collaborative situation at hand when compared to a traditional knowledge 
construction method of brainstorming. 

Session-! was conducted in two sittings: Sitting 1 and sitting 2. Sixty to 
ninety minutes were allotted to each of the sittings. The first sitting (sitting 
1) followed the process of argumentation on the given problem with 
traditional means such as brain storming approach. In this sitting, the team 
members were asked to work on the problem presented to them in a 
traditional brainstorming approach. As the result of the brainstorming and 
deliberations, the team pooled in many key concepts related to the problem. 
All the concept sets were constructed using post-it notes. When the 
brajnstorming was over, from the lot of generated concepts, 10 set of 
concept pairs were selected as samples and presented to the team. They were 
asked to rate on the relatedness of presented concepts to each other. 1 for 
loosely related to 7 for strongly related. 

Figure 3. Result of sitting I as concepts. 

The second sitting (sitting 2) followed the process of causal mapping 
approach. In this sitting, the team was directed in a step-wise process to 
construct a causal map in a natural and non expert fashion. Steps and 
elements include, creating statements (diverge), combining statements into 
compound statements, converting statements into concepts (converge), 
weighing the concepts generated to assign values, and finally, identifying 
causal relations among them. A previously distributed set of verbal 
commands were used to communicate with the wizard-of-oz. For example, 
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'CREATE a CONCEPT' or 'ATTACH Sl to C2' where Sl and C2 are a 
statement and a concept. In response to the members' commands, the wizard 
created graphical representation of elements on the display screen acting as a 
communication space. 

The constructed causal map was converted into a Bayesian network 
manually during a session break. Member's preferences were used as 'cases' 
to be incorporated into the network. The completed Bayesian Network was 
used in the next sub session as a platform for argumentation. The BN tool 
Netica (Norsys, 2006) was employed for formal representation of the 
Bayesian network. See figure 3 for sitting 1 result, 'knowledge elements as 
concepts' and figure 4 for sitting 2 result, 'knowledge elements as concepts 
and values' shown as nodes. The arrows show their relation to other 
elements resulting in a Bayesian Network. 

Figure 4. Result of sitting 2 as Bayesian Network with weighted values for concepts. 

At the end of each sitting, relatedness rating was performed on the 
similar set of related concepts. The team members were asked to rate on the 
relatedness scale (Langan-Fox and Code, 2000, Langan-Fox et al., 2001) as 
strength on a given number of concept sets. Here the nature of mental 
models of a problem domain is inferred by collecting relatedness ratings on a 
list of concept pairs. In both sittings the same problem was presented to the 
team of experts. 

5. RESULTS 

We hypothesized that sitting 2 will result in better shared understanding; 
hence behavior of the team in rating concepts will be similar when compared 
to sitting l. 
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We compared the results of the one sample T -test for concept ratings in 
sitting} and for concept ratings in sitting 2. We conclude that in sitting 2 the 
team has performed well, in the sense that they have behaved similar in 
rating concept sets hence, building a better shared understanding. Out of 
chosen 8 concept sets, team members behaved similar for 4 concepts, 
behaved different for 3 concepts and there was no difference in behavior for 
1 concept. In sitting 1, team members behaved similar for 1 concept, 
behaved different for 5 concepts and there was no difference in behavior 
towards 2 concept sets. Figure 5 explains the one sample T-test results of 
sitting 1 and sitting 2 for concept 5 - 'signage and costs'. Figure 6 shows the 
over all results of the concepts in sitting 1 and 2. 
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Figure 5. Behavior of the team in sitting I and Behavior of the team in sitting 2. 

6. CONCLUSION 
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The study and the concepts presented in this paper is work in progress. We 
are in the stage of developing system components. In this paper we presented 
initial pilot tests conducted to gain insight into the aspects of collaborative 
design sessions. Initial results were discussed. The main perspectives for 
further research concern issues encountered during the knowledge 
construction and argument construction process of the collaborative design 
sesswn. 

We have to find efficient ways to minimize the existing gap between the 
informal knowledge representation methods and formal decision network 
representation and construction methods for an ideal usage of the resulting 
network. 

Further study must be conducted to eliminate the existing and 
considerable overhead for the members because of a number of elements and 
members involved in collaborative construction. We intend to develop a 
hybrid style of interaction such as GUI based direct manipulative and speech 
interface for knowledge construction and a tangible interface for argument 
construction. 

Apart from shared understanding, the observation on interaction during 
the process among the team members suggest that auto-arrange support in 
graphically representing the created elements would be greatly beneficial 
and in an ideal sense, the speech interface has a great potential in providing 
an unobtrusive interaction and knowledge construction. 



312 Nishchal Deshpande eta!. 

7. REFERENCES 

Deshpande, N., B. de Vries, and J.P. van Leeuwen, 2006, "Collaborative Design 
Argumentation Space," Submitted to the journal A/EDAM special issue, Support for 
design teams, 21(3). 

Shum, S.B., 1996, The encyclopedia of computer science and technology. A.Kent and J.G. 
Williams, (Eds). New York: Marcel Dekker, Inc. 

Moran, T. and J. Carroll (eds.), 1996, Design Rationale: Concepts, Techniques, and Use. 
Lawrence Erlbaum Associates, Hillsdale, NJ. 

????? , 1991, "Approaches to representing design rationale," Special issue on design rationale 
of the journal of Human-Computer Interaction (HCI) p. 37-55. 

Carley, K. and M. Palmquist, 1992, "Extracting, representing and analyzing mental 
models," Social Forces, 70(3): 601-636. 
Fiol, M. and A.S. Huff, 1992, "Maps for managers: Where are we? Where do we go from 

here?" Journal of Management Studies, 29: 269-285. 
Nadkami, S. and P.P. Shenoy, 2000, A causal mapping approach to constrncting Bayesian 

Networks, School of business working paper no.289. 
Norsys, 2006, Norsys software corporation. http://www.norsys.com/ 
Langan-Fox, J. and S. Code, 2000, "Team mental models: Techniques, methods and analytic 

approaches," Human Factors 42(2). 
Langan-Fox J., A. Wirth, S. Code, and K. Langfield-Smith K., 2001, "Analyzing shared and 

team mental models." International Journal of Industrial Ergonomics, 28(2): 99-112. 



Distributed Collaboration in the Context of the 
Semantic Web 

Jakob Beetz, Jos van Leeuwen, and Bauke de Vries 
Eindhoven University of Technology, The Netherlands 

Keywords: Collaborative design, Multi-agent systems, Semantic Web 

Abstract: In this paper we are proposing a Multi Agent System (MAS) framework for 
the facilitation of distributed collaboration in the AEC/FM domain. We are 
showing how the stack of technologies developed in the Semantic Web 
community can be put to use for the specific requirements of the building 
industry. Based on our earlier findings and developments in the area of logic 
based knowledge representations for the Design and Construction industry, we 
are outlining how these can form the semantic foundations of internal agent 
representations and their interconnection using speech acts. 

1. INTRODUCTION 

Several ongoing and future joint research efforts such as InteliGrid (Turk et 
al, 2004) in the AEC/FM domain have identified the 'intelligent' 
interconnection of information resources, data processing and retrieval 
services as well as distributed design project collaboration covering all 
lifecycle stages as key areas of future business models. In order to establish 
and profit from such a scenario a lot of research and development as been 
done in other industry domains, generally referred to as the 'Semantic Web 
Initiative'. Its main challenges lie in structuring information in such a way, 
that not only its human consumers are able to make 'sense' of it, but that the 
nature of its content will also be discoverable, readable, and processable by 
machines. The foundation of the approach that is taken by the Semantic Web 
community is by constructing knowledge on the basis of Description Logic 
(DL). Here, a set of formal axiomatic statements is used to create a model of 
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a domain of interpretation, referred to as ontology. In knowledge 
representation systems, a separation is made between the terminology itself 
(the TBox) and the instances of concepts (asserted statements, the ABox). In 
the AEC/FM domain, the organisation of the body of knowledge has a long 
tradition in researching known as Building Information Model (BIM). The 
most widely spread encoding of BIMs today, the Industry Foundation 
Classes, however have several drawbacks: Although the information is 
encoded in a modular way, separating the different domains into subparts, 
the technical means to do this (the EXPRESS way of modelling knowledge) 
is not based on rigid logics as required by knowledge engineering tools and 
has not been designed to distribute the model over a network structure. This 
very property on the other hand prevents the utilization of methods and 
technologies that have been developed in the Knowledge Engineering and 
Artificial Intelligence community. One of the essential building blocks to 
harness the new paradigms that are being developed by a large research 
community is to create a notation of the domain knowledge of the AEC/FM 
community in an appropriate format. Since experiences from the past show 
that the creation of a model that is agreed upon by a large number of players 
in the field usually takes a long time, we suggest that such a model should be 
founded upon structures that we already have agreed upon. 

In the past, several projects have aimed at the construction of ontologies 
for the AEC/FM domain (Lima et al, 2003) or other, less expressive kinds of 
structures such as taxonomies LexiCon (Woestenenk, 2002) and BARBi 
(Bell et al, 2004). In our own research, we have successfully adapted the 
Industry Foundation Classes standard as a starting point for an ontology 
formalized in the W3C standard Ontology Web Language. After 
successfully creating this TBox-part, we have recently added the ABox part, 
enabling actual instances of concepts by converting them form the standard 
IFC-export many of the recent CA(A)D packages generate (Beetz et al 
2006). 

In this paper we are going to report on the methods, the implementation, 
the implications and practical use cases how a logically-based Building 
Information Model can be integrated with knowledge engineering tools. We 
are going to outline a framework architecture for a Multi Agent System 
(MAS) that acts as connecting mechanism between various resources e.g. 
human domain experts, product databases, rule bases or wrappers around 
numerical simulations. We are going to show how agents can make use of 
mapping and reasoning services that help to facilitate and negotiate the terms 
of information exchange between agents using different information models. 
Furthermore, we will report on the kinds of communication acts that can be 
expected to happen between these agents, and how a protocol should be 
designed to facilitate those communication acts. 
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1.1 Logic-based models for information and knowledge 
representation 

Knowledge representation systems to capture structured information about a 
domain of expertise have been around since the early days of information 
technology. They have a long tradition in Epistemology, a discipline in 
philosophy, and have been applied with varying success in many different 
domains. The two most important families of knowledge representation 
systems that are relevant in the current semantic web developments are the 
frame-based systems family (Minsky 1975) including semantic networks 
(Woods 1975) and the Description Logic (DL) (Baader et al. 2002). More 
recent developments, that apply these methods such as the OIL and DAML 
have introduced a blended strategy of these methods, lending the frame-slot
filler concepts from one and the rigid axiomatic logic including entailment 
and theorem proving from the other. This leads to the possibility to encode 
ontologies, "formal specification of a shared conceptualization" (Gruber 
1993) 

OIL and DAML have been merged into the joint OWL standardization 
effort, which uses the concepts introduced in RDF(S) and extends them with 
entailment operators, multiple range and domain restrictions and cardinality 
constraints. In order to make use of the reasoning engines, which enable 
consistency checking and inference of implicit knowledge a hierarchical set 
of different flavours of OWL has been proposed, ranging from generally 
provable, but expressively poor OWL Lite to undecidable OWL Full. 

To enable reasoning and logic programming systems to make more 
deeply 'hidden' implicit knowledge explicit, various efforts to standardize 
encodings of rule languages are currently struggling for acceptance. The 
most important ones among them are SWRL and RuleML that allow the 
encodings of rules and their variable bindings in way that integrates into the 
rest of the semantic web stack. The most important aspect of these efforts is 
their crucial position in the whole concept of an enhanced interoperability: 
Only if a successful separation of knowledge and application code is 
achieved, will the Semantic Web succeed in this regard (which, again, is 
only one of the possible, and maybe not its most important one). 

1.2 Agent system frameworks and protocols 

A lot of different definitions for the notion of 'agent' have been coined in 
literature. Even worse, the existing definitions have been blurred by 
'marketing- speech' during the recent hype. Perhaps the most agreed upon 
definition is to be found in (Huhns and Singh, 1998) who define agents as 
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"active, persistent (software) components that perceive, reason, act, and 
communicate". 

While perception, reasoning, and acting strongly depend upon the 
specific domain in which an agent is designed for, no multi agent system can 
exist if they don't have a common way of communicating with each other. 
The communication acts themselves can be separated into three different 
levels: 

I. The syntactical means to exchange messages: the envelopes of a 
letter, the addresses of sender and receiver and the post stamps to pay 
for the delivery service; 

2. The syntactic encoding and decoding of the messages: how to write 
and read the language of the messages; 

3. The semantics of the message: how to convey and interpret the actual 
content of the messages, ensuring mutual understanding. 

Since the first layers are the common denominators of many different 
purposes, a number of standards and implementations have been developed 
in both research and industrial environments to enable developers from 
different domains to tailor systems for their own purposes. For these layers, 
standards have been proposed, amongst which the Agent Communication 
Language (ACL) standard of the Foundation for Intelligent Physical Agents 
(FIPA) (now a member of the IEEE) is the most accepted one. In this 
standard, a number of atomic speech acts have been defined that regulate 
how agents should communicate amongst each other, how these 
communications acts should be interpreted and how to react to them. 

The missing level of these principle communication acts however, are the 
domain-specific higher-level semantics. In order to successfully design, 
implement and use a generic framework, a range of semantic representations 
of the various bodies of knowledge of the domains involved, differing with 
regard to the context must be available. Here, the context is not only limited 
to the general issues such as roles, permissions, locations and trustworthiness 
of the participating agents, but also on a content level that has to 
accommodate a wide variety of building-industry related knowledge, such as 
the different stages of a project within its complete lifecycle, its various 
granularities of details, its discipline-dependant views and aspects of a 
building project, its various local, legal and process related aspects among 
other things. Since one of the most important lessons that have been learned 
from the various approaches of modelling all these aspects into a single, 
omni-potential building information model is the general impossibility of the 
very idea, the distributed nature of the semantic web stack might turn out as 
a viable improvement in future systems. The compelling idea here is, that 
isolated autonomous units that have their own specialised internal 
representations of certain expert areas are enabled to make use of common 
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denominators by using (cascading) semantic mapping services that act as 
translators and negotiators between these separated islands of knowledge and 
expertise. 

2. EXISISTING WORKS IN THE FIELD 

While the overall approach of agent-based computing, and the notion of 
service oriented distribution of software architectures is still in its infancy, a 
number of prototype systems and frameworks have been developed in both 
research and industrial environments. 

MAS architecture have been successfully applied in a wide range of 
industries such as telecommunication. 

The application of industrial-scale MAS for the support of concurrent 
engineering like PACT (Chutosky et al, 1997), SHADE (McGuire et al 
1993), the NASA aeronautical collaboration environment (Monell and 
Piland, 2000), DIDE (Shen and Barthes, 1997) and others have a strong 
focus on CE tasks evolving around large-scale, complex product modelling 
in the aerospace industry. In production environments like these, but also in 
other engineering domains such as automotive and shipbuilding industries, a 
number of advantages over the AEC/FM problem set from the concurrent 
engineering perspective can be identified: 

0 Centralized structure: Due to the scale of the corporations required to 
design an manufacture products like airplanes, ships and cars, the power 
to enforce the use of advanced technologies differs quite substantially 
from what is usually found in the AEC/FM industry 

0 Product design cycle duration and instantiation: While the design and 
development of new airplanes, ships and cars usually take several years 
and the number of actual instantiations goes into the thousands, the 
"one-of-a-kindness' found in the AEC/FM industry has often been 
identified as one of the key obstacles to adapt new technologies. 

IJ Heterogeneity and scale of participants: Another advantage of the 
mentioned industries is the scale of the businesses involved and the 
heterogeneity of software tools used in day-to-day praxis. 

0 Necessity for formalization. In machine building industries, the final 
products are almost always made by machines themselves. Also, a good 
deal of the assembly and manufacturing process is being designed for 
automation from the ground up. This leads e.g. to a widely adopted habit 
of complete 3D models including annotation, material properties etc. 

A good overview of applied MAS in engineering domains as well as 
other fields, such as telecommunication, electricity planning, and the 
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'classic' playground scenarios such as meeting and trip scheduling, trading 
and stock brokering can be found in (Parunak, 1998) and (Shen, 2000). 

Recent developments in both the MAS and the Semantic Web and web 
services communities show, that the very concepts of agents and services are 
started to get blended into another, as web services enhance their current 
non-semantic protocols with semantic annotations (OWL-S) and some 
developments are aiming at bridging agents in the classic frameworks with 
regular WSDL-based web services (Petrie et al, 2003), (Greenwood and 
Calisti, 2004). 

3. OVERALL FRAMEWORK ARCHITECTURE 

Our proposed framework consists of series of services, template-based 
agents, bridging and connection services based on the Java Agent 
DEvelopment Framework (JADE), a FIPA-compliant Open Source effort of 
a multitude of academic and industry institutions led by a not-for-profit 
board organisation. The underlying system takes care of lower-level 
technical communication tasks, and provides a common environment for 
interactions of distributed agents across different physical machines and 
operating systems. Several additions and plugins allow the use and 
integration of other technologies such as a number of language codecs, 
among them XML-notated RDF, which in turn is the basis of OWL. 

Our main contributions and additions are the domain-specific ontology 
services, agent templates and exemplary wrappers that provide semantic 
interfaces for generic applications and traditional web services. Our logic
based OWL notation of the Industry Foundation Classes (ifcOWL, 2006) is 
the core content language of inter-agent communication in this system. By 
making use of the most widely accepted format of interoperability in the 
industry domain, we are able to study the implications on the use of such 
systems using real-world data instances. To achieve this, we have 
implemented a set of tools that enables the conversion of building 
information data modelled in generic CA(A)D packages into logic-based 
representations that enable semi-automatic processing within the agents. 
Here, the derived representations not only act as content language used in 
communication acts, but also as foundation of internal agent representations. 
The advantage of this approach is the facilitation of methods and 
implemented tools to query and reason in generic ways over instances of 
data that leads to a significant decrease in demand in manual interoperability 
work. 
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4. LOGIC-BASED KNOWLEDGE 
REPRESENTATIONS FOR THE AEC/FM 
DOMAIN 
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Although the building information model that is described by the IFCs is a 
good starting point and already captures a lot of the principle information 
that is being communicated in AEC/FM projects, the quality and amount of 
knowledge that is necessary to describe in formal ways in order to make it 
machine-processable in (semi-)automatic ways goes beyond that. Despite the 
presence of a principal hierarchy of concepts and their manifestations (such 
as "a door is a building product, which is a specialization of a generic 
product, which - among other descriptions - might have geometrical 
representations"), the real work in capturing useful information on certain 
aspects of a future or existing building is the connection of these hierarchical 
elements in form of higher-level dependencies and rules. These rules and 
advanced semantic descriptions can capture knowledge on different levels of 
abstraction and in different contexts, e.g. 

D Domain-depended: The important attributes of structural elements such 
as walls, beams and columns differ from the points of view of a 
structural engineer to those of, e.g. the HV AC expert within a project. 

D Local and regional context: Starting from the basic SI-units that are 
being used in different regional settings to complex building regulation 
information such as the fire-protection rating of building elements, a lot 
of care and a significant amount of knowledge engineering has to be 
undertaken to formalize 'simple' characteristics as "a fire protection 
level X of a product Y is describes the property of Y to withstand a 
standardized temperature Z for the duration of m minutes before 
structural collapse". 

D Project context: Despite the differences to larger-scale projects in other 
domains as described earlier in this paper, and the significant amount of 
work that goes into modelling dependencies per-project, the addition of 
machine-readable project-constraints and dependencies in larger 
building projects might significantly reduce the number planning failures 
who to a large portion can be traced back to miss-communications 
within project teams. Adding automated monitoring systems in form of 
agents that re-evaluate a given set of constraints each time modifications 
have been made requires the easy integration of such rules and 
constraints on a project instance level. 

D Organizational context: The concept of dynamic, project-bound 
business-entities that form "Virtual Organizations" for a short period of 
time create the need of dynamic and flexible models of setting up and 
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maintammg such temporary structures. Although generic models to 
cover these aspects are under development in other e-business areas, the 
need to adapt these models to the specifics of the building industry is 
quite apparent and is one of the key focuses of the InteliGrid project. 

The encoding and mapping of these kinds of higher-level formal 
knowledge descriptions as describe in the examples above and their 
exposure as (commercial) services on large networks structures (both for 
external audiences as general but still confidential offers or within project 
specific intranets) might turn out as one of the cornerstones of future 
business models in the building industry that has to cope with an increasing 
amount of complexity in globalized and fast-moving markets. 

5. TYPES OF DOMAIN SPECIFIC 
COMMUNICATION ACTS 

In order to establish a domain specific, extendable and flexible system that 
can accommodate as many potential scenarios as possible, we have 
constructed a number of use cases to gather the potential interactions in 
agent systems. The use cases are taken from a scenario in which design team 
members in different phases of a building design perform common tasks 
such as checking the compliance to regulations, look up products and their 
specifications and estimate the impact of certain decisions on the overall 
performance of the building. In traditional collaborative setups this requires 
a lot of manual work preparing building model information aspects for 
external application, launching and operating the external processes, regather 
and reimport the new information. In our proposed system we aim at solving 
some of these tiresome, reoccurring interoperability tasks by orchestrated 
agent interactions. 

From these use cases we can generalize a number of reoccurring families 
of tasks. They can be divided into the following categories: 

0 Formalization and formulation of queries, constraints, and desired 
results. Every interaction of human domain experts with the system 
consists of a number of formalization and formulation tasks that spread 
over a wide range of syntactic and semantic expressiveness. In most 
'simple' cases this is a natural language question from one project 
participant to a single project team member or groups of individuals 
transmitted in a traditional form of email, postings to a group message 
board or annotation to a model or plan using traditional design 
collaboration methods and tools. The MAS plays the role as matchmaker 
and negotiator in this scenario. In more advanced scenarios a user is 
offered a choice of standardized conformance checks or project-specific 
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compliance tests that result in short checklists, detailed reports or 
highlighted and annotated parts of the model. For these preconfigured 
checks domain application developers have to formalize the most 
frequent inquiries, and encode their necessary inputs and outputs for 
both the user and the system backend. In the most advanced scenarios 
the user formulates the constraints or queries on her own, using 
appropriate interfaces such as (simplified and domain-specific) query 
and rule languages. Again, the results in these cases vary from simple 
boolean conformance answers to complex incorporations of new 
information into the existing building information model. 

0 Semantic mapping, match making, and constraints propagation. 
In order to gather the additional information starting from existing 
information and queries provided directly by the user or predefined by 
the interface agent front end, the system has to translate and map the 
existing information (the BIM instance) and the queries into the proper 
equivalences in other domains, languages, regional settings or levels of 
granularity. In simple cases these mappings are the conversion between 
different unit systems, in advanced settings appropriate product 
specifications or building regulations in a targeted project area are being 
looked up. A frequent operation here is the conversion from one domain
specific representation of a model into another. Match making involves 
the lookup of semantically described services in directory facilitators, 
their respective content languages, preconditions, and result formats. 

0 Task decomposition and plan generation. In this family of tasks, 
complex actions are divided into smaller chunks that in turn are solved 
in either sequential or arbitrary order by specialized agents. The 
generation of such plans can come from previous successful solutions 
that are being fed back into the internal representation of the agent or 
might be suggested by a service or by another agent. For complex 
operations that involve the consultation of multiple agents, a facilitator 
agent acting on behalf of the user has to schedule the necessary steps and 
keep track of the dependencies and results. 

0 Inference, constraints checking and solving. Once the appropriate 
services and agents have been found and the necessary types of inputs 
have been generated by mappings, the actual atomic sub processes are 
being invoked. Again, the variety of actual interactions computations 
carried out here range over a wide band of possibilities. From simple 
product database queries that are resolved within seconds, to inferences 
of implicit model information to complex simulation runs that need days 
to produce a solution. 

0 Compilation, preparation, presentation, and notification of results. 
The results calculated by the individual services or agent have to be 
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mediated back to the user. In simple scenarios, the user is presented 
reports that indicate regulation compliance, building performance 
estimates, or product details using classic media such as texts, diagrams, 
and images. In other cases, this compilation and presentation of results 
require a (temporary) change or addition of the BIM instance itself. 

Although they are interdependent, the type families of operations 
described in this section cannot be seen in a sequential order. Each of these 
operations comprises complex and difficult computational challenges in 
themselves. The effort in bringing connecting and integrating them into a 
single platform, referred to as orchestration, forms the main focus of our 
current research efforts. 

6. DISCUSSION AND FUTURE WORK 

In this paper we have proposed and outlined a multi agent based framework 
for the use in distributed AEC/FM collaboration scenarios. We have shown 
how the methods and technologies developed in the context of the Semantic 
Web initiative can be adapted and facilitated for the respective needs of the 
building industry. We have shown what the principal communication acts in 
such systems are, and how they can be implemented and coordinated in a 
generic FIP A-compliant framework. 

After the completion of the basic infrastructure, we will implement a 
number of exemplary modules and agents that demonstrate the use and 
implications of the proposed framework system in engineering practise. 
Although we strongly believe in the added value of such distributed 
approaches, a lot of research and experiments still have to proof the added 
benefit. However effective these scenarios are 'in the laboratory' many of 
the real obstacles to overcome can only be studied in heterogeneous 
environments using real-world scenarios. Only then is it possible to identify 
the drawbacks and implications of such systems. One of the main thresholds 
for these experiments is the willingness of stakeholders in the industry to 
apply and adapt these technologies even in their early stages. 
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Abstract: In the Architecture Engineering and Construction (AEC) sector, cooperation 
between actors is essential for projects success. During the building 
construction activity, organization is both hierarchical and adhocratic. 
Decision assistance tools have to integrate these heterogeneous parameters. 
The proposition described here consists of the design of a coordination 
assistance tool providing synthetic indicators on the statement of the activity 
and also allowing the user to navigate in the cooperative context through 
multiple views. This proposition is based on a model architecture allowing us 
to manage cooperative context information and its visualization. 

1. INTRODUCTION 

Collective activity management and decision assistance are main research 
and application areas in different domains (enterprise, industry etc.). 
Potentialities of new tools based on IT lead to design and use of decision 
information systems. 

These new tools are adapted to and engender change process in work 
methods and sometimes in the organization structure itself. 

In this study, we focus specifically on cooperation between actors during 
the building construction stage. Should a decision information system, as we 
briefly described it before, increase quality of interaction between actors? 
And if so, should it increase quality of process management in AEC? We 
will try to answer this question in this article. 
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First we will present methods of decision assistance identified in different 
organizational contexts. We will analyse also the importance of human
machine interaction in interface design (HCI) and the place of final user in 
computer system design. 

Then we will try to identify the types of organization of actors on building 
construction sites and the existing coordination modes associated with them. 

This theoretical approach will allow us to present our proposition to assist 
coordination between actors during building construction. We will describe 
the system infrastructure that we are setting up at present to develop this 
assistance tool. In particular we will describe the model approach 
characterising this proposition. Finally we will come back to building 
construction activity by presenting a use scenario of our tool, the first 
validation step ofthis study. 

2. DECISION ASSISTANCE IN ORGANIZATIONS 

2.1 Organizations typologies 

Studies by Henry Mintzberg appear especially interesting when it comes to 
distinguishing between organization forms (Mintzberg 1979). In order to try 
to summarize his approach we suggest contrasting "traditional" organization 
(bureaucratic) with new forms of organizations called "adhocratic". 

Traditional organization is based on methods and process standardization. 
However this model shows its limits when organization becomes more 
complex and dynamic. 

"Adhocracy" concept introduced by Toffler (Toffler 1970) describes 
perfectly the contemporary context of change management, work method 
development, competitiveness etc. This concept also covers a more 
"democratic" vision of collective work. Thus decisions should be distributed 
between actors and personal strategies should be preserved. 

2.2 Methods of decision assistance 

This brief overview of organization typologies studied in the early 70s helps 
us to approach contemporary methods of decision assistance. In fact in these 
different types, organization and activity are managed by one or more actors 
and by the way of different methods and tools. 

We retain two major ways of thinking to assist decision making and 
management: the performance management and the development of 
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awareness processes. These two approaches are fundamentally different but 
appear as complementary to us. 

2.2.1 Performance indicators and dashboards 

In the early :X:X:th century, the "classical" firm is managed on the 
Ford/Taylor model. Henri Fayol (Fayol 1918) describes this model 
according to five main management principles: planning, organising, 
ordering, coordinating and control. This "classical" model of the firm is in 
contrast with the contemporary "reactive firm" model (Fernandez 2005). 
According to Alain Fernandez it is in this context that "new dashboards" 
have to be designed: more precise piloting and reactivity with permanent 
improvement in mind. Moreover in these organizational changes the decision 
process should be approached in a cooperative framework. Each actor should 
have their own dashboard comprising adapted information for their 
decisional needs. 

The dashboard is then a decision assistance tool. It allows the user to 
understand a situation and it formalises possible choices. We can note that it 
is applicable in organization forms where information is highly explicit and 
available in information systems. 

2.2.2 Awareness in a distributed management context 

In an "adhocratic" organizational context characterised by ephemeral teams 
and mutual adjustment between actors, group awareness by the actors is very 
important. It favours informal and unanticipated activities (Gutwin 1997). 
For Lucy Suchman «actions are often socially and physically situated and 
situation is essential for action interpretation" (Suchman 1987). Then 
awareness is also necessary for adaptation of the activities to the changes in 
the project (Bardram 1997). Carl Gutwin distinguishes between 4 awareness 
categories: informal awareness, social awareness, group structure awareness 
and workspace awareness. Numerous research works focused on methods to 
clarify awareness in groupware. 

We retain especially here the 3 levels of awareness process defined by 
Mica Endsley (Endsley 2000). 1) The perception of relevant elements in the 
environment, 2) the comprehension of these elements and 3) the prediction 
of the state of these elements in a near future. 

This process interests us particularly here. In fact awareness plays a major 
role in coordination mechanisms in the informal and ephemeral 
organizations. 
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2.3 Human-machine relationship in decision tools design 

The relationship between the user of such a system and the machine is 
fundamental for success of the tool use. In different research domains such 
as computer science, artificial intelligence and HCI we have retained two 
major fields which appear essential for systems design: 
- Works on context-aware applications in mobile computing or in artificial 

intelligence (Brezillon 2002; Dockhom Costa 2003) show that the user 
and his context have to be placed at the centre of tool design in order to 
better answer his needs. For (Dey and Abowd 1999) a context-aware 
system "uses context to transmit adapted and relevant information to the 
user". Research in mobile computing in AEC (LOfgren 2005) shows the 
importance of adapting information representation to the hardware tools 
used: their capacities and to the situations of usage. Moreover the user 
should be able to intervene in the software he uses, e.g. in bringing his 
personal expertise to adapt the tool to his application domain (cf. works 
on application malleability (Bourguin 2000; Koch and Teege 1999)). 
Interface design adapted to the user's needs at a precise time is the 
second research field that interests us. Works on ecological interface 
design (Vicente and Rasmussen 1992) suggest guidelines for HCI design 
related to the type of events the user has to manage: "familiar", 
.. unfamiliar but anticipated" and "unfamiliar and unanticipated". 
Ecological interfaces are based on SRK taxonomy (Skill, Rules and 
Knowledge) by J. Rasmussen which models information treatment 
carried out by humans (Rasmussen 1986). This taxonomy is a guide for 
displaying information in a way adapted to the cognitive and perceptive 
faculties of humans. 

3. COORDINATION IN THE AEC SECTOR 

We have described above two approaches which are essential in the decision 
assistance domain and their applications in decision information systems 
realisation. 

But should these approaches be used in the AEC field? We will try to 
answer to this question in this chapter. 

3.1 A cooperative context complex 

The AEC sector is an industrial field which is distinguished from others by 
some particularities. Teams' composition is ephemeral and heterogeneous. 
The building as a product has to face many constraints such as functional, 
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technical, economical, esthetical constraints varying from one project to 
another. Time development of a project is sequential. 

The organization in construction projects takes different forms (Cf. §2.1 ). 
The "bureaucratic" and hierarchical model is identified in a general way. 
However in design and construction stages "adhocracy" appears perfectly 
adapted to the reality of the relationships between actors. In fact implicit 
grouping of actors for realizing a task or activity is current in this domain. 

3.2 Coordination modes related to this context 

These different organizations identified in the AEC sector engender 
particular coordinative practices. We distinguish between "multi-actor" and 
"inter -actor" coordination. 

"Multi-actor" coordination aims to organise activity and to inform the 
entire group of what is happening in the project. It describes the explicit 
activities. Its objectives are to define the conditions of building construction 
activities and to allow a "strict" and realistic survey of progress. 

"Inter-actor" coordination can be defined as peer-to-peer coordination. It 
consists generally of implicit and informal activities (Kraut, Fish et al. 1990) 
from an actor to another one. It allows the actors to work together, adapting 
their actions to the action of other actors and to the project development. 
This type of coordination, at the "actor level", can get around problems 
generated by the complexity and slowness of"multi-actor" coordination. 

Our study focuses on the building construction activity. At this stage 
"multi-actor" coordination is essentially based on artefacts (Schmidt and 
Simone 1996) i.e. meeting reports, and on planning activities (Bardram 
1997). "Inter-actor" coordination consists of informal meetings or 
discussions between two actors in an "adhocratic" organization (Beiarsto 
1997), i.e. mutual adjustment (Mintzberg 1979). It often takes an oral 
communication form (Andersen, Cartensen et al. 2000). 

4. A "CONTEXTUAL MULTI-VIEW INTERFACE" 
FOR DECISION ASSISTANCE DURING 
BUILDING CONSTRUCTION 

Our proposition consists of a context multi-view representation tool. Based 
on "dashboard tool concepts" the role of such a tool is to allow one or many 
actor(s) involved in an activity to follow and monitor the progress of this 
activity and to measure its performance (Fernandez 2005). But this 
proposition goes beyond the traditional design of dashboards. 
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In fact we think that every actor in the building construction operation 
should be involved in their task coordination. For example in an inter-actor 
coordination case, each actor should find relevant indicators related to the 
activity and should be able to navigate through the project context to better 
understand the situation. This is a kind of democratic vision of coordination 
in building construction operations. 

To develop this project we have looked into awareness theories (Endsley 
1995; Greenberg and Gutwin 1996; Gutwin 1997). M. R. Endsley's work 
underlines the different resources of awareness used by actors implied in a 
collective activity : perception of the relevant elements of the environment, 
understanding of these elements, and prediction of their state in a "near 
future". 

Based on awareness theories we suggest defining functions for the 
building construction multi-view interface (Figure 1): 
- Context perception: 

The multi-view interface presents information in a way adapted to the 
user (his role, his needs etc.). Numerous visualisation modes allow the actor 
to be aware of their environment and to perceive the progress in the activity. 
Linking these views gives a highest level of perception of the context to the 
user. Indicators should highlight essential points (i .e. risks) in a synthetic 
way. We distinguish between two types of indicators: relationship indicators 
and synthesis indicators. 

Relationship indicators are the result of a specific treatment determining 
which concepts in a view are linked to another view. In fact "near concepts" 
of the project context should have different names in each model view. Our 
global cooperation meta-model (part 5.1) is the key to linking these 
concepts. Relationship indicators allow us to highlight concepts in the multi
view panel and to select information during navigation. 

Synthesis indicators are closer to classical dashboard indicators. Analysis 
of process dynamics compared to its previsional progress (planning) lets us 
determine critical points in the activity. A specific "dashboard view" will be 
developed comprising indicators adapted to this type of information (green
orange-red lights, speedometer-like views etc.). 
- Comprehension: 

In a multi-view interface, information visualisation has to be synthetic 
(i.e. filtered, adapted). The user should navigate in the project context in 
order to better understand information provided by relationship and 
synthesis indicators. Relationships between concepts and views are a way to 
explore different aspects of the context. For example, selecting an element in 
a view enables the user to interact with related views by transparent requests 
in a database. This allows the system to display a new multi-view 
arrangement and information content adapted to the user selection. 
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Moreover to explore precisely a problem, the user should have to use a 
specific, adapted software tool. That's why we suggest links towards usual 
tools in the interface. These links open destination tools and pass on 
navigation-context to them (e.g. an element selected in views). Available 
tools should also allow the sending of a contextual request to an actor (e.g. 
sending a mail). 
- Anticipation: 

The user himself should anticipate the future state of the process, based 
on his understanding through multi-view and indicators of the dashboard. 
But if the process is modelled a dashboard should also monitor its progress 
and warn the actors of risks. 

U..6ee......-- ... ~~· ·...........,. · v..- ,...... ._ _ 

. ~---- . " ...... : . .....,...~ ... , ~~ .... " 

Figure 1: Hypothesis of the multi-view interface. 
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Figure 1 shows the hypothesis of the interface design for the multi-view 
tool. At present, we suggest four different "type of visualisation modes" 
(used in other tools) for the multi-view window: Gantt planning view, 30 
mock-up, text and graph. A "dashboard view" comprising specific indicators 
is under development. 

These visualisation modes are arranged specifically to the user context. 
During navigation user should change of view manually. Arrangements are 
also pre-determined for specific coordination tasks. 

A red colour highlights important points of the activity in order to link 
information concerning a specific coordination point in the different views 
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(i.e. task delay in the planning, its explanation in the meeting report, and its 
3D representation in red in the mock-up). 

A toolbar is placed at the bottom of the window. This toolbar will allow 
the user to switch to a specific tool, i.e. to start a planning tool to have a 
complete visualisation of the planning. 

5. STRUCTURING INFORMATION AND 
MANAGING VISUALIZATION: AN APPROACH 
DRIVEN BY MODELS 

5.1 A cooperative context meta-model 

The definition of a meta-model allows us to highlight essential abstract 
concepts to describe context of cooperation in different domains. These 
"meta-concepts" of the meta-model (M2 level) will be instantiated in specific 
cooperation models (Ml level): building construction activity context model, 
project management model or in other domains such as software 
engineering. The meta-modelling approach (Sprinkle, Ledeczi et al. 1999) is 
used in the standard MOF (Meta Object Facility) and is proposed by the 
OMG (Object Management Group) in the Model-Driven Architecture 
(MDA) framework (Bezivin and Gerbe 2001). 

Our proposition consists of defining a relational cooperation meta-model 
that takes into account the existing relations between the elements of a 
project. The objective we want to reach with this type of modelling is the 
description of the meaning of a project and then the proposition of adapted 
tools and visualization modes included in a cooperation platform (Halin, 
Hanser et al. 2003). 

5.1.1 Relational meta-model of cooperation for design and 
construction 

To model the activity in a building construction project we suggest an 
approach from the point of view of cooperative activities between actors. 
Modelling these concepts of cooperation will allow us to develop domain
specific applications (Hanser, Halin et al. 2002) structured on the base of the 
cooperation meta-model for design and realisation. 

The context of cooperative design and construction activities has to 
represent relations and interactions between the actors, their activities, the 
artefacts they produce and the tools they use: 
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Activity (M2): the activities inside a project have several "scale" levels: 
project, phase, and task. They should be explicit (building task) or implicit 
(request between 2 actors). 

Actor (M2): in a project, each actor has a limited capacity of action and 
restricted decision-making autonomy. The actor acts inside the activities that 
constitute the project, gives an opinion, and keeps up a relationship with the 
environment while collaborating with other actors and producing documents. 

Artefact (M2): The generic concept of artefact describes any piece of 
information or other "thing" manipulated, used or produced by actors in an 
activity (Kruchten 1999). It could be a document which represents a 
professional « deliverable » part of a contract. A document is an aggregation 
of files manipulated through an operating system. A document can group 
several other documents. It could be also a "model" of the object to design. 
In this way, the realisation of the object is the goal of the cooperation 
project. An object could comprise other objects (group of objects). In AEC a 
model could be a digital mock-up. 

Tool (M2): Tools are a kind of resource needed to run a process. Their 
availability for a user could be defined in his operational role in an activity. 
For example, an architect involved in a design activity needs mock-up and 
CAD tools. He doesn't need planning tool at this time. Tools use one or 
several visualization modes. These visualization modes are defined by 
models which describe the element that the interface should display. 

Relationship (M2): a relationship identifies a type of link existing between 
two elements (or concepts described above): 
- The relationships between actors depends on the social organization of 

the group (hierarchical or adhocratic relationships), 
- The relationships between actors and artefacts are close to those used in 

the edition of documents: Supervise, Produce, Comment. .. 
- The relationships between artefacts (documents or models) are those used 

in the configuration management: new version of, refers to, is the 
synthesis of, 

- In a general way the relationships between tools and other entities of the 
model describe what information they should visualize and manage ... 

- The relationships between tools and actors allow defining which tool 
should be use by an actor (related to his role, his skill), 

- The relationships between tools and activities describe how tools should 
be associated to specific activities, which they may completely or partly 
automate, 

- The relationships between tools and artefacts are relative to the function 
of the tool: what artefact it should produce or manage. Some tools are 
exclusively dedicated to the visualization of information. 
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Figure 2. Meta model of the cooperative context. 

Information regarding the context of the collaborative project can be 
represented and described by this meta-model. 

In the framework of the development of a new tool, the meta-model will 
allow us to structure the information exchanged in the cooperative project 
and to control the management of this information (visualization, exchange). 

This meta-model describing cooperative context is generic. We will use it 
to instantiate a specific model dedicated to the AEC domain and especially 
to the building construction activity. 

Figure 3 shows an example of instantiation of this model architecture. We 
can see some entities of a cooperative context (MO) described by meta
entities of the building construction dedicated model (Ml). This model Ml 
is itself an instance of the meta-model of cooperative activity (M2) presented 
in detail in Figure 2. 
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Figure 3. Example of instantiation of the 3 levels of the architecture. 

5.1.2 BoardGet models and meta-models 

The model architecture presented above is essential for structuring 
information. It allows us to manage it in a database and to adapt information 
displayed to the users of tools. 

We are working now on the links existing between this cooperative 
context and the tools allowing the visualization of this content. The multi
view interface suggested here (part 4) uses several visualization modes 
(called BoardGets) to display the content to the user. When the selection of 
this information is done in the database, we then focus on displaying it in 
visualization modes. 

To do this, each BoardGet has to be described by a model. By using the 
same model architecture described above, we obtain a meta-model (M2) of 
the BoardGet, its model (Ml) (describing the elements of the graphical 
interface) and finally its instantiation in a real interface MO. 

Figure 4 shows an example of instantiation Ml/MO in the case of 
Bat'Map application. In the bottom right hand part there is a view of the 
final interface displayed. On the left, there are the levels Ml and MO of the 
context model transformed into MO and Ml models ofthe BoardGet. 
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Figure 4. BoardGet interface, its model (right) and cooperative context (left). 

5.2 Model transformation rules to build visualization 
Board Gets 

Transformations are described also in the MDA architecture from the MOF. 
To do this cooperative context and its visualization mode are considered as 
models (see Figure 5). A transformation is also a model defined by a meta
model conform to the MDA model transformation standard: MOF QVT. 

In this architecture each model (input or output) has its meta-model which 
is used to define the transformation model. Thus the transformation model 
describes the form of rules to execute in order to describe the transformation 
from the input model to the output model. 

The Atlas Transformation Language (Bezivin and Gerbe 2001) will be 
used to specify the transformations. A TL is a transformation language for 
MDA and is able to translate EMF 1 models (http://www.eclipse.org/gmtl) 
using both declarative and imperative constructs. The transformations are 
described as a set of transformation rules and the ATL virtual machine uses 
these rules to generate an output model from a given input model. 

1 Eclipse Modeling Framework (EMF) is a modeling framework and code generation facility 
for building tools and other applications based on a structured data model 
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Figure 5: Transformation architecture. 

Transformations between models will allow us to present information in a 
specific view (building interface) and also to make links between views (i.e. 
highlighting a task in the planning and its corresponding remark in the 
meeting report). 

6. CONCLUSION 

The research work on this project is still in progress. For the moment we 
have chosen an approach with scenarios in order to evaluate the relevance of 
this proposition. Scenarios demonstrate the advantages of using a 
coordination tool favouring awareness. It does not really allow us to validate 
interest of a multi-view interface tool. The development of a demonstrative 
prototype is in progress in order to demonstrate the interest of project multi
visualization in an awareness tool. 

This article presents a study about coordination of actors during the 
building construction activities. Organization types and coordination modes 
identified lead us to the original proposition of an assistance tool for decision 
assistance. To favour awareness we suggest a multi-visualization of the 
project context allowing the user to navigate through information. This 
proposition is also based on the design of indicators to represent the 
statement of activities (this part of the study is still in progress). 

This tool provides assistance to informal coordination forms, such as 
mutual adjustment. It is designed through the particular point of view on the 
building construction activity as an activity where decision is distributed 
relatively to skill or responsibilities of each one. 

The software development suggested is integrated in a general approach 
based on cooperative context modelling. This modelling allows essentially 
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the sharing of this cooperative context and its user-adaptive representation. 
Moreover we suggest also modelling visualization modes to develop 
information visualization tools (BoardGets and multi-view arrangement). We 
are working at present on model transformations to visualize the context in a 
BoardGet. The tool is still in development stage (architecture setup, 
BoardGets definition). 

We have begun also a validation phase of this proposition, by the use of 
scenario that we will discuss with professionals. A prototype of the tool will 
help us in this enquiry stage. 
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Abstract: The current notion of space seems to be inappropriate to deal with 
contemporary and future CAAD applications because it lacks of user and 
social values. Instead of using a general term called 'space', our approach is to 

consider the common unit in architectural design process as a place composed 
of space, user and activity information. Our research focuses on developing a 
novel intelligent building data model carrying the essence of place. Through 
our research, the needs of using virtual architectural models among various 
architectural applications are investigated at first step. Second, key 
characteristics of spatial information are summarized and systematically 
classified. The third step is to construct a semantically-rich building data 
model based on structured floor plan and the semantic location modeling. 
Then intermediate functions are created providing an interface between the 
model and future applications. Finally, a prototype system, PlaceMaker, is 
developed to demonstrate how to apply our building data model to construct 
virtual architectural models embodying the essences of place. 

1. INTRODUCTION 

1.1 Space vs. Place 

Space is the basic element a designer starts with while designing any object. 
The first scratch on paper of sketchpad in CAD system is about space and it 
organization both in 2D and 3D. (Mourshed, Kelliher, et al., 2001) Due to 
this fact, architects usually refer their works to building design processes 
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contammg space and spatial configurations among building components. 
This notion of space, nevertheless, seems to be inappropriate to deal with 
contemporary and future CAAD applications because it lacks of user and 
social values. They are crucial since building design is a complex process 
involving knowledge not only of the building or the built environment but 
also the user organization activities. (Ekholm 2001) In addition, digital 
convergence brings about the mergence among distinct disciplines such as 
computer science, medical science and entertainment into environment in 
which architecture is located. A lot of researches and studies have been done 
to investigating a new kind of interaction between space and users so called 
"Human Space Interaction". Consequently, these increase an important role 
of user entity in architectural design. Architecture described by conventional 
building data model in CAAD domain has to be modified or supplemented. 
Instead of using a general term called 'space', our approach is to consider the 
conunon unit in architectural design process as a place. Places differ from 
mere spaces in that they embody social and cultural values in addition to 
spatial configurations. It is the concept of place, not space, that connects 
architecture to its context and makes it responsive to given needs. (Kalay, 
2004) 

1.2 The need of virtual place 

The term 'virtual place', here, is differed from Kalay's definition (Kalay, 
2004) in that we interpret virtual place as the output from architectural 
design process embodying the notion of 'place'. Hence, virtual place refers 
to a building model, an instrument for creating a real place. By supplement 
existing building models, it is feasible to build 'Spatial Context-aware 
Building Data Model' which can be applied to various CAAD applications 
as described later. 'Spatial Context-aware' means that the established data 
model conveys rich information regarding context that can describe what can 
happen in a space which could not be provided in traditional building model. 
In particular, the created data model is not only for representing the physical 
objects but also for embodying spatial information in various levels: 
component level, space level, and building domain level. In other words, it 
contains spatial reasoning. Based on this basic spatial context structure, the 
developed intermediate functions serve as an interface between building 
model and applications. As a result, the level of intelligence and interactivity 
of architecture can be leveraged on the application level. This brings about 
change in the status of architecture to be more dynamic and enhancing the 
efficiency in the architectural design. This paper, above all, reveals a 
research on developing a novel intelligent building data model carrying the 
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essence of place. In turn, the output of architectural design process is indeed 
considered as a virtual place. 

1.3 Methodology 

Through out our research, the needs of using virtual architectural models 
among various architectural applications are investigated at first step. 
Second, key characteristics of spatial information are summarized and 
systematically classified. The third step is to construct a semantically-rich 
building data model based on Structured Floor Plan and the Semantic 
Location Modeling. Then intermediate functions are created providing an 
interface between the model and future applications. Finally, a prototype 
system, PlaceMaker, is developed to demonstrate how to apply our building 
data model to construct virtual architectural models carrying the essences of 
place. 

2. RELATED WORKS 

In this chapter, some related and relevant researches asststmg the 
development of spatial context-aware building data model are investigated 
and explained. 

2.1 Building product models 

In order to create a spatial context-aware building data model, it is necessary 
to build the model by supplement existing models instead of starting from 
the scratch. Here, building data model slightly differs from building product 
model (Eastman, 1999) in that building product model is potentially a richer 
representation than any set of drawing can be implemented in multiple ways. 
In particular, it is mainly developed to set up a standard for seamless 
interoperation among CAD/CAM applications focused on drawing using by 
stakeholders in building design and construction processes. On the other 
hand, building data model refers to an object-oriented data structure 
maintaining the relationships among spatial components focused on 
modeling for architectural design purpose. Both can be concurrently 
consider as spatial modeling. Among them, Bjork (1992) used physical 
obstacles to define a space based on its complete separation from the others. 
Eastman and Siabiris (1995) constructed their spatial model based on three 
major components; constructed form (material), bounded space and activity. 
Ekholm and Fridqvist (1997) proposed a complicated model focus on 
construction entity. None of them, however, embodies the full essence of a 
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place described as the relationships among space, users, objects and 
activities. In spite of previous models, the theoretical framework used in this 
development project is based on Choi's 'Structured floor plan'. Choi 
suggested a model composed of building components and spatial 
information. The model suits for constructing spatial-context aware ability 
because of its semantically-rich structure carrying spatial topological 
network and real-time editing capability. 

2.2 Structured Floor Plan 

'Structured floor plan' (Choi, 1997) is referred to a floor plan composed by 
the designer in which its components are well structured and thus effectively 
express its architecturally meaningful structure The key issue of this study is 
to construct semantically-rich architectural forms with minimum input from 
the designer in the interactive, instant, automatic manner. It is also an 
important issue to manage spatial design information as well as information 
about building components. According to this research, managing both types 
of information, spatial and formal is very important for any intelligent 
architectural CAD systems. Our research is developed base on the 
knowledge of this research. 

Figure 1. (Left, Middle) The models developed by using 'Structured floor plan' (Right) The 
different. 

2.3 Semantic Location Modeling 

Another related project is the development of 'Semantic Location Model'. 
(Lee, Lee, et al., 2004 & Lee, Choi, et al., 2005). This project is also 
developed based on the concept of Structured Floor Plan. The developed 
model embodies geometrical and topological information focusing on entity 
location. The structured floor plan functions as the fundamental data 
structure suitable for applying the concept of context-aware system since all 
building components have been bound each other with their spatial 
relationships. The developed prototype is capable of defining architectural 
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spaces appropriately and managing them easily for constructing the 
ubiquitous computing environment. Given an inhabitant position, the system 
can trace and report the semantic location rendering the spatial relationships 
between the user and the space such as orientation of user's eyes, the closest 
spatial components; opening, wall and column. Our spatial context-aware 
building data model is developed based on this system. 

Figure 2. The conceptual level of spatial context (Left) and the graphic user interface of 
PlaceMaker (Right). 

3. SPATIAL CONTEXT-AWARE BUILDING DATA 
MODEL 

This paper proposes a new spatial context-aware building data model based 
on our previous research. The kernel of our data model is structurally well
defined and contains hierarchical components. Each component is composed 
of geometric and spatial information pursuing the interactivity with 
environment in certain situations. In particular, the model is 'Semantically
rich' which means that the established data model conveys rich information 
regarding context that can describe what can happen in the space. Here, we 
consider a building in terms of its functional properties and structural 
components, and these alone or in combination will be referred to as 
building semantics. (Babalola, Eastman, 2001) As shown in figure 3, what 
differential our model from the others is that the created data model is not 
only for representing the physical objects but also for embodying spatial 
information in various levels. Our data model is composed several modules 
providing different functions. Total model, spatial context-aware building 
data model, comprises of three sub models; building data model, object data 
model and spatial data model. The details and functions for each model are 
explained as follows; 
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3.1 Building Data Model 

Mostly derived from structured floor plan, this object oriented data model 
contains the spatial information of building components and space. The 
hierarchical relationships are constructed from building (the largest entity) to 
surface (the smallest entity). Among them, space is the most important class 
acting as a hub. It connects the entities inside building data model with 
spatial data model and object data model. Another powerful characteristic is 
topological network. The spatial relationships among spaces and among 
building components are stored automatically once spaces have been 
instantiated. 

3.2 Object Data Model 

Object refers to furniture, appliances, lighting and equipments that can be 
utilized a place. Due to the distinction in stored information and mobility, we 
separate object data model from building data model. However, the 
relationships with other models are also maintained through space and 
activity class. 

3.3 Spatial Data Model 

The model provides novel characteristics enabling context-aware capability, 
particularly, in order to convey an essence of a place. It combines other 
models and constructs spatial reasoning. The model contains building type 
domain and space type characteristics indicating characteristic for space, 
user and activities that could be happened in a place. The main members of 
spatial data model are described as follows; 

- User and user group entities: they provide all user information which 
can be transferred to avatars or agents in the system. As discussed in the 
introduction, user entity is one of the major missing parts in conventional 
architectural building data model. In order to establish the model capable of 
dealing with human-space interaction or human-centered design, this entity 
is crucially needed. User entity also includes behavior information 
empowering an ability to let agents or avatars perform predefined actions in 
certain contexts. 

- Location entities: these entities provide the both semantic and 
geometric relationship among objects, buildings and users in a place stored 
as a location. Key location entity stores geometric locations of activity. 
Based on semantic location modeling, semantic location entity contains 
semantic relationship of each object in our data model. Location entities are 
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the key component for location based service in which tangible user 
interface is applied in space. 

- Activity entity: the concept of activity embodies the characteristic of 
'place' since it contains and combines user, place, location and action. Like 
space in building data model, activity is the main class of spatial data model 
connecting with other data models. 

-Spatial domain and space type entities: these entities, basically, provide 
the information of each type of building and space having different attributes 
and constraints. Serve as libraries during the design process; it helps 
architects to create places rigorously. 

Figure 3. The spatial context-aware building data model. 
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4. SPATIAL CONTEXT-AWARE HIERARCHY 

Apart from the data structure described previously, the detail of spatial 
context-aware hierarchy is discussed in this section. The essence of our 
research relies on the way spatial context is bound with each instance. 
According to the structure of spatial context-aware building data model, such 
spatial context can be divided into three levels; component level, space level 
and building domain level as shown in figure 4 (left). 

1. Component level: component refers to object entity and building 
components such as door, window and wall in spatial context
aware building data model. In turn, each object can has its spatial 
context which contains its attribute, location and user. Unlike 
space and building domain level, components have their behavior 
to interact with other instances. Constraint and spatial 
connectivity are not included in this level. 

2. Space level: This intermediate level is the most critical part in 
spatial context hierarchy. Space level provides all spatial 
contexts; attribute, constraint, user, activity, location and spatial 
relationship among its components. Figure 4 (right) shows the 
example of spatial contexts for a living room 

3. Building Domain level: This top level contains spatial context of 
a whole building. Different building domains have their own 
spatial context such as constraints and properties. It also 
embodies the relationship among spaces or rooms within the 
building. 

For each level, spatial context can be divided into sub categories; 
attribute, constraint, user, behavior or activity, location and spatial 
connectivity. Attribute stores the basic properties of an instance such as 
color, size and area. Constraint contains the rules for spatial configurations. 
For example, a room must contain at least one door. Location stores the 
positions of each instance. It refers to both geometry and semantic location. 
In particular, key location stores geometry position for each activity. User 
means the possible users for such instance. Consequently, some components 
may have behaviors to interact with user whereas space and building domain 
will have their information of possible activities. Finally, connectivity means 
the relationship among instances in one space or among spaces with the 
same building. 
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Figure 4. (Left) The conceptual hierarchy of spatial context (Right) Spatial context for a 
living room. 

5. PLACEMAKER: A SPATIAL CONTEXT-AWARE 
CAADTOOL 

For the sake of system evaluation, our semantically-rich object oriented 
CAAD tool, PlaceMaker, has been developed to demonstrate how the 
intelligent building data model bound with the spatial context can be applied. 
As a user creates a component, spatial context is automatically generated 
from library along with the geometric data. The system is designed to be 
capable of elaborating various kinds of building domain and space type. 
Buildings created within different domain contain different spatial 
characteristic and spatial context. Figure 5 shows the entire interface of 
PlaceMaker. Currently, there are three mode of visualization; two
dimensional mode, three-dimensional mode and print mode. Users can freely 
switch the visualization mode back and forth among all modes. The 
functions for each mode are described as follows; 

5.1 Two-dimensional mode 

By default, two-dimensional mode (2D mode) is set as an input mode. Here, 
a user can create a space by drawing enclosed walls. A space can be 
composed of building components such as wall, opening, furniture as 
described in spatial context-aware building data model. All instances can be 
modified through their parameters in real-time manner from dialogs. All 
basic CAAD modeling and operation tools are also provided. Unlike other 
modeling tools, users have to bind each space with spatial context by 
specifying space type from space dialog. Once the spatial context has been 
bound, some spatial functions can be performed to gain benefit from spatial 
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context-aware building data model. Such functions and benefits will be 
explained in next section. 

5.2 Three-dimensional mode 

Basically, three-dimensional mode (3D mode) is used for simulating three
dimensional environment especially when a building contains more than one 
story. A user can also navigate the created space through walk-through 
function. A human-like agent can be inserted here to perform specific 
functions and simulations such as 3D way-finding. By means of procedural 
modeling technique, various types of visualization can be displayed in this 
mode. This will be described in details in the following section. 

Figure 5. The graphic user interface ofP!aceMaker: 2D mode (left) and 3D mode (right). 

6. THE BENEFITS OF SPATIAL CONTEXT ON 
CAAD APPLICATIONS 

By means of the spatial context in our spatial context-aware building data 
model, several useful features are developed and utilized. Note that such 
features can also be employed in other applications. So far, we have been 
developing some simulation tools utilizing building model created by 
PlaceMaker containing spatial context and spatial reasoning information. 
Apart from architectural modeling tool, figure 6 shows brief benefits of 
spatial context-aware building data model upon several CAAD applications; 
evacuation simulation tool, ubiquitous computing space scenario design tool, 
facilities management tool as well as other structure and energy simulation 
tools. This section explains how to apply those intermediate features through 
spatial functions in PlaceMaker. They are grouped into four categories; 
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constraint-based design, spatial network, context awareness and procedural 
modeling. 

Applications Evacuatlon 
Simulation 

U-Space 
Design 

Facilities 

Figure 6. The benefits of the semantic data model. 

6.1 Constraint-based design 

Structure & 
Energy 

Management 

Based on 'Building Complier' (Park, Choi, 2003), the constraint-based 
design shows how to gain benefits from spatial attribute for each instance in 
spatial context hierarchy. Since our data model contains much information in 
depths, such information can be used for setting the constraints enhancing 
the efficiency in architectural design and simulation. For example, one can 
set a constraint for a toilet according to building code. A toilet must have a 
door and at least an opening for ventilation. If a user creates a toilet without 
any opening, the system will check the design with stored constraints and let 
the user know about the violation. This will be done after the user perform 
building compile functions. In short, the 20 and 3D building models can be 
created according to the constraints previously set by a user. Note that this 
building compile function is still under construction. Figure 7 shows the 
graphical user interface for this function. 
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Figure 7. Graphical user interface for constraint-based design function. 

6.2 Spatial network 

The relationships among architectural components can also be easily traced. 
Spatial network refers to the spatial relationship among space and objects as 
show in figure 8 (left). Such knowledge can bring about the applications of 
way finding, architectural simulation as well as constructing the multi-story 
spatial connectivity. Our data model supports multi-story buildings. That 
means spatial context and network are maintained through out the whole 
building by means of stair entity. Consequently, it is possible to perform 
multi-story simulation such as three-dimensional wayfinding as shown in 
figure 8 (right). In particular, a path from one to another location can be 
rapidly traced. Our system can analyse all possible paths and the shortest 
path. Thus it can be applied to both a simple spatial exploration application 
and an advance pedestrian simulation system. 

Figure 8. Snapshot of spatial network diagram (left) and three-dimensional way finding 
function (right). 
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6.3 Context awareness 

As mentioned earlier, user information is the main part to design a place as 
well as to pursue human space interaction. Thus, user context, primary 
focused on activity and location, plays the key role for elaborating context 
awareness capability. Activity entity combines all information from user, 
space and location to form a place. In other words, it is possible to retrieve 
information about available activities, their locations and users which are 
useful for any context-ware or location based systems. Figure 9 (left) shows 
a snapshot when a designer creates an activity and defines its key locations. 
As shown in activity dialog (see Figure 9 middle), key location refers to a set 
oflocation to perform an activity stored in each object including space in our 
database. Each instance can have more than one key location set to perform 
different kind of applications. It can also be used by another simulation such 
as lighting calculation, evacuation simulation as well as scenario simulation. 
Furthermore, our system can deal with the dynamic user location by 
integrating semantic location with agents or avatars. However, this feature is 
still under construction. As shown in figure 9 (right), possible path for each 
user can be visualized since each activity also include its users. Above all, 
activity data encompassing the information of location, user and time is 
created and linked with a space providing spatial context awareness 
capability and the essences of place. 

Figure 9. Snapshot of activity and key location (left), activity dialog (middle) and graphical 
user interface of user tracing function (right). 

6.4 Procedural modeling 

Since our data model contains semantically-rich information, the concept of 
procedural technique is also implemented to deliver only the relevant 
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information to users according to their needs. Based on the same data 
internally stored, our system can generate different types of visualization 
suitable for handling with complex information. Figure 10 shows different 
type of visualization in 3D mode; full model, half model and half-paper 
model modes. Full model mode is suitable for normal visualization and 
walkthrough function. In contrast, half mode and half-paper mode are 
appropriated for 3D simulation that needs to observe the interior spaces 
among stories such as evacuation simulation. 

Figure 10. Snapshots of full model mode (left), half model mode (middle) and half-paper 
model mode (right). 

7. CONCLUSION 

In this paper, a new characteristic of building data model containing spatial 
context and spatial reasoning has been firstly introduced. Through 
PlaceMaker, numbers of intermediate functions are developed to gain the 
benefits from such spatial context. Figure 11 illustrates the conceptual 
diagram of spatial context-aware framework for building design and 
simulation. Moreover, the output building models can also be imported and 
used by other tools. In addition, a set of applications has been applied to 
verify those benefits of our intelligent building data model. In fact, "XML" 
parsing module will be integrated to provide interoperability with other 
CAAD tools in further development. At the moment, 3D building models 
generated by PlaceMaker can be imported into "V-Place lab" (Kim, 2006) as 
a smart virtual place (stage) for simulating scenarios to utilize ubiquitous 
computing interior space. As shown in Figure 12, snapshots of V -Placelab 
reveal the utilization of activity, key location and spatial connectivity. By 
means of these spatial contexts, the demonstrated projects render the 
advantages of our building data model. As the level of semantically rich 
information is increased, the interaction among agents including inhabitants, 
space and building services can also be leveraged. Thus, the efficiency in 
architectural design is also improved. Not only restricted to the scenario 
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simulation system, but our semantically-rich data model can also be applied 
with other CAAD domains including computer aided facilities management, 
data driven simulation and ubiquitous computing space design. 

Spatial Context SemanticaJty.rich Building Data Model Applications 

.. -········,······ ... 
A••ob( ttl) 

~ ........ -............ ~·· 

Figure 11. The conceptual diagram of spatial context-aware framework. 

Figure 12. Snapshots from a Scenario Design tools called V -Piacelab. 
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Developing a Virtual Test-Bed to Design Human
Centered Ubiquitous Space 

Sooyeon Han, Jinwon Choi, and Jumphon Lertlakkhanakul 
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Ubiquitous space, Virtual reality, 

Abstract: Future space is currently getting a great deal of attention to apply ubiquitous 
computing technology. To design these spaces, the need to make a physical 
test-bed, a real building model, is essential for human-centered design. 
However building a physical test-bed generally is economically expensive and 
even if the test-bed could be settled, it must be carefully designed before it is 
built. In this paper, we suggest a virtual smart test-bed, called "V-PlaceLab". 
This system allows not only to research a human behavior with the aid of 
computer simulation on a virtual environment, but also to design a human
centered ubiquitous space mentioned above. 

1. INTRODUCTION 

Currently, future space especially targeted on applying ubiquitous 
computing technology is getting much attention in the field of architecture. 
At the same time, various ubiquitous technology-based products are being 
developed mainly based on service scenarios for diverse user groups 
predicted (Vikram, Barton, 2002). Since these service models and scenarios 
for the ubiquitous space should be analyzed and evaluated, it's indispensable 
to build a physical test-bed, a real building model such as PlaceLab at MIT 
(Lamarca, Chawthe, et al. , 2005). These physical test-beds are developed 
generally to construct human-centered and user-oriented ubiquitous space 
rather than that of technology-oriented while observing user's activities and 
reactions in these actual sites. However building a physical test-bed 
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generally costs a lot and is time-consuming. And even if the test-bed could 
be settled, it should be carefully designed before it is built. 

In this paper, therefore, we suggest a virtual smart test-bed, called "V
PlaceLab", using CAD (Computer-Aided Design) and virtual reality 
techniques. This system allows not only to research a human behavior with 
the aid of computer simulation in virtual environment, but also to design a 
human-centered ubiquitous space mentioned above. 

2. THEORETICAL FOUNDATIONS 

2.1 Visual simulation for architectural environment 

As computer technology progresses and revolutionizes, it allows to represent 
architectural environment effectively not simply in tow-dimensional mode, 
but also in three-dimensional and real time modes. However, considering 
that most architecture is designed for human use, representing spaces 
without the human presence for which they were intended may be something 
of a deception. In order to properly represent an architectural space meant 
for humans, designers must accept the fact that humans are design entities 
that impact space as powerfully as walls and columns (Hoon, Jabi, 2003). 

Therefore, it has been gradually changed from 'building simulation' in 
which from where the physical shape of the building is simply simulated to 
'space simulation' where relationship between space and human using avatar 
is more emphasized. (see Figure 1) 

Figure f. The Conceptual Change of Architectural Simulation. 

So far avatar has been developed to express human's appearance and 
behaviors through many research. In reality, however, lots of cases show that 
avatars tend to wander in space superficially without critical and thoughtful 
understanding of how these avatars could be related with space as these 
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spatial elements in space cannot be separated (Lee, Choi 2002). That is 
because, when this space is simply regarded as groups of polygons, 
interaction between avatar and the spatial information becomes apparently 
difficult or impossible. 

Accordingly, to simulate desirable space that includes spatial information, 
we need to systematically structuralize spatial information and effectively 
transfer avatar so that specific situation between space and residents can be 
represented realistically. 

2.2 Consideration of human-centered ubiquitous space 
design 

-Place: A basic unit for ubiquitous space 

Places differ from mere spaces in that they embody social and cultural values 
in addition to spatial configurations. It is the concept of place, not space that 
connects architecture to its context and makes it responsive to given needs 
(Kalay 2004). 

(a) Example of 'Space' (b) Example of'Piace' 

Figure 2. The Conceptual Change of Architectural Simulation. 

According to Kalay(2004), 'Place' is composed of 'space' and other 
physical objects in this space as well as users' social activities described in 
figure 3. Just as architects can merely construct a nice house, it is the 
residents who create important relationships in this house and finally make it 
a 'home'. That is why ubiquitous space should be simulated as a "place" 
regarding mentioned factors. 
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Place 

Figure 3. The Concept of Place. 

- Interactivity 

Since the goal of the ubiquitous computing relies on developing certain 
environment where computing technology becomes a crucial part of human 
life and the environment, the exploration of interaction among human, space 
and object becomes even more apparent and important than ever. According 
to Richard Buchanan (Richard 2001 ), interaction can be categorized into 
four types as shown in figure 4. 

human Lo cosmos interaction 

participation 

I 
transaction - INTERACllON - human Interaction 

person ro person interaction human to unironment interaction 

Interface 
person to tl1ing interaction 

Figure 4. The Four Types of Interaction. 

First of all, we have 'person to thing interaction'. In ubiquitous space, a 
person interacts with ubiquitous technology-based objects that function as an 
interface linking physical environment to virtual environment. 

Secondly, 'person to person interaction' refers to the interaction which 
Buchanan defined as 'transaction'. Human behaviors, conversations as well 
as all the signs and meaning, beneath those behaviors play a key role in this 
interaction. 

Thirdly, we have 'human to environment interaction' that questions and 
emphasizes the identity of humans in the environment. In particular, 
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ubiquitous computing environment offers adaptable and optimized services 
by detecting human behaviors and emotions. In this regard, human to 
environment interaction in ubiquitous space can be considered to be more 
meaningful than in typical space. 

The final interaction is 'human to cosmos interaction'. In this context, 
cosmos can be interpreted in a broad sense including human culture, 
phenomenon, and religion where various social activities are accepted as 
elements for interaction through participation. 

Since interaction is consisted not only of physical elements but of social 
activities, human behaviors for social activities are critical value to build a 
place. 

- Digital storytelling 

The lexical meaning of storytelling is 'the activity of telling or wntmg 
stories '(Oxpord, 1989) and digital storytelling can be interpreted as 
storytelling with the aid of digital media. The digital storytelling enables 
people to express themselves and to make their own valuable experience. 

In this paper, we suggest a digital storytelling method especially targeted 
to design human-centered ubiquitous space. The most important thing for 
human-centered and user-oriented design is to meet user's needs. In this 
regard, various stories for each user should be customized to satisfy one's 
need. Particularly, stories and experience in human interaction is valuable 
for the ubiquitous space. In this environment, user creates spatial experience 
as an active participant and the ubiquitous space offers a place for 
storytelling. 

3. V-PLACELAB: A VIRTUAL TEST-BED AS A 
SIMULTION TOOL FOR SPACE, OBJECT AND 
HUMAN BEHAVIOR 

In order to design human-centered ubiquitous computing environment, we 
suggest a virtual test-bed, called 'V-PlaceLab', using CAD(Computer-Aided 
Design) and virtual reality technique. It is a simulation tool which enables 
designers to create scenario demonstrating how users can utilize the space. 
Scenario is created by setting the interaction among space, objects and 
human behaviors. This brings about the shift in architectural simulation from 
'space simulation' to 'place simulation' as shown in Figure 5. 
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Place Simulation 
sin ust:i1g the space, 
obj!ct, i'ltellgentavatar 

Figure 5. The Conceptual Change of' Architectural Simulation.' 

3.1 Conceptual framework of V -PlaceLab 

The kernel of V-Placelab is the result from integration among different 
spatial modules; u-space, u-furniture, u-products, scenarios and intelligent 
avatars. As illustrated in Figure 6, our framework embodies the essence of 
place enabling the interaction among spatial entities. This section describes 
functions and characteristics for each spatial module in details. 

Figure 6. The components of'V-PiaceLab.' 

The characteristics of each component are described as follows; 
- u-Space: basically, u-space in V-PlaceLab is created by 'PlaceMaker' 

(Choi 2005); a spatial context-aware CAAD tool in which created 
components contain their spatial context information. u-Space is a smart 
environment module in which space contains not only spatial configurations 
but also activity, and user information. Other spatial context information 
includes spatial network, adjacency and connectivity among spaces. Like the 
role of contemporary architecture, this module functions as a hub providing 
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interactive channels for the other modules. It acts as a smart scene providing 
interactivity to u-object and avatar. Above all, it carries the essence of place. 
By means of spatial context-aware data model, location-based functions are 
provided such as three-dimensional way finding, and activity searching. 

- u-Object: it consists of ubiquitous technology-based furniture and 
product. According to the study of the new level of interactivity with 
objects (Hoon, 2001), there are three levels; movable objects (e.g., 
furnishings), breakable object (e.g., glass panes), and operable objects (e.g., 
video monitors, soda machines). In addition to this, we propose a new level, 
ubiquitous technology based-object that has its own attribute such as 
location, direction, property, and behavior. A user can interact with u
Object through its behavior. For example, a smart chair can measure the 
user's weigh while he or she is sitting on it. At the moment, the reaction of 
u-object is displayed as balloon 

- Intelligent avatar: in our system, a user can create scenario through the 
manipulation with intelligent avatar. As an avatar is placed in any space, 
spatial information can be retrieve from current space. It gives an apparent 
distinction from traditional avatars that stroll the space without those spatial 
knowledge. Furthermore, we performed motion capture to create various 
kinds of human gesture such as walking, thinking, sleeping and chatting. 
This increases quality and accuracy in simulation. (see Figure 7 right) Above 
all, our intelligent avatars imbue space with some scenarios, transforming a 
mere space into a place. 

- Scenario: it describes how an intelligent avatar interacts with space, 
object, and other avatars as time goes by. Currently, scenario can be created 
by manually input command lines or perform action series as a user clicks 
the right mouse button. Once a scenario has been recorded completely, user 
can play back and investigate the continuous simulation. The way a user 
defines scenario can reflect the user's needs to our system, avatars can be 
used to simulate in such a way he or she wants. Figure 7 shows a screen shot 
of scenario recording process. Thus, we can create several scenarios in the 
same scene according to the users' needs result in a digital story telling 
design tool. 
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Figure 7. Scenario Recording Screen Shot (left) and Intelligent Avatars (right). 

3.2 The operations in V-PlaceLab 

The main functions ofV-PlaceLab are enumerated as follows: simulating for 
a physical test-bed as an architectural design tool, positioning virtual 
appliances such as u-furniture and u-product in V-PlaceLab, simulating 
human behaviors with intelligent avatars and, presenting the simulation of 
ubiquitous technology scenarios based on ubiquitous computing technology. 
The graphical user interface of V-PlaceLab consists of menu bar, stage, 
library panel, cast panel, property panel, and script panel as shown in figure 
8. The operation processes of V-PlaceLab are also described here. First, a 
user can import the virtual space model from PlaceMaker, a semantically
rich CAAD tool in which created components contain their spatial context 
information. Second, we can locate the components such as u-furniture and 
u-product from the library panel. They can be shown and modified in the 
cast panel. The next step is to insert chosen avatars, and those avatars's 
behavior will be shown and edited in the property panel. Finally, user can 
record and run scenarios to see the simulation result. Through these 
processes, a digital storytelling for ubiquitous computing space design and 
simulation is constructed revealing the innovative change by means of 
digital technology upon space design. 



Virtual Test-Bed to Design Human-Centered Ubiquitous Space 367 

Menu Bar& 
Tool Bar 

Ubrary 
panel 

Toolbar Panel 

Figure 8. The Graphic User Interface. 

4. APPLICATIONS 

Cas1Panef 

Property 
panel 

The system developed to design hwnan-centered ubiquitous space can be 
applied to various systems. For further development, we plan to distribute 
this system and expand its applications to cover diverse domains as well as 
collaborate with other researchers. Here we outline three possible 
applications. 

4.1 Developing scenario for ubiquitous product 

Many ubiquitous technology-based products have been developed based on 
scenarios as guidance for these products so far. For this scenario, it is crucial 
to analyze hwnan behaviors that will affect in the usage of those products. In 
this sense, our virtual smart test-bed, V -PlaceLab, allows us not only to 
implement more effective scenarios after virtually but also to actually use 
various uT-Products while studying hwnan behaviors simultaneously. 

4.2 VR simulation for TV production 

Currently, 3D StudioMAX has been using for VR simulation of TV 
production. It is, however, time-consuming and impossible to modify it in 
real-time. As a result, we suggest a possibility that V-PlaceLab can be 
extended as a VR simulation tool of TV production. Not only it's easy to 
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create and modify a stage set through space library of V -PlaceLab, but also 
cameras, lighting systems, studios, and avatars can be created by so that it 
can be used as to pre-test and modify the scene and settings before the actual 
film production. 

4.3 Human spatial behavior research for evacuation 
simulation 

In terms of evacuation simulation, there can be many different urgent 
situations needed to anticipate human spatial behaviors according to context. 
By means of spatial reasoning, our V-PlaceLab can introduce a new 
evacuation simulation system that identifies user's location and even defines 
relations in between users and other people for more effective evacuation 
simulation. After all it can simulate all social behavior interactions which 
can occur in real world especially in densely populated district such as 
downtown, subway, etc. 

5. CONCLUSION 

Our system is not designed just only to simulate simple physical 
environment, but also to test how users will interact with uT -objects and to 
anticipate what kinds of human behaviors will occur in ubiquitous space. 
Furthermore, we can develop better human-centered design in this 
environment while testing possible scenarios and editing the components in 
real time manner. As visual simulation system like V-PlaceLab presents 
human behaviors and users' demands visually, it is obvious that this system 
can also be highly applied to the research and study for human behavior 
analysis. Since it costs considerable amounts of both time and money to 
practically construct the ubiquitous space, it also needs to be carefully and 
efficiently designed in advance. Therefore, we hope that our research 
contributes to designing ubiquitous space as an effective place that tolerates 
and reflects all of user behavior patterns. 
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Towards a Digital Design Teaching Tool 
A look at the ideas that should define a digital design primer 

Rohan Bailey 
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Keywords: Design & decision support systems, Architectural education, Computer 
assisted learning, Design thinking 

Abstract: Architecture in the 21st century has become an increasingly complex affair. In 
addition to new social and cultural norms, architects are inundated with 
constantly changing information regarding new materials, sustainable 
processes, and complex building types. This state of affairs has also affected 
the expectations placed on architectural education. Critics (in diverse spheres) 
have expressed concerns about the lack of requisite skills of graduates that 
characterise good design thinking strategies as well as promote responsible 
design. It has been proposed by this author in other forums that by using 
digital technology to empower design learning, we can allow students to 
confidently use (through reading and analysis) their sketches to develop 
conceptual ideas that reconcile disparate elements into a habitable, 
environmentally friendly and architecturally responsible whole that is fit for 
purpose, cost effective, sustainable and a delight to clients and users. 

This paper will seek to discuss one of the concepts that govern such a tool. It 
will start by delineating the problem (discussed earlier in the abstract) before 
outlining the concepts or principles that a design teaching tool should adhere 
to. These concepts acknowledge the importance for the tool to reflect the 
nature of design tasks, facilitate learning and be accessible to all learning 
types. The paper will then focus on one concept - the nature of design tasks. 
The subsequent sections will describe an information structure borne from this 
idea and make mention of a current prototype of the tool. The paper will 
conclude with a discussion of the strengths of considering this concept. 
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1. THE PROBLEM 

Today, more than any other period in history, the task of conceiving and 
creating architecture has become increasingly complex. New social, 
technological and cultural norms coupled with the growing need to protect 
the well-being of the planet has increased the architect's "social 
responsibility" to provide safe, sustainable and environmentally friendly 
places. This responsibility however, requires more than a passing 
understanding of the issues involved in the creation of these environments. 
This makes the preparation of students in architecture for the twenty-first 
century a particularly daunting task. This challenge has been amplified by 
claims from professional bodies, critics and architectural educators that due 
to a "disconnection ... between the two separate worlds of architecture 
education and practice" (Boyer and Mitgang, 1996) graduates lack 
sensibility to the "real world" of architectural practice and are consequently 
a burden to train. Schools of architecture (and their teaching mechanisms) 
are hereby placed under severe pressure to provide graduates of architecture 
with an awareness of the issues that contribute to an architecture that is fit 
for purpose, cost effective, sustainable and a delight to clients and users. 

2. RESEARCH 

This situation has acted as a catalyst for the research being conducted by this 
writer. The research seeks to find an innovative and effective way to 
facilitate the transfer of practical, appropriate knowledge needed by students 
to create safe, purposeful and environmentally responsible architecture. As a 
result, work over the past few years have centered on issues of design 
sketching, the interaction between teacher and student, the role of digital 
technology in architectural education. Relating these disparate issues is key 
to the search for a medium or tool that can enrich the conversations students 
have with their teachers, facilitating a renewal in the architectural education 
process. Findings so far have suggested that the sketch becomes digitally 
empowered to provide an interactive medium (rather than passive) that 
actively prompts and cues the novice designer about aspects of the design 
situation. This moves digital technology (the computer) beyond functioning 
as an instrumental tool (in visualization, representation and fabrication) to 
becoming a "Socratic machine" that provides an appropriate environment for 
design learning. 
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3. A TEACHING TOOL 

The long term proposal of this research points to the creation of a system, 
tool, or aid comprised of two main components (figure 1). The first (a sketch 
recognition component) involves recognising the sketch and inferring an 
intention or issue under investigation and the second (an information 
component) involves relating specific information to the inference and the 
communication of such information as clues about the design situation. The 
main thrust of current research as regards to the teaching tool, is primarily 
about the content of the tool. The nature of the tool's content is significant 
because while it is crucial for the tool to recognise architectural intent from a 
personal sketch, the information communicated determines the tool's value. 
It ascertains how far students will be exposed to the kinds of issues that are 
involved in the design of real buildings. It is also this information that 
determines the extent to which the tool can respond to the challenges of 
architectural education and be valuable to schools of architecture. 

climate 

des1gner's sketch sect1on 

Figure 1. Conceptual diagram of a design primer. 

The prototype currently being developed is targeted at beginning 
architectural students in the Caribbean. The tool, in fact, has been tested in 
design studio and has received good reviews from students. Titled, the 
Caribbean Design Primer, the tool is intended to inform the student about a 
design situation by presenting the student with issues related to a particular 
situation. Through the primer, the student is made aware of the implications 
and consequences of his/her decisions. The student is also more aware of the 
interconnectedness of design issues, eliciting more balanced responses to 
design situations. When meeting with the studio tutor, this awareness allows 
a higher level of student-tutor dialogue. It must be noted that, by establishing 
the basis on which the tutor can communicate with students the design 
primer primarily supports and enhances the traditional face-to-face desk 
based interaction between student and teacher, and does not seek to replace 
such contact. 
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There are several issues that govern the development of a digital teaching 
tool for design studio. Foremost, is the notion that using the computer as a 
teaching tool must be consistent with relevant learning theories related to 
computer assisted teaching and learning. Second is the students' experience 
of the tool through an interface that is graphic, intuitive, simple, consistent, 
predictable and logical leading to continued use of the tool and the ability to 
design effectively and efficiently. Thirdly, the primer must allow 
expandability and cross-fertilisation of knowledge by being flexible enough 
to accommodate individual evolving needs, preferences and insights. Next, 
the personal and idiosyncratic nature of design learning must be well 
considered and accommodated by employing a universal approach to reduce 
the exclusion of a significant portion of the intended learners. Finally, to 
easily facilitate design learning, the information content and structure of the 
design primer must reflect the realities of learning design and aid in the 
cultivation of an understanding of the issues that affect architecture. The 
content must include the kinds of information that serve as clues to ground 
the student in the realities of design and the structure must reflect the nature 
of design problems and the intricacies of the design process. It is to this final 
issue that we will direct our attention. 

4. DESIGN PROBLEMS 

In architecture school, design studio is seldom comparable to other subjects 
or courses offered to students. In other courses, when a problem is given, the 
students know that a solution or set of solutions already exists for that 
problem. This solution is usually found by applying (in accordance with a 
learned method) acquired knowledge to the problem. The problems 
encountered in design studio, on the other hand, have no known results. 
Unlike structural equations and mathematical problems, they cannot be 
solved by a process of logical reasoning or by applying a series of learned 
formula. They often lack sufficient information to enable the designer to 
arrive at a solution by simply manipulating the given information alone. 
Additional information may have to be discovered through luck, searching or 
experiment and some may even remain unknown. While some technical 
aspects of the design problem may be predictable, the context, nature and 
emphasis of the problem (which sometimes is not clearly defined) determine 
the emergence of the solution. 

For students to fully appreciate the diversity, complexity and 
multivalency of design problems, the design primer must reflect the inherent 
nature of design problems and architectural ideas. It should not simply be a 
tool that provides the "correct" answer. It should be clear to students that 
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problem and solution are dynamically related. It should also be clear that 
design problems have variables and influences that change as the situation, 
context and events change. The primer should be flexible enough to allow or 
accommodate different approaches to design. It should provide multiple 
directions to the same problem implying a tool with no boundaries or 
stopping points, and perceived as "endless". 

5. STRUCTURE 

The multidimensional and interactive nature of design is embodied in the 
organisation of the design problem. The design primer therefore has to 
reflect the uniqueness of design problems, have no boundaries, cannot be 
fixed, have no stopping rules and accommodate the uniqueness of the 
designer. This, however, demands a structure. 

The design of a building is a kind of multivariable problem. Along with 
technical issues, there are issues of human occupancy and human use to be 
addressed as well as a level of responsibility to a larger context (client, users, 
physical setting, or socio-cultural condition). These issues are themselves 
"mini-problems" that the designer needs to be aware of. A good illustration 
of this is the multidimensional qualities of windows (figure 2). 

@g; 
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Figure 2. Some of the complex array of issues concerning windows. 

When examined closely, it is obvious that there is more to the lowly 
window than that which meets the eye. The issues that confront the designer 
with respect to windows can be divided into pragmatic issues, social (or 
psychological) issues and a mixture of both. Pragmatic issues relate to, 
among other things, the orientation of the window and the amount of sun 
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that particular window will be exposed to. This affects light and heat, in turn 
determining the size of the windows, which also establishes the amount of 
ventilation allowed. Poetic or social issues involve such issues as view, 
connection to outside, privacy and the symbolism attached to windows in a 
particular culture. Both types of issues simultaneously have ramifications on 
the size of the window, its orientation, its position in the wall (centre, one 
side, whether it is a window wall or not), and the activities that surround it. 
All this is indirectly related to the size of the room, the activities that take 
place in it, the height of the space and where you enter the space. This 
further affects the position of the room involved, its relationships to other 
rooms in the house, the orientation of the house and so on making the myriad 
of issues involved in one window more than what the beginning designer can 
adequately visualize during design. 

Emulating the structure of design problems has as its primary goal the 
illustration of connections. For any teaching tool to be of value to the 
education of the architect it must reveal the connections or relations between 
design issues. This can be done by breaking the design problem down and 
presenting or revealing its' smaller "problem states" to the student. 
Demonstrating clear connections between pieces of information and showing 
the big picture where possible will illustrate to the student or provide the 
means of understanding how the pieces come together. This would give the 
student a stronger grasp of the various issues involved in the design 
situation, allowing him/her the opportunity to see the design process as a 
means of combining and reconciling (connecting) disparate design 
considerations. 

6. PATTERN LANGUAGES 

The idea for breaking design problems into malleable pieces is by no means 
original. During the heady days of the Design Methods Movement, 
Christopher Alexander in his seminal essay - The Determination of 
components of an Indian Village (Alexander, 1963) - first suggested 
breaking down or decomposing problems into smaller inter-related issues or 
problem states as a means of solving design problems. It was his intention to 
list the requirements of a design, state which pairs of requirements interacted 
positively or negatively and feed this information into a computer that would 
determine which requirements were heavily interrelated but relatively 
unconnected to other requirements. This resulted in breaking down the 
problem into independent sub-problems, simple enough for the designer to 
understand and solve (Lawson, 1997). 



Towards a Digital Design Teaching Tool 379 

Figure 3. Decomposition of issues related to the design of an indian village. (Source: 
Alexander 1964 ). 

While Alexander's method was rational and reasonable in the early years 
of the design methods movement, this approach (and indeed the whole 
movement) has since been heavily criticized for increasing the rigidity of the 
design process and a worsening of the quality of design (Mitchell, 1993). It 
is argued that contrary to tbe actual nature of design problems, it would be 
difficult to create complete, defined clusters from inadequate information 
(that changes as the solution is formulated). The task, therefore, had to be 
well defined for us to determine all the components and their relations. 

While these criticisms are valid, they however do not discount the notion 
that design consists of several interconnected problems or issues. Both Rittel 
and Lawson agree that design problems are symptoms of another 'higher 
level', problem (Buchanan, 1995; Lawson, 1997). This particular quality 
relates mostly to the structure of design problems and so presents the best 
opportunity for a corresponding structure for the design primer. 

In the early 1970s Alexander altered his position somewhat and 
addressed tbe more qualitative aspects of architecture resulting in the 
publication in 1977 of A Pattern Language, "a rich, huge, and instructive set 
of guidelines" (Saunders, 2002). This work, formulated a "pattern language" 
which consisted of 253 patterns ranging from the largest scale - towns -
through buildings and down to construction details. Each pattern had a name, 
a diagram of its spatial layout, the rationale for its inclusion, and a 
specification of the links between the given pattern and those related to it at 
a larger and smaller scale (Mitchell, 1993). The information was presented in 
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such a way that readers could judge it for themselves and modify it "without 
losing the essence that is central to it" (Alexander, 1977). 

A Pattern Language illustrates the hierarchal interconnectedness of 
design problems by becoming (perhaps unintentionally) a "smorgasbord for 
selective consumption" (Saunders, 2002). Treated as a system of 
interlocking parts, users of the patterns can pick and choose ideas, connect 
them like Lego TM blocks, and end up with idiosyncratic compositions of odds 
and ends that work together. The designer, in addition, gains an appreciation 
of the relative position of the "favourite" patterns within the whole 
composition. 

With reference to Alexander's method of decomposing the problem, 
design issues in the design primer must therefore be connected to other 
issues that reveal more about the problem as you explore them. As 
determined earlier, every variable in design is linked in one way or another 
to every other design issue. Therefore, each piece must be connected to one 
other (or two other pieces) and revealed as you trace the connections, for 
example, the problem of ventilation is related to opening, which is connected 
to light and view; light is connected to orientation, size, and height. The 
solution then, is finding a suitable method or approach to create a "map" of 
the problem that the student can use to navigate his or her way through the 
task. Accruing a high value for the tool therefore requires breaking down 
design ideas (or issues) into independent "sub-ideas" or simply employing 
the idea of chunking. 

7. CHUNKING 

Let us assume that expert designers visualise information or design 
knowledge as segments of relevant and coherent units (or what we will call 
chunks) to be retrieved for manipulation (Casakin and Goldschmidt, 1999). 
These chunks are the designer's own syntactic and semantic network or 
framework of knowledge based on personal biases and experiences. This 
network, hence, becomes a hierarchical tree with nodes and connections to 
nodes that represents in its construction an architectural knowledge personal 
to the designer only. The network is given form through the designer's 
conjectures and its physical manifestations (sketches, models) allowing 
didactic criticism from a more capable peer or tutor. The aim of the primer, 
therefore, would be to provide the relevant pieces and connections 
(knowledge) for the students to assemble or construct chunks. The student 
would then "present" these chunks (or their construction) to the tutor. 

The building blocks of the primer that contributes to the construction of 
chunks would be knowledge units (KU), nodes and information units (figure 
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4). In the primer, each unit of information would represent a part in the 
hierarchical tree of an entire design idea or what we will call a Knowledge 
unit (KU). At one level, a KU can represent a combination of any number of 
issues. At another, that same KU can be a basic unit in a larger structure (KU 
or chunk). For instance, if a single design idea (or KU) is about allowing 
light in a space for reading. This could comprise issues that deal with 
windows (opening size, opening shape), artificial lighting, ambient lighting, 
task lighting, orientation, etc. At another level, this design idea would be a 
part of a wider idea - designing a reading room - which would also include in 
combination with our first KU, issues for making a room quiet for reading, 
and comfortable furniture for reading. This chunk, a space for reading, 
would then become a part of the designer 's knowledge about the much wider 
issue of designing a library. 

Node Knowlec:tge Chunk 

Figure 4. Nodes, Knowledge Units and Chunks. 

Chunks are therefore a combination of knowledge units (e.g. allowing 
light for reading). Knowledge units (KU) are a combination of nodes 
(windows), which in turn consists of information units (opening size to light 
ratio) and connections. A chunk can be thought of as a network of connected 
KUs and nodes (each node being a piece of information and its connections) 
creating a complex tree of knowledge. Chunks would be user-composed and 
occur outside of the tool (in the head of the designer). What characterises the 
chunk and opens it to criticism is how the KUs are combined and the 
determined path or map of connections that defmes the chunk and the 
manifestation of that chunk as a design proposal. The analysis and synthesis 
of the relevant chunks or simply, the proposal would be presented to the 
tutor. The proposal - the chunk, its connections and relations - will then 
become a qualitative unit for analysis and criticism by the teacher. 
Optionally, however, some chunks could be predetermined or "channeled" 
by the tutor, for instance, to determine a special focus or lesson for the 
design studio. 
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8. ELEMENTSANDSTRUCTURE 

Information contained in the knowledge units of the primer ranges from 
Precedent knowledge - examples of buildings and other architectural 
artefacts to Conceptual knowledge - ideas that are more abstract and less 
specific to a particular building or example. Conceptual Knowledge could be 
universal and include such notions like ordering principles while it could be 
unique or user-determined to field particular viewpoints or theories, such as 
sustainability. 

Knowledge Units (regardless of type) would comprise of related nodes 
which in turn are comprised of connections and information units. 
Information units are single pieces of information (more often analogous to a 
leaf in the tree) that could include rules of thumb, ergonomic data, climatic 
data, typical room sizes, design and reference data as found in selected texts. 
While the information described is quantitative, the unit could also contain 
such conceptual ideas as found in Christopher Alexander's Pattern 
Language. Information units would take the form of diagrams, text, photos, 
references, and video/animation. In addition to statements, the information 
unit could also include information on further reading and reference sources. 

In order to allow the construction of a chunk or KU, the design primer 
defines connections and relationships between pieces of information. 
Connections act as doors or gateways between related information units. 
They control how the information units, both conceptual and concrete, come 
together, affect each other, create nodes and the resultant knowledge units. 
Connections could be universal (pre-determined by the tutor) and/or 
idiosyncratic (defined by the student). 

9. CARIBBEAN DESIGN PRIMER 

The Caribbean Design Primer (figure 5), at present, uses a combination of 
web and interactive multimedia technologies as the primary method of 
delivery, allowing the combination of traditional media, such as text and 
images, with 3D-models, animation, video and sound. The content of the 
tool is based on the premise that architecture is made of qualities or issues 
that are determined by need and external forces. These issues can be divided 
into several categories depending on the theme or thrust of the studio. In the 
case of the Caribbean School of Architecture (CSA) the categories are form 
(structure, massing), space (requirements, ergonomics, layout), and climate 
(sun, light, temperature). The information is also considered in terms of 4 
scales: elements, rooms, building, and site. Information included ranges from 
theoretical and cultural concerns to ergonomic and bio-climatic data or rules 
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of thwnb. These are presented as items/ideas for the student to assemble, 
consider and comment on in subsequent conversations with the teacher. 
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Figure 5. Screenshot of the Caribbean Design Primer. 

The tool embodies the concept of chunking and extends it through the use 
of "design language". In it, content is divided into a hierarchy consisting of 
three levels of information - Design Issues, Design Strategies and Design 
Moves. These levels are related to chunking in that design issues become 
chunks of information to deal with a particular design problem e.g. 
daylighting. There are several design strategies for dealing with design 
issues (e.g. orientation, window size, surface texture), the use of each being 
determined by a particular design situation or the bias of the designer. These 
strategies are smaller chunks with significant nodes of information. 
Embedded within design strategies are design moves, actual action to be 
taken by the designer to address the design issue. Design moves are then 
populated by information units. 

The primer uses a series of windows to present information. Each 
window displays either an issue or a strategy. A typical issue window would 
include a list of options or strategies from which to choose. The designer 
would then be taken to a strategy window (figure 6) that outlines the strategy 
under consideration, offers a set of design moves, highlights connections and 
recommends further literature. 
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Figure 6. Example of a Design Strategy screen. 

10. CONCLUSION 

The information needed to produce architecture today is overwhelming for 
seasoned practitioners much less students of architecture. Despite this, 
schools of architecture are expected to provide beginning students with a 
practical knowledge base that is adequate to deal with the rapid changes in 
technology and society in the 21st century. This paper has identified this 
challenge as significant to the success of architectural education. 

This paper proposes that meeting this challenge by using digital 
technology and the sketch to enrich and support students (who have limited 
design vocabularies) with practical and poetic design ideas, will enable a 
more intelligent, well-informed, richer and more productive conversation 
with the tutor. Achieving this is the creation of a digital aid, tool or system 
that will develop students' awareness of the practical issues of design while 
thinking critically and abstractly. 

Using a digital tool to teach students of architecture about design issues 
should be established on selected (often unrelated) principles and use the 
sketch as a means of interface. For the tool to be inclusive and accessible to 
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a variety of users with different learning and design styles it must attempt (at 
least) to be universal. It must consider learning theories regarding of 
Computer Assisted Teaching/Learning. It must encourage student directed 
learning, and allow the transfer of ideas by clearly connecting issues through 
different information formats (verbally (written form) and visually 
(images)). It should be compatible with the problems the students learn from 
whilst allowing the student to have an opportunity to review and reflect on 
the information acquired. These selected tenets govern the effectiveness of 
the tool. If we pool the requirements from each tenet we can arrive at a more 
comprehensive prescription for the basis of the teaching tool. 

Of primary importance is the relation of the tool to the subject that is 
being taught: design. We have noted that the pedagogical basis of the design 
primer should entail breaking the design problem down and presenting or 
revealing its smaller "problem states" (or its position in higher level context) 
to the student. The information structure of such tool should use a 
hierarchical system of chunks, knowledge units, nodes and bits of design 
data. These would range from Christopher Alexander's pattern language to 
ergonomic data, climatic data or rules of thumb. This system of issues, 
strategies and moves aims to be more than definitions and ways of breaking 
down architectural information into manageable units but also seeing the 
relationships and connections between the units prior to and during 
composition. This facilitates a good understanding of the object being 
"assembled" because ofthe intimate knowledge of the parts and how they flt 
together. 

Information in this digital teaching tool is offered as a decomposition of 
issues that the student can "assemble" according to his or her personal 
creativity. Structuring the information in this way has several advantages: 

1. Students understand that the changing nature of the problem is 
dependent on decisions taken, hence encouraging more conscious 
"moves" in the design activity. 

2. By understanding or gaining an appreciation of the "pattern" of 
issues involved in certain aspects of the design problem, the 
student is best equipped to recognise similar patterns, even in 
remotely related projects. 

3. Student gain a greater appreciation of the issues involved in the 
design situation, allowing him/her the opportunity to comprehend 
the design process as an accumulation of problems that need to be 
considered individually and collectively. 

4. Students gain the ability to "read" design issues connected to 
design situations whilst learning about them. This reinforces the 
issues in the mind of the student permitting an appreciation of 
related problems. 
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5. The student has the opportunity to construct knowledge based on 
his/her own experiences and biases. 

In the end, the student gains adequate critical thinking and problem
solving skills while using appropriate and innovative technology to learn 
about the things that make architecture affordable, sustainable and livable. 
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Abstract: Today's industrials are facing numerous product development challenges and 
pressures as a result of an increasingly competitive market. It creates an 
enormous need for a constantly growing supply of new ideas and solutions. 
The computer support used by designers still lacks the ability to use 
experiential knowledge in a rational way. Therefore, pursuit of designer is 
utilizing innovative design methods and problem-solving approaches to 
systematically simplify design problem, and hence accelerate the design 
process. This paper proposed to integrate TRIZ method into CBR process and 
aims at exploring the possibility to use TRIZ method as a complement to 
enhance performance ofCBR in product design. Wall lighting design problem 
is used as example, and an interactive CBR system is not only built to provide 
designers a computational tool to efficiently retrieve usefulness design cases 
but also assist designers systematically in finding creative ideas. 

1. INTRODUCTION 

Today's industrials are facing numerous product development challenges 
and pressures as a result of an increasingly competitive market. It creates an 
enormous need for a constantly growing supply of new ideas and solutions. 
Launching an innovative product, producing high quality products, and 
simultaneously reducing time to market and product cost, are major factors 
to be successful for all the companies. In all the design domains, designers 
can follow normal design processes to solve the domain problems. Many 
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well-know systematic design methods are exist to assist designers to 
accomplish successful design. But design success is often heavily weighted 
on personal experience and innate ability. (Bryant, McAdams, et al., 2005) 

As a designer, it is crucial to be able to provide innovation solutions and 
the product development process to support such abilities is very important. 
The process of product development includes understanding the problem, 
generating concepts and searching for solutions. Within this process, 
generating design concepts depends on the creativity of designers. However 
human designer's behavior and design thinking are extremely complicated 
(Gero, 1994). Therefore, the ways designer used to generating new concept 
are always changeable and unreasonable. Ultimately, designers rely heavily 
on individual bias and experience embedded in their practice. With all the 
reasons, designers are deficient in systematic capability to solve problems. In 
addition, each idea proposed by designers can not certainly be able to fulfil 
all the requirements of design. These issues can be overcome through 
computational support. Nevertheless, the computer support used by 
designers at this time still lacks the capability to apply experiential 
knowledge in a rational way.(Johansson and Popova, 2002)Since the 
knowledge from this phase is incomplete, inexact, even unknown. 
Consequently, this study explored the goal of computer-aided innovation via 
design methods and aims at exploring the possibility to use Theory of 
Inventive Problem Solving (TRIZ) method as a complement to enhance 
performance of Case-based Reasoning (CBR) in product design. 

In this paper, a framework to integrate TRIZ into CBR design system is 
proposed. Wall lighting design problem is used as example, and an 
interactive CBR system is presented to provide designers a computational 
tool to efficiently retrieve usefulness design cases. Once, the cases storing in 
the case library is conformed to the target problem. The system, based on a 
contradiction matrix, will prepare the case list which is ordered by the 
weights assigned by designers at the beginning. The computational tool 
offers a promising application for designers because it can overcome the 
problem about accuracy of target source. Through a prescriptive procedure, 
the system can assist designers systematically in finding creative and 
innovative ideas. The overall time of design will be reduced dramatically, 
and the design efforts could be saved by finding the ideas conformed to the 
requirements. 
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2. BACKGROUND 

2.1 The concept of innovation 

Product development is often described as an iterative process to find 
solutions that fulfil a given requirement specification. hmovation is a critical 
factor in the success of companies in order to get innovative products to the 
marketplace quickly. The concept of innovation is used in connection with 
the analysis of processes of technological change. Traditionally the process 
of technological change was characterized as consisting of three different 
stages: invention, innovation and diffusion.(Cooke, 2001)Nowadays, 
scholars give a broader definition of innovation which includes all activities 
of the process of technological change: problems of awareness and definition, 
the development of new ideas and new solutions for existing problems, the 
realization of new solutions and technological options as well as the broader 
diffusion of new technologies.(Cooke, 2001)Despite creating breakthrough 
innovations is a key strategy for every company. But an important 
precondition for the development of substantially new products is the 
identification of breakthrough ideas for problem solutions in the front end of 
the innovation process.(Schild, Herstatt, et al., 2004)It seems likely that find 
a good idea in the innovation process should depends on the strong support. 
The factor of innovation process will be presented in the following section. 

2.1.1 Innovation thinking and Analogies 

Innovation thinking means a breakthrough action, which can re-structure the 
related knowledge and experience to get a brand new and valuable 
achievement. It can be seen in figure l.(Gao, Huang, et al., 2005) 

I Mna.y~,.., ~ -. 
I 

Figure 1. Innovation thinking. 
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Innovation thinking is in an iterative process which based on knowledge 
and experience. The figure 1 point out 'primary information input' can be 
transformed into 'information output' with innovation action 'I'. 'Rs' means 
the 'Result status' of thinking. Then, in an innovation thinking circle, the 
following formula can be gotten. This study emphasize that thinking in the 
innovation process is not only rely on experience and knowledge but also 
depend on human innate ability. 

In the product development phase, designer constantly think how a 
problem can have best solutions via a systematic process. Schild et al. (2004) 
believe that analogies can trigger breakthrough ideas and also indicate a 
fundamental cognitive mechanism to retrieve existing knowledge and to 
apply this knowledge to new problems. Additionally, Schild et al. (2004) 
proposed that a key problem in using analogies for problem solving in 
innovation projects is to relevant analogies early in the process. Several 
methods and procedures exist which can be used to generate ideas for 
product concepts based on analogies. Those ways can lead user approach 
easily. 

2.2 Design methods 

2.2.1 TRIZ: the Theory of Inventive Problem Solving 

TRIZ, the Russian acronym for the theory, developed in the former Soviet 
Union by Genrich S. Altshuller (1926-1998) and his co-workers. TRIZ 
method originated from extensive studies of teclmical and patent information. 
It began in 1946 when the Russian engineer and scientist Genrich discovered 
that the evolution of a technical system is not a random process, but is 
governed by certain objective laws. These laws are used to predict how a 
certain system will develop in the next phase. The laws can be a useful tool 
in product planning by providing support for teclmological forecasting. 
TRIZ classifies innovative problems and offers corresponding problem
solving methods for each class of problem. It can provide some useful tools 
for us to analyze the problem, including Ideal Final Result, Laws of 
Engineering System Evolution, Altshuller's Matrix, Separation Principle, 76 
standard solutions, Effects, etc.(Nakamura, 2001; Gao, Huang, et al., 
2005)Yang and Zhang (2000) deemed that TRIZ offers a wide-ranging series 
of tools to help designers and inventors avoid trial-and-error in design 
process and solve problem in a creative fashion.(Y ang and Zhang, 2000) 
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Figure 2. Innovation thinking. 
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Figure 2 shows the process follows in TRIZ for problem solving. The 
process used by human beings to solve problems. In this whole process can 
take a look in four phases. 

• Identifying my problem 
• Formulate the problem: the Prism ofTRIZ 
• Search for Previously Well-Solved Problem 
• Look for Analogous Solutions and Adapt to My Solution 

First of all, the mechanism of TRIZ proposed to think innovative 
situations, such as operating environment, resource requirements, primary 
useful function, harmful effects and ideal result. In the second phase, review 
the problem and identify problems that could occur and distinguish physical 
or technical contradictions. Then, problem may accord to 39 standard 
technical characteristics to find the principle that needs to be changed. 
Indeed, problem might occur analogous solution in the table of contradiction 
which created by Altshuller. You can adapt a solution that from 
contradiction Matrix listed the appropriate inventive principles to solve the 
problem lastly. 

2.2.2 Contradiction 

The contradiction is one of the most common problems in our daily life, In 
the TRIZ method was also an important subject. Altshuller was interest in 
investigating contradictions that were resolved without compromise. He 
proposes that technical problems could be solved by utilizing principles 
previously used to solve similar problems in other inventive situations. On 
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account of discovering correlation, Altshuller was able to identify 40 such 
principles from his analysis of successful inventions. He also identified 39 
universal characteristics of technical systems that generate contradictions; 
moreover, used this information to develop the contradiction matrix. 
(Altshuller, 1998) There are two type of contradiction. One is technical 
contradiction and another is physical contradiction. Occurrence of technical 
contradiction is to overcome the condition when improving one 
characteristic or parameter of a technical system and cause another 
characteristic or parameter of the system to deteriorate. A physical 
contradiction appears when two opposite properties are required form the 
same element of a technical system or from the technical system itself. 
Contradiction table (Contradiction Matrix) is a TRIZ tool to resolve 
technical contradictions which includes 39 engineering parameters and 40 
inventive principles offering the possible solutions. It can be shown in 
Figure 3. 
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Figure 3. Contradiction Matrix (Altshuller, 1998). 

The outcomes of the TRIZ-based technology intelligence can be used to 
determine the threats and opportunities of competing technologies.(Schuh 
and Grawatsch, 2003) On this basis, the critical technologies can be further 
used for any design strategies. That will be very useful for designers. 

2.2.3 Case-Based Reasoning 

Case-Based Reasoning (CBR) is a computer technique that is attracting 
increasing attention in many researches. CBR combines the knowledge
based support philosophy with a simulation of human reasoning when past 
experience is used, i.e. mentally searching for similar situations happened in 
the past and reusing the experience gained in those situations (Leake, 1996). 
Aamodt and Plaza (1994) also have indicated that reasoning by reusing past 
cases is a powerful and frequently applied way to solve problems for 
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humans. A general CBR cycle may be described by the following four 
processes:(Aamodt and Plaza 1994; Mansar, Marir, et al., 2003) The CBR 
cycle is illustrated in figure 4. 

• RETRIEVE the most similar case or cases. 
• REUSE the information and knowledge in that case to solve the 

problem. 
• REVISE the proposed solution. 
• RETAIN the parts of this experience likely to be useful for future 

problem Solving. 

Con~rmed 

SoluMn 
Suggested 
Solution 

Figure 4. The CBR cycle. 

An initial step is to define a new case for problem. A new problem is 
used to retrieve from one or more previously experienced cases. The 
retrieved case is combined with the new case via phase of reuse to be a 
solved case. Intention of Revising is in order to let the proposed solution 
test for success and being a confirmed solution. During retain, useful 
experience is retained for future reuse, and also the new experience into the 
existing knowledge-base (case-base) by incorporating. Case base updated 
stand on a new learned case or by modification of some existing cases. 

2.2.4 Case Based Design 

Case based design (CBD) is an application of CBR to support design 
problem solving. The further explanation can be defined as: the process of 
creating a new design solution by combining and/or adapting previous 
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design solution(s).(Watson and Perera 1997)The content and knowledge 
structure of design cases as well as the organizational structure of case 
memory is an important aspect of a CBR system because it influences 
subsequent retrieval and adaptation of design cases (Maher, Balachandran, et 
al., 1995)There are two processes in the framework of a CBD model. It 
shows in figure 5. 

New Problem 

! 
Index 

RECALL Retrieval 

Select 

I CASE Base I 
I 

J 

ADAPT 
Modify 

New Solution 
Evaluate 

Figure 5. Model ofCBD (Maher, 1995). 

• The recall process: 
This process includes indexing, retrieval and selection. When a new 
problem entry, indexing that retrieval previous cases from case base 
via key feature. Select the retrieval cases for ranked and into next 
step. 

• The Adapt process: 
This process includes modification and evaluation. Compare the 
new case with selected case. Modifying case is in order to fit the 
new aspect. After evaluation, put new solution into case base. 

Watson and Perera (1997) pointed out CBD systems can be used in a 
manner that would enable the human designer to improve designs by 
enhancing creativity. Therefore, the CBD methodology can be used to 
reason the design process as a solution searching mechanism in finding 
innovation ideas. 
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2.3 Concept of TRIZ-CBR approach 

This related study made by Robles et al. (2005). The synergy between TRIZ
CBR is explored to produce a conceptual model (figure 6) where the main 
advantage of each approach will be integrated. They use TRIZ as a point of 
view and discuss deficiency and produce a result that a symbiosis between 
TRIZ-CBR could be useful to offer a better structure. 

Abstract Domain 

Figure 6. The TRIZ-CBR process. 

TRIZ-CBR offers a better structure to: (Robles, 2005) 

D 
- Learning 

Process 

Knowledge 
deployed 

• Capture, index and store the knowledge deployed and created 
while solving problems. 

• Offer a way to export inventive solutions. 
• Capture and make available the solver's TRIZ experiences to 

solve new problems, among others. 

The result indicated TRIZ-CBR synergy could make up deficiencies and 
approach the industrial reality. 

3. INTER GRATING TRIZ AND CBR APPROACH 

In this research, a framework to integrate TRIZ into CBR design system is 
proposed. Design field in CBR process emphasized two points of view, one 
is recall and the other is adapt. For this reason, this research describes entries 
that TRIZ method involves in from those two perspectives. Figure 7 shows 
the system process can separate into three phases: (1) Analysis of design 
problem. (2) Identifying of problem (3) Acquirement of innovation idea. 
Therefore, execution of tasks to support TRIZ method into CBR will 
illustrate as following. 
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Figure 7. Main tasks of wall lighting design system. 

There are brief descriptions for each phase: 

Analysis of design: in this stage, designer should think all kind of 
possible design requirements and decides which problems could be entry to 
find solution lastly. 

Identifying of problem: the purpose of this stage is use index to assist 
designer retrieving target case. Design requirements would formulated by 
system and mapping grouping of 39 characteristics in order to increase 
accuracy of case retrieval. 

Acquirement of innovation idea: after reuse case, in order to adjust 
parameter to tally with the original requirements, this phase should adopt aid 
of contradiction matrix which is developed from TRIZ method. Designer can 
analyze all related parameter of 39 characteristics and acquire innovation 
solutions in 40 principles through the computational way. 

Case retrieval and case adaptation 

Apparently, the initial problem statement given to our designers was 
ambiguous, incomplete, contradictory, and under constrained. (Leake 1996) 
Hence, how to grasp the key feature and retrieve case in favor of problem 
mapping from case base was important. This research proposed redescribing 
a problem in the vocabulary of the indexing. As figure 8 shows below, In 
order to increase the accuracy of target case, grouping of 39 characteristics 
of TRIZ tool could be key feature in index phase. Designer can handle the 
idea's requirements and picked the cases which conform to the concept of 
TRIZ. 
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Figure 8. Design problem mapped into grouping of 39 characteristics. 

Figure 9 shows a framework that Integrate TRIZ into CBR design system. 
All of design problem might flood with conflicts and problems also variable. 
Thus, this research apply contradiction matrix to intervene in adaptation of 
CBR process for the purpose of providing innovation principles. TRIZ-CBR 
synergy could encourage designer idea continually and get results more 
efficiently. 

i 
1 

' ~ -------·-·· ··-··) ) 
........... , .... , ............. ______ ....... -... ~ ....... -.. - -·····- ·-·--··-·· .. ·---·· .. ;/ 

Figure 9. Integrate TRIZ into CBR design system. 
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4. PROTOTYPE IMPLEMENT 

Our system is divided into three parts, which include CBD, TRIZ knowledge 
base, and a graphical user interface (GUI) application. Figure 10 shows the 
architecture of our system. 

/ 
' ' ' ' 

' ' 

' 

User interface 

--·-- -- --~-- -- .. --~-- ---.---~- f.-.---------.-··.··-· - --.-----, 
' 

CBD TRIZ knowledge base 

[ O~ject database l - [ 39 characteristics l 
{ Case base l [ 40 principles l 

''------· ·--------~-------------------- ---- - -· --- - ---- ------

Figure 10. System architecture. 
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' ' ' ' . 
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The system has been implemented by Java, an object-oriented language, 
to fully take advantage of accessibility through multiple platforms and 
capability to connect the system in any place and adopts MySQL to be the 
database system. 

Figure 11 illustrate the system operation flow. Parts of the system GUI 
will be represented for operation explaining. 

" ( ,,,, C:reatlve solution J 

' . . 
+ 

END 

Figure 11. System operation flow. 
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Figure 12 shows the GUI of problem entry, Designer refers to all kind of 
possible design requirements of lighting domain. For example, the designer 
is working on a Wall Lighting design problem. The requirements are include: 
Setting is easy, Avoid deformation of lampshade and Waterproof material. 
System will then map the problem descriptions into the indexes grouping 
from 39 characteristics. 

l 0 Weight f1Md to be VllfY liglt. ~ I 
' ~ Setllng is aasy. 

1' 0 The !we Qllightlng should avQid ~ pro!JIEm . 
. )' ~ i\ \'Oid defonnation " f l.an'J"'il.>de 

1 QHeat sinK 

J '@~roof material 
l OResisiMI. 
f; 0Low~ 
1\ . 

Figure 12. GUI of problem entry. 

The siftings of target case appears in figure 13 . System listed all 
analogous case for designer to reuse and adopt. 
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Figure 13. GUI of analogous case. 

Figure 14 shows the results of innovation principles which developed by 
referring to the contradiction matrix. Designer refers to initial problems and 
also thinks about related factors in whole design process. For example, 
appearing of relatedness characteristic has a connection with initial problems. 
The related characteristic are include: shape, strength, convenience of use, 
complexity of device and complexity of control. Designer checks strength 
and complexity of device to be conditions of analysis. The system replies 
four principles to assist designer innovating: Extraction, Do it in reverse, 
Self service and Replacement of mechanical system. Base on contradiction 
matrix of TRIZ, designer could acquire the solving principles to find a 
suitable solution in lighting design. 
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Figure 14. GUI of innovation principles by contradiction matrix. 

5. CONCLUSION 

As mentioned at the beginning, TRIZ offers solutions have been synthesized 
from a large variety of domains; hence it is easier to find new solutions from 
specific problems among CBR process. One major idea behind this approach 
is systematically using innovation knowledge in a rational way. This study 
proposes a new way of applying TRlZ to intervene CBR which according to 
another knowledge-based method. The prototype test practice that 
computational tool could encourage designer idea continually by pervious 
case and TRlZ method. We believe that the effectiveness of using TRlZ in 
CBR process can be further enhanced. But this result still needs more 
practices to achieve. 
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Space Cube: A 3D Puzzle for Study Model 

Ting-Hau Yen 
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Abstract: In the process of architecture design, the manufacture of study model acts a 
procedure of swift transformation from concept to a visible model. Since the 
era of CAD/CAM approaches, the tool of constructing the model evolves from 
the traditional physical model to digital model in the mode of the manufacture 
of study model. The virtual model, which is utilized in the incipient concept 
discussion by the designer, has become a new intermediary material. 
However, the virtual model or physical model respectively acts its role that 
may not be substituted now. TUIS (Tangible User Interfaces) is the intuitional 
interface system of discussion on striding these two intermediary materials. By 
the information interchange between the physical model and virtual model, a 
designer can dedicate to the procedure of design development rather than be 
restricted to the operation and usage of these interfaces. However, there are 
many problems existing in applying such a system to the solid geometry 
model stack. This essay will discuss that a designer explores the incipient 
design application by manipulating physical model and virtual model. 

1. INTRODUCTION 

In the procedure of concept design, solid geometry models stack is used 
frequently and the relationship between the space and proportion can be 
realized rapidly through it. For example, Frank 0. Gehry usually uses lots of 
study models to ponder the relation between shapes . The intermediary 
materials commonly used at present may be divided into the physical model 
as well as virtual model. The physical model occupies the substantial space 
and provides manipulator the existence and intuitional operation (Cheng 
1995). However, there are drawbacks existing in these repeating operations. 
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Not only time is wasted in the stage of concept development but also 
information drains away because of repeating redrawing to modification in 
the stage of concept development. The digitalization of these incipient 
concepts will be favorable to the design development (Herbert 1993). 

At present there are many software tools for digital modeling which can 
draw the digital model swiftly. The digital model provides better reality 
simulation and freedom of modification and supplies some computer 
characteristics that are different from the physical models to assist the 
designer: the characteristics of duplication on computer, the speedy 
construction of model, the easier modification, the analogy of material 
quality, and assigning different physical attributes to the virtual model. 
Nevertheless, the virtual model is devoid of the real tactus and the 
performance of overall feeling for controlling the model (Chang, 2005). 
Because they were not familiar with the computer interface or the procedure 
of operating the computer in the past, many designers have difficulties in the 
manipulation of new intermediary materials or cause the difference between 
the essence of design and original idea during the operations. 

Furthermore, some researchers make a comparison between the physical 
and digital models for this issue (Lin, 1999). The combination of digital 
model and virtual reality make the model more stereoscopic or the usage of 
data-glove and force feedback glove increases the tactile sense of reality of 
the virtual model (Regenbrecht et al., 1993; Wu, 2003). Except for the 
virtues of digital model, these researchers hope to find the essence deficient 
in the digital model or that cannot be substituted in the physical model. 

In the procedure of incipient manipulation, the designer usually uses both 
physical model and digital model but both are utilized separately in general. 
The mutual influence was exerted by no means because of different 
attributes between them. The physical model can supply the intuitional 
thinking mode of design but there is deficiency of ability of immediate 
modification. However, despite the provision of analyzability and analogue 
in digital model, it usually is a mere presentation of formality in the last 
stage of design (Conti et al. 2000). 

Recently there are some research reports that utilize solid geometry 
models as the basic physical model. When a designer uses the unit motion, 
virtual solid geometry models starts an immediate synchronized movement 
(Murakami et al. 1994; Gorbet 1998; Lee 2003; Eng et al. 2004). But there is 
deficiency of information of virtual feedback in this mode. There are other 
researches published that the model is connected to the computer and the 
shape constituting of these cubes can be discerned by the computer after the 
designer installs the models (Anderson et al. 2000; Sharlin et al. 2003). 
However, the procedure of discerning solid models installation is not real
time either connection with the computer or disconnection and the user 
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cannot interact immediately with 3D models while constructing the cubes. 
Since the connection of cube is through the unidirectional joints, the 
directionality of cube connection is restricted. 

Based on this essay, the spatial cubes can be created for the interaction 
between physical and virtual that even more intuitionally controls the 
physical model corresponding to the position in the virtual three-dimensional 
space. By the information coming from the virtual circumstance, the 
researcher can proceed the next step of solid geometry models manipulation, 
explore how to integrate both characteristics, and apply it to the stake 
process of solid geometry models in the incipient design. 

2. RELATED WORK 

In most of the systems constructing the 3D model, input system primarily by 
instructions or Graphical User Interfaces (GUIS) is still the most efficient 
input implement for the 3D model. The keyboard and mouse are still 
indispensable for a user to choose the instructions. Because these 
instructions are complicated and abstract concepts for a user, the user has to 
ponder these complicated motions then to scrutinize and correct the 3D 
model. Therefore, the user might be restricted in such intermediary materials 
to ignore the original idea and transfers to the miscellaneous operation 
process. 

Designing Tangible User Interfaces is a new concept about the design 
interface. This is an interface connecting the physical interface and virtual 
information. It is more intuitional than the traditional GUIS interface. The 
design procedure will be more simplified by the computer interface of TUIS 
process and the designer can intuitionally operate the intermediary materials 
on the computer to support the proceeding of design. TUIS technology is a 
new intermediary material of digital design in the procedure of design. It 
supplies some new auxiliary functions for the design and allows the designer 
to be easier to operate the virtual digital media or to get more auxiliary 
information for recovering the insufficiency of physical model. Therefore, 
the new intermediary material for digital design, TUIS, changes the roles of 
virtual and physical models in the design process. At present we can realize 
from some examples how the physical model coordinates with virtual model 
by TUIS to provide remarkable potential and influence in design process. 

Digitizing Stacked cube models is a simple method to help designers 
understand and analyze the space constructions and system frameworks 
(Aish 1984). Besides, several relative researches have showed that interfaces 
such as Machine-Readable Models fit intuition quite well (Frazer 1982). 
Recently, certain researches even developed into a further step. By using 
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solid geometry models connected with computer, the virtual models react 
simultaneously while designers make digitized units moved (Murakami et al. 
1994; Gorbet 1998; Lee 2003; Eng et al. 2004). However, this kind of 
operation mode lacks reality feedbacks from virtual systems. Some other 
digital model researches adopted a different kind of mode. By using electric
connected units, models of these units could link up with computers and be 
identified (Anderson et al. 2000; Sharlin et al. 2003). Nevertheless, this kind 
of process is not real time reacting no matter connected or not. During the 
unit-contracture process, the user cannot interact with the 3D model in real 
time. Moreover, since units are connected with the single phase connector, 
the connected phase is also limited somehow. 

Figure 1. 

The simulation of cubes displays not only the simulation of shape in the 
virtual circumstance but also the control of virtual model in some related 
researches by dynamic methods. By the manipulation of hand to change the 
shape of physical model, the virtual model simultaneously produces real
time change of shape. 

Figure 2. 
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3. INTERACTIVE TECHNIQUE 

Due to the limitation mentioned above, a new method is developed to solve 
these issues. By using a real time interaction implement, solid geometry 
models could control the virtual ones on the screen. In the meantime, virtual 
model could also give feedbacks simultaneously for interaction. Below is the 
process in detail: 

( l) When a designer picks up a physical cube, this cube can be 
mirrored on the computer screen with a digital cube. No matter 
which cube moves, the other one will acts as another in motion 
and position. 

(2) While the designer is stacking physical cubes, virtual ones are 
also stacked simultaneously on the screen. 

(3) The designer can check the virtual cubes for further information, 
such as scale, position, and volume ... etc 

(4) According to information above, the designer is able to adjust 
physical cubes to fit his formulation. 

(5) During the adjustment, virtual cubes picked up on the screen 
will synchronize the physical ones to light up. This expression 
can let the designer to check if his strategy fits the stacking 
model or not. 

!'hysical lli;)del 

Figure 3. 
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3.1 Realistic interaction 

Figure 4. 

1. Physical model position detecting 
The instinct of physical cube stacked is by using programming language 
"wiring" method to analyze the webcam image, arranging two group of web
cam to track the physical model in the X, Y and Z position. By this kind of 
3D positioning method, it can precede the physical and virtual model at the 
same time to interact the cube stacked game. 

(a)Webcam (b )Physical Cubes (c) Position (d) Virtual Cubes 

Figure 5. 

2. Analyze Virtual Model. 
According to the above procedure, virtual model base on the physical model 
can provide different analyze information. Like 3D position, percentage and 
quantity, base on these information, to choose specific cube, it can be exam 
individually. 
3. Message Feedback Device 
According to the procedure mention above, the procedure will finish specific 
virtual measurement in response to the feedback of real measurement; using 
the technology of touchable design of Designing Tangible User Interfaces, it 



Space Cube: A 3D Puzzle for Study Model 409 

will receive the feedback measurement message. At the same time of 
pointing to the specific virtual model, the position of same 30 measurement 
model will corresponding to it. When both correspond, the light of physical 
measurement will let designer aware. 

(a)Cursor Leave (b)LEDOff (c)Cursor On (d) LED On 

Figure 6. 

3.2 Play and build 

The purpose of this experiment is to provide a platform for the designers to 
play and build the 30 model. It can help them to develop the concept and 
alleviate the burden of designers at the complicated interface of constructing 
model. Because to build the 30 shape needs the imagination and execution, 
it is necessary to deliberate the procedure rather than the shape itself. There 
are a series of transformation of thinking modes existing in making the 
design target and forging the 30 model. This procedure of transformation is 
trivial and incomplete and there is little direct connection with design 
process. After the designer designs the shape, his work will transfer to the 
mode of constructing model. Apparently design and shape-input by 
complicated instructions are totally different two things. 

4. IMPLEMENTATION 

Space-Cube is a physical interface that the 30 information can be inputted 
and it can execute the operation of virtual model system. The hardware of 
Space-Cube consists of physical materials, VO board, electric circuit boards, 
and LEOs. The virtual model can make Space-Cube transfer to outer input 
device by the application of Wiring. 
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Space-Cube, fabricated by laser cutting, is a cube consisting of acrylics. The 
cube is connected to computer by means of Wiring I/0 board, which is a 
small circuit board including a stamp-size microcontroller, and Wiring I/0 
board directly connects to the computer through USB cable. After it 
identifies Wiring I/0 board, the computer can directly read and transmit 
data. The computer can control the sensors and actuators under the Wiring 
circumstances and collect the necessary information such as temperature, 
light, and distance from the sensors. The actuators can exercise the realistic 
motions by the control of circuit such as LEDs and electrical motors. A 
circuit board is installed inside the cube to control the LEDs and LEDs 
accept the signals of Wiring programming language to control on-and-off. 

4.2 Software 

Wiring is a programming language that is established under the structure of 
Processing. Basically, Processing is a circumstance of programming 
language that the designer, who may be a student, an artist, or an architect, 
can uses it to compile image, animation, and voice. It is created to be a 
programming language based on the image. Wiring, which is different from 
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Processing, is a circumstance combining electrical circuit board with 
programming language to explore the electronic art and tangible media. A 
user utilizes Wiring to teach and learn the computer program and the 
prototype. Wiring defines a fact: to control the electronic devices and 
hardware by programming language can be finished through the exploration 
of physical interaction design and tangible media. 

5. EXPERIMENT 

This experiment provides a method to test their adaptation degree of an 
expert and a novice for using the different 3D input implements. The 
definition for an expert is a user who is familiar with the traditional 3D 
interface but a novice is not. An assumption in this experiment is that an 
expert whose performance is better than a novice in the traditional interface 
does not definitely have more knowledge than a novice because his 
familiarity with those different instructions helps him to approach the target. 
If the more efficient intuitional Space-Cube compensates the gap between an 
operator and a computer, a novice's performance will compete with an 
expert. 

5.1 Experiment set-up 

A 3D modeling circumstance is installed in a desktop. There are a PC, a 17-
inch screen, Wiring software, Wiring 110 board, mouse, keyboard, and 
Space-Cube. A user uses the desktop to manipulate the mass model. When 
the physical cubes are beginning to stack, the virtual cubes will appear on 
the screen. A user can scrutinize the information transmitting between the 
physical and virtual cubes to arrange the physical model. 

5.1.1 Experimental condition 

An assumption is set in this experiment that the expert and novice have to 
create his physical model and a synchronous virtual model on the same 
interface. Meanwhile, these two models must fit the amounts and shape 
required in this experiment. Then the time they spend need to be recorded. It 
means that Space-Cube can achieve an intuitional 30 manipulation and 
decrease the time of learning 30 interface if the consuming time for both is 
equal. 

The usage of mouse is not restricted in the experiment because an expert 
will follow his familiar ways to operate when he manipulate some simple 
actions such as movement or click. It suggests that an expert operates 
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according to their ordinary procedure then to analyze the difference between 
an expert and a novice. 

5.1.2 Experimental task 

The experiment is divided into three stages and each stage is a procedure of 
representation building of model. The first stage is that a user has to stack 
three masses and the virtual model is present. The second stage is to stack a 
pyramid. The third stage is that a user stacks any shape he wishes during ten 
minutes. 

5.1.3 Experimental design 

The testees are divided into two groups in the experiment by their familiarity 
with the 30 modeling. One is the members of experts and another is the 
members of novices. They all use Space-Cube as the input implement. In the 
beginning of experiment, they are allowed to explore this circumstance in 
ten minutes then to manipulate three stages of experiment. 

5.2 Experimental results and discussion 

There are four volunteers participating the experiment. Two of them are 
familiar with the 30 modeling and the other two are not. They, whose age is 
among 25 to 30, all have the background of design. 

5.2.1 Analysis of overall results 

The experiment will be recorded on a videotape to analyze the consuming 
time and procedure. Generally, the users should spend much time to ponder 
how to operate their expected shapes. The next is the procedure of 
manipulation. For the experts, they spend much time on observing how to 
operate the instructions of computer interface so the whole procedure will be 
more trivial because the recurring operations in the procedure result in 
repetition. For the novices, different from the experts, they concentrate on 
physical cubes. They first take notice of the method of using physical cubes 
rather than the virtual interface. Except for difficulties occurring in the 
operation, they don't manipulate the virtual interface and instructions. 
However, it takes more time in the process of groping the virtual interface. 
Generally, the person using Space-Cube will easily concentrate on the 
physical model itself to facilitate the complicated instructions. Because there 
are virtual and physical interfaces simultaneously existing, testes with 
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different backgrounds will focus on different parts but the consuming time 
for both groups is similar. 

6. DISCUSSION 

Making the study model by hands is an intuitional interaction way that the 
designer's concept can be concretized. The purpose of using Space-Cube is 
to reduce the complication of thinking when a designer is drawing the 3D 
mass. This experiment proves that the application of Space-Cube can 
simplify the procedure of making 3D mass. During the procedure of design, 
a designer should have more space to image and evaluate these shapes and 
not be disrupted by many complicated operations. The essay represents that 
a 3D input implement based on the physical model has the ability of 
interaction with human hands and also enhances the intuition of 3D 
modeling. 

This system may facilitate the complexities of user interface by analyzing 
the information at manipulating this implement. A user can concentrate on 
the cubes on his hand and the idea rather than instructions and menu. Space
Cube can transfer 3D model design from the abstract instructions to human
hand operation mode that promotes the intuition of 3D modeling. However, 
the main disadvantage of this implement is the lack of precision for detail 
revise. It is not suitable to install any sensor on this implement because it is 
complex to select and arrange these specific sensors on each of the six 
surfaces. Meanwhile, a transformation mechanism should be created for the 
different occasion. 

Some operators begin to comment that Space-Cube is such a specific 
mechanism with particular modeling mode and not so universal like mouse 
and keyboard. However, the general modeling interface is usually designed 
for the common input implement. Although the mouse and keyboard are 
convenient tools for mode switch, it is unfair to evaluate them from this 
point of view. 

From impression, it is a restricted method to use Space-Cube to 
manufacture the model because the user only interacts with this implement 
by hands. However, it can quickly assist the user to solve the specific 
procedure. On the other hand, there is much freedom to exercise the task by 
using the mouse and keyboard but it wastes much time because of redundant 
instructions. Because both tools provide partial requirement for the 3D 
modeling, in the next step, these two concepts of design can be combined. In 
the future research, it is expected that the mass stack can coordinate different 
instructions to virtualize the more exquisite virtual model through the 
combination of these two intermediary materials. For example, a basic mass 
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of car is stacked first and the instructions can simulate its precise details and 
materials in the virtual model. By this method, it can help a designer to 
scrutinize what the incipient design procedure influences the later stage of 
design. 
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Abstract: This research presents the new orientation of the combination of digital 
modelling with generative programming and joint method of traditional wood 
structure for manipulating Rapid Prototyping to explore the assembling of free 
form objects. The presenting of the example indicates that the edition of Maya 
scripts defines the purpose of design. Through the discussion on scripts 
developing the assembly of the free-form objects of frames and surfaces and 
through the achievement that RP produces and examines objects, we bring out 
the possibilities of the new form developed from the old structure and 
illustrate how to develop our hypothesis. The developed result could provide 
the possible new way for free-form assembly. We expatiate our research 
process and final achievement and provide a new thinking direction in the 
education field. 

1. INTRODUCTION 

The digital era has influenced the practice of contemporary architecture. 
Digital technology has fundamentally changed the idea, design and 
production of buildings. The change in the digital trend and the effect on the 
practice of actual cases are discussed. At the same time, contemplation is 
conducted on the general effect and in the distant future, idea under different 
background will be presented in regard to the practice of architecture of 
today and the recent rising digital era. With the aid of current CAD systems, 
wild designing concepts have been unconstrained. Architects use computer 
motion simulation and automatic generation systems to aid design 
brainstorming, disintegrating conventional architectural pattern and 
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transcending traditional perpendicular structuring behavior (Luca and 
Nardin, 2002). 

Digital fabrication is like selection of display of design and the utilization 
of the problem occurred in the process of design in regard to the enlightening 
topic generated in the course of perception of design of artifact (Kores, 
2002). The range of discussion about experimental free-form objects in 
terms of building methods, aesthetics and structure has been expanded and 
become much greater than the one about traditional architecture. In order to 
have such complicated forms built, we need to rely on the techniques of 
CAM. In recent years, 3D Rapid Prototyping (RP), 2,5D and 3D Milling and 
computer aided Shape Cutting have been broadly discussed by the fields of 
architectural and industrial design, and have also become a useful tool in 
assisting designers nowadays on thinking and application (Mitchell 2004; 
Kolarevic, 2003b). 

In the course of design, RP device for model production provides new 
aiding function. Besides solving complex form production, it can be utilized 
to check the design through I: I physical model output precisely from the 
computer model. Compared with traditional handwork model that is not 
accurate and manpower and time consuming, RP provides precise output that 
can breakthrough the constraint of perpendicular traditional model. 
Designers will find it easier to feel the space of the complex form or it can be 
utilized as test for complex form structure (Sass, 2004a, 2004c ). In regard to 
the defect of RP, the time spent in the production in the course of creation is 
too long so that between display of model and design, it cannot be linked. In 
addition, in respect of output model, there is also the problem of dimension. 
Larger model would require cutting apart and assembly and therefore in 
respect of time, it is quite consuming (Sass, 2004b). 

In the past, for the way of thinking by many designers on the liberation of 
space form, they are forced to abandon as such production is impossible due 
to traditional work method resulting that there is really a big difference 
between design imagination and reality. Now it can be achieved through 
CAD/CAM technology and it can serve as actual method to display the 
concept of the architectural design (Ryder eta!., 2002). 

2. PROBLEM AREAS 

Nowadays CAD/CAM provides many new possibilities for the development 
of industrial manufacturing and architectural education for designers and 
scholars. It also generates many new media tools other than traditional ones 
for discussing structural issues (Kolarevic, 2003a). Therefore, many scholars 
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start the research on digital fabrication, especially in methods of building up 
various free-shape form structures (Kolarevic, 2004). 

In the architectural field, Joints are the key factors in keeping the 
structure continuous and in making forms. In the east, wood architecture is 
one of the most primitive building structure types. The types of structure 
systems are various. They differentiate from each other with different sorts 
of jointing methods (King, 1996). From this research we discovered that 
mortise and tenon joint, dovetail joint, tongue joint, finger joint, dowelled 
joint etc. (table 1) are very interesting and functional joint methods (Breyer 
et al, 1998; Jau, 2005; Zwerger, 1997). We found that traditional technology 
limits the joint form of wood. However, is it impossible to create any new 
form? Can it be linked up to the free form assembly structure method? Based 
on the joint methods of traditional wood structure, we intend to use 
CAD/CAM tools to regenerate and combine the joint methods of traditional 
wood structure to develop various forms . By using new structuring ways 
derived from the traditional techniques, we could meet different kinds of 
functional demand and generate a newly refined and integrated designing 
mechanism (figure 1). 

Design Fabrication 

Mel Script 

+ 
Traditional Joint Rul es 

Of Wood Structure 

Rapid Prototyping 
Devices 

Figure 1. PROCESS: The framework of generative mechanism. 

3. RELATED WORK 

In the beginning when RP is applied in architecture, it is utilized as the 
method to transform 3D model that displays the process from CAD to NC 
(Streich, 1991 ). Following this, it becomes the display of fabricated 
architecture conceptual idea (Ryder et al, 2002). For example, the method of 
physical architecture design concept and in regard to rapid production, seven 
different rapid building device categories are utilized from stereo lithography, 
SLA to selective Laser Sintering 3D printing etc. 

In respect of actual case, in the year 2000, Mark Burry(2004) completed 
Sagrada Familia church which has been suspended after Gaudi's death in 
1926 with the new media tool of CAD/CAM. He applied a parametric 
software- CADDS5, which is used in ship making industry, combined with 
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RP technology to re-design and build the 35m-tall rose-window at the wing 
of the church. This case also reveals the potential and power of influence in 
design aid by RP technology on the complex form design in the course of 
design and real fabrication. 

In the research sector, a few other researchers went through rule 
application as the design method and combined with the research process of 
the RP operation automation. For example, research by Sass (2004a, 2004b, 
2004b) displayed a few artifact fabrication and through utilization of RP, it 
became the part of creative design process. He presented three topics 
including change of light and shade, production of complex form and 
assembly form to discuss that the method of improving design was to utilize 
RP and the digitized design production function. In his research , Kilian 
(2003) explained how to link generative design script written in AutoLisp 
with a 2D RP device. The AutoLisp scripting is like using a schematic tool 
to make surface joining points. The diversity of external form displayed by 
joining points will respond to the geometry of the sketch surface. The 
surface design and the accompanying joining points acquisition are based on 
the unique advantage of the 2D RP device. Wang and Duarte (2002) 
introduced a production method to design and fabricate an assembly model 
and the method is to use shape grammars to obtain the generated model. In 
the utilization of 3D printer fabrication and assembly, it is deemed as 
presentation of the early stage of design. This essay is an inspection of the 
course and some methods utilized in architecture. Compared with the above 
research, the structure of this paper presented is new and it emphasizes on 
relevant programming and RP combination. In addition, the standard of 
practice is based on the design background. Moreover, the acquisition of 
conclusion is based on the recording of actual examples and the course of 
practice, reaction and verification on questions presented. 

4. ANALYSIS OF TRADITIONAL WOOD JOINTS 

In the architecture sector, the joining point is the viewpoint clarification of 
design and it can really reflect the principle of system function and is the 
best vocabulary of combining design and technology into one. Looking from 
the evolution of history, the reform of wood architecture form and the 
structural system and joining point method breakthrough have a very close 
relationship. The evolution of structural joining point can reflect the 
development progress of wood architecture. 

The compression resistance of wood structure means the ability to resist 
the upper and lower perpendicular external force of the structure and is the 
most utilized characteristic of all traditional architecture. In ancient wood 
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architecture in the orient, mortise-and-tenon joint is a common technique in 
Chinese traditional architecture just like the spirit hidden between two pieces 
of wood. At that time, after the craftsman chipped off the unnecessary part, 
the two pieces of wood would be held tightly and would not separate. In 
ancient architecture or temple, very often one can discover that with proper 
utilization, the entire structure can be combined together very tightly and 
there is no need for any pin or nail. The development of joining point is 
more complex like the dovetail point that can resist pulling and various 
fmger joints and joining points have torsion resistance and that can unfold 
the strong creative idea and craft. 

4.1 Wood joints 

(a) Mortise and Tenon Joint - due to its higher strength, it is one of best 
joints in fabricating wood structure. Its main function is in the joining point 
of each frame of the wood structure. Diversifed assembly methods of 
Mortise and Tenon Joint joining point include keyed, doweled, blind and 
doweled. (b) Dovetail Joint- it is being used for combining the tails of two 
pieces of wood. If you place your two hands together and cross your fingers 
on the joints and more or less you can see the dovetail joint. Dovetail joint is 
being applied in traditional wood structure and is the strongest in all joining 
points. Normally dovetail joint is used to increase the wood structure 
fabrication value. 

(c) Lap Joint - mainly it is used in combining two pieces of wood. 
Between mutual connection between wood and wood, each will remove half 
of the area. On the edge of the wood and the along the depth of the raised 
joint, it will establish the width and depth of the indenture. (d) Tongue and 
Groove Joint - it is a good joining method for preventing momentary 
separation of internal and external part and this can provide a simple form of 
joint to connect with linking surface. Through the raised joint along the 
wood edge, it is designed that it can tightly grasp the corresponding grove. 
(e) Dowelled Joint - Many joining points will be reinforced by dowelled 
joint. Dowelled joint will reinforce the joining point of mortise and tenon 
joint. Pegged mortise-and-tenon means to butt-join larger pieces edge to 
edge. By fixing the joining point of mortise and tenon Joint, the piercing 
through mortise and tenon by dowelled joint can prevent the tenon to be 
separated from the mortise. 

(f) Butt Joint - it is the joining point of opposite edge of two pieces. 
Following this method, the checked patterns on the two wood surfaces on the 
two pieces of wood are joined. Then a gap with similar size is drilled and the 
enforced gap structure of the joining two ends of the dowelled joint is being 
inserted like using glue to fix it on the surface of broad and large form. 



420 Ching-Shun Tang 

Table 1 Type of wood structure JOtnt. 

Description 

The basic mortise and tenon 

comprises of a tongue(tenon) cut 

into one rail and a mortise cut all the 

way through the other rail. 

This popular notch is commonly 

used in true timber framing to join 

smaller members such as joists and 

purl ins. 

Half lap joints are used extensively 

in construction and cabinetry for 

framing. 

Tongue and groove joint. A classic 

way of jointing two board together. 

In a doweled joint, small holes are 

cut in each of two pieces of wood at 

equal distances. 

A butt joint is a simple method of 

connecting two pieces of wood with 

the square end of one piece being 

placed against the side of another. 

Finger joints on all sides of a project 

make a box that is very nice. 

Tongued Mitre. A separate 'Tongue' 

is inserted into a groove in the mitre 

for stability. 

Figure Description 

Mortise-and-Tenon Joint 

For use on wide pieces of timbers, 

the additional surface area of the 

tenons will give a stronger joint 

than a single tenon. 

Dovetail Joint 

The wedging effect of the dovetail 

and the weight of the timber lock 

this joint into place. 

Lap Joint 

Similar to the T halving but used for 

intermediate framework. Half the 

thickness is removed from both 

pieces of timber where the cross. 

Tongue and Groove Joint 

Bare faced tongue and groove 
comer. No shoulder on one side of 
the tongue. 

Dowelled Joint. 

The joint can be strengthened by 
securing with dowels or wedges. 

Butt Joints 

The two pieces form a right angle 

and are joined by a nail , screws or a 

dowel. 

Finger joint. 

l!t Jf the joint is cut accurately the 
. . fingers should fit together without 

any gaps and the glue ensures that 

they are virtually indestructible. 

Mitre Joint 

Veneer keyed mitre joint. Saw cuts 

are angled into the joint then pieces 

of veneer are slotted into the saw 

cuts. 

Figure 

i®J~~-. - ~ ' i 
i 

(g) Finger joint - it is the technique used in joining the top of two pieces 
of wood. Besides that it is more like a dovetail joint, the square tip and 
knocked-off comer are normally equal distance allocation. The crisscross 
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joining point method replaces the function of glue but it does not have detail 
effect of dovetail joint. (h) The mitre joint is formed by the top of the tenon 
so as to prevent cracking and the offensive look caused by concealed tenon 
protruded object (Chen and Jang, 2003; Graubner, 1992; Kom, 1993; 
Wuang, 2003). 

This research will summarize the traditional wood structure joining point 
based on its function and provide examples as in table 1. 

After analysis and summarization of the traditional wood structure joints, 
we discover that there are many complex joining methods. Its forms include 
simple to extremely complex joints. In addition, different joint has different 
function and different ability to take up external force. The maximum 
limitation of traditional wood structure is that its fabrication methods adopts 
perpendicular joining, yet on its joint, it has considerable important 
consideration and it is still being used. For example, the Mortise and Tenon 
Joint is very commonly used on desks and chairs 

5. GENERATIVE FABRICATION 

At this stage we will concentrate in the study on how to redefine the original 
wood structure joint of the traditional wood structure joining rules through 
the aid of CAD system. In the CAD environment design, not only it can 
breakthrough the constraint of the fabrication method of traditional wood 
structure perpendicular means, in addition, this research also starts the new 
assembly method with three dimensional thinking to advance to a more 
challenging free form structure. Through the course of design of two 
examples, this chapter shall describe how to apply the new assembly method 
on the free form frame and the topic of surface assembly. 

5.1 Designing joints 

Hindered by the constraint in tool, traditional wood structure cannot be 
developed that is different from perpendicular fabrication . Under digital aid, 
the constraint of wood structure is no longer a problem. During assembly, it 
is not necessary to consider the constraint of angle and we can output the 
physical model precisely through CAD/CAM. 

During the start of designing joint, we set three rules so as to retain the 
original function of wood structure joint. (a) During assembly, any hardware 
or metal piece and glue will not be used. (b) After assembly, there will be no 
trace mark of joint from the outer appearance of the form. (c) After assembly, 
the joining place will be tightly fixed. Through the setting of these rules, not 
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only clear direction can be seen during the design of joints, in addition, part 
of the traditional joint type are excluded under the constraint of rule. 

Under the setting of rules, this chapter has decided to develop Mortise 
and Tenon Joint, Dovetail Joint, Lap Joint and Tongue and Groove Joint in 
the traditional wood structure joint as the key elements. Joints are developed 
and designed under the 3d CAD environment and assembly test is conducted 
on the physical model output through RP device (figure 2). 

Traditional Joint Rules 
Of Wood Structure 

Mortise and Tenon Joint 

Dovetail Joint 

Lap Joint 

Tongue and Groove Joint 

~ __ ~o-:e~ed _!o_!!Jt ___ _ 1 ,.---------- .... 

1 Buu Joint 1 
,.::.-::.-::.-::.-::.-::.-::.-::.-::.-::.-::. 
l- __ F~i!!f~i~ ___ _ 1 

,.-----------.. 
I_- -~~1_2i'l!_--- _I 

30 CAD Environment 
Maya 6.0 

Designing Joints 

Rapid Prototyping 
Devices 

Assembly 

Production 

Figure 2. The framework of designing joints. 

The purpose of development of joint in this chapter is to provide an 
assembly method required during free form fabrication. The joining method 
can be separated into two basic prototypes that are Point Joint (figure 3) and 
Edge Joint (figure 4). 

The joint design concept of Point Joint comes from the Mortise and 
Tenon Joint, Tongue and Groove Joint and Doweled groove in the traditional 
wood structure joint. The functions of these three joints are combined 
together that can conform to the development of joints of multiple angle 
developed under the self-established rules. It can be provided to complex 
free form frame assembly. Through the physical model of 4*3 sq. in. output 
through RP, the result of the joint detail can be examined especially on the 
doweled groove. In order to determine the depth of doweled groove, this 
chapter utilizes models with three different thickness that are output from the 
RP device and the thickness is 2mm, lmm, 0.5mm respectively. After test, it 
is discovered that the surface structure of lmm model output from the RP 
device is more intact. When the thickness is 0.5mm, there will be damage 
on the surface and the RP device material cannot be output correctly. Finally, 
the depth of the doweled groove is set as lmm and during joint test assembly, 
doweled groove with that thickness can also provide its effect that means the 
joint can be tightly fixed. 

The joint concept of Edge Joint comes from the Dovetail Joint, Mortise
and-Tenon Joint in the traditional wood structure joint. By combining the 
function of these four joints, it can provide a continuous joint type along the 
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edge during assembly of complex curve free form on the surface. The 
purpose is to add a dovetail joint in the continuous joint to provide the 
function of entire surface structure. Through the 8*8 sq. in. physical model 
assembly test output through RP, continuous joint can actually secure the 
structure of free form so that it will not be affected by the perpendicular 
external force. 

Mortise and Tenon Joint 

Tongue and Groove Joint 

Doweled groove 

(a) Traditional joint of 
wood structure 

(c) Physical assembly 

(b) Joint of three dimensions 

(d) Physical modeling 

Figure 3. Production process: Point Joint. 

Dovetail Joint 
Mortise-and-Tenon Joint 

Lap Joint 
Doweled 

(a) TraditionaJjoint of 
wood structure 

(c) PhysicaJ assembly 

(b) Joint of three dimensions 

(d) Physical modeling 

Figure 4. Production process: Edge Joint. 
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5.2 Digital design fabrication 

The two examples mainly focus on the study on how to assemble when the 
free form frame is joined in multiple angles and when the surface curve is 
complex and a joining method can be derived through the traditional wood 
structure joint. The example will base on MEL (Maya embedded language) 
Script to write a method with productivity that can create unique form 
structure. The assembly form method shall combine with the Point Joint and 
Edge Joint developed in the above stage and then a physical model is output 
through RP device to check and test the assembly of model. 

5.2.1 Design of assembly - structure 

First example: During conceptual design of the free form, how to fabricate 
structural object with complex angle is presented. The designer will utilize 
control of Script parameter to create and revise the structure of form. This 
chapter will name it as "Duplicate Script" and its operation method is as 
what is described below. First, one object is set as a basic module and Script 
is executed to decide on the quantity of duplicating that object. The object 
parameters duplicated will be synchronously controlled in the original object. 
Through the x, y, z coordinates of the operation space, the design will move, 
rotate, miniaturize and magnify the size to induce the growth form of the 
object. Each object will be equally placed in the space and the objects are 
joined together with a clever angle to generate a complex and 
trigonometrically structural object (figure 5). 

(a) Create one unit (b) Duplicate units and 
designing shapes 

(c) Joints of 

Figure 5. Design process: duplicate script. 

(d) Final 

Each frame of the fmal result structural object will be joined at different 
angle. Sometimes, part of the frame may have three to four joining points 
and will join with other frame in different angle. Therefore, during setting of 
joints on the frame of the structural object, the operation process is very 
complex. As part of the process of setting joints is all along a repetitive 
procedure, in order to simply the procedure the repetitive part can adopt 
script method that is recorded as simple press button. For example, during 
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setting of the depth of joint, use "move -r 0 -0.25 0 ;". To cope with different 
depth and angle, appropriate script can be set. This method can solve many 
complex operations and can also save time spent in the setting of joints. 

5.2.2 Design of assembly - surface 

Second example: During the conceptual design of the free form, how to 
fabricate large angle tum over and inside turning on the surface generated 
during excessive complexity is presented. The generation of form is by 
means of the control of Script and this chapter shall name it as "Dynamic 
Script" and the operation method is described as below. First the designer 
will establish basic curve to select curve execution "Loft" command to 
generate surface. Then the curve execution Script is selected to set the 
affected parameter of the cv point on the curve. The Script controls the x, y, 
z coordinate of cv point of each curve in the space. Part of cv points can be 
selected as group. Through parameter setting, designer can control the 
random shifting and rotation of cv point. The surface will operate following 
the cv point. The setting of parameter will allow the surface to generate 
random motion change. The larger the number of the surface is, the more 
the change will be. Finally it will display surface full of large angle and 
inside turning (figure 6). 

(a) Create (b) Control CV points (c) Joints of (d) Final 
and 

Figure 6. Design process: dynamic script. 

On the surface of the final result form, there will be many protruding 
objects. Each protruding object will face different angle and will rise up and 
down and pull each other forming a water wave form. During assembly of 
form, a single protruding object shall be a module. During establishment of 
edge point on the form, it is almost very smooth. Only there will be problem 
when the operation step is too complex and similarly simple script can be 
utilized to reduce work time. 
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5.2.3 Assembly Production 

Upon completion of the design of the structural object in the 3d environment, 
we can check whether the structure can be assembled through the physical 
model output through the RP device. In this chapter, the Insight 4.0 software 
is adopted to calculate the digital model and then it is input into the RP 
device and then the physical model is the output. Model format supported by 
Insight software is stl file and in Maya the stl file cannot be output. It is 
necessary to go through external program Polytrans or other software such as: 
3ds max, Formz, Autocad. Finally we select 3ds max and transform the obj 
file output from Maya as stl file. During this process, it is necessary to pay 
attention to the setting of inch in order to avoid error in ratio during the 
output of model. 

The final output dimension of the structure object (figure 7) of example 1 
is 6*6*20 cubic inch. The minimum unit block frame cross section is 1 * 1 
cm2. After test, this dimension ratio is the bottom limit that detail joint can 
bring its function into full play. During assembly of frame, as the quantity of 
frame is as high as 32 sets of block and in order to consider the convenience 
in assembly, number is indicated on the bottom of each set of frame in order 
to facilitate identification of the assembly sequence. The final output 
dimension of the structural object of example 2 (figure 8) is 8*8*6 cubic 
inch. As the structural object is based on the protruding object as one module 
and the total number is 35 sets, the average dimension of the module is 
1.3*1.3 sq. inch. 

(a) Joints of detail (b) Physical assembly (c) Final production 

Figure 7. Example I: assembly production. 

(a) Joints of detail (b) Physical assembly (c) Final production 

Figure 8. Example 2: assembly production. 
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When the RP device has completed the output of the physical model, in 
the course of model assembly, it is discovered that the groove of part of the 
joint is too small and cannot be joined smoothly. Aiming at that joint and 
after repeated and re-output test, the result is the part of the re-output model 
can be matched. After arrangement, two possible effect results are presented 
(a) the number of the surface of the digital model is too low resulting that the 
level of fineness of the model falls. (b) The inclining vertical placement of 
the digital model in the RP device: as the RP material ABS plastic output 
method is stacking up towards the top layer by layer horizontally, if it 
inclines vertically, it may result in inaccurate output of model. 

6. CONCLUSION 

After this research has conducted integration of traditional wood structure 
joint and its analysis, once again people can obtain an understanding on the 
long forgotten ancient craft. In addition, under the aid of CAD/CAM, the 
traditional wood structure joint can now have a new form. The purpose of 
the design of point joint and edge joint is to provide a new direction in the 
assembly of free form frame and surface. Through the three rules in the 
process of this design, the original function of the traditional wood structure 
form is retained so that the direction of development can be clearer. 

The presentation of the two examples can clearly describe the process 
from digital design to assembly test of the physical model. The purpose of 
writing two mel scripts is to provide a new design method to create a unique 
form. In addition, it can respond during multiple angle joining of frames of 
the free form and how to assemble when the surface curve becomes complex. 
In addition, a method to solve the writing of simple script is provided. 
During the assembly stage, it explains clearly the produced model dimension 
and the purpose is that there will be problem in assembly due to models of 
different ratio. Through the location of the test verification problem, two 
factors that may affect the inaccuracy of the physical model output are 
presented. 

This research utilizes diagrammatic explanation to explain how to 
develop our hypothesis. The result developed can provide a possible new 
method to assemble free form. We have clearly explained and described the 
course of research and presented the final results that can be provided as a 
new idea of contemplation in the design in architecture education. 

Based on the variety of traditional wooden joints, it is suggested that the 
next research could be concentrated in the field of productivity, such as 
shape grammar and the line and model generated from genetic algorithms, 
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the rule of its form is established based on computing coding. This computer 
program and the purpose of the production method are to create many 
optional ideas and the best design plan can be selected from these. 
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