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Abstract. 
Formal representation and communication of building information are main issues in the development of 
Building Information Technology. The development of standardised information models starts to find practical 
application in the construction industry. However, a major problem in these developments is formed by the 
conflict between static information models and the dynamic nature of Architectural design. The research 
presented in this paper investigates the approach developed in the field of Mechanical Engineering on Feature 
Based Modelling. This approach offers the formalisation of design information in a flexible manner that allows 
designers to change and extend the information model according to their needs. The paper presents the 
concepts of applying the Feature Based Modelling approach in the area of modelling Architectural information, 
and discusses the requirements for standardisation and system-development related to these concepts. 
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1. Introduction. 
Modelling architectural information is a task that can be generally characterised by the complexity of the 
information and processes involved in architectural products. This complexity is contrived by the complex 
nature of architectural products, including a great amount of interrelated aspects of information, and by the 
many participants involved in the processes concerning the product, the many different views on the product. 
Modelling this complex information aims at improving the representation of the information and at enhanced 
communication. In order to model information unambiguously, it is necessary to define how information can be 
represented formally, which is the main problem addressed by today's research in the area of Product 
Modelling [van Leeuwen & van Zutphen 1994]. 

In this section we discuss the current approaches of Product Modelling research and indicate what we 
think is lacking in these approaches. The next section reviews the concepts of Feature Based Modelling, used 
mainly in Mechanical Engineering to model product parts. We then show how these concepts, if integrated in a 
Product Modelling approach, can be used to address the problems indicated below. 

1.1 Current approaches in Product Modelling. 
"Product data is data that describes the function and physical characteristics of each unit of a product from its 
requirements at inception to its configuration at time of retirement" [Wilson 1993]. This definition of product 
data delineates the kind of complexity as described above. The purposes of Product Modelling (PM) include 
the representation of product data throughout the life-cycle of a product. This involves modelling multiple 
aspects of the product, such as aspects of design, costs, assembly or manufacturing, planning, etc. These 
aspects can in turn be seen from different viewpoints of parties involved, which makes product data view
dependent over many stages in the product's life-cycle. For the purpose of enhanced communication, product 
data needs to be either exchanged between parties [de Vries & Wagter 1995] or integrated in shared models. 
Standardisation of data definitions then becomes very important. 

Numerous Building Product Models have been defined in research projects, some are being used in 
practice. Early research projects resulted in models that are either generic for a type of building or specific for 
a particular domain. In the first group we find projects such as the RAT AS project which presented a rather 
generic information hierarchy for buildings [Bjork 1989]. More specific models represent a subset of the life
cycle of a building, for instance for the domain of HV AC engineering or structural engineering. Current 
research moves into the direction of complete life-cycle models, mostly defining a generic or kernel model to 
which view-specific models are related, as for example in the COMBINE project [Augenbroe 1993]. 

Approaches of PM research can be generally described as comprising some kind of information hierarchy 
that defines entities or objects as parts of the complete product. These hierarchies are established by means of 
abstraction mechanisms, such as decomposition and specialisation, which allow information to be handled at 
different levels of abstraction. Decomposition is used to define a 'has a' relationship between entities of 
different levels in the hierarchy. Specialisation is used to define an entity as a subtype, with special 
characteristics, of one or more entities that are found one step up in the hierarchy, an 'is a' relationship. 
Eastman & Fereshetian [1994] describe these abstraction mechanisms and relationships in detaiL 

This common approach to PM is also reflected by the STEP developments on standardised exchange of 
product data, ISO 10303. In STEP information requirements are collected and formalised at different levels. At 
a relatively generic level the so-called Integrated Resources (IR) provide data definitions which are application 
(or view) independent, e.g. data definitions for geometry, shape representations, materials. Based on the IRs, 
but more domain specific are the data definitions provided in the Application Protocols (AP). APs define the 
interpretation of the data definition in the IRs according to a particular domain. Examples of APs are the AP 
for Building Explicit Shape Representation (AP 225) and the AP for Building and Construction which is 
currently under development. The formal definition of the data models in the IRs and APs is established using 
the data definition language EXPRESS, which encompasses mechanisms for specialisation and decomposition. 
The actual modelling of products and exchange of data conforming to the STEP standards are based on the 
definitions given in the Application Protocols. 

1.2 What is lacking in Product Modelling? 

1.2.1 Dynamic modelling. 
The developments of Application Protocols for AEC and for Building and Construction in particular have 
again raised the discussion in the STEP community whether it is possible to define a global schema for 
buildings. A global schema should not impose any limitations on the information requirements of buildings 
throughout their life-cycle. How would such a schema handle the evolution of construction-technologies, the 
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development of new products and materials? Moreover, design itself has a very dynamic nature, not only as a 
problem-solving process in which the search for solutions has many dynamic aspects. Also because design as a 
long term, ongoing development process results in new methods for design and new construction-techniques. 
These future developments are unlikely to be anticipated in a global schema which therefore will prove to be a 
limitation on design. The discussion in the STEP ABC group has been moderated and summarised by 
Wittenoom [1995]. 

The issue raised here is not the one that has mainly been addressed by PM research, namely the integration 
of mUltiple views into a common conceptual information model, but rather how changes of this conceptual 
model in time can be dealt with. In fact, this question is preceded by the question if at any time a satisfactory, 
generic definition of data can be given to cover every technique, product or method that is devised at that time 
in architectural design. We contend that maybe this would be possible at a very abstract level, but not at the 
level of detail that is required for adequate use in practice. An analysis in [Ramscar 1994] demonstrates that 
PM approaches cannot achieve a complete model that is necessary for an integration or exchange standard. 

If we cannot define an adequate global schema, we will need to find a way to define a schema that can be 
extended and updated according to the changes of its requirements. In other words, a global schema for ABC, 
or for Building & Construction in particular, needs to be flexible enough to allow changes and additions of 
entities and structure in order to fulfil other or future requirements that are not considered when this global 
model is defined. 

1.2.2 Adequate support for early design stages. 
Another drawback of current PM approaches is found in early design phases. While we recognised before that 
design as a long-term process changes construction techniques and develops new methods and products, this 
innovative character of design is also found on a smaller scale in every design-task. Design is a dynamic 
process in which information is constantly re-interpreted and restructured, especially in early phases which 
concern ill-defined or poorly structured information. This makes modelling the information very hard. One 
approach to solving this problem is the development of intelligent sketch based CAD software, using Artificial 
Intelligence techniques such as frames [de Vries & Wagter 1992]. Another approach is to use case based 
reasoning mechanisms and formalisation of design knowledge, as in the cognitive models presented by Oxman 
& Oxman [1994]. 

If definitions and structures of information deriving from more definite stages of design are used in 
supporting early stages, there is the risk of hindering the creativity of design. A static information-model, such 
as defined in many Product Models, can hardly be expected to form an adequate support for this dynamic 
process. The inflexible structure and rigid definitions in which information needs to be specified would rather 
limit than stimulate the creativity of a designer. The designer has no control over the definition of either 
information format nor information structure and therefore constantly needs to translate the available 
information to the format and structure defined in the Product Model, and vice versa for requested information. 
This will be experienced as a strong limitation on the practical usability of Product Models. Designers need 
formal definitions of information so they can use computers to reason and communicate about it, yet they also 
want to handle this information in a very dynamic way and do not want to be confined to static definitions. 

In addition to this, design phases often concern abstract concepts such as architectural function, aesthetic 
aspects, ambience, etc. This type of information is hard to formalise, but nevertheless plays an important role in 
design. Current PM hardly addresses modelling information of this type. 

2. Feature Based Modelling concept. 

2.1 Introduction to Feature based approaches in Mechanical 
Engineering. 
In the 1980's, feature modelling came into development in the field of Mechanical Engineering to supply 
geometric modelling tools with a higher level of information. High-level models were necessary to extract 
information for generating process plans, GT codes (Group Technology), and NC programs (Numerical 
Control). Solid geometry modelers provide an incomplete product definition, consisting of only nominal 
geometry and low-level product definition, higher level information is missing. Solid modelling alone can not 
be used for process planning or manufacturability evaluation, because a higher level of information is required 
[Shah & Rogers 1988a]. Also in the early design-stage, high-level information is required for a full support of 
the process. The needs of the designer are to construct and reason about a model in terms that are derived from 
design-practice and that have particular functional significance to design. 

Information entities called Features were introduced to fulfil the need for high-level information related to 
solid geometry models. Initially, from the view of manufacturing, Features represented shapes and 
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technological attributes associated with manufacturing operations and tools. From a geometric modelling point 
of view, Features were defined as groupings of geometric or topological entities that need to be referenced 
together. As the application of Feature modelling has broadened from manufacturing evaluation to product 
design, the definition of the term Feature in literature has changed accordingly: "Features are elements used in 
generating, analysing, or evaluating designs" [Shah 1991a]. A commonly acceptable definition of Form 
Features seems to be given by Shah [1991b]: "Features are generic shapes with which engineers associate 
certain properties or attributes and knowledge useful in reasoning about the product". 

2.1.1 Classifications of Features 
Many attempts have been made in literature to classify Features. One distinction can be made on the basis of 
the Feature's purpose, as by Shah and Rogers [1988aJ: 
., Form Features: elements related to nominal geometry . 
., Precision Features: acceptable deviations from nominal form or size . 
., Technological Features: related to performance and operation . 
., Material Features: material composition, treatment, condition . 
., Assembly Features: assembly sequence, orientation relative to the part. 

or by van Emmerik [1990]: 
., Form Features . 
., Pattern Features: regular pattern of similar entities . 
., Connection Features: geometric constraints . 
., Property Features: properties not related to explicit geometry . 
., Application Features: related to process planning requirements. 

Concentrating on Form Features, several classifications are based on the shape of Features rather than on 
their application, distinguishing passages, depressions, protrusions, deformations, etc. The figure below shows 
some examples of Form Features defining a part. 

slot 
compound Feature: 
blind hole + through hole 

Some examples of Fonn FeaJ;ures defining a part. 

Although Form Features play a dominant role in the different phases in Mechanical Engineering (i.e. 
design, evaluation, manufacturing, etc.), other types of Features as mentioned in the above classifications are 
very important for product design support and automated reasoning. 

2.1.2 Processes of Feature modelling 
With the increasing application of Features, the processes of modelling Features have evolved. Initially, human 
interpretation of geometry was needed to specify the high-level information as Form Features. This process is 
called human-assisted or interactive Feature recognition. In automatic Feature recognition, high-level 
information could be automatically recognised and extracted from a geometric model [Henderson & Chang 
1988] [Laakko & MantyHi 1993] [Meeran & Pratt 1993]. The Feature model resulting from this process 
contained high-level information for evaluation purposes for instance in manufacturing, but the level of 
information was still limited. From pure geometric data, only a limited set of information can be extracted. 
Additional information is required to model for instance material properties and tolerances of parts of a 
product. Another disadvantage of Feature recognition is that a completed design and model is required before 
the recognition process can be performed. Valuable information available during design cannot be modelled 
and is lost. 

The logical next step was to construct the model of the product not on a geometry-basis, but directly on the 
basis of Features, the entities of high-level information. This approach is called design-by-Feature [Shah & 
Rogers 1988a] [van Emmerik 1990] [De Martino et al. 1994]. Libraries of Features have been developed, but it 
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is commonly agreed upon that Feature modelling requires an extensible set of Feature definitions, allowing 
designers to define their own set of Feature types [van Emmerik 1990] [Shah 1991 b]. The meaning of a Feature 
is therefore dependent on the context in which the Feature has been defined. This makes Features necessarily 
view-dependent in the complex life-cycle of a product. The communication of view-dependent information, 
however, requires translation of this information from one view to another. This translation of Features is 
devised by mechanisms for Feature mapping [Shah 1993] [Chamberlain et al. 1993]. 

The processes of Feature modelling today include both Feature recognition and design-by-Feature. Each of 
these approaches has certain benefits and systems are being developed that combine the two approaches [De 
Martino et al. 1994]. However, most of the current developments in Mechanical Engineering focus on either 
Feature recognition and extraction from geometry or design-by-Feature. 

2.2 Concept of Features in Mechanical engineering. 
In analysing the developments of FBM in Mechanical Engineering, we conclude that the concept of Features 
lies in the definition of collections of information with a semantic meaning to a specific view on a part of a 
product. These collections of information form independent units which, during the process of design and 
modelling, are used to define a part. The information concerned can be related to the shape of a part (Form 
Features), but the concept also includes any non-geometric information which is of significant meaning to a 
given engineering view in a product's life-cycle. 

Systems for FBM in Mechanical Engineering allow users to define Feature types, which can be stored in 
libraries of Features, and to create instances of Feature types for modelling product parts. The structure relating 
the Features that compose a part is not pre-defined: the relationships between the Features are context 
dependent and defined by the user. On higher abstraction levels in the definition of a product, the aggregations 
of parts and modules, Features are not applied. 

3. Feature Based Modelling of architectural information. 

3.1 Current applications of Feature Based Modelling in 
construction industry. 
The approach to information modelling as developed in Feature Based Modelling is applied in areas of the 
building industry that resemble Mechanical Engineering. Some PM researches report the utilisation of Features 
in structural engineering, where parts of a building's construction are modelled by Features [Watson, Crowley, 
et al. 1994]. These parts represent the construction as designed, and the describing Features are mainly Form
Features defined for manufacturing purposes. Although this application of the concept of Features is limited to 
Form-Features, it does demonstrate the relevance of Feature modelling for Architecture. 

3.2 Extensive application of Feature Based Modelling in 
Architecture. 

3.2.1 The relation between FBM approaches and PM issues. 
The main aspect of FBM, as concluded in the previous section and which is of interest for Architecture, is the 
definition of collections of information with a semantic meaning to a specific view on a part of a product. 
Translated directly to the domain of building, a Feature can be defined as a collection of information with a 
semantic meaning to a specific view on a part of a building. For a specification of this very generic definition, 
we need to return first to the issues of Product Modelling discussed in the first section of this paper. 

We concluded that the support of dynamic modelling is an important condition for Product Models. 
Dynamic modelling requires (1) that the definition and structure of information is not formed by a finite set of 
entities, but is extensible, and (2) that the structure of information is flexible so models can be defined to 
reflect closely the intentions of a specific point of view. These requirements are important for two reasons: 
first, we cannot assume any schema of information definitions to be complete, and second, we cannot presume 
a static, generic information structure to reflect sufficiently the individual intentions of parties in the processes 
of design and modelling. 

However, we can try to identify a common basis for the definition of information entities and a generic 
mechanism for structuring these information entities. Here we find the common ground with the approaches of 
Feature Based Modelling. 
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3.2.2 Feature types for Architecture. 
In Feature Based Modelling, without knowing in advance what product parts look like, the characteristics of 
parts have been formalised and defined in Features as high-level, independent units. During modelling, these 
Features are instantiated and related to each other in order to define a part. We can think of something similar 
for Building information in different ways. 

Definition of physical parts. 
Feature definitions would concern the characteristics of building parts, such as shape, function, physical 
properties, requirements, application constraints, planning aspects, etc. These definitions would be either 
generic for the entire domain of Architecture or provided from the viewpoint of the specific sub-domain in 
which the information is needed, e.g. design, manufacturing, assembly, construction, planning, etc. 

The definition of these Features would be most similar to those in Mechanical Engineering, although Form 
Features would probably not playa similar dominant role. 

Definition of non-physical concepts. 
Information in Architecture is not always related to physical parts of a building. This is particularly true in 
early design, when the physical parts have not yet been decided upon, but also in later stages, when we still 
need to reason about the building in terms of spaces, functions, relations, constraints, which cannot be defined 
as attributes of physical parts. However, in a way similar to physical parts, we can define information 
describing the characteristics of these concepts by means of Features. 

Information related to different levels of abstraction. 
As opposed to the application of Features in Mechanical Engineering, we propose to apply Features at mUltiple 
levels of abstraction. Much the same to the Features that are used to model the properties of product parts, 
Features can be used to define the characteristics of the entities distinguished at any level of abstraction in a 
hierarchic Product Model. This way we can define information in terms of Features for the complete building, 
for spatial systems, for each floor in a building, etc. 

Feature Based Building Model. 
The eventual building model will exist by means of interrelated Features at different levels of abstraction, for 
different views on the product, and defining both physical and non-physical aspects of the building. This 
structure of Features is user-definable since a high rate of flexibility is required for the building model to be an 
adequate representation of the concepts of the design and the actual building. 

3.3 Definition of a Feature. 
Concluding from the above, we propose to define the term Feature in the context of Architecture as a 
collection of high-level information defining a set of characteristics with a semantic meaning to a particular 
view in the life-cycle of a building. These collections of information will be defined as units in what can be 
regarded as a vocabulary for information modelling. This vocabulary can then be used to define aBuilding 
Product Model of which the structure is determined by the particular view for which the model is defined. 
Features are defined as high-level units of information that may include knowledge such as the formal 
specification of their semantic meaning and procedural knowledge for modelling and evaluation. The actual 
domain of design and construction is rendered more closely by this high-level vocabulary for information 
modelling. 

3.3.1 Contents of a Feature definition. 
Features are defined to improve the representation of information. This means that Features need to reflect 
closely the intention of the provider of this information. Without presuming the actual contents of this 
intention, we argue that the information contained in a Feature will accommodate the following aspects: 
f) Factual information, the information that specifies the actual characteristics that need to be modelled. This 

includes numeric values, geometric data, referential data (i.e. references to other data in the model), etc. It 
also includes less formally defined characteristics, such as construction directives, descriptions of 
functions or requirements, etc. 

f) Descriptive information is the information that describes what is contained in the factual information, it 
specifies the semantics of the factual information, for instance the semantic meaning of numeric values 
including their units, range, constraints, tolerances, etc. 

f) Procedural information includes procedural knowledge related to the Feature. For instance how or where 
to obtain the information contained in this Feature, validation of the information, dependencies related to 
this information, behaviour of the Feature in relation to other information, etc. Also knowledge for Feature 
mapping can be contained within a Feature, as well as other evaluation procedures. 

9 



BIT Notes TUE I Building Infonnation Technology 

Features defined according to the above will have an independent character, meaning that they form entities of 
information that stand alone, independent of a specific context in an information structure. This means that 
characteristics such as material specifications, e.g. tensile stress, colour, permeability, etc. are no longer 
defined as attributes for a specific type of material, but as unambiguously defined units of information called 
Features. Another example: part properties such as thickness and height of a wall are instances of Feature types 
for thickness and height. 

A major advantage of defining this type of information as autonomous units is that users, designers, are 
allowed to decide (I) which information they like to model, and (2) how this information will be structured. 
Also, we can begin to standardise this type of information without the limitations of static information 
structures that cannot be changed or extended. 

3.3.2 Standardisation of Features. 
Types of Features will need to be standardised, similar to the standardisation in the Integrated Resources of 
STEP, but at different levels of specialisation. Very generic Features can be defined for the complete domain 
of AEC, others more specific for the sub-domains of Architecture and Building & Construction. This is 
different from the standardisation in the Application Protocols in STEP because the APs define complete 
information structures, whereas the Features we propose to define do not impose a static, standardised 
structure. 

3.3.3 User-defined Features. 
Besides the standardised Feature types, users will need their own set of Feature types when the standards do 
not reflect well their needs, or simply because a new type of information needs to be modelled. The definition 
of Feature types should be based as much as possible on the standardised Feature types, using mechanisms of 
specialisation and aggregation. Specialisation can be used to define specialised versions of Feature types, by 
inheritance of knowledge from standardised types. Aggregation of standard types will lead to more complex 
Feature types that can be used to model compound sets of Feature information. Basing user-defined Feature 
types on standardised types will make future standardisation of new Feature types easier, and can enhance the 
translation of one Feature type to another. 

3.4 Modelling with the Feature Based approach. 
The task of information modelling in architectural design will need to change with this approach of Feature 
Based Modelling. In Product Modelling, the information to be modelled needs to be translated to the 
prescribed format and structure of the product modeL In the FBM approach, information needs to be modelled 
by the following steps: 
II Identification of Feature types matching the type of information to be modelled. 

This can be done by either selection of adequate standard types, or by definition of user-types which can 
be added to libraries of Feature types. As a result, Feature libraries will represent particular design 
knowledge formalised by the designer. 

II Instantiation of actual Features from Feature types, these instances will represent the particular building 
information. Since Features are representations of high-level information, modelling this information will 
be a process that is much closer to the domain of design and construction, as opposed to information 
models that require substantial abstraction of the domain-knowledge. 

II Building the information structure by relating Feature instances into the model. The building model is a 
composition of inter-related Feature instances at different levels of abstraction, for different aspects of the 
building, possibly for different views on the building information. 

Clearly, computer tools will play an important role in the support of this modelling task, ensuring that 
modelling does not become a burden for designers but in fact enlightens the design process. 

3.4.1 Advantages of the FBM approach. 
This new method of modelling has several advantages. Design and modelling with the Feature based approach 
will become more closely integrated. Design activities can be more precisely translated to modelling activities, 
since the vocabulary for modelling the design-outcome is not as pre-defined and static as before, but can be 
updated and adapted to particular needs. Especially the information structure can be adapted to the intentions 
of design, and can be handled in a flexible manner during different stages of design, allowing adaptation and 
updates as more information becomes explicitly known. 

Another advantage of this approach to design and modelling is that design information is formalised not 
only within the particular building model, but also in the form of Feature types and libraries of Feature types as 
they are gradually defined during the process of modelling. Standardisation efforts on Feature types will result 
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in high-level standards of formalised architectural information that define the domain of architecture without 
enforcing static structures that conflict with the dynamic nature of design. 

3.5 Communication of Feature models. 
The exchange and sharing of information is affected in two ways by adopting the FBM approach. The loss of a 
pre-defined structure of information makes it harder to find a basis for communication: besides the actual 
building information, also the cohesion of the information needs to be conveyed as well. The process to do this, 
however, can be significantly supported by the level of information incorporated in the Features. The inclusion 
of for instance semantics and procedural knowledge takes away much of the ambiguity of data definitions. 

The communication of Feature models will depend on: 
., Interpretation of a model composed of Features and the determination of the semantic meaning of the 

interrelationships between Features . 
., Translation of the interpreted model into the desired composition of Features. This includes translation of 

the semantics from one domain to another. 
., The ability to translate Feature types of one kind to another. This is required in particular for the 

communication of non-standardised and unagreed Feature types. 

4. Discussion and future research. 
For enhancement of the domain of architectural design, by using support from Information Technology to 
improve the representation and communication of building models, a strict rationalisation of the domain is 
required. Yet the current approaches seem to fail, due to the incompatibility with the dynamic nature of the 
domain. In this paper we have presented the techniques of Feature Based Modelling and how we think that the 
utilisation of Features as independently defined entities of high-level information can be a successful approach 
to solving this problem. 

Future research will be necessary to determine a framework for the standardisation of Feature types. 
Evidently, the standards will need to be developed in correlation with the STEP developments, in particular the 
Integrated Resources. However, the concept of Feature modelling requires a different role for these standards 
in modelling methodologies and a different implementation thereof in modelling environments. Standardisation 
of Feature types will be required at a generic level of the domain of AEC, but also at more specific levels, now 
covered by the Application Protocol developments. 

Besides the standardisation of basic Feature types, standardisation is also required of the method of 
Feature type definition. This part of the standardisation is essential for the inter-operability of Feature type 
standards, for the communication of user-defined Feature types, and for the communication between different 
Feature based modelling or evaluation environments. 

The Feature Based Modelling approach will also require dedicated environments for modelling 
information. Not only geometric modelers supporting Features are needed, as are developed already for the 
field of Mechanical Engineering. The approach that we presented in this paper requires an environment that 
supports defining and modelling both geometry and non-geometry related information. A prototype 
environment currently under development for Feature Based Architectural Information Modelling will 
basically support the following tasks: 
., Feature type definition, creation of Feature type libraries. This task allows a designer or other user to 

define a Feature type, and to store it in a library of Feature types . 
., Feature instantiation. The actual task of modelling the particular building information, by creating 

instances of previously defined or standardised Feature types. This task involves specification of values for 
the Feature instance, validation and evaluation of the instance . 

., Feature based modelling, relating Features into a dynamic model. Newly instantiated Features are 
positioned in the building model as accomplished so far, validation of new Feature instances in relation to 
the existing model is necessary. 
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