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Executive Summary 
Visiting cultural heritage areas, such as museums, industrial sites, and historical cities, is one of the 
main motivations for tourists in choosing a destination. In 2015, the United Nations (UN) set 17 
Sustainable Development Goals (SDGs) to balance economic, environmental, and social needs of the 
world for future generations. Among the SDGs, two goals aim to improve the sustainable tourism 
industry and cultural activities. Cultural activities, such as events and festivals, are powerful tools in 
boosting heritage areas and attracting more visitors. However, increasing the number of visitors at 
heritage sites may generate negative effects, such as overcrowding and pollution, on cultural areas 
and urban services. Thus, creating a balance between the number of visits and sustainability, in terms 
of profitability and durability of events and supporting mobility decision, is necessary. 

In order to attract more visitors, event organizers and municipalities need to overcome some of the 
challenges for the tourism industry, such as safety, cleanliness, food, accommodation, and 
transportation of visitors in cities. To deal with these challenges, understanding visitors’ experiences, 
needs, and spatial behavior is essential. By analyzing visitors’ movements, as well as experiences and 
feedback on different locations, event organizers and municipalities can improve the quality of 
events and enhance urban services. On the one hand, collecting more data can help to gain a better 
insight in visitors, and on the other hand, capturing a large amount of data creates a problem in data 
analysis. Currently, there is no available tool for municipalities and event organizers to perform data 
analysis automatically. Therefore, event organizer and municipalities analyze the collected data 
through one of the following methods. 

• Hiring data analysts to analyze the data 
• Sending the data to third-party companies to analyze the data  

Neither of these methods are efficient since they are slow and/or expensive. Hence, there is a need 
for a tool that automates spatial data analysis and the data management process. The following 
report provides a summary of the two-year PDEng program supported by the ROCK project, which 
aims to develop an innovative, collaborative, and circular systemic approach for regeneration of 
urban heritage areas. The goal of this PDEng project is to design and develop a GIS-based people flow 
analytics tool for cultural event management in heritage-led cities.  

The functional needs and requirements for the GIS-based tool were identified through a series of 
interviews with event organizers, municipalities, marketing foundations, and universities. The GIS-
based tool is developed within the ModelBuilder environment in ArcGIS software, and the final tool 
consists of 14 sub-models. In order to develop and validate the tool, two case studies were selected 
in which the Dutch Design Week event in Eindhoven was chosen to develop the tool and the 
University of Bologna campus for validation of the tool. In both case studies, the data collection was 
carried out through GPS loggers and questionnaires. 

The results showed that the tool is able to meet the defined requirements and be used in different 
case areas. The GIS-based tool can be performed for other contexts and domains as well. The 
interface of the tool is user-friendly, and anyone with a basic knowledge of GIS can employ the tool. 
Another advantage of this tool is that the sub-models can be transformed into Python scripts and be 
used in other platforms. Moreover, users benefit from extensive documentation and training 
materials for ModelBuilder on the internet. Therefore, improving and developing the tool in the 
future is more convenient. 
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1. Introduction 
The following document describes the implementation of the GIS-based people flow analytics tool for 
cultural event management in heritage-led cities. Development of this tool is funded by and along 
with the European Horizon 2020 ROCK project scope, which is adopting new technologies, such as 
GIS and GPS technology and variety of sensors, to collect, monitor and exchange data to accelerate 
heritage regeneration, improve social cohesion, increase participation in local decision making, 
create new employment opportunities and ensure sustainability.  

ROCK (Regeneration and Optimization of Cultural Heritage in creative and Knowledge cities) project 
focuses on historic city centers as extraordinary laboratories to demonstrate how cultural heritage 
can be a powerful engine for regeneration, sustainable development, and economic growth of the 
city. ROCK is based on a Role Model/Replicator approach. Role Models, such as Eindhoven, are cities 
that have successfully pursued a heritage-led urban regeneration while Replicators, such as Lisbon, 
Skopje, and Bologna, are cities that will be mentored by Role Models on their current strategies in 
this field. The final goal of the ROCK project is to shape a European pattern for heritage-led urban 
development strategies (“ROCK - Cultural Heritage leading urban futures,” 2018). 

ROCK project involves seven universities in which the Eindhoven University of Technology with its 
excellent knowledge and experience in developing innovative design and decision-support 
systems/models plays a vital role in accomplishing the objective of the ROCK project. Implementation 
of this PDEng project is conducted under the Smart Buildings and Cities (SB&C) PDEng program. The 
goal of this PDEng project is to design a GIS-based tool to automate the spatial data analysis and the 
data management process for the management of large-scale cultural events or festivals. In addition 
to several courses and workshops in the PDEng program, the project involves some essential steps, 
which are shown in Figure 1. 

In the first year, the main steps include an introduction to the ROCK project and partners, conducting 
a literature review, interviewing with stakeholders, defining the requirements for the GIS-based tool, 
and collecting data from the Dutch Design Week (DDW) event in Eindhoven to develop the tool.  In 
the second year, the key steps are designing the GIS-based tool, implementing the tool by DDW data, 
collecting data and validating the tool for Bologna, and finally, reporting the results and proposing 
some advice for boosting the business potential around the project. 
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Figure 1. Project sequence activities and time frame for the PDEng project. 

 

1.1. Background 
In September 2015, the United Nations (UN) selected 17 Sustainable Development Goals (SDGs) to 
end poverty, ensure profitability, and protect the planet by 2030 (United Nations, 2015). Previously, 
in 2013, the United Nations Educational, Scientific and Cultural Organization (UNESCO) had 
announced that Culture should be the center of sustainable development policies (UNESCO, 2013); 
and therefore, Cultural Heritage (CH) was recommended to be in the Sustainable Development 
Agenda. In November 2015, UNESCO introduced the culture for Sustainable Urban Development 
program (UNESCO, 2016) in order to highlight the role of culture in sustainable development and 
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clarify the relationship between the fulfillment of UNESCO Culture Conventions and the 
accomplishment of the SDGs (Xiao et al., 2018). Accordingly, CH is now considered a critical 
component of sustainable development and is both directly and indirectly linked to the SDGs. 

Among the UN SDGs, there are two goals in which the importance of heritage for sustainable 
development is addressed. The first goal is stated in SDG 11 that indicates how to make cities 
inclusive, safe, resilient, and sustainable. Under the SDG 11, SDG 11.4 indicates the requirements to 
“Strengthen efforts to protect and safeguard the world’s cultural and natural heritage” with the 
purpose of benefiting people. However, economic profitability is usually more demanding than a 
cultural necessity, especially in developing countries. Therefore, finding a sustainable balance 
between economic exploitation and preservation of cultural sites is a challenge. For this reason, the 
UN SDGs aim to improve the sustainable tourism industry as well. SDG 8.9 states the second goal, 
which is promoting sustainable tourism that creates jobs and boosts local culture and products. 

According to Xiao et al. (2018), well-managed CH conservation can contribute to sustainable 
development. Well-preserved heritage properties, such as natural resources and heritage sites, could 
directly improve the quality of the living environment for present and future generations. Protecting 
natural resources, and historical sites are essential for environmental sustainability. Moreover, 
heritage is a significant asset for economic growth and development of cities since it can help to 
attract more tourists and create green, local, and stable jobs. Heritage is fundamental to the spiritual 
pleasure of people because of its robust symbolic, artistic, and religious dimensions. Organizing 
culture and heritage-related activities, such as cultural events and festivals, can improve the sense of 
continuity, dignity, and empowerment in people. 

Events are valuable tools for transforming places into more attractive areas, especially for visitors, 
and thus generate economic benefits for cities (Richards & Palmer, 2010). The event tourism concept 
includes the process of adopting events for the development of tourist attractions (Getz, 2008; Viol, 
Todd, Theodoraki, & Anastasiadou, 2018). Cultural events are unique in terms of location and the 
places’ atmosphere (Hernández-Mogollón, Duarte, & Folgado-Fernández, 2018). Therefore, 
promoting cultural events and improving the planning of these types of events can help to change 
the visitors’ minds about places, and thereby increasing visits. These aspects are essential to be 
considered by managers, authorities, and organizations that are involved in marketing cities and 
cultural attractions. 

Butler (1999) summarized different definitions of sustainable tourism at several times. According to 
the UN’s World Tourism Organization (UNWTO), “tourism takes full account of its current and future 
economic, social and environmental impacts, addressing the needs of visitors, the industry, the 
environment, and host communities” (UNEP UNWTO, 2005). Sustainable tourism is dedicated to 
reducing the effects of tourism on local Cultural Heritage while supporting the stable income and 
employment of the local people (UNESCO, 2017). In terms of economic profitability, the purpose of 
sustainability of cultural heritage area is explained as being to ensure feasible, long-term economic 
operations and deliver socio-economic profits to every stakeholder who is involved in organizing 
events (D. Edwards & Griffin, 2013). To reach the economic profitability purpose, event organizers 
and municipalities aim to attract more visitors that causes increasing destination competitiveness 
(Getz, 2008). 
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Tourists choose different cultural sites as a destination because they have internal and external 
motivations for their visit (Correia, Kozak, & Ferradeira, 2013). In fact, cultural heritage is an 
attraction for tourists, but also other aspects such as safety of citizens, quality of transportation 
services, cleanliness, and crowdedness are critical for their motivations (González Santa-Cruz & 
López-Guzmán, 2017). Therefore, to reach the sustainable tourism goal, and to manage the urban 
cultural heritage and events sustainably, information on the characteristics of the tourists, their 
needs, experiences, and their behaviors is crucial. 

The diversity of visitors and places generates considerable differences in tourists’ needs. Besides, 
travel behavior and movement of people in cities vary depending on the type of events, time, traffic, 
and many other factors. Therefore, the best practice is to investigate tourists and visitors of each 
event separately and provide the results in an aggregated level to have a general insight into visitors’ 
characteristics and behaviors. 

Within the ROCK project, urban cultural heritage is used for overall development of cities by boosting 
public and private participation, developing cultural events, and using information and 
communication technologies. In that sense, Eindhoven and its Dutch Design Week (DDW) event set a 
Role Model example for Replicator cities. The DDW brings together businesses, knowledge institutes, 
and creative people to create a cultural event that integrates industrial heritage parts of the city, 
such as Strijp and NRE areas. Therefore, making the heritage area accessible and attractive is 
necessary for sustainable development. 

Understanding visitors’ characteristics, visitors’ movements in space and time, and visitors’ 
experiences during a large-scale planned event is crucial for planners in order to manage crowds, to 
improve the event quality, and its guiding instructions. By investigating the space consumption 
during an event, insight is generated in the usage of the urban space and external facilities and other 
impacts, such as overcrowding and poor visited locations. This information can lead to control of the 
design failures of planned event activity and discovering the opportunities in the planning. The 
Geographic Information System (GIS) is not only playing an important role in promoting and planning 
cultural events, but also contributes to improving the tourism experience, and decreasing safety risks 
in a sustainable approach. 

By taking advantage of new technologies such as GPS, mobile data networks, and WiFi positioning, 
observing the time-space movements of visitors is possible (Bauder & Freytag, 2015). GPS provides 
an opportunity to analyze visitors’ movements to a fineness degree that was impossible before, 
including the ability to record visits to specific locations, routes that are taken, visiting time and dwell 
time at any individual attraction. GPS also supports geo-tagging and recording the experiences with 
their time and location.  

Geo-tagged data gives some information for a spot that belongs to a specific interest to the user; 
however, this data cannot provide information regarding the user profile and user experiences at the 
particular location (Dane, 2018). Hence, researchers suggest additional methods to accumulate 
experience and emotional data integrated with location-based data. One of the methods in order to 
collect some additional data is conducting a survey. The Geographical Information System (GIS) is a 
tool that allows handling such mixed spatial and temporal data in terms of storing, manipulating, 
visualizing, and analyzing (Jovanović & Njeguš, 2008). 
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In this project, a combination of survey method and GPS tracking is used to collect data from two 
case studies in Eindhoven and Bologna. Researchers have extensively used this combined method, 
and they recommended to apply this methodology for understanding the spatiotemporal behavior of 
visitors as well as involving visitors in improving the quality of events and cities. In Table 1, an 
overview of the most popular previous studies is provided. These studies develop a methodology for 
data collection with the usage of location data and surveys in order to understand visitors’ behavior 
in cities.  However, these studies do not develop a method or strategy to process the spatial and non-
spatial data for analytics. In this PDEng project, the processing of a variety of spatial and non-spatial 
data sets is tackled in order to provide spatial analytics of event visitors’ behavior. 

Table 1. An overview of the previous studies. 

Author Method Sample 
size Objective Limitation 

Pettersson 
& Zillinger 
(2011) 

GPS+Survey 52 

Analyze the experiences and 
movements of tourists in outdoor 

events. The case study is the 
Biathlon World Championships in 

Sweden. 

The sample size is too small and 
the results could be dubious. 

McKercher, 
Shoval, Ng, 
& Birenboim 
(2012) 

GPS+Survey 363 
Compare the spatial behavior of 

first-time visitors and familiar 
visitors to Hong Kong. 

The study monitored the 
movements of individuals during 

one day of their visit to Hong 
Kong and not over their entire 

stay. 

East, 
Osborne, 
Kemp, & 
Woodfine 
(2017) 

GPS+Survey 931 

What demographic or group 
factors can influence the spatial 
behavior of visitors at individual 
tourist attractions such as zoos. 
The case study is the Marwell 

Zoo. 

The case study is not a large-
scale event and not distributed 

around the city 

Caldeira & 
Kastenholz 
(2017) 

GPS+Survey 413 

Investigating the spatio-temporal 
behavior of first-time and repeat 
visitors. The target group is the 

leisure tourists in Lisbon. 

The study monitored the 
movements of individuals during 
one day of their visit to Lisbon 
and not over their entire stay. 

Moreover, the target groups are 
only the people who are in a 

hotel, and the other groups are 
not considered in this study. 

 

1.2. Problem definition 
Although a combination of spatial and non-spatial data allows us to understand the spatial processes 
during large-scale planned events, the process of data analysis and deriving crucial information for 
event managers is a challenge. There is no available tool for municipalities or event organizers to 
analyze data automatically and replicate the process for other events with standardized data and 
standardized analysis processes. 

Currently, spatial data analysis and data management process is not automatic, and thus, it requires 
a vast amount of time, budget, and effort to perform the necessary analyses. The problem can be 
more severe if the number of datasets increases. Therefore, after data collection, event organizer 
and municipalities analyze the data through one of the following methods: 

• Hiring data analysts to analyze the data 
• Sending the data to third party companies to analyze the data and present the results  
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These two methods are not efficient since they are slow and/or expensive. More information on 
costs and difficulties of data analysis for municipalities and event organizers is provided in section 
1.4. In order to solve the efficiency problems, a GIS-based tool is developed to execute the 
spatiotemporal data analyses and produce the necessary information in less time and with less effort 
(Tims, 2009).  

1.3. Project scope and objectives 
Considering the mentioned problems, the main objective of this study is to design a GIS-based tool to 
automate the integration of GPS data from different sources and the analyses of this data for large-
scale cultural events or festivals. By performing data collection and analysis, the following 
information can be provided to municipalities/event organizers: 

• Visualizing the most taken routes by people 
• Categorizing the taken routes based on transportation modes 
• Calculating the duration of their trips and activities 
• Visualizing the most popular areas with high dwell times as Points of Interest (POIs) 
• Visualizing the amount of spending time in the POIs 
• Demonstrating the experiences of visitors in different locations 
• Demonstrating the density of positive and negative experiences over the entire study area 
• Displaying the ratio of positive to negative experiences in the POIs 

Based on this information, event organizers can find an optimal circulation pattern, assess the 
effectiveness of individual exhibitions, evaluate the visitors’ needs, and manage the overcrowding 
phenomenon in a city. Figure 2 illustrates the role of GIS-based tool in spatial data analysis and 
providing results to decision-makers. 

After collecting GPS data from replicator cities as inputs for the model, the same analysis will be 
performed, and the final maps will be provided. This model will automate the spatial data analysis 
and data management process, and therefore, allow replication of the same analysis in different 
locations. 
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Figure 2. Schematic view of how visitors’ data can be collected, analyzed, and used by decision-makers. 

 

1.4. Interviews with potential users and involved stakeholders 
To design a GIS-based tool, the requirements and the interests of involved stakeholders need to be 
identified. For defining the tool requirements, several interviews with a broad range of people from 
different organizations, including event organizers, municipalities, marketing foundations, and 
universities, have been conducted. The list of interviewees from various organizations is provided in 
Table 2. 

Table 2. List of interviewees from different stakeholders. 

 

According to Hartwell, Johnson, & Posthuma (2019), a focused interview with clearly determined 
topics for the involved stakeholders is the most appropriate method. Face-to-face interviews build a 
personal interaction and allow the interviewers to introduce the topic clearly (Peters, 2018). During 
the interviews with the mentioned experts, the main topics were about: 

• How to develop a methodology for data collection.  
• How to develop a methodology for analyzing the collected data. 
• How much do data collection and data analysis cost? 
• What kind of derived information is essential? 

Event Organizers • Dutch Design Week 

Municipalities 
• Gemeente Eindhoven 
• Comune di Bologna 

Marketing foundations 
• Eindhoven 247 
• Eindhoven 365 

Universities • Eindhoven University of Technology 
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According to these interviews, data of visitors’ movement is bought from third-party companies. For 
example, in the Netherlands, Vodafone provides the data of Eindhoven for around €54,000 per year. 
The data can be even cheaper or more expensive for smaller and larger cities, respectively. 
Moreover, the collected data only includes raw GPS data, which needs to be analyzed. To analyze the 
data, municipalities pay other private companies and data scientists. Generally, the cost of data 
analysis varies depending on the type and complexity of required analyses. Moreover, the results are 
very aggregated, usually at postcode level, and do not include semantics on visitors’ experiences, and 
therefore, do not provide enough insights for the stakeholders. 

Regarding the requirements for the GIS-based tool, all interviewees had mutual interests in the 
designed tool that should be able to accomplish the following tasks; however, some stakeholders 
might have specific needs that can be derived by performing further implementations. In this project, 
the most popular areas refer to the areas that have the longest dwell times. 

• Read the GPS data, and visualize them,  
• Extract the data for a given area, and calculate the entrance time and exit time,  
• Investigate the spatial behavior of visitors in a given area defined by municipalities 
• Calculate the amount of time spent in the most popular areas (POIs) 
• Visualize the location of experiences specified by visitors 
• Count the number of experiences in the most popular areas 
• Demonstrate the density of positive and negative experiences over the entire study area 
• Visualize the most taken roads 

After defining the requirements for the GIS-based tool, the goal is to select the required analysis and 
implement the tool. The next chapter discusses the methodology and steps to design the tool. 

1.5. Thesis outline 
Structurally this thesis comprises of five chapters, including introduction, methodology, case study, 
results and discussion, and conclusion and recommendations. The chapters are organized as follows: 

Chapter 1: This chapter presents a background of the PDEng project including an introduction of the 
ROCK project, Sustainable Development Goals (SDGs) defined by UNESCO, and the importance of 
cultural heritage for sustainable development. The problem description, project scope, and 
objectives are also addressed in this chapter. Moreover, the requirements for the GIS-based tool, 
which are identified through several interviews by event organizers, municipalities, universities, and 
marketing foundations are discussed. 

Chapter 2: This chapter focuses on the methodology and steps in order to design and develop the 
GIS-based tool. In the beginning, the existing GIS software is discussed, and the ArcGIS software and 
its ModelBuilder environment are chosen to develop the GIS tool. The rest of this chapter presents 
the implementation of the GIS-based tool in several sub-models. 

Chapter 3: In this chapter, two case studies are introduced. The first case study is selected for 
developing the tool, and the second one is chosen for validation. Besides, the data collection, survey 
design, and data preparation in both case studies are explained. 
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Chapter 4: In this chapter, results of the GIS-based tool in both case studies are demonstrated. The 
output of each sub-model is illustrated and discussed deliberately. In addition, some methodologies 
to manage visitors’ movements are highlighted. In the end, privacy and personal data protection are 
also introduced. 

Chapter 5: The last chapter of this thesis talks about the characteristics of the GIS-based tool, its 
strength and limitations. In recommendations, future developments are addressed in order to 
improve the GIS tool. Moreover, designing and developing a mobile application to automate the data 
collection for event organizers and municipalities is introduced in this chapter. By integrating the GIS 
tool with the mobile application, event organizers and municipalities can benefit from a fully 
automated procedure in data collection and data analysis. 
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2. Methodology 
The main goal of this PDEng project is to develop a GIS-based tool to automate the spatial data 
analysis and data management process for cultural event management. Therefore, this chapter 
focuses on the framework for the GIS-based tool and presents an extensive description of the 
fundamentals of the geoprocessing steps that need to be taken.  

2.1. GIS software selection 
GIS software helps to analyze, visualize, manage, store, and publish all kinds of spatial data, and 
therefore, it comes to light in a broad range of industries. However, it is also confusing to select the 
best GIS software for business. This section presents a summary of the existing GIS software and its 
capabilities in GIS-based tool development. 

There are several open-source GIS software available on the market in which Quantum GIS (QGIS), 
and Geographic Resources Analysis Support System (GRASS) can be the best suitable options because 
of the following reasons that are summarized in Table 3 (Andre, 2019). 

Table 3. Comparison of prominent GIS software (QGIS, GRASS, and ArcGIS). 

Criteria 

QGIS GRASS ArcGIS 

   

Supported by all common operating system             

User-friendly GUI  
Partially 

supported   

Cartographical operations     Partially 
supported     

Supports common data formats             

Data manipulation and 
analysis Spatial analysis             

  Manipulate geometry             

  
Statistical analysis (e.g. 
producing graphs and 
charts) 

Partially 
supported 

Partially 
supported     

Integration with other open-source GIS platform     Partially 
supported 

Partially 
supported 

Basemaps     ×     

Scripting functionality     Partially 
supported     

Training sources and technical support     Partially 
supported     
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2.2. QGIS vs. ArcGIS 
According to Finances Online (2019), ArcGIS and QGIS are the highest in the GIS software ranking, 
and they score 9.6 and 9.0 out of 10, respectively. In the following, QGIS and ArcGIS are compared 
from different criteria, and consequently, ArcGIS software is chosen for the PDEng project. 

• Complete ESRI ArcGIS application suite 

ESRI offers a broad range of GIS applications such as ArcSDE for storing spatial databases, ArcGIS 
Desktop for mapping and extensive spatial analyses, Mobile GIS applications for data collection, 
ArcGIS Online for interactive web map applications, and ArcGIS Server for web-based spatial 
information sharing. All these GIS applications are connected to each other extensively, and 
therefore, any kind of workflow is possible by ESRI products. However, QGIS has been mainly 
developed as a desktop GIS application, which is highly dependent on the other tools and software to 
complete the same workflow by ESRI products. Moreover, the integration of the external software 
with QGIS is often a challenge due to the data formatting and licensing issues. 

• Documentation and customer support for troubleshooting 

A significant advantage of ArcGIS is offering extensive documentation, training materials, and reliable 
and consistent customer support.  

• Cartographic operations 

ArcGIS provides many more advanced mapping tools than QGIS mapping functionalities. Besides, 
various data frames can be added to the ArcGIS and be linked to each other; however, QGIS does not 
support linking different data frames. 

• Built-in functions, tools, and plugins 

Geoprocessing tools and spatial analyses in ArcGIS are well-structured. These tools have been 
documented in various papers or online resources. The application, limitation, and other relevant 
information for each geoprocessing tool are explained deliberately. QGIS tools and plugins are 
developed by user communities and volunteers as well as core-developers. There is a review and 
discussion forum for these plugins, however, they are not documented sufficiently. Moreover, for 
some tasks, there are several plugins with the same functionality, and it might be confusing for users 
to operate these plugins. 

• Direct workflows in ArcGIS ModelBuilder and QGIS Graphical Modeler environment 

The ArcGIS ModelBuilder is the most practical way to automate geoprocessing steps. In ArcGIS 
ModelBuilder environment, it is possible to develop a GIS Process Model by connecting GIS tools and 
export it as a stand-alone GIS model. On the one hand, QGIS has the same functionality as ArcGIS 
ModelBuilder, which is called Graphical Modeler, on the other hand, QGIS tends to crash often, and 
there are several bugs in Graphical Modeler (GIS Geography, 2019).  

• Editing and modifying the GIS tool in ArcGIS ModelBuilder and QGIS Graphical Modeler  

While the QGIS Graphical Modeler is a great tool to automate geoprocessing steps, the graphical 
visualization of ArcGIS ModeBuilder is much more user-friendly and easy-to-understand for users to 
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know what is happening in the model. If there is any error or warning, ModelBuilder visualizes them, 
and therefore, it is more convenient for users to modify the tool based on their future interests. 

By considering the future improvements of the GIS-based tool, the ArcGIS ModelBuilder environment 
is highly recommended as there are several documents and materials to inform the users about how 
to improve the tool. However, there is not a reliable resource to give more information on 
developing the GIS tool in QGIS Graphical Modeler. In conclusion, the ArcGIS ModelBuilder is 
adopted as a graphical environment in which to develop the GIS-based tool because of its unique 
capabilities and functionalities in GIS. 

2.3. GIS-based tool 
After collecting the data from visitors of specific events, the data must be analyzed to produce 
relevant and profitable information for the users, such as event organizers, urban planners, and 
municipalities. As already mentioned, currently in the event context, combination of different 
datasets and the spatial data analysis of them is not automated, and it demands time and money for 
the required analyses. Therefore, a flexible GIS-based tool needs to be developed that can be 
valuable for fusing and analyzing spatial and non-spatial data for events. This section focuses on 
designing and developing the GIS-based tool in ArcGIS ModelBuilder environment. Together with the 
ArcGIS model builder, Python programming language is also used for scripting in order to increase 
the speed of analyses and to improve the GIS-based tool for handling more sophisticated analyses. 

ArcGIS ModelBuilder is an application that helps to create, edit, and manage models. Within the 
ModelBuilder environment, models are known as workflows that connect the data and the 
geoprocessing tools and feed the output of each tool into other tools as input. Moreover, 
ModelBuilder can be considered as a visual programming language for expanding workflows (ESRI, 
2019). In summary, ModelBuilder benefits can be described as follows (ESRI, 2019): 

• Easy-to-use application for designing and running workflows involving a series of tools 
• Market-based application for developing custom tools based on user interests  
• An integrable environment with other applications along with scripting  
• Ability to improve the ModelBuilder tools by developing Python scripting  

In ModelBuilder environment, the input data, input variables, and workspaces are illustrated in blue 
ovals. The tools and the output variables are visualized in yellow rectangles and green ovals, 
respectively. Model tools, similar to any other geoprocessing tools, can be run through Python 
scripting, from a tool dialog box, or be added and run in another model. Adding and executing a 
model tool within another model is also known as a sub-model. The reasons for using sub-models are 
to simplify a large and complex model or allow for more advanced iterators; since it is not possible to 
operate a model with more than one iterator tool. 

In this PDEng project, the designed GIS-based tool contains 14 sub-models, which are developed to 
meet the requirements defined by event organizers, municipalities, universities, and marketing 
foundations. Table 4 shows a summary of the GIS-based tool requirements and corresponding sub-
models that have to be executed to satisfy each requirement. In the following, each sub-model is 
described in more details. 
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Table 4. A summary of the GIS-based tool requirements and corresponding sub-models that have to be executed. In this 
project, the most popular areas refer to the areas that have the longest dwell times. 

Requirements Corresponding sub-models 
Read the GPS data, and visualize them Sub-model 1 

Extract the data for a given area, and calculate the entrance 
time and exit time Sub-models 1 and 2 

Investigate the spatial behavior of visitors in a given area 
defined by municipalities Sub-models 1 to 5 

Calculate the amount of time spent in the most popular areas Sub-models 1 to 8 

Count the number of experiences in the most popular areas Sub-models 1, 3, 4, 5, 6, 7, 8 and 9 

Visualize the location of experiences specified by visitors Sub-model 10 

Demonstrate the density of positive and negative experiences 
over the entire study area Sub-model 10 

Visualize the most taken roads Sub-models 11 to 14 

 

Figure 3 presents the sub-model 1, which is responsible for reading the raw GPS data from a 
workspace and converting them into a point feature class. The model starts with a workspace that 
contains multiple tables in csv format. This workspace is fed into an iterator that loops over individual 
csv tables and send the table to the “Make XY Event Layer” tool, where all x- and y- coordinates 
within each table are converted into a temporary point feature layer. In order to export this 
temporary point feature layer to a feature class, the “Project” tool is used, which can project spatial 
data from an unknown or unspecified coordinate system to a specified coordinate system. Regarding 
the fact that the coordinate system of the Area of Interest (AOI) of various events can be different, 
the coordinate system of the GIS-based tool must be changeable.  

After the projection, “Clip” tool is utilized to create a new feature class for an AOI, which includes a 
geographic subset of the features in another feature class. Since it is often essential for municipalities 
and event organizers to have a better insight into the specific locations in more details, the GIS-based 
tool should be able to analyze the AOI. In order to keep the names of GPS files as part of the tools’ 
outputs, a variable, called “Name,” is assigned. The outputs of the “Project” tool are stored as “P_“ 
next to GPS’ names, such as P_21045. 

The “Table to Table” tool is subsequently used to export the rows of each feature class with the 
attribute table to a new .csv table. The outputs of “Table to Table” tool are saved in a specific folder 
for clipped data of AOI called “Strijp_Clip”. The reason for this conversion is to prepare the outputs 
for using Pandas, which is intelligent in modifying the tables. 

Pandas is a powerful open-source library that brings easy-to-use data structures and data analysis 
tools for the Python programming language (Pandas, 2019). Pandas is known as its capabilities in 
taking data, such as a CSV, or a SQL database, and creates a data frame in a much easier way than 
using lists or dictionaries (Bronshtein, 2017). Therefore, a python script is developed to read all csv 
files in a workspace, calculate the amount of time spent by visitors in the AOI and assign the 
corresponding GPS number to all records of the table. The outputs’ names include the name of AOI 
next to the GPS number, for example, “Strijp_21045”.  



25 
 

Figure 4 illustrates sub-model 2 that aims to read all .csv files of clipped AOI and convert them into 
point and line feature classes, and performs the Kernel Density analysis. In the iterator of this sub-
model, a condition is defined to read only the .csv files of which names start with “AOI_P”. AOI can 
be changed to the name of the interest area. Then, the “Make XY Event Layer” tool converts the 
points within each table into a temporary point feature layer. After applying the interest projection 
to the temporary feature layer, the outputs are directed to two different processing steps. Firstly, the 
point feature classes are converted into the line by running the “Point to Line” tool. Secondly, the 
point feature values are collected by the “Collect” tool, which is unique for ModelBuilder, and are 
combined together into a new single-output dataset by executing the “Merge” tool. To calculate the 
density of point features in the interest area, the “Kernel Density” tool is used. The Kernel Density 
analysis is an appropriate method of reflecting the occupancy levels and traffic volume at various 
locations (TVILIGHT, 2016). The output of Kernel Density analysis is also referred to as heatmaps 
(ESRI, 2018). The results of this sub-model will be stored in a file geodatabase, called 
“GISTool_Results.gdb.” A file geodatabase is a collection of files in a folder, including both spatial and 
non-spatial data. 

Kernel density estimation is one of the most common statistical tools, also known as KDE, which 
helps to create a smooth curve for a given dataset. KDE is a non-parametric method to estimate the 
probability density function of a continuous random variable. KDE is called non-parametric since 
there is no assumption on the underlying distribution of the variable, and thus, KDE is useful when 
information on the underlying distribution is insufficient (Silverman, 1986). A kernel density 
estimator with kernel K, window width h, and based on a set of n observations X1, X2, …, Xn is defined 
by Equation 1. 

 
Equation (1) 

Where h > 0 is the bandwidth, and K is the kernel function, which means that 𝐾𝐾(𝑥𝑥) ≥ 0 and 
∫ 𝐾𝐾(𝑥𝑥)𝑅𝑅 𝑑𝑑𝑥𝑥 = 1. For the Kernel Density Function, there are several commonly used methods such as 
Gaussian, Quadratic, Uniform, and Triangle.   

In this project, the kernel function is based on the quadratic kernel function (ArcGIS Resource Center, 
2011), which is shown in Equation 2. 

         𝐾𝐾(𝑥𝑥) = ∑ 𝑋𝑋𝑖𝑖(3𝜋𝜋𝜏𝜏2)𝑛𝑛
𝑖𝑖=1 [1 − �ℎ𝑖𝑖2 /𝜏𝜏2�]2                     ℎ𝑖𝑖 ≤ 𝜏𝜏  

        𝐾𝐾(𝑥𝑥) = 0                                                                            otherwise 
Equation (2) 

Where 𝜏𝜏 is the radius of circle neighborhood, ℎ𝑖𝑖 is the distance between the point X and the 
observation point Xi, n is the number of observation points, and Xi is the observation point i, which is 
equal to 1 or a quantity. 

According to Silverman (1986), the advantage of quadratic Kernel over other kernel functions is that 
not only the resulting density estimates have higher contrasting, but also the calculation is faster 
than other kernel functions. 
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The default value of the bandwidth, which is also known as Search Radius, is determined based on a 
formula that is illustrated in Equation 3. The search radius value will be the lower value between 

standard distance (SD) and � 1
ln (2)

∗ median distance.  

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆ℎ 𝑅𝑅𝑆𝑆𝑑𝑑𝑅𝑅𝑅𝑅𝑅𝑅 = 0.9 ∗ min � 𝑆𝑆𝑆𝑆,� 1
𝑙𝑙𝑛𝑛(2) ∗ 𝑆𝑆𝑚𝑚 � ∗ 𝑛𝑛−0.2  Equation (3) 

Where:  

• SD is the standard distance and is presented in Equation 4,  
• Dm is the median distance,  
• n is the number of points or the sum of the population field values. 

𝑆𝑆𝑆𝑆 =  �∑ (𝑥𝑥𝑖𝑖−𝑋𝑋�)2𝑛𝑛
𝑖𝑖=1

𝑛𝑛
+ ∑ (𝑦𝑦𝑖𝑖−𝑌𝑌�)2𝑛𝑛

𝑖𝑖=1
𝑛𝑛

+ ∑ (𝑧𝑧𝑖𝑖−𝑍𝑍�)2𝑛𝑛
𝑖𝑖=1

𝑛𝑛
  

Equation (4) 

Where: 

• xi, yi and zi are the coordinates for feature I, 
• 𝑋𝑋,�  𝑌𝑌�, and �̅�𝑍 represent the Mean Center for the features, 
• n is equal to the total number of features. 

In the GIS-based tool, the kernel density analysis is adopted to calculate the density of point features 
around individual output raster cells. Shortly, the locations of the highest values of the output raster 
file represent a dense distribution of points and refer to the most popular areas, which have the 
highest dwell times. 

Figure 5 shows sub-model 3, which is developed to create a heatmap of each GPS logger. The 
individual heatmaps are useful in order to identify outliers and validate them for producing the 
aggregated heatmaps. The task of sub-model 3 is accomplished by using the “Iterate Feature Classes” 
and the “Kernel Density” tools. An iteration has two additional parameters, such as Feature Type and 
Wildcard, which can be defined to limit the iteration among feature classes. In this sub-model, the 
iterator feature type is selected as “POINT,” and the wildcard is set to “P_*.” It means that only point 
feature types of which names start with “P_” are chosen through the “Iterator Feature Classes”. The 
Input and output workspace is the GISTool_Results file geodatabase.  

Sub-model 4, which is presented in Figure 6, includes an iterator to read the point feature classes 
from the database, collect the values of each point feature class, and merge them into a single 
shapefile, which is named Merge_P. This sub-model is integrated with sub-model 5, which is 
presented in Figure 7. The purpose of defining two separate sub-models is that sub-model 5 only 
works if Merge_P already exists; otherwise, sub-model 5 will not be executed. Therefore, the sub-
model 4 is designed to create the Merge_P feature class, and deliver it to the sub-model 5 as an 
input. 
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Figure 3. Schematic view of the sub-model 1, which reads the raw GPS data from a workspace, converts them into a point feature class, and gives them a coordinate system. The features 
located in the Area of Interest (AOI) is clipped, converted into.csv files, and stored in Strijp_Clip workspace. 

 

 

Figure 4. Schematic view of the sub-model 2, which reads the csv files of clipped feature points in AOI, converts points into lines, merge the points and perform the Kernel Density analysis. 
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Figure 5. Schematic view of the sub-model 3, which performs the Kernel Density Analysis on each point file. This analysis can produce a map to reveal the areas that have the most/least time 
spending. 

 

 

Figure 6. Schematic view of the sub-model 4, which reads the point feature classes from the database and merge them into a single shapefile. 

 

 

Figure 7. Schematic view of the sub-model 5, which imports the output of sub-model 4, and execute the clip analysis to remove the points that have been recorded out of Eindhoven. The final 
outputs of this sub-model are a polygon shapefile and a table of the most popular areas. 
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The goal of sub-model 5 is to create a heatmap of all GPS data (aggregated heatmaps), select the 
areas with the most time expenditure, convert into a polygon feature class, and export the table of 
the feature class to the geodatabase. After creating the heatmap by the “Kernel Density” tool, two 
“Get Raster Properties” tools have been adopted to retrieve the Mean and Standard Deviation of the 
heatmap. These two statistical values are essential in order to distinguish the most time spent areas, 
also known as the most popular areas, from the rest of the study area. 

According to Voukenas (2019), almost all data values, for a normal distribution, are in an interval 
around mean±3 standard deviation. As Figure 8 shows, 95.44% of data, for a normal distribution, falls 
within mean±2 standard deviation. Any data values that are greater than mean plus two times 
standard deviation or less than mean minus two times standard deviation are experiencing a severe 
change. According to Munshi (2013), this is a standard method to classify a raster file with continuous 
values and determine the densest areas. Therefore, the heatmaps are translated to the most popular 
areas, which are visited for longer time among the other places, by comparing the heatmap values to 
the mean plus two times the standard deviation. 

Severe change = most popular areas  (heatmap values > (mean) + (2 * standard deviation)) 

"%KernelD_Merg_Eind%" > (float (%Property (2)%) +  (2 * float (%Property%)) 

 

Figure 8. In a normal distribution, 68% of the data is within 1 standard deviation, 95% is within 2 standard deviation, 99.7% 
falls within 3 standard deviations. μ and σ represents mean and standard deviation, respectively (Galarnyk, 2018). 

In order to understand the geometry of each selected most popular area, the “Raster Calculator” tool 
is used. “Raster Calculator” tool enables the users to create and perform Map Algebra expressions by 
using Python syntax. Within the Expression box of Raster Calculator, the following syntax is written to 
calculate the area of the most popular locations.  

ZonalGeometry( Con( "%KernelD_Merg_Eind%" > ( float(%Property (2)%) +  (2 * float (%Property%))), 
1), "VALUE", "AREA") 

The Con is a conditional evaluation on each cell of the input raster dataset in the “Raster Calculator” 
tool (ESRI, 2016a). The general form of Con syntax is given as follows. 

Con(in_conditional_raster, true_raster, {false_raster}) 
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The unit of pixel values in heatmaps are the number of points per cell area. In order to count the 
number of points in each pixel, the cell size must be multiplied by the value of heatmaps. In this 
project, the GPS data is recorded at three-second intervals, and since each point is representative of 
three seconds, the dwell time (in minutes) can be calculated by multiplying the number of points by 3 
and dividing by 60 seconds. Then, the values must be divided by the number of participants to 
calculate the average dwell time in each pixel per person. 

Heatmap values =
Number of points

Cell size (area)
 

Number of points  * 3 = 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐭𝐭𝐭𝐭𝐭𝐭𝐃𝐃 (𝒊𝒊𝒊𝒊 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒊𝒊𝒔𝒔𝒔𝒔) 

Number of points  * 
3

60
 = 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐭𝐭𝐭𝐭𝐭𝐭𝐃𝐃 (𝒊𝒊𝒊𝒊 𝒎𝒎𝒊𝒊𝒊𝒊𝒎𝒎𝒎𝒎𝒔𝒔𝒔𝒔) 

Dwell time (𝑅𝑅𝑛𝑛 𝑚𝑚𝑅𝑅𝑛𝑛𝑅𝑅𝑚𝑚𝑆𝑆𝑅𝑅)
Number of participants

= 𝐀𝐀𝐀𝐀𝐃𝐃𝐀𝐀𝐀𝐀𝐀𝐀𝐃𝐃 𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐭𝐭𝐭𝐭𝐭𝐭𝐃𝐃 (𝒊𝒊𝒊𝒊 𝒎𝒎𝒊𝒊𝒊𝒊𝒎𝒎𝒎𝒎𝒔𝒔𝒔𝒔 𝒑𝒑𝒔𝒔𝒑𝒑 𝒑𝒑𝒔𝒔𝒑𝒑𝒔𝒔𝒔𝒔𝒊𝒊) 

In order to convert the selected areas into polygons, the values of the heatmap, which is a raster file, 
must be formatted to an integer; otherwise, it is impossible to convert a raster into a polygon. Thus, 
the “Int” tool is employed to change the format of the heatmap values to an integer. Then, the 
“Raster to Polygon” tool is used to convert the most popular areas of the heatmap into a polygon 
feature class. The output of this tool is a multipart polygon feature class. Since it is needed to retrieve 
further information of each most popular area, the multipart polygon must be exploded to several 
single polygon feature classes. This requirement is satisfied by applying the “Multipart to Singlepart” 
tool. Finally, the corresponding table of the single-part polygon shapefile is exported to an individual 
table in the geodatabase. 

Figure 9 shows the sub-model 6 that aims to iterate among the point feature classes in the 
geodatabase and calculate the amount of time expenditure in each most popular area by GPS 
loggers. In this sub-model, the “Spatial Join” tool is for joining attributes from the point feature 
classes to the most popular area polygon feature class, based on the spatial relationship. The join 
operation within the “Spatial Join” tool is selected as JOIN_ONE_TO_ONE, which means if several join 
features have the same spatial relationship with a single target feature, all attributes from the join 
feature class will be aggregated (ESRI, 2016b). Another critical parameter of the “Spatial Join” tool is 
the match option. In sub-model 6, the match option is chosen as INTERSECT, which means that the 
join features will be taken if they intersect the target feature. Then, the “Add Field” tool is used in 
order to add the ID of GPS logger to polygon shapefile of most popular areas. Accordingly, the points 
in each GPS polygon are aggregated based on the GPS ID. Since each point has been recorded every 
three seconds by the GPS logger, every point represents three seconds. Hence, to calculate the 
amount of time allocated in each polygon in seconds, the join count field is multiplied by 3. Finally, 
the corresponding attribute table is joined to the “MostVisited_Table”, which was created by sub-
model 5, and stored in the geodatabase. 

Figure 10 illustrates the sub-model 7, which reads the “MostVisited_Table” from the sub-model 6 
and exports the table as an excel file that is named “most_visited.xls”. An example of the 
MostVisited_Table is shown in Table 8. The sub-model 7 is combined with the sub-model 8. 
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Sub-model 8, which is presented in Figure 11, is responsible for integrating the information from the 
questionnaire 1 with the polygon of the most popular area, and assigning the amount of time 
expenditure corresponding to the most popular areas. Questionnaire 1 contains general information 
of visitors such as age and gender. This sub-model includes a Python code that aims to analyze the 
most_visited.xls file and create two separate .csv files. As explained before, pandas is a powerful tool 
to analyze the data frames; thus, the tasks of this code are as follows: 

• Transposing the table of most_visited.xls 
• Removing the repetitive or irrelevant fields such as “grid code”, “id”, "OBJECTID", "ORIGFID", 

and "ShapeLength" 
• Editing or renaming the values of the fields such as removing “P_” from GPS ID 
• Assigning an Index to the table 
• Calculating the average time expenditure in each polygon 
• Integrating the general information from the questionnaire 1 with the most popular polygons 

In order to import the created csv files by Python, two “Table to Table” tools have been used, and the 
outputs are stored in the geodatabase. The “most_visited_duration” table, which includes only one 
column with values of the average dwell time in each polygon, is joined to the polygon feature class 
of the most popular areas. The output of this sub-model, which is named “Polygon_MostVisited”, is 
the fundamental of sub-model 9. 

Figure 12 depicts the sub-model 9, which integrates the information of visitors’ experiences in each 
polygon of the most popular areas. In this sub-model, the questionnaire 2, which contains important 
information about visitors’ experiences, is imported to the geodatabase as a point feature class and 
projected to the same coordinate system as the other feature classes. Then, the projected point 
feature class of questionnaire 2 is joined to the “Polygon_MostVisited” by the “Spatial Join” tool. In 
order to aggregate the experiences within the same most popular area, the “Dissolve” tool is 
employed. The dissolve field is selected as the Target FID, which is the ID of the most popular areas in 
the polygon feature class. To count the number of positive and negative experiences in each area, 
the Statistics Types for the corresponding fields are chosen as “Count”. The final output of this sub-
model is generated by using the “Join Field” tool to join the information of “Polygon_MostVisited,” 
which is created by sub-model 8, to the “Polygon_MostVisited_Experiences.” The final output 
contains the following information: 

• The most popular areas 
• The average visitors’ length of stay in each area 
• The size of each area 
• The total number of positive and negative experiences in each area 
• The total number of experience per category in each area, such as satisfaction, excitement, 

joy, interested, peaceful, loving, inspired, irritation, anger, fear, disgust, disappointment, 
boredom, confusion,  etc. 

If a stakeholder is interested in having the individual information on how much each person stayed in 
the most popular areas, it can be retrieved from the “most_visited_final” table in the geodatabase. 
An example of this table is shown in Table 9 in Appendix B. 
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Figure 13 shows the schematic view of sub-model 10, which reads the data in questionnaire 2 and 
create two separate heatmaps of positive and negative experiences. These two heatmaps give an 
insight to the areas, which contains the most number of positive and negative experiences. In order 
to remove the experiences that are recorded outside of Eindhoven, the “Clip” tool is used. Then, the 
“Select” tool extracts the experiences of each visitor who has valid data. For example, some GPS data 
is missed, some questionnaires are not completed accurately, or the point of interest data from the 
GPS loggers does not correspond to the questionnaire data. Then, the valid positive and negative 
experiences are selected, and the “Kernel Density” tool is applied to build the heatmaps. 
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Figure 9. Schematic view of the sub-model 6, which calculates the amount of time spending in each most popular area by GPS loggers. 

 

 

 

Figure 10. Schematic view of the sub-model 7, which exports the MostVisited_Table, from the sub-model 6, to a workspace as an excel file. 
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Figure 11. Schematic view of the sub-model 8, which integrates the information from the questionnaire 1 with the polygon of most popular area, and assign the amount of time expenditure 
corresponding to the most popular areas. Questionnaire 1 contains general information of visitors such as age, gender, and etc. 

 

 

 

Figure 12. Schematic view of the sub-model 9, which integrates the information of visitors’ experiences in each polygon of the most popular areas, and creates the final polygon feature class. 
Questionnaire 2 contains important information on visitors’ experiences. 
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Figure 13. Schematic view of the sub-model 10, which visualizes the information on questionnaire 2 and creates two separate heatmaps to understand the density of positive and negative 
experiences.
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Another essential task of the GIS-based tool is to determine the most taken routes. To accomplish 
this task, four more sub-models have been designed that are shown in Figure 17 to Figure 20. Before 
running these sub-models, a developed python code has to be executed. The python code is written 
to exclude outliers, such as recorded points while the GPS device was disconnected. To exclude these 
points, two columns are added, which contains start points and end points. If the time difference of 
two in a row recorded points is more than three seconds, it means that the GPS device was 
disconnected for a while; therefore, no line should be assigned between these points. The outputs of 
this python code are csv files of which names start with “XY_” next to the GPS number. 

Figure 17 illustrates the sub-model 11, which is responsible for matching the GPS data to an existing 
road network. This sub-model is started with an “Iterator” tool that loops over each csv file of which 
the names start with XY, and feeds the table into the “XY To Line” tool. Moreover, the existing road 
network is broken to lines at their intersections by the “Feature to Line” tool. This tool is used in 
order to decrease the errors by reducing the length of road segments and disregarding the line 
segments that are not taken by visitors (Karduni, Kermanshah, & Derrible, 2016). For the “Spatial Join 
(1)” tool, the match option is selected as “WITHIN_A_DISTANCE,” and the search radius is chosen as 
5 meters. If the search radius is more than 5 meters, then the other nearby roads will be selected as 
well. Considering that GPS loggers have an accuracy of 3 to 10 meters, in case the search radius is less 
than 5 meters, the majority of roads will be neglected (Bauer, 2013; and Vasileios C. Drosos & 
Chrisvaladis Malesios, 2016).  

By using the “Select” tool, only the visited routes by visitors are selected. To count how many times 
each route has been taken, the “Dissolve” tool is utilized. Then, the “Spatial Join (2)” tool is used to 
copy the information of selected routes, such as type of road, road ID, and maximum allowed speed, 
to the dissolved routes. The “Spatial Join (3)” is implemented to attach the relevant information of 
each GPS to the visited routes. The relevant information includes starting time and duration of visits. 
Finally, the rows with null values are excluded as they do not present the taken routes. In this sub-
model, the null values happen when superfluous routes are selected during the spatial join. 

Generally, the spatial join can be done based on different feature types such as point and line. In this 
case, the point-based spatial join produces more reliable results than the line-based spatial join. As 
Figure 14 shows, more roads are selected by performing the line-based spatial join, and this 
procedure creates some rows with null values. The line-based spatial join selects any roads within 5 
meters distance from the lines; however, the point-based spatial join includes the nearby roads 
within 5 meters distance from the points. 

The sub-model 12, which is demonstrated in Figure 18, aims to merge all the feature classes of taken 
routes by visitors. Thus, the “Iterator Feature Classes” tool is restricted to read the only feature 
classes of which names start with “Routes_By.” This sub-model, as well as the sub-model 13, are 
integrated within the sub-model 14. 
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Figure 14. Comparison of road selection by performing the “Spatial Join” tool based on point and line feature types. The left 
figure is the spatial join based on point feature type, and the right one is the spatial join based on line feature type. 

In Figure 19, the sub-model 13 is shown, which targets to merge the dissolved files of taken routes. 
The output of this sub-model is necessary, for the sub-model 14, to count the number of visits of 
each route. 

The sub-model 14, which is presented in Figure 20, is designed to visualize the most taken routes, 
show the number of visits in each route, and categorize the routes based on transportation mode. 
This sub-model collects the output of sub-model 12, and by adopting the “Select” tool, the routes will 
be categorized, based on the transportation mode, into routes that have been taken by car, bus, 
bike, and foot. Considering that there are several methods to identify transportation modes from raw 
GPS data, choosing the best method is a challenge. Since the aim of PDEng program is to design and 
develop products by applying existing techniques and designs, in this project, the Trace Annotator 
tool has been used, which is developed by a team at the Eindhoven University of Technology 
compromising Professor Harry Timmermans, Joran Jessurun, Anastasia Moiseeva, and Tao Feng 
(Moiseeva, A., Jessurun, J., Timmermans, 2010).  

Trace Annotator is a tool that extracts the activity-travel diaries from raw GPS data. Trace Annotator 
works based on a machine learning approach and infers the transportation modes, and activity 
episodes, including duration and location of activities (Feng & Timmermans, 2018). Figure 15 
illustrates the system architecture of Trace Annotator. Transportation mode recognition in the Trace 
Annotator system is based on a Bayesian Belief Network (BBN). A BBN is a statistical model used to 
visualize the conditional probability and causality relationships between different variables. In the 
BBN of Trace Annotator, the variables include average and maximum speed, deviation from average 
speed, average and maximum acceleration, accumulated distance, the number of available satellites 
for GPS devices, the number of used satellites by GPS loggers, horizontal accuracy of coordinates, 
spatial data, such as road network data, and individual data, for instance, availability of  car (Feng & 
Timmermans, 2013a). 
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Figure 15. System architecture of Trace Annotator (Feng & Timmermans, 2018). 

In Figure 16, an example of Trace Annotator input, such as GPS data, and the output of Trace 
Annotator is shown. After uploading data to the Trace Annotator system, the GPS records will be 
checked, and if no movement has been recorded for more than 30 seconds, the system assumes that 
the trip has been completed, and the activity episode has started. The developers of Trace Annotator 
claim that the 30 seconds is the best threshold for the system by conducting a pilot analysis. 
According to (Feng & Timmermans, 2013b), the 30 seconds threshold can accurately differentiate 
stops at traffic lights from other short-duration activities, such as boarding and alighting times for 
people using public transportation. 

GPS data 
(format: .gpx 
or .csv) 

 

Activity 
agenda 
(format: .xml 
or .html) 

 

 

Figure 16. Example of an activity agenda from raw GPS data by using Trace Annotator tool. 

Another output of this sub-model is the “Taken_Routes_Individual,” which includes the taken routes 
as well as the information of each GPS, such as starting time and duration of visits. Moreover, the 
sub-model 14 reads the output of sub-model 13, and creates the final output, named 
“Taken_Routes,” through the “Dissolve” and “Spatial Join” tools. The final output visualizes the most 
taken routes in addition to the number of travels in each route.  
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Figure 17. Schematic view of the sub-model 11, which matches the GPS data to existing road network. 

 

 

Figure 18. Schematic view of the sub-model 12, which combines all the feature classes of taken routes by visitors. 

 

 

Figure 19. Schematic view of the sub-model 13, which combines all the dissolved feature classes of taken routes. 
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Figure 20. Schematic view of the sub-model 14, which is designed to visualize the most taken routes, the number of visits in each route, and categorize the routes based on transportation 
mode. 
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2.4. Conclusion 
In this chapter, the existing GIS software is compared, and the benefit of each of them are discussed 
deliberately. The ArcGIS software and its ModelBuilder environment were chosen to develop the GIS-
based tool. ModelBuilder is a graphical environment with a user-friendly interface, and it has better 
visualization of errors and warnings in the tool. Therefore, a user can easily understand the problem 
and solve it. For ModelBuilder, many documents and training materials are available on the internet 
to figure out how to develop the tool in the future. 

In this project, the designed and developed GIS-based tool consists of 14 sub-models, which have 
specific tasks and responsibilities. In order to meet the requirements, defined by event organizers 
and municipalities, one or more sub-models must be executed. In Table 4, each requirement and its 
corresponding sub-models are shown. 

In order to categorize the routes based on types of transportation modes, the Trace Annotator (TA) 
tool is used. Since developing a new methodology for identifying transportation modes from raw GPS 
data is beyond the aim of this PDEng program, existing products and designs are adopted to develop 
the GIS-based tool. TA is a useful tool that has been developed at the Eindhoven University of 
Technology by Professor Harry Timmermans, Joran Jessurun, Anastasia Moiseeva, and Tao Feng. A 
limitation of TA tool is that it does not have visual components; however, by integrating TA with the 
GIS-based tool, it is possible to visualize some of TA’s derived information, such as the taken routes 
based on transportation modes. 

The next chapter focuses on case studies, data collection, and preparation. 
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3. Case Study 
The role of data collection, in this project, is to ensure having a large data set to develop and validate 
the GIS-based tool. In order to collect large data sets from real situations, a case-study approach has 
been adopted. According to Heyeres, Tsey, Yang, Yan, & Jiang (2019), the main components of a 
case-study approach are as follows: 

1. The objective of a case study 
2. The case study selection process 
3. Data collection methods 
4. Data interpretation 
5. Reporting 

In this PDEng project, two different case studies were selected in which the first case study was used 
to develop the tool, and the second case study was chosen to test whether or not the GIS-based tool 
can meet its intended purpose. The first selected case study is a large-scale study area located in 
Eindhoven, Netherlands, and the second one is a small-scale study area situated around the 
University of Bologna campus in the center of Bologna, Italy. This chapter focuses on data collection, 
survey design, and data preparation from these two case studies. 

Case Study 1 for developing the tool: Eindhoven, Netherlands 
Within ROCK project, Eindhoven is a role model city that can share its experience in the regeneration 
of urban cultural heritage areas. Dutch Design Week (also known as DDW) is an annual event about 
Dutch design, accommodated in Eindhoven, Netherlands. This nine-day event occurs around late 
October with several workshops, exhibitions, seminars and parties at several places. Considering the 
industrial character of DDW and hosting companies such as Philips, Philips Design, and DAF, 
Eindhoven imposes itself to become the national industry and design capital. Moreover, by hosting 
the Design Academy and the Eindhoven University of Technology, the city generates a deep insight 
into the fundamentals of design and innovation. In order to broadcast these issues, the Dutch Design 
Week is arisen in around 80 sites.  

The top locations among the others are the Klokgebouw (Strjip-S), Design Academy and the Faculty of 
Industrial Design at the Eindhoven University of Technology, where outstanding and frequently 
visited expositions, such as the “do not disturb exhibition” in 2004, were arranged. DDW event 
generates large visitor flows, which are different for regular visitors and commuters. In 2008, all 
activities together attracted around 80,000 visitors (Vliegenberg, 2009), and in 2017, more than 
335,000 visitors came to Eindhoven for DDW (Dutch Design Week, 2017). 

Municipality of Eindhoven was also interested in having more detailed information about the Strijp-S 
area during the Dutch Design Week. Strijp-S is one of the role model case practices of ROCK Project 
due to the successful transformation of the industrial heritage area. Strijp-S was known, previously, 
as the “forbidden city” since it was only accessible for Philips employees. In 2002, the VolkerWessels 
Company made a contract with the municipality of Eindhoven to develop the Strijp-S area. Later, the 
housing corporations, such as Sint Trudo, Woonbedrijf, and many real estate parties joined to build a 
multifunctional and mixed neighborhood. The large-scale events, such as Dutch Design Week and the 
light art festival GLOW, have gradually highlighted the Strijp-S area. In May 2019, the transformation 
of Strijp-S area was awarded the NEPROM prize for site development (Gemeente Eindhoven, 2019). 
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Case Study 2 for testing the tool: Bologna, Italy 
Bologna is one of the ROCK replicator case practices in which the historic city center of Bologna will 
be transformed into a creative and sustainable district with the intervention during the ROCK Project. 
The purpose of the municipality of Bologna is to build the city with citizens and not just for them; 
thus, the collaboration between residents and the city is fundamental. Moreover, the municipality 
aims to transform the Piazza Scaravilli, which is a former parking space, into a temporary green and 
open public space for students at the campus of the University of Bologna. This objective will be 
achieved via a participatory approach, calling for students’ creative ideas (Dane, Derakhshan, & 
Houpert C., 2018).  

Piazza Scaravilli and Piazza Verdi are two main public squares at the center of the university area. 
These two locations are mainly contemporary tarmac areas, which surrounded by historical buildings 
and porticoes. This area has several barriers, such as:  

• Micro-criminality and safety problems 
• Conflicts between user groups (between students and residents due to noise and waste) 
• Lack of accessibility infrastructure 
• Lack of shops and businesses to attract more visitors and tourists 

Investigating the spatial behavior of people, especially students, in the university district can help the 
municipality to provide new facilities and services for sociality. 

3.1. Data collection 
Data collection is essential to investigate the spatiotemporal behavior of visitors. According to East et 
al. (2017), GPS tracking is an effective method to study the spatial activities of visitors. Although 
smartphones benefit from having larger screens and providing higher resolution data compared to 
GPS devices, stand-alone GPS trackers are still the first choice for long-duration data collections in 
events. Handheld GPS devices use less energy compared to smartphones since smartphones are 
multi-functional and have much larger screens than GPS trackers (Montini, L., Prost, S., Schrammel, 
J., Rieser-schüssler, N., & Axhausen, 2015). The GPS equipment supplies quantitative data of time and 
location for different individuals’ location of which duration, time, distance, and visited locations 
could be discovered. An example of GPS data and its field names are shown in Figure 16. 

In Eindhoven, Trip Recorder 747 Pro were used in order to collect the spatiotemporal data of DDW 
visitors. The GPS trackers recorded the visitors’ behavior at a frequency of three-second interval. A 
notable disadvantage of GPS trackers is losing signals inside buildings and providing less accuracy in 
confined locations such as forests. The GPS tracking method was integrated with a paper-based 
survey to ensure collecting information regarding visitors’ background and immediate experiences. 
DDW was organized in October 2017, and the data collection was carried out in four days between 
21 and 29 October 2017. According to van der Spek (2009), the best location to distribute the GPS 
devices and questionnaires is the main access point of the city center, and hence, the Eindhoven 
Central Station was selected to conduct the survey. The data collection was started at 10:00 in the 
morning, and the respondents were asked to return the questionnaire and GPS before 8:00 p.m. The 
target population was both local and non-local DDW visitors in Eindhoven. Figure 21 shows the data 
collection during Dutch Design Week 2017. 
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Spatial data collection in Bologna were performed by employing the same GPS loggers that had been 
used in Eindhoven. The data were collected in one day from different groups of people, such as 
students, disabled people, and tourists, to investigate the spatial behavior and experience of people 
in the university district. Each group was tracked for two to three hours, starting from 10:00 in the 
morning on 12 April 2019. In Figure 22, the data collection in Bologna is shown in which one of our 
colleagues explains the experiment to a tourist. 

3.2. Survey design 
Both demographic and motivational factors are necessary in a survey to characterize visitors (East et 
al., 2017). In Eindhoven, the paper-based questionnaire included several questions regarding the 
demographic profile of visitors, such as age and gender, and travel behavior, for example, travel 
purpose, number of previous visits to the DDW, number of fellow-travelers, and traveled distance 
from the residential location. Regarding the data privacy issues, the questionnaire must include 
neither private nor sensitive data to meet the General Data Protection Regulation (GDPR). In Figure 
41, the wording and format of the questions are shown.  

The second questionnaire was used to collect people’s experiences while they were visiting the 
event. The visitors were asked to fill out the second questionnaire during the visit. Once visitors 
experience something more than usual, they had to push the Point of Interest (POI) button on the 
GPS device and in parallel, to fill out the table in the questionnaire. The questionnaire consisted of 
five different parts such as location (indoor/outdoor), positive feelings, negative feelings, and a small-
sized guidance map of DDW. For instance, if visitors feel somewhere is crowded, or they might get 
very inspired by an exhibition, they could express their feeling. 

Moreover, visitors could specify if their experience was inside or outside the building since the GPS 
device loses signal when indoors. If the feelings happen inside buildings, visitors should write 
exhibitions numbers, or cross its location on the map. The template of questionnaire 2 is illustrated in 
Figure 42. In Eindhoven, the questionnaires were designed in both English and Dutch languages to 
get as many people as possible. 

In Bologna, the survey method was a combination of both paper- and web-based questionnaires. 
LimeSurvey, an online open-source survey tool, was used to collect the data through a website. Since 
the majority of participants in Bologna were young people, an online survey, which is available on a 
mobile phone, was more convenient for people to work with. The online survey had the geotagging 
function, and respondents could geotag and explain their experiences. Generally, deciding on the 
type of survey, online or paper, depends on several factors such as target group, speed, costs, 
anonymity, and flexibility (Greenlaw & Brown-Welty, 2009). 

3.3. Survey method 
For the first case study, GPS loggers and questionnaires were distributed next to the DDW ticket 
office, located in Eindhoven Central Station, and visitors were asked randomly to participate in our 
data collection. Data collection was started from 10:00, when the ticket office opened, until 8:00 p.m. 
This step has been repeated every other day included both weekdays and weekend, in order to have 
one day free in between to export the data from GPS loggers, clean them and fully charge them for 
the next day. The GPS trackers were set up to record points every three seconds. 
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For the visitors who were in a group, only one respondent was asked to complete the survey and to 
take the GPS logger. Indeed, the same person that filled the questionnaires was tracked in case a 
group sometimes separates during the visit. Once visitors returned the GPS devices and the second 
questionnaires, they were asked to review the questionnaire before submission. 

For the second case study, the GPS loggers and questionnaires were distributed in Piazza Antonino 
Scaravilli, located in the core of the University of Bologna. For the people who were interested in 
filling the online questionnaire, the link was shared with them via a Quick Response (QR) code to 
avoid any data privacy breaches. 

The first group of participants was students who started their visit at 10:00 in the morning. The 
second group of visitors was disabled people who received the GPS loggers at noon. The last group of 
respondents was tourists who started their visit at 15:00. Each group was asked to return the GPS 
loggers between two to three hours after collecting the GPS devices.  

The disabled people, in this case, was in one of the following groups: 

• Deaf  
• Dumb 
• Blind 
• Immobile 

The blind people were asked to fill out the questionnaire by getting help from their fellow-traveler. 

3.4. Data sample and preparation 
The total number of respondents in Eindhoven have been counted as 324 in which the number of 
people who have participated for the 21st, 24th, 26th, and 28th was 78, 74, 61 and 111, respectively. 
After downloading the GPS data and integrating them with the questionnaire data, the data of 50 
participants were excluded from the database since it has been figured out that some data was not 
completed, as follows: 

• Some GPS data was missed,  
• Some questionnaires were not completed accurately, 
• The POIs data from the trip recorder did not correspond to the second questionnaire data.  

Before importing the questionnaire data into the GIS-based tool, the data has to be manipulated into 
an appropriate form for further processing. Accordingly, for each variable (question), a code was 
assigned. Then, the data of both questionnaires were imported to the Excel software and saved in csv 
format. Based on the frequency table for each group, it has been found that some groups were not 
sufficiently represented. Thus, they merged into one group. For instance, for the group size of 3, 4, 5 
and 6 there are only a few participants; therefore, they merged into a group of more than 3. For the 
starting time, the time was categorized into two groups, including morning (before 12:00h) and 
afternoon (after 12:00h). The overview of data preparation and changes after merging groups are 
shown in Table 5. 
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Table 5. Overview of data preparation (before and after changing). 

 

Furthermore, the spatiotemporal data was extracted by using the GPS Photo Tagger software, which 
provides information regarding travel distance, time in motion, and route geometry. Then, the GPS 
data was put in a database and sorted based on the date and GPS logger ID. To illustrate, the data of 
GPS “005”, which was collected on 24th October, was named “24005”. In order to use the GPS data in 
ArcGIS software, the data coordination was converted into a correct coordinate system. The 
projected coordinate system, in this case study, is WGS 84 / UTM zone 32N. GPS location system, like 
all other measurement systems, has some errors. The type and size of errors vary according to 
atmospheric conditions, the location of artificial geographical features (tall buildings or trees can 
block the satellite signals) and the movement of them. Hence, the outliers were removed to make 
the data smoother, to improve the quality of data, and to increase the accuracy of analyses.  

Moreover, some data inconsistency were found, such as gaps in data where the signal from the 
satellite is lost, or data collection is stopped before the visitor comes back to the start/finish point. In 
the case of data inconsistency, the GPS data was removed from the database. Likewise, some people 
forgot to return the GPS on the same day of data collection; however, the GPS was still recording 
their movements. Therefore, points that were recorded out of Eindhoven or recorded after midnight 
of the data collection day were removed. 

In Bologna, exporting data was automatic since one of the benefits of using LimeSurvey is that the 
user can choose the output template of the collected data. The total number of participants in 
Bologna was 42, while the data of only 38 respondents were reliable. The reasons for excluding data 
of 4 participants are as follows: 

• Three GPS loggers had no data. It might happen whether the GPS devices were not 
connected to satellite or GPS loggers were switched off during the visit. 

• Four participants forgot to fill out the online questionnaires, and they submitted the 
questionnaires before filling it out. 

Variable Groups before merging Number of participants before merging
Groups after 

merging

Number of 
participants 

after 
merging

1 115 1 115

2 105 2 105

3 26

4 14

5 13

6 1

Morning (Before 
12:00h)

187

Afternoon (After 
12:00h)

87

0 154

1 45

More than once 75

Start time Ratio variable 274

Number of 
previous DDW 

visits
Ratio variable 274

Group size

≥3 54
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Figure 21. Data collection during Dutch Design Week 2017 in Eindhoven. Distributing GPS loggers and questionnaires among 
visitors. 

 

Figure 22. Data collection in Bologna in April 2019 (Dane, 2019). One of our colleagues explains the experiment to a tourist. 

3.5. Conclusion 
This chapter discussed the case-study approach and data collection. The first case study was the 
Dutch Design Week (DDW) event in Eindhoven. DDW is one of the largest design events in Europe 
and attracts more than 335,000 visitors every year from home and abroad. The second case study 
was at the campus of the University of Bologna in Italy. The municipality of Bologna aims to provide 
new facilities and services in the university area for increasing social engagement among citizens. In 
this project, the first case study was selected to develop the GIS-based tool, and the second one was 
chosen for validation. 

The data collection in Eindhoven was conducted by distributing GPS loggers and paper-based 
questionnaires, while the data collection in Bologna was carried out through distributing GPS loggers 
as well as paper-based and online questionnaires. The questionnaires included demographic data, 
such as age and gender, and experiences of visitors. The list of questions and template of 
questionnaires are shown in Figure 41 and Figure 42. 
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In Eindhoven, the target group was only the visitors of the DDW event, while in Bologna, the target 
groups were students, disabled people, and tourists. In Eindhoven, people have received the GPS 
logger in the morning at 10:00 and were asked to return it before 20:00; therefore, the duration of 
study varied between one to ten hours. In Bologna, each group was studied for two to three hours. 

After the data collection, the data was exported, digitized, and validated by comparing the GPS data 
and questionnaires. In Eindhoven, only 274 out of 324 visitors had valid data, and in Bologna, 38 out 
of 42 participants had valid data. The invalid data could happen for one or more of the following 
reasons. 

• GPS data was not recorded 
• Questionnaires were not completed 
• GPS data and questionnaires were not corresponding to each other 

In the next chapter, the results of both case studies are discussed deliberately. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 
 

 

  



51 
 

4. Results and Discussion 
This chapter includes four sections in which section 4.1 presents and discusses the results of GIS-
based tool for the collected dataset from the Dutch Design Week 2017 in Eindhoven. The outcomes 
are several maps, which contain valuable information about the spatial behavior of visitors in 
Eindhoven, the most popular locations, the experiences of visitors in different areas, the most 
popular routes, and classified routes based on transportation modes. Results of the GIS-based tool 
for the collected data in Bologna are discussed in section 4.2. Section 4.3 deals with data protection 
and privacy, and section 4.4 presents some existing methodologies to manage visitors’ movements 
and covers a conclusion of this chapter. 

4.1. Results of the GIS-based tool for the Dutch Design Week 2017 in Eindhoven 
As explained in the methodology chapter, the outputs of the sub-model 1 are point feature classes of 
GPS data. In Figure 23, an example of GPS 28121, which is collected during DDW 2017 in Eindhoven, 
is shown. The red polygon on the north-west of the map illustrates the Strijp-S area, which is 
amplified in Figure 24. These two maps, which visualize the movements of a visitor who carries the 
GPS logger, are the inputs of further analyses. Generally, event organizers and municipalities are 
interested in aggregated results rather than individual outputs since individual maps cannot 
represent the movement pattern of many visitors. However, individual outputs can be beneficiary for 
the future development of this project such as developing a WebGIS platform, which enables 
individual visitors to access to their personal movement pattern, through the internet, and geotag 
their positive and negative experiences during the events. 

 

Figure 23. The raw data of GPS 28121, as an example, which shows the point data recorded at three-second intervals during 
the Dutch Design Week of 2017 in Eindhoven. The blue points represent the visitor’s movements. 

Example of a Visitor’s Movements During the 
Dutch Design Week of 2017 in Eindhoven 
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In sub-model 2, the point feature classes of individual visitors are clipped by AOI, defined by event 
organizers or municipalities. In Eindhoven case study, DDW event organizers were interested in 
acquiring more information about the spatial occupancy and spatial behavior of visitors in Strijp-S 
area.  In Bologna, the study area is itself small-scale, and thus, the sub-model 2 was not applicable for 
Bologna case study. In Figure 24, an example of clipped data for the GPS 28121 in Strijp-S is 
illustrated. The attribute table of this map, which is shown in Table 6, includes the entrance time, exit 
time, and duration of travel in the Strijp-S area.  

 

Figure 24. The clipped data of GPS 28121, as an example, in the Strijp-S area. The points are recorded at three-second 
intervals during the Dutch Design Week of 2017 in Eindhoven. The blue points represent the visitors’ movements.  

Table 6. Entrance time, exit time, and duration of travel in the Strijp-S area for GPS 28121. 

Entrance Time (hh:mm:ss) Exit Time (hh:mm:ss) Duration (minutes) 
15:24:46 17:20:39 115 

 

Another output of the GIS-based tool is a heatmap, which visualizes the most popular locations. 
Heatmaps can help to understand visitors’ movement in a city during planned events, and to support 
municipalities and event organizers in improving traffic conditions through better planning and 
efficient budgeting. Heatmaps can visualize where people and vehicles likely accumulate most, and 
this information is beneficial for municipalities, businesses, advertisers, and event organizers. 

Areas that accommodate crowds, and streets where experience congestion, generally, needs more 
attention. It means that more police recourses, close to huge gatherings, for safety reasons are 
needed. Moreover, populous areas often become polluted by visitors that imply the necessity of 
more cleaning and better management in these locations.   

Example of a Visitor’s Movements During the 
Dutch Design Week of 2017 in the Strijp-S Area 
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From a business point of view, busy areas benefit from having a high potential for starting or 
advertising a business. Opening a café, restaurant, hotel, etc. is a considerable investment, which 
must bring values for the owners. Therefore, understanding the visitors’ movements and their 
interest locations can help to find the best places for starting a business. There is the same situation 
for advertising the existing businesses in which the owners intend to place the billboards to attract 
more attention from the visitors. 

In Eindhoven case study, the amount of time consumption in different areas during the DDW 2017 
are shown in a heatmap in Figure 26. The heatmap of AOI, the Strijp-S area in this case study, is 
demonstrated in Figure 27. In these two figures, locations that visitors dwelt for a large amount of 
time are shown in red color, and Locations that visitors dwelt for less time are shown in light yellow 
color. In Figure 26 and Figure 27, the pixel values represent the average dwell time (in minutes per 
person). 

According to the map of DDW 2017 in Figure 42, there are more exhibitions in the central part of 
Eindhoven rather than the NRE area in the east and Strijp-S area in the west. As Figure 26 shows, 
among the exhibitions in center of Eindhoven, people spent more time at the Temporary Art Center 
(1), Design Academy, Philips Museum, Modebelofte and Robot Love Embassy (5), Markt (6), VDMA 
(7), NRE terrain (8), Kazerne (9), Stadhuisplein (10) and Van Abbemuseum (11). A reason for this can 
be that there are more facilities, such as café, restaurant and shops, around these exhibitions. 
Moreover, at the Design Perron (4), free DDW bicycles were distributed that might encourage people 
to travel to the Design Perron and rent a bike there. In the east of Eindhoven, Sectie-C, and the west 
of Eindhoven, Strijp-S area, Chomicha Traditioneel Marokkaans Restaurant (13) and Piet Hein Eek 
(14) are the most popular areas of the DDW event. The reason for this could be the well-managed 
transportation facilities, such as free bus and taxi, from the central station to these two regions. 

In addition to the exhibition locations, some other places, such as the intersection (2) with traffic 
lights from the city center to the Temporary Art Center and Design Academy, housed many visitors 
for a long time. This location might effect on transportation systems and traffic management. There 
are several strategies to reduce the congestion at the intersections, such as transferring the 
motorized traffic to other alternative routes during the event or building the Quick Bridge System 
(QBS). The QBS is a modular temporary pedestrian bridge, which is designed for major events and 
festivals, such as auto races and music festivals. In Figure 25, the QBS and its installation are shown. 

  

Figure 25. The installation of Quick Bridge System (QBS), which is also known as Temporary Pedestrian Bridge (MCS, n.d.). 
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As it can be seen in Figure 27, among the other locations in Strijp-S, the majority of the time for all 
visitors was spent around the Veemgebouw (1), Area 51 (2), Ketelhuisplein (3), Ketelhuis (4) and 
Klokgebouw (5). Ontdekfabriek (6), Broeinest (7) and Natlab (8) are also visited for quite a long time. 
Ketelhuis is a bar-restaurants in Strijp-S area, and it is one of the areas that, on average, visitors spent 
more time among the other places. Another site that is visited considerably more than the others is 
Piet Hein Eek where not only exhibits the designed and manufactured furniture but also houses a 
shop, a large restaurant and a showroom for the designed products. Although Piet Hein Eek is located 
quite far from the other DDW exhibitions, visitors took the effort to travel to this location and spent 
their time there.  
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Figure 26. Heatmap of Dutch Design Week visitors in October 2017, Eindhoven. 
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Figure 27. Heatmap of Dutch Design Week visitors in October 2017 in the Strijp-S area, Eindhoven. 
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Since the most popular areas are important for municipalities and event organizers, these areas 
should be differentiated from the other locations for further analyses. Based on the heatmap, which 
is shown in Figure 26, the most popular areas are converted into polygons. These polygons, also 
known as Points of Interest (POI), include any information that is registered in the most popular 
areas. POI mapping is a valuable and efficient tool in publishing digital maps since POIs provide detail 
information of target sites such as housing locations, restaurants, bars, tourist attractions, and the 
most popular areas. POI mapping is beneficial in many ways, as follows: 

• POIs can be used as destinations. For example, if you are visiting an event for the first time, 
you can use POIs as the most worthwhile places to visit. 

• Navigation system becomes easier for visitors by adding the address of POIs to GPS devices. 
• POIs provide a unique dataset of urban facilities and visitor attractions with exact location for 

governmental organizations, such as municipalities, and non-governmental organizations, 
such as event organizers.  

• POIs help to perform statistical analysis of visitors’ interests.  
• POIs can be beneficial for improving urban services, facilities, and attraction sites in the most 

popular places to attract more visitors in the future. 

In Eindhoven case study, the most popular areas, also known as POIs, include some information as 
follows: 

• Duration of travel in POI 
• Registration time of experiences within POI 
• Location of experiences  
• Type of experiences, such as satisfaction, inspiring, peaceful, irritated, fear, confusion, etc.  
• Total number of positive and negative experiences 
• Age, gender, familiarity with Eindhoven, number of previous DDW visits, etc. 

In Figure 28 and Figure 29, duration of visit and ratio of positive to negative experiences in each POI 
are displayed, respectively. Since some areas lack registered experiences, Figure 29 represents only 
the areas in which some experiences are registered. 

The outputs of sub-model 10 are two emotional maps that visualize the density of positive and 
negative experiences in the city. According to Figure 30, the distribution of density of positive and 
negative experiences during the DDW 2017 in Eindhoven is quite similar. As Figure 30 shows, most of 
the positive and negative experiences are registered in the Strijp-S area and the central part of 
Eindhoven, near the Design Academy, Philips Museum, Modebelofte and Robot Love Embassy. By 
comparing the positive and negative emotional maps, it can be seen that visitors had more positive 
experiences than negative experiences in the Temporary Art Center (TAC), Design Perron, and NRE. 
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Figure 28. Map of duration of visits to the most popular areas (POI) for Dutch Design Week (DDW) visitors in October 2017, Eindhoven. 

Map of the Most Popular Areas for DDW 
Visitors in October 2017, Eindhoven 
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Figure 29. Map of the ratio of positive to negative experiences registered by DDW 2017 visitors in the most popular areas (POI). 

Map of Experiences in the Most Popular Areas by  
DDW Visitors in October 2017, Eindhoven 

Map of Experiences in the Most Popular Areas 
for DDW Visitors in October 2017, Eindhoven 
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Figure 30. Emotional maps of positive and negative experiences of visitors to the DDW 2017 in Eindhoven. 

2 

3 

4 

5 

2 

3 

6 

1 

1 

1. Piet Hein Eek 
2. Strijp-S area 
3. Temporary Art Center (TAC) 
4. Design Academy, Philips 

Museum, Modebelofte and 
Robot Love Embassy 

5. Design Perron 
6. NRE 

 

1. Piet Hein Eek 
2. Strijp-S area 
3. Design Academy, Philips 

Museum, Modebelofte 
and Robot Love Embassy 

 



61 
 

A fundamental infrastructure of cities for people and goods transition is the Transportation System. 
Due to the large average number of visitors in major events and distribution of exhibitions in several 
clusters in cities, events can affect transportation services of cities and cause problems, which have 
to be tackled (Xu & González, 2017). For example, if there are long distances between clusters of 
exhibitions, public transportation services must be improved to avoid road traffics jams. In the 
sustainability concept, one of the main air and noise pollution sources in cities is road traffic 
congestion, and thus, reducing road traffic is critical for sustainable tourism transportation (European 
Commission, 2017). In order to reach sustainable tourism transportation, understanding popular 
routes and the usage of existing road networks by visitors is needed.  

One of the most valuable information for event organizers and municipalities is having a 
comprehensive insight of popular routes in term of the number of travels on existing road networks. 
Another advantage of understanding most visited paths is to attract broader commercial interest. A 
popular route, which has been visited more than the other routes, can help to expand the market of 
existing companies, bring new businesses to areas and create more job opportunities (Zima, 2012).  

The most taken routes might also have a significant impact on visitors’ minds about the city and its 
facilities. For example, dirty road and unsafe environment can decrease the attractiveness of places 
and discourage people from visiting the event in the future. There are many different ways to ensure 
event visitors feel safe as follows: 

• Working with police and security,  
• Locating fire and ambulance services in the most taken routes, 
• Increasing the lightness of areas at night, 
• Keeping security measures, such as security camera, visible to prevent threats from 

happening, etc. 

Figure 31 illustrates the map of the most taken routes of the existing road network in Eindhoven 
during DDW 2017. According to this map, the existing roads that connected the center of Eindhoven 
to the Strijp-S area, have been visited frequently. Among the visited routes, Emmasingel, Demer and 
Vrijstraat in the center of Eindhoven, and PSV-laan, Philitelaan, Beukenlaan and Torenallee in the 
Strijp-S area have been visited the most. 

Differentiating routes based on transportation mode might be useful for urban planners, event 
organizers, municipalities and governments for several reasons such as increasing physical activities 
in certain areas and encouraging people to use active forms of transport, such as walking and biking. 
The built environment plays an essential role in motivating people to have more physical activities. 
To reach this goal, classifying routes based on different transportation modes is needed. Areas that 
lack transport-related physical activities should be improved to stimulate visitors into active 
transportation forms. According to Barton (2009), there are many strategies for improving 
neighborhoods such as: 

• Decreasing distances between exhibition clusters and urban facilities, such as restaurant, 
bars, etc., into walking or biking distances 

• Increasing public green areas in cities and developing appropriate sitting areas 
• Improving the safety of neighborhoods 
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• Developing cycling infrastructure and providing free and shared mobility during events 

In Figure 32, routes classification based on transportation modes, such as a car, bus, motorbike, and 
walking, are shown in four different maps. In comparing these maps, it should be recalled that as the 
distance between exhibitions and urban facilities increases, visitors tend to use more motorized 
vehicles for their trip. As Figure 32 shows, people are more walking and biking in the center of 
Eindhoven, whereas the most common transportation mode for long-distance areas is the car.  

One notable point in Figure 32 is that some roads are not continuous. There might be two reasons for 
this issue as follows: 

• People used another kind of transportation mode between two disconnected roads. This 
happens when the distance between two discontinuous routes is quite long. For example, in 
the east of the maps for walk and motorbike transportation modes, there are some roads 
that are separated from the rest of the taken routes. It could happen when people used cars 
or buses to travel to this area. 

• The GPS was disconnected for a while; and therefore, no points are recorded between 
disconnected roads. This happens when the distance between two disconnected roads is 
quite short. For example, in the south of the map for car transportation mode, there is a 
disconnection between the taken routes. It could happen when the GPS logger was 
disconnected from the satellite for a short time. 
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Figure 31. Map of the most popular routes used by DDW visitors in October 2017, Eindhoven. 
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Figure 32. Route classification based on transportation mode used by visitors of DDW 2017, Eindhoven.

Map of the Car Routes Used by Dutch Design Week 
Visitors in Eindhoven 

Map of the Bus Routes Used by Dutch Design Week 
Visitors in Eindhoven 

Map of the Walking Routes Used by Dutch Design 
Week Visitors in Eindhoven 

Map of the Motorbike Routes Used by Dutch Design 
Week Visitors in Eindhoven 
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4.2. Results of the GIS-based tool for the Bologna case study  
The campus of the University of Bologna is chosen to test the GIS-based tool with another data set. 
Each sub-model is executed, and the results approved the ability of the tool in meeting the 
requirements defined by event organizers, municipalities, and universities. 

Figure 33 is an output of the sub-model 1, which is responsible for creating maps of visitors’ 
movements. The green points show the spatial behavior of a person, who carries the GPS 032, at the 
University of Bologna campus. In order to use the tool for other cities, it is essential to change the 
projection of the sub-model 1 if the city is located in another projection system. The ability to change 
the tool’s projection and employ the tool for any other areas demonstrates the flexibility of the 
developed GIS-based tool in this project.  

As explained before, the sub-model 2 is designed to produce the maps of visitors’ movements in a 
specific smaller region defined by municipalities or event organizers. Since the study area of the 
campus of the University of Bologna is quite small, there is no need to analyze the spatial data in a 
smaller district. Therefore, the sub-model 2 is not executed for this case study. 

 

Figure 33. The raw data of GPS 032 as an example of a visitor’s movements, which shows points data recorded at three-
second intervals during the data collection in Bologna. The green points represent a visitor’s movements. 

 

Example of a Visitor’s Movements in Bologna Case Study 
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The task of sub-model 3 is to perform the Kernel Density Estimation (KDE) on spatial data of 
individual GPS holders. The results of KDE are heatmaps that measure people’s activities on study 
areas. Municipalities and event organizers might not need any individual heatmaps, and they prefer 
the aggregated results for achieving a comprehensive insight into a group of people or visitors. 
However, urban planners, university experts, and researchers might need to categorize the results 
according to visitors’ characteristics.  

The sub-model 4 integrates all the GPS data into one point feature class file and exports it to sub-
model 5, which performs the KDE and converts the most popular areas into a polygon feature class 
for further analysis. Figure 34 illustrates the heatmap of all participant in the data collection at the 
campus of the University of Bologna. The red areas show the locations where experienced the most 
dwell time. According to Figure 34, Piazza Scaravilli, Piazza Verdi, Piazzetta Raviola, Piazza Rossini, 
Giardino del Guasto, and Piazzetta Molinari Pradelli are visited frequently.  

Sub-models 6, 7, 8, and 9 conduct the other analyses that were explained in the Methodology 
chapter. The outputs are polygons of the most popular areas and contain information about the 
dwell time and the collected information through a questionnaire. Figure 35 shows the duration of 
visit in the most popular areas at the campus of the University of Bologna. In Bologna, the 
questionnaire included negative reports such as dirty, dangerous, bad smells, neglect, and non-
accessible areas. Figure 36 presents the ratio of negative reports registered in each polygon of the 
most popular areas. By comparing the distribution of negative reports on the map (see Figure 37), it 
can be concluded that the most of negative reports are registered along the Via Zamboni street; 
therefore, Via Zamboni needs more attention and improvements. 

In addition to the negative reports, the questionnaire included positive and negative experiences 
such as curiosity, fun, inspiration, boredom, and confusion. In Figure 38, the outputs of sub-model 
10, which visualizes the density of positive and negative experiences, are shown in two emotional 
maps. As the emotional maps show, most of the negative experiences are registered in two main 
public squares, named Piazza Scaravilli and Piazza Verdi, at the center of the university district. 
Although these two squares accommodated most of the positive experiences as well, they still need 
more attention to improve the areas and decrease the negative experiences. 

Figure 39 demonstrates the most popular routes in the area of the University of Bologna during the 
data collection in April 2019. As there was no difference in the transportation mode, classification of 
the most taken routes based on transportation mode is not shown as results. According to Figure 39, 
the most popular routes and the number of visits are provided in Table 7.  

Table 7. The most popular routes and the number of visits. 

NAME OF STREET NUMBER OF VISITS 
(OUT OF 38) 

VIA ZAMBONI (BETWEEN PIAZZA SCARAVILLI AND PIAZZA VERDI) 32 times 
LARGO RESPIGHI 32 times 
VIA DELLE BELLE ARTI 29 times 
VIA DEI BIBIENA 28 times 
VIA MARSALA 26 times 
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Figure 34. Heatmap of all participants during the time of data collection at the University of Bologna campus. 

Heatmap of People at the University of Bologna Campus 
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Figure 35. Map of duration of visits to the most popular areas (POIs) in Bologna. 

Map of the Most Popular Areas at the University of Bologna Campus 
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Figure 36. Map of the ratio of negative reports on the most popular areas (POIs) during the data collection at the University of Bologna campus. 

Map of Negative Reports on the Most Popular Areas 
at the University of Bologna Campus 
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Figure 37. Distribution of negative reports and experiences on the most popular areas (POIs) during the data collection period. The dashed 
polygons show the most popular areas.

Map of Negative Experiences (Neglect) on the Most Popular  
Areas at the University of Bologna Campus 

Map of Negative Experiences (Non-Accessible) on the Most  
Popular Areas at the University of Bologna Campus 

Map of Negative Experiences (Dangerous) on the Most  
Popular Areas at the University of Bologna Campus 

Map of Negative Experiences (Dirty) on the Most  
Popular Areas at the University of Bologna Campus 

Map of Negative Experiences (Bad Smells) on the Most  
Popular Areas at the University of Bologna Campus 
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Figure 38. Emotional maps of negative and positive experiences of people in Bologna case study. 

 

Emotional Map (Negative Experiences) of People 
at the University of Bologna Campus 

Emotional Map (Positive Experiences) of People 
at the University of Bologna Campus 
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Figure 39. Map of the most popular routes used by people in April 2019, Bologna. 

31 - 38 
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4.3. Privacy and personal data protection  
Data is a valuable asset for event organizers and municipalities and helps them to understand 
visitors’ needs, enhance the quality of events, improve visitors’ experiences, attract more visitors 
and bring new business opportunities into a city. While everyone is focusing on the benefits of 
collecting data for event organizers and municipalities, lawyers concern about data privacy and 
manipulation (L. Edwards, 2016). ICT infrastructure and new technologies, such as built-in GPS and 
digital cameras, made it easier to track and monitor people’s activities and behaviors. Linking 
tracking to personal data, such as name and address, can reveal much sensitive information about 
people’s interests, hobbies, religion or beliefs, health, political views, etc. (Ng & Kent, 2018). 

In many countries around the world, data privacy is a fundamental human right. It means that 
people have the right whether to share their data with someone or to protect personal information 
(Palupy, 2011). To prevent violations of human rights, the General Data Protection Regulation 
(GDPR) sets a new data privacy regulation for all individual European citizens. According to GDPR, 
event organizers who collect and use personal data of visitors in the European Union must obtain a 
free, prior, and informed consent from attendees. 

In order to acquire consents, visitors must be informed about their rights, the aim of data collection, 
undertaken procedures, existing potential risks, advantages of sharing data, duration of storing data, 
the confidentiality of personal identification and demographic data, and entirely voluntary 
participation (Nijhawan & Janodia, 2013). Guaranteeing that obtained data is managed and stored 
anonymously is critical in encouraging visitors to share their data with event organizers. A consent 
form, confirmed by GDPR, can ensure visitors that the collected data will be handled and stored 
securely. 

In this PDEng project, a consent form, according to the GDPR rules, is designed. The consent form is 
transparent in explaining and answering the following questions. To reduce the risk of losing 
sensitive data, collecting personal data is minimized. 

• What is the aim of this data collection?  
• What kind of data is needed?  
• How is the data being stored and protected?  
• Is that possible to stop taking part? 
• Is there any payment or benefit for participants?  

The wording and format of the consent form, which has been used for data collection in Eindhoven 
and Bologna, is shown in Appendix C. 

4.4. Conclusion 
In summary, the GIS-based tool is tested with the collected data set from Bologna, and the results 
showed that the tool is able to be utilized for other datasets from any other areas. However, the 
results for Bologna approved that it is better to use the tool for large-scale events since polygons of 
the most popular locations for small study areas are consolidated, and this consolidation affects the 
reliability of results in distinguishing characteristics of each area. When study areas are large 
enough, then the created heatmaps can differentiate the most popular locations, and thus, the 
corresponding polygons will not be consolidated. 
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Moreover, it has been found that if the questionnaires are different for various case studies, the 
names of attributes must be modified in the Dissolved tool in sub-model 9, which imports the 
questionnaire and conducts the analyses. Otherwise, this sub-model cannot find the attributes, and 
the questionnaires will not be integrated with the polygons of the most popular locations. 

Another critical issue in using the GIS-based tool is to prepare, in advance, the source spatial data, 
such as the shapefile of existing routes and shapefile of the study area boundary. If the source 
shapefiles are not available, they can be downloaded from the OpenStreetMap (OSM) dataset. In 
both Eindhoven and Bologna case studies, the existing route networks were downloaded from the 
OSM dataset and were projected to “WGS 84/UTM zone 32N”. 

As a conclusion, in event management and sustainable tourism concept, managing visitor 
movements is an essential aspect because not only managing visitor movements is critical in 
protecting the cultural heritage sites, but also it is a determining factor in improving visitor 
experiences. Managing visitor flows can help to decrease the negative effects of tourism on cities 
and increase opportunities for local communities. In order to manage visitors effectively, several 
aspects should be critically investigated (UNESCO, n.d.). By executing the GIS-based tool that is 
developed in this project, the related information can be presented in maps and the aspects, which 
are written below, can be studied based on the provided information. 

• Identifying when and where people may experience crowdedness. 
• Understanding visitors’ demands based on past experiences, and anticipate their needs for 

short-term, every year, and long-term trends, for example, 5-10 years. 
• Recognizing the popular routes and investigating the distance among urban facilities. 

Some of the existing methods to manage visitor flows are suggested as follows (UNESCO, n.d.). 

• Spreading visitors into diverse locations over time to minimize congestion. For example, 
arranging different working hours for various exhibitions 

• Applying advanced ticketing systems. For example, selling a limited number of tickets for 
visiting specific locations in a given day. 

• Implementing congestion-related pricing systems. For example, offering cheaper tickets for 
visiting locations during off-peak hours. 

• Offering visitors other experiences, products, and services to decrease visitors’ dwell time in 
the most popular areas.  

• Increasing dwell time at locations where local businesses can benefit from visitors 
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5.  Conclusion and Recommendations 
The aim of this PDEng project is to design a GIS-based tool to automate the analysis of the spatial 
data and the data management process for cultural event management in heritage-led cities. This 
tool should help to achieve the objectives of the ROCK project, such as supporting the sustainability 
of urban cultural heritage areas in terms of the durability of events, economic profitability, and 
mobility decisions. Results of the GIS-based tool can help to understand spatial processes and 
visitors’ movements to forecast the impacts of trends and potentials for the future. 

Based on a market study and interviews with event organizers, municipalities, universities, and 
marketing foundations, the requirements for the GIS-based tool were defined as follows. In addition 
to meeting the defined requirements, the tool is able to query GPS numbers and citizens’ 
characteristics, such as age, group, and gender. Based on the requirements, the type of 
geoprocessing tools and analyses were identified. 

• Read the GPS data, and visualize them,  
• Extract the data for a given area, and calculate the entrance time and exit time,  
• Investigate the spatial behavior of visitors in a given area defined by municipalities 
• Calculate the amount of time spent in the most popular areas 
• Visualize the location of experiences specified by visitors 
• Count the number of experiences in the most popular areas 
• Visualize the most taken roads 

The GIS-based tool was developed in 14 sub-models within the ModelBuilder environment, which is a 
user-friendly graphical interface for making models in ArcGIS software. To develop and validate the 
GIS-based tool, a case-study approach has been adopted. The first case study was the Dutch Design 
Week event in Eindhoven, and data collection was conducted in October 2017. Another case study 
was at the campus of the University of Bologna, and data acquisition took place in April 2019.  

The results of the GIS-based tool showed that the tool is functional, and it is able to meet the 
essential requirements that are defined by event organizers, municipalities, and universities. The tool 
interface is user-friendly, and anyone who has basic knowledge of GIS can modify or develop the tool 
with confidence. Moreover, using the tool for other events and study areas does not impact the 
function of the tool. The results showed that the tool is not only able to be performed in other 
contexts, such tourism, but also can be employed in other domains. For example, every year, many 
students are injured on their way between school and home because not all the routes are safe and 
clean. The tool can be used by schools, children, and their parents to report on mobility and safety 
problems through a mobile application. The data can be analyzed by the GIS-based tool, and the 
results can be reported to the schools, municipalities, or other relevant organizations, such as the 
police department.  

Although the results of the GIS-based tool are reliable for other study areas, the tool’s reliability in 
terms of route classification from raw GPS data based on transportation mode is critical. The route 
classification is accomplished by integrating the Trace Annotator tool, which is designed and 
developed at TU/e. This integration also made it possible to visualize the TA’s transportation mode 
choice results on maps. 
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In conclusion, this GIS-based tool can visualize spatial behavior and experiences of visitors during 
events, and help decision-makers, such as municipalities and event organizers, in improving the 
quality of events and urban services. However, the tool does not present a solution for boosting 
urban services and facilities. Therefore, it should be considered as a decision-support tool. Urban 
planners and decision-makers should discuss the information provided by the tool to come up with a 
solution for the future of events. 

Municipalities can use the results of this tool to improve transportation services, facilities, and urban 
plans. For example, categorizing routes based on transportation mode can be used for understanding 
the amount of transport-related physical activities of people in different areas and help to create a 
healthy urban environment by prioritizing walking, cycling, and public transport. The map of most-
taken routes can be used for finding the best locations to attract broader commercial interest and 
create more job opportunities. For example, starting a hotel, a restaurant, or a café in a location that 
is visible to the public is like free advertising. Municipalities can use the dwell-time map to figure out 
the average attention time in different locations. Areas with average long dwell time need attention 
since they accommodate crowds and impact visitors’ minds about the city. As an example, safety and 
cleanliness are two top priorities for cities and should be improved, especially in congested areas. 

Furthermore, by using the GIS-based tool, event organizers can evaluate visitors’ needs, improve the 
quality of events, attract more visitors, and help the economic growth of cities. For example, the map 
of visitors’ movement shows how people move in a city. By making a query of demographic data of 
visitors, such as age and number of previous visits, in relation to their spatial behavior, event 
organizers may prepare customized guidance for different groups of visitors to make their visits more 
enjoyable. This guidance can recommend specific locations for new and repeat visitors. The dwell-
time map can also be useful to identify the most popular areas for visitors. Improving the 
transportation services in these popular areas is essential to make exhibitions accessible and 
encourage people to visit more places. The map of experiences, which visualizes the experiences of 
visitors in different locations, can help event organizers to identify locations of negative experiences, 
such as fear and confusion, and find a solution to turn these negative experiences into positive ones. 

For Areas of Interest (AOI), such as the Strijp-S area, the entrance time, departure time, and spatial 
behavior of visitors are essential information to improve the facilities. For example, the map of 
visitors’ movement and the dwell-time map can reveal visitors’ interests and needs. Building new 
restaurants or making specific areas more attractive are just some examples of possible actions by 
decision-makers in the Strijp-S area. 

Although the designed GIS-based tool is able to automate the spatial data analysis for event 
organizers and municipalities, the data collection is still a difficulty. To tackle this challenge and for 
future developments, some recommendations are discussed in the following section.  

Recommendations and future developments 
Data collection is a challenge for event organizers and municipalities. Currently, event organizers use 
one or both of the following methodologies to collect data. 

• Purchasing data from third-party companies such as Vodafone and KPN.   
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• Designing a survey methodology for data acquisition, for example GPS tracking and 
questionnaires. 

In addition to the GIS-based tool, designing a mobile application, which operates in both iOS and 
Android, helps to collect qualitative and quantitative information and fully automates the workflows 
of data collection and data analysis. The main advantages of this approach are the ease of use by 
users, such as visitors and citizens, and the increased data collection speed. Moreover, there are 
other benefits in developing a mobile application such as: 

• Improving communication: The mobile application will improve communication between 
visitors, event organizers, and municipalities.  

• Saving money and time: Based on interviews with event organizers and marketing 
foundations, the mobile application will not only save around €50,000 to €100,000 per year 
for purchasing data but also save time for data acquisition. The costs of buying data vary 
depending on the size of the city and the required data. 

• Involving visitors: The mobile application will encourage visitors to become more attentive 
to their neighborhood and share their experiences with municipalities and event organizers. 

• User-friendly technology: The mobile application is a user-friendly technology since it is fully 
customizable and provides several functions, such as geotagging, image capturing, and 
drawing routes. 

Identifying the transportation modes from the raw GPS data can provide valuable information for 
urban planners and municipalities. Since developing a methodology for transportation mode 
recognition is beyond the scope of PDEng program, in this project, the Trace Annotator tool (TA) has 
been employed. While the TA tool does not have a visual component, the GIS-based tool can visualize 
some of the information derived from the TA tool. The TA and the GIS-based tools can be further 
integrated by including the distance traveled between POIs, activities conducted at POIs, average 
duration per transportation mode usage, etc. This integration can be accomplished through python 
scripting and further development of the GIS-based tool.  

The python code should be able to change the format of the outputs from the TA tool from xml files 
into csv files, calculate the average duration time per transportation mode, and count the number of 
visits at each POIs. The created csv file, which should include the POIs’ coordinates as well, can be 
imported into the GIS-based tool. By further development of the GIS-based tool and performing 
additional geoprocessing steps, the distance between POIs can be measured. In order to measure the 
distance, there are two possible solutions, which the first one is to conduct the OD Cost Matrix 
analysis, and the second one is to perform the Closest Facility analysis in ArcGIS. In both approaches, 
the schematic view of the connection between two POIs would be a straight line while the computed 
distance will be over the existing road network. The difference between these two approaches is in 
the output and the computation speed. The OD Cost Matrix is much faster than the Closest Facility; 
however, the OD Cost Matrix cannot generate the driving directions in routes. A notable point in 
using these approaches is that the ArcGIS license must include the Network Analyst extension. 
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Figure 40. Mobile Data Collection. Transform the workflow from paper to digital (GISCloud, n.d.). 
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Appendix 
This section includes three appendices in which the Appendix A. illustrates the wording and template 
of questionnaires 1 and 2. Appendix B. demonstrates the python scripts, as well as the generated 
tables by sub-model 6 and 8. Appendix C. shows the consent form, which have been used for the 
date collection in Eindhoven and Bologna.  
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Appendix A. Questionnaires 

Figure 41. Wording and format of questionnaire 1. 
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 Figure 42. Wording and format of questionnaire 2, containing the experiences and the map of DDW 2017. 
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Appendix B. Tables and Python scripts 
In Table 8, and example of the MostVisited_Table, which is created by sub-model 6, and its attributed are shown. This table includes 36 rows, which refer to the 
total number of polygons of the most popular areas. The columns include the “Id,” “Shape_Length,” “Shape_Area,” and the GPS ID, such as “P_006”. The “Id,” 
“Shape_Length,” and “Shape_Area” columns show the number, perimeter, and area of the polygons of the most popular areas, respectively. The amount of dwell 
time in each most popular area is illustrated below the column of corresponding GPS number. 

After executing the Python code, which is embedded in sub-model 8, Table 8 is converted to Table 9. Table 9 consists of 38 rows, which refer to the total number 
of GPS loggers. Besides the “gps_id” column, which shows the ID of GPS loggers, there are 36 other columns that represent the number of polygons of the most 
popular areas. The commutative value of dwell time in each area is demonstrated under the corresponding column, such as “area_1”. 

Table 8. An example of the MostVisited_Table, created by sub-model 6, for the Bologna case study. 

 

Table 9. Schematic view of the most_visited_final table, created by sub-model 8, for the Bologna case study. 
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Transpose table 

#Import modules 1 

import pandas as pd 2 

import os 3 

#Assign a directory 4 

pre = os.path.dirname(os.path.realpath(__file__)) 5 

fname_1 = 'most_visited.xls' 6 

fname_2 = 'Questionnaire1.xls' 7 

path_1 = os.path.join(pre, fname_1) 8 

path_2 = os.path.join(pre, fname_2) 9 

#Import the 'most_visited.xls' table into Python 10 

df= pd.read_excel(path_1) 11 

#Drop the “gridcode” and “Id” columns from the dataframe 12 

df.drop(["gridcode","Id"], axis=1, inplace=True) 13 

#Remove “P_” from the beginning of GPS loggers’ ID 14 

df.columns = df.columns.str.replace(r"[P_]", "") 15 

#Repeat the line 15 as many as the total GPS numbers in order to remove “P_” from all of them 16 

number = len(df["OBJECTID"]) 17 

a= [] 18 

i=1 19 

while i<=number: 20 

    a.append(i) 21 

    i+=1 22 

#Transpose the table 23 

df_t = df.transpose() 24 

df_t.columns= a 25 

#Add a prefix called “area_” to the number of polygon of the most popular areas 26 

df_t = df_t.add_prefix('area_') 27 
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#Remove the "OBJECTID," "ORIGFID," "ShapeLength," and "ShapeArea" columns, after transposing 28 

df_t.drop(["OBJECTID", "ORIGFID", "ShapeLength", "ShapeArea"], axis=0, inplace=True) 29 

#Set the “gps_id” column as the index column 30 

df_t.index.names = ['index'] 31 

df_t['gps_id'] = df_t.index.astype("int64") 32 

#Calculate the average dwell time in each polygon, which starts with “area_” 33 

filter_col = [col for col in df_t if col.startswith('area_')] 34 

df_t[filter_col] = df_t[filter_col]/60 35 

df_t.loc['Duration_mean_minutes',:]= df_t[filter_col].mean(axis=0) 36 

#Import the 'Questionnaire1.xls' table into Python 37 

df_q1= pd.read_excel(path_2) 38 

#Merge both data frames based on the same column, which is “gps_id” 39 

df_merge = df_t.merge(df_q1, on="gps_id") 40 

df_merge = df_merge.set_index("gps_id") 41 

#Create the 'most_visited_final.csv' table 42 

ouput_name = 'most_visited_final.csv' 43 

path_output = os.path.join(pre, ouput_name) 44 

df_merge.to_csv(path_output) 45 

#Add a new column, which shows the average dwell time in each polygon 46 

df_dur = pd.DataFrame(df_t.loc['Duration_mean_minutes',:]) 47 

df_dur.reset_index(inplace=True, drop=True) 48 

df_dur.index = df_dur.index + 1 49 

#Create the 'most_visited_Duration.csv' table 50 

ouput_name_1 = 'most_visited_Duration.csv' 51 

path_output_1 = os.path.join(pre, ouput_name_1) 52 

df_dur.to_csv(path_output_1) 53 
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Trace Annotator tool

from datetime import datetime 1 

from datetime import timedelta 2 

import pandas as pd 3 

import os 4 

 5 

df_GPS_main = 6 
pd.read_excel("C:\\Users\\20176092\\Desktop\\GIS_Project\\Data\\Trace_Annotator_GPS 7 
data_Total.xlsx")  8 

 9 

df_GPS_main['Start Time String'] = df_GPS_main["Start Time"].astype(str)  10 

df_GPS_main['Start Date String'] = df_GPS_main["Start Date"].astype(str) 11 

df_GPS_main['End Time String'] = df_GPS_main["End Time"].astype(str)  12 

df_GPS_main['End Date String'] = df_GPS_main["End Date"].astype(str) 13 

 14 

ID_value_old = -1 15 

df_GPS_main.sort_values('ID') 16 

list_event = [] 17 

list_duration =[] 18 

list_location = [] 19 

for index1, row1 in df_GPS_main.iterrows():    20 

    ID_value_new = row1['ID'] 21 

    #for the last row                 22 

    if ID_value_new != ID_value_old:  23 

        if list_event!=[]: # event list is not empty---code was run at least once 24 

            list_event.append(event) 25 

            list_duration.append(duration) 26 

            list_location.append(location) 27 

            df_GPS_sub['EVENT']=list_event 28 
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            df_GPS_sub['DURATIONS']=list_duration 29 

            df_GPS_sub['LOCATIONS']=list_location 30 

            #print(len(list_event)) 31 

            list_event =[] 32 

            list_duration = [] 33 

            list_location = []                         34 

            #print(df_GPS_sub.shape) 35 

            #print(len(list_event)) 36 

            df_GPS_sub.to_csv("C:\\Users\\20176092\\Desktop\\GIS_Project\\Data\\GPS Data\\" + "XY_" 37 
+ str(ID_value_old) + "_event.csv" ) 38 

                         39 

        path = "C:\\Users\\20176092\\Desktop\\GIS_Project\\Data\\GPS Data\\" + str(ID_value_new) + 40 
".csv"  41 

        i=0 42 

    if os.path.isfile(path):  43 

        df_GPS_sub = pd.read_csv(path)             44 

        df_GPS_sub['X_start'] = df_GPS_sub['LONGITUDE'] 45 

        df_GPS_sub['Y_start'] = df_GPS_sub['LATITUDE']             46 

        df_GPS_sub["UTC TIME"] = pd.to_datetime(df_GPS_sub["UTC TIME"], format='%H:%M:%S') 47 

        df_GPS_sub["UTC TIME_diff"] = df_GPS_sub["UTC TIME"].shift(-1) - df_GPS_sub["UTC TIME"] 48 

        time = pd.DatetimeIndex(df_GPS_sub["UTC TIME_diff"]) 49 

        df_GPS_sub.drop(["UTC TIME_diff"], axis=1, inplace=True) 50 

        df_GPS_sub["Time_dif"] = time.hour * 3600 + time.minute * 60 + time.second             51 

        df_GPS_sub.loc[df_GPS_sub["Time_dif"] < 4, 'X_end'] = df_GPS_sub["LONGITUDE"].shift(-1) 52 

        df_GPS_sub.loc[df_GPS_sub["Time_dif"] >= 4, 'X_end'] = df_GPS_sub["LONGITUDE"] 53 

        df_GPS_sub["X_end"].iloc[-1] = df_GPS_sub["LONGITUDE"].iloc[-1]             54 

        df_GPS_sub.loc[df_GPS_sub["Time_dif"] < 4, 'Y_end'] = df_GPS_sub["LATITUDE"].shift(-1) 55 

        df_GPS_sub.loc[df_GPS_sub["Time_dif"] >= 4, 'Y_end'] = df_GPS_sub["LATITUDE"] 56 

        df_GPS_sub["Y_end"].iloc[-1] = df_GPS_sub["LATITUDE"].iloc[-1]         57 
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        nrows = df_GPS_sub.shape[0] 58 

        if nrows>1: 59 

            df_GPS_sub["Duration"] = df_GPS_sub["UTC TIME"].iloc[-1] - df_GPS_sub["UTC TIME"].iloc[0] 60 

            time_1 = pd.DatetimeIndex(df_GPS_sub["Duration"]) 61 

            df_GPS_sub['Minutes'] = time_1.hour * 60 + time_1.minute                              62 

        list_string_time = [] 63 

        for item in pd.to_datetime(df_GPS_sub['UTC TIME'], format='%H:%M:%S'): 64 

            hour = item.hour+2 65 

            if hour<10: 66 

                #print(item.hour) 67 

                str_hour = "0"+str(hour) 68 

            elif hour>=10: 69 

                str_hour = str(hour) 70 

            if item.minute<10: 71 

                str_minute = "0"+str(item.minute) 72 

            elif item.minute>=10: 73 

                str_minute = str(item.minute) 74 

            if item.second<10: 75 

                str_second = "0"+str(item.second)   76 

            elif item.second>=10: 77 

                str_second = str(item.second)   78 

            list_string_time.append(str(str_hour)+":"+str(str_minute)+":"+str(str_second)) 79 

        #print(list_string_time) 80 

        df_GPS_sub['UTC Time String'] = list_string_time 81 

        df_GPS_sub['UTC Date String'] = df_GPS_sub["UTC DATE"].astype(str)            82 

        number_of_rows = df_GPS_sub['UTC Date String'].count() 83 

        #print("UTC TIME: " + df_GPS_sub.iloc[0]['UTC Time String']) 84 

        while i<number_of_rows: 85 
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            if row1['Start Time String'] == df_GPS_sub.iloc[i]['UTC Time String'] or row1['End Time String'] 86 
!= df_GPS_sub.iloc[i]['UTC Time String']: #and row1['Start Date String'] == row2['UTC Date String'] 87 

                #print("UTC TIME: " + df_GPS_sub.iloc[i]['UTC Time String']) 88 

                #print(row1['Event']) 89 

                list_event.append(row1['Event']) 90 

                list_duration.append(row1['Duration']) 91 

                list_location.append(row1['Location']) 92 

                i+=1 93 

            if i == number_of_rows: 94 

                i=0 95 

                ID_value_old = ID_value_new 96 

                break 97 

            if row1['End Time String'] == df_GPS_sub.iloc[i]['UTC Time String']: 98 

                #print("UTC TIME: " + df_GPS_sub.iloc[i]['UTC Time String']) 99 

                #print(row1['Event']) 100 

                ID_value_old = ID_value_new 101 

                event=row1['Event'] 102 

                duration=row1['Duration'] 103 

                location=row1['Location'] 104 

                break                 105 
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Appendix C. The consent form 
 

 

Participant Information for the People Flow Analytics 

Please read the following information carefully: 

This study is a non-commercial research study by the Eindhoven University of Technology within the 
ROCK project funded by the European Commission. Participating in this study is voluntary, and 
respondents are free to stop taking part at any time without giving a reason. Feel free to ask question 
before making your decision whether or not to participate. If you decide to participate, you will be 
asked to sign this form.   

What is the aim of this research? 

The main objective of this research is to understand the spatiotemporal behavior of people in historic 
city centers, during a cultural event or a normal day/week. By collecting GPS data, the following 
information can be provided to the municipalities and event organizers in order to improve the 
quality of events, mobility issues, and city facilities. 

• The routes that people take in the city 
• The transport mode that people take 
• The duration of their trips and activities 
• The amount of time spending in different spots 
• The type of activities in these locations 

What kind of data is needed? 

There are three types of data needed for this study. The following data is not associated with any 
personal information of participants such as Name, postcode, or email. Therefore, the data is 
anonymous, and there is no personal data treatment issue. 

GPS data: The GPS device or a mobile phone app can record the movement of each respondent as 
long as the GPS device or mobile phone app is turned on. By using the GPS data, it is possible to locate 
where each participant has been and how much time participant spent at certain locations.  

Questionnaire data (optional): The questionnaire includes some socio-demographic information such 
as age, gender, income and etc. As this will not be linked to the personal data such as name, postcode 
and email address, this will not cause a personal data treatment issue. 

Email address: In order to communicate with the researchers for the data collection, and returning 
the GPS device (or sending the GPS data from the mobile application), the email address is needed. 
After returning the GPS device (or sending the GPS data by email), the email address will be 
thoroughly removed from both inbox and trash. 

How the data is being stored and protected? 
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In case of data collection by the GPS trackers, an email address is needed to communicate and to 
ensure that GPS trackers will be returned. This email address is not associated with the GPS device 
and questionnaire information and will be deleted when the GPS is returned. 

In case of data collection by a mobile phone application, the GPS data will be retrieved either by the 
API of the app or by asking the participants to send their data by email address. If the data is received 
by the API, all the personal information will be removed from the GPX file. If people send the data file 
by email, the email address will be removed after downloading the data file. 

In the end, the collected data (either by the GPS trackers or an application) will be exported to the 
encrypted hard drives. The data of the study area will be clipped, and any other data out of the study 
area will be removed. The clipped data will be stored in the secure platform of Dutch universities, 
namely SURFdrive. SURFdrive meets all requirements of Dutch and European privacy legislation. The 
data processing will be done by TU/e researchers. After the process and analysis, the obtained results 
are no more at individual level but at an aggregated level. So individual data is only accessible by 
TU/e researchers, and no individual information is passed to other parties such as event organizers 
and municipalities.  

Moreover, a Privacy Impact Assessment (PIA) has been performed and the institution’s acting Data 
Protection Officer (DPO), Mr. M.M.J. Wijnants, has found the results satisfactory, confirming the 
project’s compliancy with the GDPR 2018. 

Is that possible to stop taking part?  

Yes. That is possible. You only need to turn the GPS tracker off and return it to the researchers. In 
case of using the application, you can just close the application and stop recording the data. 

Is there any payment or benefit to take part? 

No. There is no payment for participating in this study. Although, your participation helps the 
municipalities and/or event organizers to improve the quality of city facilities and therefore, you will 
benefit from having a more enjoyable visit next time. 

Informed Consent and Authorization 

• I confirm that I have read and understood the Participant Information Sheet dated February 
2019 for the above study. Moreover, I have had the opportunity to ask further questions, 
which have been answered fully. 

• I am aware that participating is voluntary and I am able to withdraw at any time without 
giving a reason. 

• I realize that the collected data will be studied by the researchers from the Eindhoven 
University of Technology (TU/e). I give permission for the TU/e’s researchers to have access 
to my GPS and socio-demographic data. 

• I agree to take part in the above study. 

 
Signature:  
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