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Abstract

Increasingly more urban data have become available in the last decade, thanks to
the wide use of sensing technologies and several governmental initiatives. These
data can be useful for different applications, such as urban planning based on
key performance indicators. Their proper use, however, requires effective visual-
ization tools to support correct and insightful understanding and analysis. Much
research has been carried out on modeling and integrating geographical data, and
different tools have been developed for their visualization. However, those tools
are usually application-dependent and cannot be easily tailored to other prob-
lems. Moreover, some technical knowledge is often required to use them properly.
This thesis introduces the design, implementation, and validation of two flexible
indicator visualization and assessment platforms in city planning. The architec-
ture of applications supporting the visualization and the assessment of indicators
based on spatial data is presented, and then implemented for use by both urban
planners and citizens. Several case studies involving the assessment of bus service
availability, walkability, and city mobility in the city of Alesund, Norway, are dis-
cussed. Then, two evaluations with groups of users are performed to validate the
use of the applications. Obtained results demonstrate that the developed tools are
flexible and can be used by urban planners and citizens. The developed tools are
available at https://github.com/Rylern/master-thesis — As of June 2022.
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Preface

This document contains a master thesis of the Master of Science degree at the
Simulation and Visualization program at the Norwegian University of Science and
Technology (NTNU). This project was done during the spring of 2022 and explores
the design, implementation, and validation of generic platforms for multidimen-
sional variable (indicator) visualization to support city planning activities.
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Chapter 1

Introduction

The general background of the conducted research is described in Section 1.1.
Then, the objectives and contributions are presented in Section 1.2. Finally, the
outline of the thesis is provided in Section 1.3.

1.1 Background

An increasing number of sensors deployed as well as the wide use of social me-
dia platforms have fostered the creation of large datasets. More and more data
have also become publicly available during the last years as part of several gov-
ernmental initiatives, such as the Open Government Data (OGD) movement [1].
For example, the number of datasets on the European Data Portal® has increased
from 400 000 in 2016 to 800 000 in 2019. These data are often related to educa-
tion, health, budget classification, political boundaries, transportation, and crime
reports [2], and thus can be very useful for different applications. For example,
they can help policy-makers during the urban planning processes by highlighting
the characteristics of different neighborhoods of a city. Citizens may also use these
data in everyday life. For example, available data could be used to find a route
between two locations considering different factors, such as weather or traffic
conditions.

However, technical expertise is required to understand, process, and visualize
raw data. Moreover, such information is often too voluminous to be understood
with a single look on it. Therefore, effective visualization tools are needed to sup-
port the proper understanding and analysis of such data. Such platforms have to
follow specific requirements. First, data may vary depending on the specifications
of one location or one problem, so the tool has to be flexible. Second, the visualiz-
ation of data has to be done in a short and clear way, and has to be suited for the
target user. For example, urban planners would want to have different paramet-
ers to customize the visualization for their specific use case, while citizens would
prefer a simpler and easier solution to understand conveyed information. Finally,

https://data.europa.eu/en (As of May 2022).
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different users may utilize distinct equipment to process and visualize data. For
example, urban planners may be more favorable to use powerful computers and
large screens that enable the display of large amount of data, while citizens may
prefer the use of mobile applications with simpler and customized interfaces. Ex-
amples of such applications can be found in [3-5].

A good example of such visualization tools are map-based interfaces. In these
applications, data are displayed on top of 2D or 3D maps. Examples can be found
in navigation applications (e.g., Google Maps?, Waze?), food delivery applications
(Uber*), weather applications (Weather forecast®), and more. Map-based inter-
faces are used when there is a need to provide a visualization of spatial data, i.e.,
data which directly or indirectly references a specific geographical area.

This research work is concerned with the investigation of map-based visualiz-
ation tools in the context of urban planning applications that target different user
groups. Applications implemented included the assessment of walkability and ac-
cessibility of different neighborhoods in Alesund municipality, Norway. Walkabil-
ity refers to how friendly a region is to walking activities [6], while accessibility
refers to the availability of specific places or services for an individual at a given
location [7].

Several indicators can be used to assess both walkability and accessibility. In-
dicators can be understood as the variables or elements in the urban area that
influence the levels of walkability and/or accesibility in a given time and space.
These variables or indicators can function alone or as a combination. For example,
the emphasis can be laid on safety by considering the car speed limit or the level
of artificial illumination. Walkability and accessibility aspects have become crucial
in urban planning given their association with health benefits [8] and quality of
life. Furthermore, fostering walking habits and giving more accessibility may re-
duce traffic congestion, air pollution, gas emissions, and the dependence on fossil
fuels for transportation [8]. Therefore, policy-makers often want to improve both
walkability and accessibility of regions during planning processes.

1.2 Objectives and Contributions

Several tools focusing on the visualization of spatial indicators have already been
developed [3, 9, 10], including some specifically built to address analysis in urban
planning [6]. However, such tools are application-dependent and thus require
changes in the source code to address other problems. Therefore, the main goal of
this thesis was to design, implement, and validate flexible indicator visualization
platforms addressing the following research questions:

Zhttps://www.google.com/maps (As of May 2022).

3https://www.waze.com/live-map/ (As of May 2022).

“https://www.uber.com/no/en/ (As of May 2022).

Shttps://play.google.com/store/apps/details?id=com.chanel.weather. forecast.accu&
hl=en&g1l=US (As of May 2022).
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e RQ1: How to design a generic platform that supports both the visualization
and the assessment of indicators based on spatial data?
A review of existing spatial data visualization methods is made by looking
at their functional description, architecture, and technologies used. Then,
new generic platform architectures that handle the visualization and the
assessment of any spatial indicators are proposed.

e RQ2: How to implement applications based on the generic platforms that
can be easily used by different target users?
Target applications may be useful for different types of users, for example
urban planners or citizens. They have different goals and equipment, so an
investigation is carried on which platform and device would be more suited
for each target user. Then, an appropriate implementation of the platforms
is proposed.

e RQ3: Would the use of created tools be effective to support the analysis of
indicators for different scenarios?
The proposed platforms are instantiated in different tools, which focus on
several case studies related to urban planning. In particular, walkability, ac-
cessibility, and availability of bus services were assessed, in the city of Ale-
sund, Norway.

e RQ4: Would the developed tools be useful for different user groups?
Two evaluations were conducted after the implementation of the applica-
tions on case studies related to walkability and accessibility analysis. The
goal was to determine the relevance and functionality for the target users.
The usability of the application is validated through this evaluation.

Three indicator visualization tools were designed and implemented in this
research:

e GENOR, a generic visualization platform that supports decision making in
urban areas. The platform handles the definition, storage, processing, and
visualization of indicators associated with an area in 2D and 3D map-based
views. The goal of this platform is to help policy-makers making the right
decisions by providing a clear and direct visualization of indicators. This
tool can be used for any kind of indicator-based analysis. Some examples
are walkability, accessibility, and public transport assessment.

e Aweb-based visualization tool focused on the municipality of Alesund, Nor-
way. The application lets the user customize the definition of walkability or
accessibility and then provides a visualization of the indicator(s) on top of
roads. It also has a navigation feature, which can be used to find a route
between two locations, taking into consideration restrictions such as slope.
This tool uses some of the principles and implementation aspects of GENOR,
but is more focused on walkability and accessibility. It is meant to help
policy-makers during the planning process.

e A mobile visualization application that is similar to the web-based tool, but
intended for citizens as users.
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One validation was performed on the web-based visualization tool and another
for the mobile visualization application. In both workshops, the participants had
the possibility to use the applications and give feedback through forms.

1.3 Outline of Thesis

The remaining of this document is organized as follows:

e Chapter 2 presents a review of existing tools and methods used in urban
visualization.

e Chapter 3° describes the design and implementation of a generic visualiza-
tion platform, named GENOR, that can be seamlessly tailored for different
indicator-based analyses.

e Chapter 4 presents a flexible indicator visualisation platform developed for
city planners and citizens.

e Chapter 5 describes two evaluations conducted on the developed tools.

e Chapter 6 presents a discussion on the work that has been done during this
thesis as well as the answers to the research questions.

bPart of the content of this chapter was presented in a paper published in the proceedings of the
36™ ECMS International Conference on Modelling and Simulation (2022) [11].



Chapter 2

Related work

Much research has been carried out on analyzing and visualizing spatial urban
data. This chapter provides an overview of recent data modeling, integration ap-
proaches, and relevant urban visualization methods.

2.1 Geographic Information Systems

A milestone in mapping, territorial studies, and urban planning was the devel-
opment of Geographic Information System (GIS) and their commercialization for
microcomputers in the 1980s. A Geographic Information System is an information
system designed to collect, store, process, analyze, manage, and present all types
of spatial and geographic data. Spatial data can be classified into two types: raster
and vector data. Raster data consists of rows and columns of cells, each cell con-
taining a value. Vector data consists of points, line, polygons, or a combination of
these elements, each type containing a vector value. GIS-related applications are
tools that allow users to create interactive queries, analyze spatial information,
and modify and edit data through maps. They can be used for land use plan-
ning, infrastructure and network management, transport and logistics, insurance,
telecommunications, engineering, planning, education and research. Due to the
improvements of hardware and advances in geographic algorithms, GIS are now
widely used in urban planning not only as a database but also as a toolbox for
analysis and visualization of results [12].

In the late 1990s, a new pivotal concept appears, Public Participation GIS (PP-
GIS). PPGIS describes a more people-centered GIS that allows citizens to take part
in public policy and planning processes, unlike traditional expert-driven GIS [13].
By combining GIS with other fields, such as Web 2.0 technologies, some applic-
ations were developed and proved to be a valuable approach for engaging the
public [14, 15]. Such tools can promote communication among users and de-
cision makers by being easy to set up and use [16]. Recent initiatives can be found
in [17], where community mapping tools were used in the city of Tijuana, Mexico
to identify environmental risks, and in [18], where children used a GIS software
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and completed questionnaires that helped the author to determine a relationship
between housing characteristics and children’s independent mobility.

2.2 Integration of geographical data and data modeling

Data modeling and integration refer to the combination of data coming from dif-
ferent sources into a single unified view. One stream of literature has focused on
it, especially on working with inconsistent and heterogeneous data. For example,
Fortini & Davis [9] presented methods that enable integration and visualization
of urban data coming from multiple heterogeneous sources. Their platform is di-
vided into integration, data storage, and service providing parts. The integration
module is responsible for combining information from multiple heterogeneous
data sources by performing data extraction, preprocessing, and standardization
on each type of data, resulting in files with only one format suited for storage.

Psyllidis et al. [3] presented a web-based platform that supports the analysis,
integration, and visualization of large-scale and heterogeneous urban data. Be-
cause datasets are usually specific to one sector or domain, establishing relation-
ships between these data can turn to be a difficult task. Their platform aims to
solve this problem by using a semantic enrichment and integration component
in the form of a web-based interface. It allows the user to define the relations
between urban systems, data sources, and the city technology enablers.

Chen et al. [19] described an urban data visualization tool that focuses on
the cross-domain correlation from multiple data sources by providing selection,
filtering, and aggregating features. This is done using a visual query model for
cross-domain correlation and a visual analytic framework for urban data visual-
ization, correlation, querying, and reasoning. Similar strategies for handling dif-
ferent types of indicators were adopted in this thesis, but with less liberty given
to the user in order to create simpler applications.

2.3 Initiatives on urban data visualization

Several initiatives have been proposed to support the proper visualization of urban
data, including for mobility and transportation analysis. For example, Feng et
al. [20] used density maps to assess the accessibility measurement for public ser-
vice facilities, while Bello et al. [21] designed interactive 3D visualizations to ana-
lyse urban noise pollution. For a review in the area, the reader may refer to [22].
A generic discussion about indicator projects is made in [23], especially on how
they influence the governance of cities. The authors found that such initiatives
improve and make more transparent the decision making process, but are also
not neutral because of their contingencies and relationalities.

Eberhardt & Silveira [2] presented a list of visualization techniques applied
to Open Government Data. They found that map-based presentation is the most
used visualization method, and the main use case of developed visualization tools
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refer to studies related to transportation issues. A similar vision regarding the im-
portance of map-based visualization strategies was reported in [24]. Their work
described an infrastructure to collect data and a map-based visualization method
to display and understand tourist flows. Their tool helped communities foster
awareness about sustainability issues, but it was only designed for one purpose
and study area.

In another venue, Sauda et al. [25] provided an interactive urban visualization
tool that displays multiple dimensions of urban data, allowing the user to have a
understanding of the urban environment. Today, most visualization methods for
geographical data are in 2D. However, visualizations in 3D can help to increase
the understanding of spatial relations. Johansson et al. [26] provided methods
that highlight social values through 3D visualization, while J. D6llner et al. [27]
described a tool able to combine different application domains (GIS, Computer-
aided design (CAD), and Building information modeling (BIM)) to obtain a 3D
visualization of a city. New technologies, such as Virtual Reality (VR), can also be
effective when creating urban visualization. For example, Perhac et al. [10] de-
scribed another urban data visualization method that uses VR with a game engine
(Unity) to display data in a more immersive way. For a review of the capacity of
VR in urban planning, the reader may refer to [28].

Some generic GIS applications that can be used for specific problems have
been also developed. The ArcGIS Urban software,! made by ESRIL? has been used
to create several initiatives related to smart city planning. For example, the city
of Uppsala (Sweden) used it to create a visualization of the city, helping planners
to create a new district that improves residents’ quality of life, does not subtract
from biodiversity or degrades the environment, and cuts carbon emissions.>

https://www.esri.com/en-us/arcgis/products/arcgis-urban/overview (As of May 2022).

2h‘ctps ://www.esri.com/en-us/home (As of May 2022).

3https://www.esri.com/about/newsroom/blog/uppsala- sustainable-development/ (As of
May 2022).
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Chapter 3

GENOR: A Generic Platform for
Indicator Assessment

Platforms to visualize spatial indicators have been previously designed [3, 6, 9,
10]. But those mostly focus on one specific problem or domain and thus can not be
easily tailored for different applications or different users. For example, Longva [6]
designed a platform for the assessment of walkability in the city of Alesund, Nor-
way. Using a client / server architecture, this tool allows the user to select and
combine walkability indicators and then presents walkability results on top of a
2D map.

This chapter describes a generic visualization platform that can be seamlessly
tailored for different indicator-based analyses. The goal of this platform was to
provide clear indicator visualizations that support planners and policy-makers in
decision-making in urban planning. This platform, called GENOR, handles the
definition, storage, processing, and visualization of indicators associated with areas
using 2D and 3D map-based views.

Two case studies were considered to validate the proposed platform, both re-
lated to problems in urban mobility analysis in Alesund:

e First, the platform was used to evaluate the walkability index in the city of
Alesund. Walkability ca be defined as a city’s attractiveness or its opportun-
ity for walking [29].

e Second, the differences in the bus services across different districts of the
city were assessed.

These two cases provide examples on how this platform can support urban
planning by assessing the use of public spaces and the effectiveness of public trans-
portation services.

3.1 Architectural description

This section introduces the fundamental structure of GENOR.
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Figure 3.1: Architectural view of the GENOR platform.

GENOR is divided into two entities: a client, to handle the user interaction
and visualization, and a web server, to handle the data storage and processing.
Figure 3.1 presents the architecture of GENOR.

3.1.1 Client side

The client side handles all the interactions with the users, allowing them to define
indicators and visualize computed indicator scores for a particular area. This side
has three components:

e The data management part, which handles the definition of the indicators
to be visualized. Indicators can also be deleted if they are no longer needed.
Once the user defines or deletes indicators, the client application will send
these data to the server which will process the information.

e The visualization of indicators, in which users must first choose an area
where the indicators will be displayed, and then the indicators to be visu-
alized. If multiple indicators are selected, a feature to assign weights to
each indicator is included. The client application will send these data to the
server, and the server will respond with the computed indicators.
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e The data visualization part, which happens when the server responds to the
data selection request by sending values of indicators for specific locations.
The client application will create one or more visualization methods to show
these data efficiently based on this information.

3.1.2 Server side

The server is responsible for storing and processing data. The user has no direct
interaction with it, but the server is essential for the client application to work
properly.
e The data management part handles the definition and deletion of the indic-
ators to be visualized. This information is sent to the data storage module.
e The data processing part handles the computation of indicators. Based on an
area and indicators selected by the user, the server communicates with the
data storage module to compute the specified indicators for that particular
region.

o First, the region of interest is divided into multiple tiles whose size is
given by the user. The goal is to compute one indicator value for each
tile.

o Then, the server communicates with the database to retrieve the rel-
evant indicators of the region of interest.

o Finally, based on the previous data, the server assigns a value of all
indicators to each tile. For each tile, all indicators are merged into
one global indicator using a weighted linear sum, the weights being
defined by the user. The server can then send a list of tiles with one
value for each of them to the client application.

e The data storage module contains a Database Management System (DBMS)
that is used to store indicators. Even if it is represented within the web
server, the database could be physically separated from it.

Usually, indicators are grouped when an analysis is made. For example, a
walkability assessment combines multiple indicators, such as the number of ped-
estrians crossings or the average speed limit in the neighborhood. Therefore, the
indicators were grouped by category. An indicator is a value assigned to an area,
and a category is a group of one or more indicators.

The web server is a REpresentational State Transfer Application Programming
Interface (REST API). A REST API is an API that conforms to the constraints of the
REST architectural style. REST is a software architectural style commonly used to
create interactive applications that use web services. The client uses keywords to
make requests: GET to retrieve resources; POST to submit new data to the server;
PUT to update existing data; and DELETE to remove data.

Figure 3.2 presents the database diagram used in this work. A table indicator
keeps track of the indicators. Each table row consists of a unique identifier and
the indicator name. A table category, similar to the indicator table, is used to keep
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id int category_id int id int

name varchar indicator_id int name varchar

Figure 3.2: Database diagram.
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Figure 3.3: Functional flow diagram of the platform.

track of the categories. To determine the indicators a category possesses, a third
table category_indicator was created. Each row contains the identifier of a category
and the identifier of an indicator.

3.2 Platform features

This section presents the features of GENOR. Figure 3.3 presents a functional view
of the client interface. Three actions can be performed from the main screen:
managing indicators, computing indicators, and changing the map display.
3.2.1 Managing indicators

The first action the tool offers refers to the management of indicators. This means
adding or deleting indicators and categories.

Adding indicators

When the user wants to add an indicator, the corresponding window opens (Fig-
ure 3.4). This feature allows the user to choose a local file that contains values of
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s indicator values.

Browse

Figure 3.4: Add indicator window.

Table 3.1: Example of an indicator table.

geometry indicator
POLYGON [(62.473940, 6.178904), (62.473940, 6.190553), 62.472451, 6.178904), (62.472451, 6.190553)] 0.5
POLYGON [(48.098141, -1.378394), (48.098141, -1.341239), (48.080142, -1.378394), (48.080142, -1.341239)] 0.7

indicators for some regions of space. To make the platform as generic as possible,
files with any vector-based spatial data format are accepted, such as Geojson,’
Shapefile,? or GeoPackage® for example. The file is then sent to the server through
a POST request.

The server reads the file and converts it to a generic format. Once performed,
the server will request the database to create a table for each indicator present in
the file and populate it with the corresponding values. Table 3.1 shows an example
with two rows. The table has an indicator column that contains the indicator value,
and a geometry column that contains an area corresponding to that indicator
value. The coordinates follow the EPSG:4326* format.

Adding categories

A category is a group of indicators. Therefore, the “add-category” window (Fig-
ure 3.5) shows a list of all available indicators. To have access to this list, the
client sends a GET request to the server before actually opening the window. The
user can define a category name, choose one or more indicators and send this
information to the server through a POST request.

With the information the client application provides, the server will then cre-
ate a row with the category name to the category table. The category identifier,

'https://geojson.org/ (As of May 2022).

2https://www.esri.com/content/dam/esrisites/sitecore-archive/Files/Pdfs/library/
whitepapers/pdfs/shapefile.pdf (As of May 2022).

3https://www.geopackage.org/ (As of May 2022).

“https://epsg.io/4326 (As of May 2022).


https://geojson.org/
https://www.esri.com/content/dam/esrisites/sitecore-archive/Files/Pdfs/library/whitepapers/pdfs/shapefile.pdf
https://www.esri.com/content/dam/esrisites/sitecore-archive/Files/Pdfs/library/whitepapers/pdfs/shapefile.pdf
https://www.geopackage.org/
https://epsg.io/4326
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ADD CATEGORY

A category is a group of indicators. You ¢ new one by defining a category name more indicators.

Name Walkability

distanceToCrossing Add

population Delete
distanceToPark Delete
intersectionNumber Delete
averageSpeedLimit Delete

elevation Delete

Figure 3.5: Add category window.

DELETE CATEGORY

You can choose one or more categories to delete. The indicators ted with the selected categories will also be deleted.

Bus availability o Add
Walkability

Figure 3.6: Delete category window.

automatically created, is sent to the server. Then, for each indicator the client
wants in this category, a row will be created in the category_indicator table with
the previous category identifier and the identifier corresponding to the indicator.

Deleting categories

The delete category window (Figure 3.6) shows the list of available categories.
This list is given by the server after a GET request by the client. Then, the user
can choose one or more categories, and the selection will be sent to the server
through a DELETE request.

The server will remove each category and its associated indicators from the
database. This means that some rows will be removed from the indicator, cat-
egory, and category indicator tables, and the tables containing the indicators will
be dropped.
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SELECT INDICATORS

Tile size m

Walkability

Bus availability .

Figure 3.7: Part of page 1 of the “compute-indicator” window.

3.2.2 Computing Indicators

Once some indicators and categories are defined, the user can start computing
and visualizing them for the selected area. This area is divided into several tiles,
where one indicator value is computed. The client application can then provide a
visualization of the results.

Client side

The “compute-indicator” window (Figures 3.7 and 3.8) allows the user to choose
which indicators to visualize. On the first page of the window, a list of available
categories is displayed (retrieved from the server through a GET request), as well
as an input to specify the size of the tiles. On the second page of the window, a list
of indicators corresponding to the selected categories is displayed. The user can
specify the weights associated with each of the indicators. Then, the user is asked
to select an area on the map in which the indicators will be computed. Finally, all
of these data (selected categories, tile size, weights of indicators, selected area)
are sent to the server through a GET request.

The server computes the indicators (as described in the next part) and sends
back tiles with values of indicators that can be visualized in the client application.

The current version of the platform provides two visualization methods:

e A 2D visualization, where each tile is represented by a square whose color
changes depending on the indicator’s value. A high value is represented by
the green color, while a low value is represented by a red color. This visual-
ization method is commonly used by urban data visualization tools [2].

e A 3D visualization, where some relief and 3D buildings are added to the
map. Each tile is represented by a vertical bar, whose height and color
depend on the indicator’s value, like the previous visualization. 3D visu-
alizations offer more understanding of spatial relations than 2D visualiza-
tions when the user can freely move in the environment [30]. Furthermore,
3D models are considered to be more beneficial for citizens, planners, and
politicians [31].
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SELECT WEIGHTS

population
distanceToPark
intersectionNumber
averageSpeedLimit
elevation

distanceToCrossing

Figure 3.8: Part of page 2 of the “compute-indicator” window.

Server side

When the server is asked to compute the indicators, three steps are conducted:
First, the server creates the tiles by dividing the selected area based on the tile size.
The centroid (or center) of the tiles is also computed. Second, for each indicator,
the server tries to obtain the values of this indicator for that specific area from the
database. Each indicator has a corresponding table inside the database, in which
the values of this indicator are attached to areas. Then, a spatial join between the
centroids of the tiles and the data taken from the database is made. If a centroid
of a tile is located inside an area of the indicator table, then the server can assign
the corresponding indicator value to this tile.

Figure 3.9 shows an example. An indicator table contains two rows and a
table representing the tiles. Before the spatial join, the tiles have no value for the
indicator. After the join, the first row gets the value 0.2 because its centroid is
located inside the first polygon of the indicator table. The second row still has no
value because its centroid is not located inside any polygon.

Finally, one global indicator is computed for each tile by combining all indic-
ators, as shown in Equation 3.1, with w; the weights and v; the indicator values.

globallndicator = Z w; X V; 3.1

i€{indicators}
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indicator geometry

POLYGON [(62.4T73940, 6.178904), (62.473940, 6.190553),

2 (62.472451, 6.178904), (62.472451, 6.190553)]
0.6 POLYGON [(48.098141, -1.378394), (48.098141, -1.341239),
. (48.080142, -1.378394), (48.080142, -1.341239)]
- - indicator centroid
indicator table 4
» 0.2 (62.473, 6.18)
indicator centroid null (30.56, 4.56)
null (62.473, 6.18) result of spatial join
null (30.56, 4.56)
tile table

Figure 3.9: Example of a spatial join.
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Figure 3.10: Change location window.

3.2.3 Changing the Map Display

Two map views are available: a 2D view and a 3D view. It is possible to pan using
the mouse in the 2D map. The 3D view presents a view of projected satellite photos
on terrain with elevation and 3D buildings. The mouse and the keyboard can be
used to move inside the scene.

Finally, a window (Figure 3.10) is available to support a quick change of the
location. The user can input a place, e.g. a city, and the map will be moved to that
location.

3.2.4 Implementation aspects

Our implementation considered usage scenarios that rely on 2D and 3D visualiz-
ation methods on top of a world map. Therefore, the client side was implemented
using a Unity® application. Unity is a cross-platform game engine that can be used

Shttps://unity.com/ (As of June 2022).


https://unity.com/
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to create 2D and 3D games and interactive simulations.

The utilization of a map provider is needed to display an interactive map.
Many exist, such as ArcGIS,® Google Maps,” or Geopipe.2 Mapbox® was adopted
because it provides a well-documented Software Development Kit (SDK) for Unity.

The server side consists of two components: the web server and the database.
The requirements for the server were to create a REST API that can work with
GIS data. Creating a REST API can be done easily using different tools, such as
JavaScript (Node.js) and PHP. Python-based technologies were adopted for hand-
ling GIS data, because of the availability of several GIS packages. Therefore, the
web server is written in Python. To create the REST API, the package FastAPI'°
was used, which is a modern and fast web framework for building an API using
Python.

Several GIS packages are used, the most important ones being:

e Geopandas,'! to work with geospatial data.

e Shapely,'? to manipulate and analyze planar geometric objects.

e Pyproj,'3 to perform cartographic transformations and geodetic computa-
tions.

The database had a similar requirement than the web server: it had to sup-
port GIS data. Postgresql'* was adopted, which is a free and open-source relational
database management system, along with PostGIS,'®> which is an open source soft-
ware that supports handling geographic objects in PostgreSQL.

The implementation diagram is shown on Figure 3.11.

3.3 Case studies

This section presents two case studies related to the use of GENOR for the visual-
ization of indicators related to urban mobility, and a comparison of the platform
with an existing Digital Twin for Walkability Assessment in City Planning.

3.3.1 On the visualization of walkability indicators

The first case study was the visualization of the walkability index for the city of
Alesund in the context of planning processes.

https://developers.arcgis.com/unity-sdk/ (As of May 2022).
“https://developers.google.com/maps/documentation/gaming/overview musk (As of May
2022).

8https://geopi.pe/games (As of May 2022).

“https://www.mapbox.com/unity (As of May 2022).
Ohttps://fastapi.tiangolo.com/ (As of May 2022).
"https://geopandas.org/ (As of May 2022).
2https://shapely. readthedocs.io/en/stable/manual.html (As of May 2022).
Bhttps://pypi.org/project/pyproj/ (As of May 2022).
“https://www.postgresql.org/ (As of May 2022).

Bhttps://postgis.net/ (As of May 2022).


https://developers.arcgis.com/unity-sdk/
https://developers.google.com/maps/documentation/gaming/overview_musk
https://geopi.pe/games
https://www.mapbox.com/unity
https://fastapi.tiangolo.com/
https://geopandas.org/
https://shapely.readthedocs.io/en/stable/manual.html
https://pypi.org/project/pyproj/
https://www.postgresql.org/
https://postgis.net/
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Figure 3.11: Implementation diagram, illustrating the main technologies em-
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ployed in the implementation of the proposed platform.
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Several indicators can be used to compute walkability. Based on the available

information, the following indicators were used:

e Population density: defined as the number of people in a grid of 400 x400m;
higher density means a more walkable area.

e Park areas: the indicator is higher when a park is nearby.

e Street connectivity: defined as the number of street intersections, more street
intersections gives a higher score of walkability.

e Elevation: the highest score is at the lowest altitude.

e Speed limit: defined as the road sleep limit, lower speed limit gives a higher
score.

e Pedestrian crossings: The indicator is higher when a pedestrian crossing is
nearby.

Datasets used

Global datasets have been used to compute the indicators. This means that even
though this use case is limited to the city of Alesund, it can be easily extended to
any other place of the world. Table 3.2 presents the datasets used.

Area of interest

The indicators will be computed within an area of interest. For this example, the
study area is the city of Alesund, therefore the area is a bounding box with the

Bhttps
7https
Bhttps
Phttps

://data.humdata.org/dataset/kontur-population-dataset (As of May 2022).
://www.kontur.io/ (As of May 2022).

://www.opentopodata.org/ (As of May 2022).

://www.openstreetmap.org/ (As of May 2022).


https://data.humdata.org/dataset/kontur-population-dataset
https://www.kontur.io/
https://www.opentopodata.org/
https://www.openstreetmap.org/
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Table 3.2: Datasets used.

Indicator

Dataset Source

Dataset description

Population density

Kontur population dataset'®

Kontur!’: a geospatial data and
real-time risk management solutions

provider for humanitarian,
private, and governmental

organizations.

Free, released in 2020, and
consists of hexagons with
population counts at

400m resolution.

Elevation Advanced Spaceborne Joint effort between the Ministry 1 arc-second resolution,
Thermal Emission and of Economy, Trade, and corresponding to a resolution
Reflection Radiometer Industry (METI) of Japan of about 30m at the equator.
(ASTER) dataset and the National Aeronautics
through the Open and Space Administration
Topo Data APL!® (NASA) of the US.
Park areas OpenStreetMap!® Volunteers OpenStreetMap is a free, editable
Street connectivity map of the whole world that
Speed limit is being built by volunteers.
Pedestrian crossings
Gamlem
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Figure 3.12: Area of interest.

following coordinates:

e Minimum longitude: 5.938799.
e Minimum latitude: 62.436930.
e Maximum longitude: 6.420250.
e Maximum latitude: 62.536570.

This corresponds to the area in green in Figure 3.12.

Indicator assessment

When creating indicators, the platform expects one or more files with any vector-
based spatial data format, such as Geojson, Shapefile, or GeoPackage for example.
Therefore, this type of file needs to be created with the previous indicators. Python-
based libraries have established as promising technologies to perform such GIS
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operations.

Population density The population dataset consists of hexagons with popula-
tion counts at 400m resolution. For each hexagon within the area of interest, one
value of all indicators was computed. The Geopandas package is used to read the
population dataset by taking only the hexagons located inside the area of interest.
The resulting data is then projected onto the EPSG:3857 projection system, the
projected coordinate system used for rendering maps in, e.g., Google Maps and
OpenStreetMap. Since indicators must take values between 0 and 1, the density
indicator is computed as shown in Equation 3.2.

population

densityIndicator = (3.2)

maxPopulation

maxPopulation refers to the maximum value of population inside the area
of interest.

Park areas The parks of Alesund are given by OpenStreetMap through the Osmnx
package. It is projected onto the EPSG:3857 projection system to be consistent
with the hexagons. First, each hexagon’s centroid (or geometric center) is com-
puted. Then, the distance to park parameter is set for each hexagon as the distance
between the centroid and the nearest park within walking distance. The walking
distance is considered to be 800 meters, the farthest radial distance based on a ten
minutes walk.?® If a centroid has no park within walking distance, the associated
parameter equals the walking distance. Finally, since the park areas indicator is
higher when a park is nearby, the park area indicator is set as shown in Equa-
tion 3.3.

distanceToPark
parkArealndicator =1— r Cfn ¢ ,O ar (3.3)
walkingDistance

Street connectivity As for the park areas, the number of street intersections
is given by OpenStreetMap through Osmnx. For each hexagon, the number of
intersections whose distance to the centroid is inferior to the walking distance is
counted. The street connectivity indicator is set as shown in Equation 3.4.

numberOf Intersect

streetConnectIndicator = (3.4)

maxNumberOf Intersect

Elevation The elevation data is coming from Open Topo Data. For each hexagon,
the elevation of the centroid is queried. The associated indicator is written in
Equation 3.5.

. . elevation
elevationindicator=1— —— (3.5)
maxElevation

2https://www.dcla.net/blog/walkability-standards (As of May 2022).
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Figure 3.13: 2D visualization of walkability.

Speed limit The speed limit data comes from OpenStreetMap. For each hexagon,
an average of the speed limit of each road whose distance to the centroid is in-
ferior to the walking distance is made. The speed limit indicator is written in
Equation 3.6.

averageSpeedLimit
speedLimitIndicator =1— geop — (3.6)
maxAverageSpeedLimit

Pedestrian crossings The pedestrian crossings indicator computation is similar
to the park area indicator computation, the only change is that the distance to the
nearest crossing is used instead of the nearest park.

The GeoPandas package was used to export the values of the six indicators to
a GeoJSON file. This file format is an open standard format designed for repres-
enting simple geographical features.

Visualization of indicators

In the platform, the previously created GeoJSON file can be uploaded via the
“add indicator window.” Then, a walkability category can be defined in the “add
category window.” Finally, the “compute-indicator” window will lead to the visu-
alization of the indicators.

Figures 3.13 and 3.14, respectively, show the 2D and 3D results with all weights
set to 1. A green color means a high value, and a red color means a low value.
The study case shows that the walkability indicator is the highest in the city center
and the lowest in the southwest part of the city.

Indicators can also be visualized individually. For example, Figure 3.15 shows
only the 2D result of the population indicator. The red tiles indicate areas with
virtually no people living there.
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Figure 3.15: 2D visualization of the population indicator.

3.3.2 On the visualization of bus service availability

The second case study is bus service availability in the city of Alesund. The Public
Transport Access Level (PTAL) [32] was computed for different districts of Alesund
and at different intervals of time.

Datasets used

Alesund was divided into districts based on data coming from Statistics Norway.2!
Figure 3.16 shows the districts of Alesund.

Data related to buses (bus stops, frequency) was collected from Entur,?? which
operates the national registry for all public transport in Norway.

2lhttps://kart.ssb.no (As of May 2022).
2https://developer.entur.org/stops-and-timetable-data (As of May 2022).
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P e

Figure 3.16: Districts of Alesund.

Indicator creation

To determine the PTAL for one district, the PTAL was computed for all buildings
inside that district and then averaged the result. The building data were provided
by Mapbox.?? For each location, the PTAL is computed following an algorithm
described in [32]:

e Calculate the walk times from the location to the nearest service access
points (bus stops in this example). Only bus stops within 640 meters are
considered, because it is assumed that people will walk up to eight minutes
to a bus service.2*

e For each bus stop, calculate the scheduled waiting time (SWT), which is
half the time interval between arrivals of buses at this stop. The scheduled
waiting time indicator reflects the frequency of buses arriving at a specific
stop.

e For each bus stop, calculate the average waiting time (AWT), which is the
SWT added to a reliability factor. The reliability factor reflects the fact that
actual wait times can be longer due to buses arriving late. It is set to two
minutes in this use case.

e For each bus stop, calculate the total access time (TAT), which is equal to
the walk time added to the AWT.

e For each bus stop, calculate the equivalent doorstep frequency (EDF), which
is a measure of what the service frequency would be like if the service was
available without any walking time. It is equal to EDF = 0.5 x (% .

Bhttps://www.mapbox.com (As of May 2022).
2*https://content.tfl.gov.uk/connectivity-assessment-guide.pdf (As of May 2022).
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Figure 3.17: 2D visualization of the bus service availability.
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Figure 3.18: 3D visualization of the bus service availability.

e Finally, calculate the Access Index (AI) by summing all the EDE This gives
a value from 0 (worst PTAL) to 40 (best PTAL).

Visualization of indicators

Figures 3.17 and 3.18 show, respectively, the 2D and 3D result with all weights
set to 1. A green color means a high value and a red color means a low value, so
like the walkability indicator, the bus service availability indicator is the highest
in the city center, and the lowest in the south west of the city.

3.3.3 Comparison with the Digital Twin for Walkability Assessment
in City Planning

The walkability assessment presented in Case Study 1 was already implemented
in [6]. In this section, the two platforms are compared (Table 3.3).
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Table 3.3: Comparison of GENOR with the proposal in [6].

Proposal in [6] GENOR
Architecture Client - Server Client - Server
Client application Unity Unity

Server application Python web server Python web server

(REST API) (REST API)
Data storage system File system Database
Computation of Pre-computed and User has to provide
indicators stored a file
Indicators Walkability Any, defined by the
user

Indicator selection =~ Weight selection Indicators and
weights selection

Tile size Fixed Can be changed
Area of interest Alesund Any area
Views 2D 2D and 3D

In term of architecture and implementation, both platforms are similar. They
use a client server model with Unity and Python. Only the storage system is dif-
ferent (file system and database).

In term of features, the platforms differ. The platform of [6] was made to only
visualize walkability in Alesund, so it is less generic than GENOR. Recall that in
the case of GENOR, the user has to generate the indicators, while the platform
proposed in [6] assumes their pre-computation. Moreover, our platform presents
more ways to customize the visualization with the tile size specification, and the
area and indicator selection.



Chapter 4

Generic Platform for indicator
visualization for mobile and
desktop environments

The second goal of this thesis was to design and implement a flexible indicator
visualisation platform for city planners and citizens. These groups have different
objectives and needs when using maps and geographic information. Policy-makers
would use the application during the planning process. Citizens require inform-
ation that is effective and easy to use in the everyday life. They may also have
different devices at their disposal. Based on the different requirements, two ap-
plications have been developed: a desktop application, aimed for urban planners,
and a mobile application, aimed for citizens.

Desktop and mobile applications have three main features:

e The user can select indicators that are be displayed on top of roads.

e The application provides a steepness visualization, which indicates which
roads can be used by a disabled or elderly person.

e A navigation feature can be used to find a route between two locations. Only
the route with the best indicator score is shown to the user.

4.1 Architectural description

This section introduces the fundamental structure of the applications. Since the
two applications have similar features and only differ by their implementation,
the applications will be referred as the client in this section. Figure 4.1 presents
the architecture of the project. As for GENOR, there are two entities: a client to
handle user interaction and visualization, and a web server for data processing
and storage.

27
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Figure 4.1: Architectural view.

4.1.1 Client side

The client handles all the interaction: the user can select some indicators, and
the applications will provide related visualization. A navigation feature allows
the user to select two locations, and the application will display a route between
those two locations. Three main parts can be described:

e The data selection part lets the user choose what kind of data to visual-
ize. First, indicators have to be selected. Then, some indicators may have a
parameter that will change the indicator computation. For example, in the
context of the steepness indicator related to walkability, different users may
define distinct values of maximum uphill steepness they consider walkable.
This type of parameter has to be defined by the user. Finally, in case mul-
tiple indicators are selected, the user can define a weight applied to each
indicator. For example, a user may define steepness as more important as
the proximity of parks. Once all this information is given, the client will
send these data to the server. To use the navigation feature, the user can
also define two locations that will be sent to the server for processing.

e The data visualization part occurs when the server responds to a request
made in the data selection part. As described before, there are two requests:
one for visualizing indicators, and the other for finding a route between
two locations. The client will create suitable visualizations for these two
features.

e The data storage part allows the client to save indicators on its device, so
that it can load them afterwards. An internal file system is used to save
the data. This part was developed in order to let the user save some indic-
ator configurations considered important. When indicators are loaded, no
request to the server is made, so the visualization happens faster.
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4.1.2 Server side

As described in the previous part, the client makes two requests to the server: one
to compute indicator values, and the other to find a route between two locations.
Like GENOR, the web server is a REST API that can accept GET or POST requests
for example. To process these requests, three parts can be described:

e First, raw indicator values must be computed. This is performed in the pre-
processing step. An area of interest is selected and raw indicator values are
computed inside that area. For example, let us consider an indicator related
to population. The raw indicator values will be the population density for
different locations.

e The raw indicator values are stored in the data storage part. I chose to use
a file system, which means the raw indicator values are stored into a file.
Other information, such as descriptions for each indicator, is stored into
another file.

e The data processing part handles the two requests by using the data stored.

o When the user makes the indicator request, two steps are conducted.
First, the indicators selected by the user are retrieved from the file
system. Then, the indicator values are computed using the raw indic-
ator values and parameters defined by the user, and combined using
the weights also defined by the user. The result is one overall indicator
with values for the area considered, which is sent back to the client. For
example, with an indicator related to population, we already saw that
the raw indicator values are the population. The corresponding indic-
ator values will be numbers between 0 and 1, O for locations without
population, and 1 for densely populated locations.

o When the user makes the navigation request, the steps described above
also occur. Then, when the server has computed an overall indicator,
a route is determined using the indicator values. For example, if two
routes are possible, only the one with the highest indicator value will
be considered. When a route is found, it is sent to the client.

4.2 Applications features

This section describes the features of the desktop and the mobile applications.
They have two main features: managing indicators and finding a route between
two locations.

4.2.1 Indicator management

The first action the tool offers refers to the management of indicators. This means
selecting indicators, editing parameters and weights, as well as saving and loading
indicators.
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Select indicators X

Walkability can be described as a combination of the indicators
described below. You can select which indicator to use by
checking the boxes below.

Walking path / sidewalks

Elevation
A place is considered more walkable if the elevation is low.

Street connectivity
The more street intersections, the better for walkability.

Slope
A road with a high slope is less walkable. You can define the

biggest slope you consider to be walkable (in %):

Maximurm uphill slope 15 2

Amenities and Attractions

Population density
A higher density means a more walkable area.

Proximity of parks
This indicator is higher when a park is nearby. You can define

the maximum distance from which a park is too far (in

meters):

Figure 4.2: Select indicator window (desktop application).

Selecting indicators and parameters

When the user wants to select indicators and parameters, a request is made to
the server to fetch information about all indicators, such as the indicator name, a
description, and a group name. The server stores this information in a JavaScript
Object Notation (JSON) file.

The mobile application has an “advanced mode” feature that only displays
some of the indicators. This has been added to avoid overwhelming users with
lots of indicators. In case this feature is disabled, the server will only send a part
of all the indicators.

After the request has been processed by the server, a window (for the desktop
application, Figure 4.2) and a screen (for the mobile application, Figure 4.3)
opens, that lets the user define which indicator to use by checking or uncheck-
ing boxes. Some indicators, for example slope in Figure 4.2, have an additional
parameter that will have an impact during the computation of the indicator val-
ues.
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< Walkability - Select indicators

Walkability can be described as a combination of the
indicators described below.

You can select which indicator to use by checking the
boxes below.

Walking path / sidewalks

Elevation

A place is considered more walkable if the
elevation is low.

Street connectivity |:]
The more street intersections, the better for
walkability.

Slope

A road with a high slope is less walkable. You
can define the biggest slope you consider to be
walkable (in %):

Maximum uphill slope 15

Amenities and Attractions

Population density |:|

Figure 4.3: Select indicator screen (mobile application).
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Edit weights

Elevation

Slope

Figure 4.4: Edit weights window (desktop application).

Editing weights

Once indicators are selected, a window (for the desktop application, Figure 4.4)
and a screen (for the mobile application, Figure 4.5) let the user define the weights
applied to each indicator by moving a slider. The client applications can now send
a request to the server for computing indicator values.

Computing indicators

On the server side, computing indicators is done in two steps: fetching indicator
raw values from the data storage and computing the indicator values based on
the user input.

Indicator values are information related to specific location on Earth. To work
with such spatial data, GIS must be used. In this project, vector data are used to
represent indicator values (which are described in the case study section).

Once the raw indicator values are loaded, the parameters and weights given by
the user are used to compute one overall indicator. The same equation as the one
used by GENOR (Equation 3.1, with w; the weights and v; the indicator values),
is used to combine the indicators. When the computation is done, the server sends
a response to the client with the overall indicator values.

Visualizing indicators

To provide a visualization of the overall indicator values, both applications display
a 2D map with a heatmap drawn on top of it (Figure 4.6 for the desktop applic-
ation, Figure 4.7 for the mobile application). The color scale goes from orange
(low value) to yellow (medium value) and to green (high value).

Saving and loading indicators

The client applications have saving and loading features. They allow the user to
save indicators on its device so that they can be loaded afterwards.

Due to differences in the technology used, the mobile and desktop applications
do not exactly have the same implementations:
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< Walkability - Select weights
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Figure 4.5: Edit weights screen (mobile application).
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Figure 4.6: Indicator visualization (desktop application).
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Figure 4.7: Indicator visualization (mobile application).
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Navigate

From

To

Alesund Gaseidvikal

Figure 4.8: Navigation window (desktop application).

e The mobile application saves the indicator values. That can represent large
files (more than a few megabytes), but it means that when the user loads
the indicators, they are directly displayed without having to make a request
to the web server.

e The desktop application saves which indicators are selected, the parameters,
and the weights. The indicator values are not stored, because the techno-
logy used (which is detailed in the implementation section) does not allow
files larger than a few megabytes to be stored. It means that when the user
loads the indicators, a request to the server has to be made with the stored
parameters and weights.

4.2.2 Navigation

The navigation window (for the desktop application, Figure 4.8) and the naviga-
tion screen (for the mobile application, Figure 4.9) let the user define two places.
The device’s location can be used as one of the two places. The user inputs place
name, while the server wants to receive geographic coordinates. Therefore, a con-
version has to occur before sending a request to the web server.

Then, the server performs two steps:

e First, an overall indicator is computed as described in the computing indic-
ators section.

e Then, a shortest path algorithm takes as an input the two locations defined
by the user and the overall indicator previously computed. This indicator is
used to apply a cost to the roads. The algorithm will find the shortest path
with the lowest cost. A low cost is represented by a high indicator value, so
the algorithm will find a route that maximizes the indicator values.

Once the computation is made, a line is represented on the map displaying
the route between the two locations (Figure 4.10 for the desktop application and
Figure 4.11 for the mobile application).
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Figure 4.9: Navigation screen (mobile application).
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Figure 4.10: Navigation result (desktop application).
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Figure 4.11: Navigation result (mobile application).
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Mobile application Server Desktop application
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Figure 4.12: Implementation diagram.

4.2.3 Implementation aspects

Figure 4.12 shows the implementation diagram of the project.

Server

The server consists of three parts: pre-processing, storage, processing, and hand-
ling of web requests. The pre-processing part was done using QGIS.! QGIS is a
free and open-source GIS software. It was used to create the raw indicator values
file. Two pieces of information are stored: the indicator values (stored in a vec-
tor data file) and some additional information about the indicators, such as their
names or description (stored in a JSON file).

As for GENOR, the server had to be a REST API that can work with GIS. There-
fore, Python was used with the FastAPI package.

Mobile application

Due to the availability of devices, the choice has been made to develop an Android
application. The minimum API level required to run the application is 16 (corres-
ponds to Android 4.1), which represents 99.8% of Android devices (as of March
2022). The Android SDK was used to develop the application. It is a collection
of software development tools and libraries required to develop Android applic-
ations and developed by Google. This is the regular way of developing Android
applications. The programming language used is Kotlin.

As for GENOR, the Mapbox map provider was used to display the map in the
application.

lhttps://qgis.org/en/site/ (As of May 2022).
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Desktop application

The desktop application is a website. This choice was made because a website can
be visualized on any device with any screen size. Moreover, the already imple-
mented server can be used to serve the webpage.

A webpage consists of HTML, CSS, and JavaScript code. The Bootstrap frame-
work? was used. It is a free and open-source tool which can be used to have a
responsive website, meaning it is suited for any screen, from very small to very
large. As for the mobile application, the Mapbox map provider was used to display
the map.

4.3 On the visualization of walkability and accessibility

A practical use case of the two applications was conducted on walkability and
accessibility. The following indicators were used:

e Elevation: A place is considered more walkable if the elevation is low.

e Population density: A higher density means a more walkable area.

e Proximity of parks: This indicator is higher when a park is nearby. The max-
imum distance from which a park is too far can be defined by the user.

e Street connectivity: The more street intersections, the better for walkability.

e Speed limit: It is safer to walk when the car speed limit is low.

e Pedestrian crossings: This indicator is higher when pedestrian crossings are
nearby. The maximum distance from which a pedestrian crossing is too far
can be defined by the user.

e Slope: A road with a high slope is less walkable. The biggest slope con-
sidered to be walkable can be defined by the user.

e Distance to schools: This indicator is higher when schools are nearby. The
maximum distance from which a school is too far can be defined by the user.

e Distance to health facilities: This indicator is higher when health facilities
such as hospitals or nursing home are nearby. The maximum distance from
which a health facility is too far can be defined by the user.

e Distance to lights: This indicator is higher when public lights are nearby.
The maximum distance from which a public light is too far can be defined
by the user.

4.3.1 Dataset used

Global and local datasets have been used to compute indicator values.
The population dataset® gives the population density with 250m squares. The
locations of parks, schools and health facilities were obtained from the property re-

Zhttps://getbootstrap.com/ (As of May 2022).
*https://data.geonorge.no/sosi/befolkning, dataset ID: befolkning rutenett 250 2019
(As of June 2022)
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Figure 4.13: Area of study.

gister4. Public lights were obtained from the common database of Norway (FKB)>,
as well as an elevation model used to compute the elevation and slope indicators.
Finally, the pedestrian crossings, number of street intersections, speed limit come
from OpenStreetMap,® as described in the GENOR chapter.

4.3.2 Indicator definition

The indicators were computed for Alesund and its surroundings. Walkability and
accessibility are linked to mobility, so the indicators values were only computed
on the roads located in the area of interest. Figure 4.13 shows the area of study,
as well as the location of where the indicators were computed.

As described in the implementation section, the QGIS software was used to
compute the indicators. For each indicator, the goal was to assign a raw indicator
value to each road located in the area of interest.

*https://data.geonorge.no/sosi/matrikkel, dataset ID: bygningspunkt (As of June 2022)

Shttps://www.kartverket.no/geodataarbeid/geovekst/fkb-produktspesifikasjoner (As
of June 2022).

Shttps://www.openstreetmap.org/ (As of May 2022).
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Population density

The population dataset was giving the number of people living in 250m squares.
Therefore, it consisted of vector data with population values associated with poly-
gons.

The values are associated with some polygons, but the goal is to have values
associated with any location within the area of interest. Therefore, an interpola-
tion is needed. QGIS proposes the Triangulated irregular network (TIN) interpol-
ation:” it creates a network of non-overlapping triangles, and then a value at any
location is computed as a weighing of the values of the three apexes of the triangle
to which it belongs. This result in a raster layer, consisting of rows and columns
of pixels, each one containing a value. Finally, a population value is given to each
road by taking the corresponding raster value. This gives the raw population in-
dicator value. Equation 3.2 was used to compute the indicator value.

Proximity of parks

The parks dataset consisted of polygons, each one being a park. This indicator is
related to the distance between a point and the nearest park, so a distance function
from QGIS was used to compute the raw values.

Equation 4.1 was used to compute the indicator value. The maximalDistance
variable can be given by the user. By default, it is 800 meters (the farthest radial
distance based on a ten minutes walk).

. . distanceToPark
distanceToParkIndicator = max(1 —

0) 4.1

maximalDistance’

Pedestrian crossings

The pedestrian crossings dataset consisted of points, each one being a crossing.
The same method as for the proximity of parks indicator was used.

Street connectivity

The street intersection dataset consisted of points, each one being an intersection.
This indicator is related to the number of street intersections within a certain
space. For each location, the number of intersections within 800 meters is counted.
This gives the raw street connectivity indicator value. Equation 3.4 was used to
compute the indicator value.

Elevation

The elevation dataset was a raster layer containing elevation values for the whole
region of Alesund. Therefore, the elevation of to each road is taken from the cor-
responding raster value. Equation 3.5 was used to compute the indicator value.

“https://en.wikipedia.org/wiki/Triangulated irregular_network (As of May 2022).
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Alesund
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Figure 4.15: Visualization of the distance to schools indicator in Alesund.

Slope

The slope dataset was also a raster layer, so the same method as the elevation in-
dicator was used. However, the user can define define the biggest slope considered
to be walkable, as shown in Equation 4.2 with the maximalSlope variable.

slope

0) (4.2)

slopeIndicator = max(l - ————,
maximalSlope

Distance to schools / health facilities / lights

The datasets related to these indicators consisted of polygons, so the same method
as for the proximity of parks indicator was used.

4.3.3 Walkability and accessibility visualization

Figure 4.14 shows the result with all indicators selected and all weights set to 1
for Alesund. We can see that the city center is the most walkable part of the city,
and that walkability and accessibility are overall not high near the sea.

The tool can also be used to visualize single indicators. For example, Fig-
ure 4.15 shows only the distance to schools indicator. The red roads indicate loc-
ations which are at least 800 meters away from a school.
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Evaluation

This chapter presents the evaluation for the mobile and the desktop applications
described in Chapter 4. The purpose of the validation was to determine if the
applications are relevant and useful for the target users. Two evaluations were
conducted: one on the desktop application, and the other on the mobile applica-
tion presented in Chapter 4.

5.1 Protocol used

The validation was done through empirical evaluation using the DECIDE protocol,
which has previously been adopted in several evaluations [33]. This protocol con-
sists of six different steps:

e Determine the goals.

e Explore the questions by defining the questions to be answered by the eval-
uators.

e Choose the evaluation paradigm and techniques according to the actual situ-
ation of the evaluation.

e Identify the practical issues such as users, equipment, materials, schedules,
and budgets.

e Decide how to deal with the ethical issues by protecting people’s privacy for
example.

e Evaluate, interpret, and present the data.

5.2 Desktop application evaluation

This section presents an evaluation carried on the desktop application described
in Chapter 4.

43
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5.2.1 DECIDE protocol

This section presents the six steps of the DECIDE protocol applied to the evaluation
of the desktop application.

Determine the goals

The goal was to assess the graphical user interface of the application and the us-
ability of the different features. Users were expected to easily understand how the
application works and to find how the application can be used in urban planning.

Explore the questions

The following research questions were expected to be answered by the user study:

e How easy is it to understand and use the application?
e Do the results displayed by the application are consistent with real life?
e Is the application relevant for urban planning?

Choose the evaluation paradigm and techniques

The user study was conducted on a printed form consisting of selection options,
scale ratings, and free text fields. The results were reported on an online sheet.

Identify the practical issues

e Users: A group of people attending the North West! conference in Alesund,
an event about sustainable regional development.

e Equipment: Each user interacted with the application through a laptop.
Then, they were asked to fill a written questionnaire.

e Materials:

o Instructions were given orally on how to use the application, as well
as background information about this work.

o A webpage to access the application.

o A form, divided into a profile part and an application part.

Decide how to deal with the ethical issues
The responses to the form were collected anonymously, unless the participant was
filling to share his/her email address.

Evaluate, interpret, and present the data

The responses of the form were collected using selection options, scale ratings,
and free text fields, which were then used to create different types of charts.

Yhttps://www.thenorthwest.no/en (As of May 2022).
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5.2.2 Evaluation form

The evaluation form is divided into three parts: profile part, application part, and
conclusion part.

Profile part

The goal of the profile part was to obtain general information about the parti-
cipants. The first two questions referred to the level of education and the pro-
fessional activity of the participants (between public sector, private sector, and
student). The other three questions focused on assessing the familiarity of parti-
cipants with different concepts related with the application. The following ques-
tions were utilised:

e How do you assess your knowledge about Alesund?

e How familiar are you with map-based applications (e.g. Google Map, Bing
Map, Mazemap, etc.)?

How familiar are you with geographic information system (GIS)?

How familiar are you with information visualization approaches?

e How familiar are you with the walkability concept?

On each question, the participants had the choice among:

e Not at all familiar
Somewhat familiar
Familiar

Very Familiar
Completely familiar

Another question was related to the definition of walkability. Participants were
asked to choose one or more indicators that best describe walkability among the
following:

Elevation

Slope

Population density (number of people living in the area)
Car speed limit

Street connectivity (number of street intersections)
Proximity of pedestrian crossings

Distance to schools

Distance to parks

Distance to health facilities

Distance to good illuminated sidewalks or areas

Participants also had the possibility to suggest other indicators.
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Application part

Before filling out this part, participants had to use the application by selecting
indicators, assigning weights and visualizing results. Then, the first questions of
this part aimed at assessing the ease of use of the application:

How easy is it to understand the definition of indicators?

How easy is the selection of indicators?

How easy is it to set the values of indicator parameters?

How easy is the assignment of weights for each indicator?

How easy is the identification of roads with low and high values of walkab-
ility?

e Overall, how do you rate the degree of difficulty of using the application to
estimate walkability (selecting indicators and assigning the weights)?

On each question, the participants had the choice among:

Very difficult
Difficult
Medium
Easy

Very easy

Another question referred to whether the participant agreed with the results
presented by the application, among the following choices:

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

Conclusion part

The conclusion was focused on the understanding of the application and its rel-
evancy for urban planning. The first question asked participants to scale their
understanding of the application between 1 (no understanding) and 5 (complete
understanding). The second question asked if the application is relevant for urban
planning by choosing among:

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

Finally, participants had the possibility to leave free comments related to the
use of the envisioned application.
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5.2.3 Results for the evaluation of the desktop application

Seven people attended the evaluation.

Profile part

The majority of participants have a master’s degree, while the rest has a bachelor’s
(Figure 5.1a). Half of the participants were students, some of them work in the
public sector and the rest work in the private sector (Figure 5.1b).

Most of the participants were familiar or very familiar with map-based ap-
plications (Figure 5.1c). Also, most of the participants were familiar with GIS
(Figure 5.1d). However, participants were less familiar with the concept of in-
formation visualization approach (Figure 5.1€).

The assessment of the participants’ knowledge of Alesund were heterogeneous
(Figure 5.1f). About the familiarity with the concept of walkability, almost half
of the participants were somewhat familiar, and the other half were completely
familiar (Figure 5.1g).

The last question of the profile part asked which indicators are relevant in the
definition of walkability (Figure 5.1h). The most relevant indicators was speed
limit, while the elevation and distance to health facilities were not considered
relevant.

The results of the profile part of the questionnaire indicate several pieces of
information.

First, most of the participants are students with a strong academic background.
The desktop application evaluated in this part is aimed to be used by urban plan-
ners. Since half of the participants are students, the results of this questionnaire
may not exactly reflect the view of urban planners. However, this evaluation al-
lows a first assessment of the visual aspect of the application.

Second, not all participants were familiar with Alesund. This means that for
the question asking whether the participant agree with the results presented by
the application, the results of this question are only relevant for those who are
familiar with Alesund.

Third, on average, participants were completely familiar with map-based ap-
plications, very familiar with GIS and familiar with information visualization ap-
proaches. Therefore, it can be assumed that they have sufficient knowledge to be
able to use and assess the application.

Fourth, all indicators were designated relevant by at least half of the parti-
cipants except for the distance to health facilities and elevation indicators. As
most of the participants were students, it is understandable that they do not need
access to health facilities, so this indicator might still be relevant for other groups.
However, the elevation indicator does not seem to be relevant and thus should be
removed from the application.
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What is your highest level of education? Which option best describes your
professional activity?

® Private sector
Bachelor’s degree

® Master's degree

© Public sector
Student

(a) Level of education. (b) Professional activity.

How familiar are you with map-based
applications?

How familiar are you with geographic
information system (GIS)?

2 3
1 2
0 1
Not at all Somewhat Familiar ~ Very Familiar Completely
familiar familiar familiar 0
Not at all Somewhat Familiar ~ Very Familiar ~ Completely
familiar familiar familiar
(c) Knowledge about map-based applic-
ations. (d) Knowledge about GIS.
How familiar are you with information
visualization approaches? How do you assess your knowledge about
2 Alesund?
1,5 2
1 15
0,5 1
0 0,5
Notatall ~Somewhat  Familiar Very Completely
familiar familiar Familiar familiar 0
Not at all Somewhat Familiar Very Familiar ~ Completely
familiar familiar familiar
(e) Familiarity with information visual-
. . Q
ization approaches. (f) Knowledge about Alesund.
How familiar are you with the walkability Which indicators would be valuable to
concept? compute walkability?
3 Distance to public lights
Distance to health facilities —/ I
Distance to parks
2 l Distance to schpo\s
crossings
1 Street
Car speed limit
pi density
0 - I Slope
‘ ‘. " Elevation —
Not at all Somewhat Familiar ~ Very Familiar Completely T T |
familiar familiar familiar

0 2 4 6

(g) Familiarity with the walkability (h) Most relevant indicators for walkab-
concept. ility.

Figure 5.1: Results of the profile part.

Application part

The first questions of this part were about indicators: understanding of the defin-
ition of indicators (Figure 5.2a), easiness of selecting indicators (Figure 5.2b),



Chapter 5: Evaluation 49

easiness to set the values of indicator parameters (Figure 5.2c), and easiness of
assigning weights to each indicator (Figure 5.2d). All but one participant indic-
ated that these four tasks were easy or very easy.

The task of identifying roads with low and high values of walkability (Fig-
ure 5.2e) was more difficult for the participants, as the average result was between
medium and easy. Overall, the participants found that the application was easy to
use (Figure 5.2f). Finally, all participants agreed with the results presented by the
application (Figure 5.2g).

The results of this part show that the application is overall easy to use and
presents results that are coherent with real life. However, the visualization of roads
with low and high values of walkability should be improved, as it was considered
difficult by a significant part of the participants.

Conclusion part

The conclusion focused on the overall understanding of the application and the
relevancy of it for urban planning. The results (Figures 5.3a and 5.3b) show that
participants understood how the application works and find it relevant for urban
planning. However, as most of the participants were students, the relevancy of the
application for urban planning could not be entirely proven with this evaluation.
Another evaluation with real urban planners would be needed to address this.

5.3 Mobile application evaluation

This section presents an evaluation carried on the mobile application described in
Chapter 4.

5.3.1 DECIDE protocol

This section explains the details of the six steps of the DECIDE protocol applied
to the evaluation of the mobile application.

Determine the goals

The goal of this study was to assess the graphical user interface of the application,
as well as the usability of the different features. Users were expected to easily
understand how the application works and to find the application useful for urban
planning.

Explore the questions

The following research questions were expected to be answered by the user study:

e How easy is it to understand and use the application?
e Do the results displayed by the application are consistent with real life?
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How easy is it to understand the definition
of indicators?

o - N w A~ O

Very difficult  Difficult Medium Easy Very easy

(a) Understanding of the definition of
indicators.

How easy is it to set the values of indicator

s parameters?

2

1
0 T - T

Very difficult  Difficult Medium Easy Very easy

(c) Easiness of the setting of indicator
parameters.

How easy is the identification of roads with
low and high values of walkability?

Very difficult  Difficult Medium Easy Very easy

(e) Easiness of the identification of
roads with low and high values of
walkability.

How easy is the selection of indicators?

5
4
3
2
1
0

Very difficult Difficult Medium Easy Very easy

(b) Easiness of the selection of indicat-
ors.

How easy is the assignment of weights for
each indicator?

Very difficult Difficult Medium Easy Very easy

(d) Easiness of the assignment of
weights.

Overall, how do you rate the degree of
difficulty of using the application to
estimate walkability?

Very difficult Difficult Medium Easy Very easy

(f) Degree of difficulty of using the ap-
plication.

To what extent do you agree with the
results presented by the application?

o N M O ®

Strongly  Disagree

disagree

Agree Strongly
agree

(g) Coherence of the application with

real life.

Figure 5.2: Results of the application part.

Choose the evaluation paradigm and techniques

The user study was conducted on a printed form consisting of selection options,
scale ratings, and free text fields. The results were then reported on an online
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Do you think this application is relevant

fi b | ing?
Rate your understanding of how the or urban pfanning

5
application works from 1-5 where 5 means 4
csomplete understanding of the application. 3
2
4 1
3 0 T T T
2 Strongly Disagree  Neutral Agree Strongly
1 disagree agree
0 T T T
1 2 3 4 5 ..
(b) Relevancy of the application for
(a) Understanding of the application. urban planning.
Figure 5.3: Results of the conclusion part.
sheet.

Identify the practical issues

e Users: A group of workers of the Nordvest Fiber company.?

e Equipment: Each user was interacting with the application through their
mobile. Then, they were asked to fill a written questionnaire.

e Materials:

o Instructions on how to use the application, as well as some background
information about this work, were given orally.

o A link to download the mobile application.

o A form, divided into a profile part and an application part.

Decide how to deal with the ethical issues

The responses to the form were collected anonymously.

Evaluate, interpret, and present the data

The responses of the form were collected using selection options, scale ratings,
and free text fields, which were then used to create pie charts, bar charts, and
column charts.

5.3.2 Evaluation form

The evaluation form is divided into three parts: profile part, application part, and
conclusion part.

Profile part

The goal of the profile part was to obtain general information about the parti-
cipants.

2h‘ctps ://www.nordvestfiber.no/kontaktoss/ (As of May 2022).
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The first question referred to the level of education of the participants. The
second question concerned assessing the familiarity of participants with with map-
based applications. The participants had the choice among:

Not at all familiar
Somewhat familiar
Familiar

Very Familiar

e Completely familiar

The next two questions were about the use of mobile applications. The first
question asked the participants if they use mobile applications, while the second
question asked the frequency of their use of applications that help them in every-
day life. For this last question, participants had the choice among:

e No

Barely

Yes, several times a month
Yes, several times a week
Yes, several times a day

The last question of the profile asked the participants if they use applications
specifically made for handicaped people.

Application part

Before filling out this part, participants had to use the application to select indic-
ators, assign weights, visualize the results and save the indicators. Then, the first
questions of this part concerned assessing the ease of use of the application:

How easy is it to understand the definition of indicators?

How easy is the selection of indicators?

How easy is it to set the values of indicator parameters?

How easy is the assignment of weights for each indicator?

How easy is it to save the indicators?

How easy is the identification of routes with low and high values of mobility?
Overall, how do you rate the degree of difficulty of using the application
to estimate and visualize mobility (selecting indicators and assigning the
weights)?

On each question, the participants had the choice among:

Very difficult
Difficult
Medium
Easy

Very easy

Another question asked whether the participant agreed with the results presen-
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ted by the application, among the following choices:

Strongly disagree
Disagree

Neutral

Agree

Strongly agree

The final question was about the relevancy of indicators for walking and bicyc-
ling. For each indicator, the participants could indicate if it is not relevant, some
relevant, or very relevant. The considered indicators are:

Slope

Road speed limit
Pedestrian crossings
Distance to light
Population density
Distance to school
Proximity of parks
Distance to health facilities

Conclusion part

The conclusion was focused on the understanding of the application. The first
question asked participants to scale their understanding of the application between
1 (no understanding) and 5 (complete understanding). The second question re-
ferred to giving participants the opportunity to provide a free comment related to
the use of the envisioned application.

5.3.3 Results for the evaluation of the mobile application

Eleven people attended the evaluation. This section presents and then discuss the
results of the form.

Profile part

The majority of participants have a bachelor’s degree, some stopped studying
after high school and one has a master’s degree (Figure 5.4a). The participants
were on average very familiar with map-based applications (Figure 5.4b). Parti-
cipants used mobile applications at least several times a week (Figure 5.4c and
Figure 5.4d), but nobody used applications designed for people with reduced mo-
bility (Figure 5.4e).

The results of this part show that participants were very familiar with map-
based mobile applications. This means that they had sufficient knowledge to use
and assess the application. However, no participant had reduced mobility, which
is one of the target group of the mobile application. Therefore, the usefulness of
the application for people with reduced mobility was not be assessed.
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How familiar are you with map-based

What is your highest level of education? 5 applications?
@ High school 4
Bachelor's degree 3
©® Master’s degree ?
0
Notatall Somewhat  Familiar Very Completely
familiar familiar Familiar familiar

(b) Knowledge about map-based applic-
(a) Level of education. ations.

Do you use mobile applications to help you

Do you usually use mobile applications? 8 in everyday life?

12 6

10 4

8 2

6 0 T T T

4 No Barely  Yes, several Yes, several Yes, several

2 times a timesa times a day

month week

0 T

Yes No . . .
(d) Frequency of using mobile applica-
(c) Usage of mobile applications. tions.

Do you use applications specifically made
for people with reduce mobility?

oN MO ®ON

T
Yes No

(e) Usage of mobile applications de-
signed for people with reduced mobility.

Figure 5.4: Results of the profile part.

Application part

The first questions of this part were about indicators: understanding of the defin-
ition of indicators (Figure 5.5a), easiness of selecting indicators (Figure 5.5b),
easiness of setting the values of indicator parameters (Figure 5.5c), easiness of
assigning weights to each indicator (Figure 5.5d), and easiness of saving indic-
ators (Figure 5.5e). The selection and saving of indicators was on average easy.
However, the definition of indicators, setting the values of indicator parameters
and assigning the weights were more difficult.

The difficulty of identifying roads with low and high values of mobility (Fig-
ure 5.6a) was on average described as medium by the participants. The overall
difficulty of using the application (Figure 5.6b) is also described as medium, but
on average participants agreed with the results presented by the application (Fig-
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How easy is it to understand the definition
of indicators?

4 How easy is the selection of indicators?
6
3
2 4
1
2
0
Very difficult  Difficult Medium Easy Very easy 0

Very difficult Difficult Medium Easy Very easy

(a) Understanding of the definition of

indicators. (b) Easiness of selecting indicators.
How easy is it to set the values of indicator How easy is the assignment of weights for
parameters? each indicator?
4 6
3 4
2
2
4
0 0
Very difficult  Difficult Medium Easy Very easy Very difficult Difficult Medium Easy Very easy
(c) Easiness of setting indicator para- (d) Easiness of setting indicator
meters. weights.

How easy is it to save the indicators?
4

3

2

Very difficult Difficult Medium Easy Veryeasy

(e) Easiness of saving indicators.

Figure 5.5: Results of the application part (part 1).

ure 5.6¢). The two last questions of this part were about the relevancy of indicat-
ors when walking and bicycling. Figure 5.6d presents the results when walking.
The slope and proximity to parks were the most relevant indicators, followed by
the road speed limit, the distance to lights, and the population density indicators.
The proximity of pedestrian crossings, schools and health facilities were not con-
sidered relevant by the majority of participants. Figure 5.6e presents the results in
the case of bicycling. Here, the slope, road speed limit and distance to lights were
the most relevant indicators, while the proximity of pedestrian crossings, popula-
tion density, and proximity of parks only had a medium relevance. The distance
to schools and health facilities were not considered relevant.

The results of this part show multiple pieces of information. First, the selection
and saving of indicators were considered easy to use, so do not require changes.
However, the results show that setting the values of indicator parameters and



56 Léo Leplat: Generic Platforms for Indicator Visualization in City Planning

How easy is the identification of roads with
low and high values of mobility?

Very difficult Difficult

Easy Very easy

(a) Easiness of the identification of
roads with low and high values of mo-

bility.

Overall, how do you rate the degree of
difficulty of using the application to
estimate mobility?

S N N

Very difficult  Difficult Medium Easy Very easy

(b) Degree of difficulty of using the ap-
plication.

When walking, how relevant for you are
the following indicators?

W Not relevant
6 Some relevant

W Very relevant

(d) Most relevant indicators for walk-
ing.

To what extent do you agree with the
results presented by the application?

o AN W

Strongly Disagree  Neutral Agree Strongly
disagree agree

(c) Coherence of the application with
real life.

When bicycling, how relevant for you
are the following indicators?

B Not relevant

8 Some relevant
6 W Very relevant
4

: 1 LI J

0 I —

(e) Most relevant indicators for bicyc-
ling.

Figure 5.6: Results of the application part (part 2).

assigning weights should be made in a more intuitive way. Moreover, the definition
of each indicator could also be improved. Second, participants had difficulties to
identify roads with low and high values of mobility. Therefore, this part should
be made in clearer way. Third, the proximity of schools and health facilities were
not considered relevant by the participants for both walking and bicycling. As this
study group did not include anyone with reduced mobility, it can be considered
that these indicators might still be relevant for other users.
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Rate your understanding of how the
application works from 1-5 where 5 means
cgmplete understanding of the application.

[SEENENIEARES

1 2 3 4 5

(a) Understanding of the application.

Figure 5.7: Results of the conclusion part.

Conclusion part

Figure 5.7a presents the overall understanding of the application. Overall, the
participants understood how the application works.

The last question asked participants provide some comments related to the
application. Here is a list of what they wrote:

e There should be a default setting for bicycling, walking, wheelchair, etc.
This was written by several participants.

Use less text and more icons.

There are too many choices.

Let choose between show or hide information on the select indicators menu.
Make the legend more informative.

e Use a different color scale for the visualization of mobility.

These comments can be classified into two parts: adding feature (with the first
comment) and improving the visual aspect of the application (with the other com-
ments). Addressing these comments may improve the overall usability of the ap-
plication.






Chapter 6

Discussion and Conclusions

This chapter presents a discussion about the tools developed during this thesis in
Section 6.1, and a conclusion is made in Section 6.2. Possible directions for future
work are presented along with the discussion.

6.1 Discussion

The visualization tools for spatial data constructed in this thesis are in their first
stage of development and thus they need further research to be implemented
properly. However, the performed validation showed that these tools have the
potential to improve the understanding and communication of spatial data.

6.1.1 Computer Science aspects

A comparison between GENOR and the mobile and desktop applications intro-
duced in Chapter 4 is presented in Table 6.1. The applications have similar ar-
chitecture, but the implementation of the client application and the data storage
system are different.

Both tools use a client-server architecture, which means there would be one
server and multiple clients. This has multiple advantages. For example, the data
processing is done on the server, so only the server has to be computationally ef-
fective and thus the client can run on a low-end device without any effect on the
speed of computation. Moreover, data are only stored on the server and not on
every client, reducing the size of each client application and allowing collabora-
tion between clients.

On the one hand, GENOR relies on Unity, which is a convenient tool to create
3D visualizations. However, Unity applications are programs, which means they
need to be compiled for each target operating system. For example, if we want
GENOR to be accessible on any computer, it must be compiled for Linux, Win-
dows, and macOS. If other devices are used (such as mobile phones, or single-
board computers with a different Central Processing Unit (CPU) architecture like
the Raspberry Pi), GENOR must also be compiled for these devices. Furthermore,
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Table 6.1: Comparison of GENOR with the mobile and desktop applications of
Chapter 4.

GENOR Mobile/Desktop application

Architecture Client - Server Client - Server

Client application Unity Website / Android application

Server application

Data storage system
Indicators and area of interest
Computation of indicators
Views

Visualization of indicators

Visualization space

Python web server
(REST API)

Database

Any

User has to provide a file
2D and 3D

Tiles (2D) / Bars (3D)

Raster output

Python web server
(REST API)

File system

Any

Pre-computed and stored
2D

Along roads

Vector output

after each update of GENOR, the compilation must happen again for each target
operating system and device. On the other hand, the mobile and desktop applic-
ations of Chapter 4 are a website and an Android application. They have less 3D
capabilities, but their deployment is easier. Indeed, a website can be accessed with
a web browser on any device with any operating system, and an Android applic-
ation can be easily deployed for Google Play.! These choices of using Unity or a
website / Android application can be explained by the target user of each applic-
ation. GENOR was meant to only be used by urban planners who use computers
and want to have 3D visualizations. The applications developed in Chapter 4 were
made for both urban planners and citizens, hence the development of a website
and a mobile application that were easily to deploy on any device.

A Python web server is used for both tools. This choice has been made because
of the easiness of using Python for handling GIS data and creating a server. A
technical limitation of the server occurred during the evaluation of the mobile
application. Computing the indicators took a lot of time when eleven participants
were using the application simultaneously. This can be explained by the quality of
the server, which had low hardware specifications. Improvements on the efficiency
of the algorithms can also help to make the application faster and easier to use.

GENOR uses a database as a data storage system, while the mobile and desktop
applications use a file system. Databases are more complex to design and under-
stand, but they are more flexible, secure, and efficient than file systems. The choice

https://play.google.com (As of May 2022).
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has been made to have different data storage systems because of how data are
managed in the developed tools. For the mobile and desktop applications, data
are pre-computed and stored into two different files. Therefore, the data storage
system is very simple and did not require the complexity of a database. GENOR
lets the user define, edit, and delete data. These operations are complex and have
to be executed fast, hence the use of a database.

Both tools are generic, because they can integrate others indicators and they
can apply in other areas of interest. However, the computation of indicators and
the visualization differ. GENOR presents more visualization methods and the in-
dicator can be defined by the user, so this tool has more features but is more diffi-
cult to use. As stated before, one of the target group of the applications developed
in Chapter 4 is citizens, who want to have an easy and simple application. There-
fore, the desktop and mobile applications were designed in a way to be as simple
as possible, so that anybody can use them without any previous knowledge.

6.1.2 Validation

The evaluations presented in Chapter 5 showed the strengths and the weaknesses
of the applications. Overall, the applications were easy to use and relevant for
urban planning, but some aspects could be improved. For example, the parti-
cipants said that the mobile application should be made more user-friendly by
reducing the number of choices. This could be done by defining default settings
depending on the condition of the user, and by displaying less text on the applica-
tion. Another problem identified by the evaluations was about the color scale used
by the visualization of indicators. Some participants said that the colors used were
too similar. Therefore, further research is need it in the user-interface applications.

One of the target group of the mobile application presented in Chapter 4 was
people with reduced mobility and elderly people. However, no evaluation has been
made with them and they might have different remarks than the participants who
attended the evaluations. Therefore, conducting a user study with this group of
people would be very valuable to assess the mobile application.

The evaluation of the mobile application used the DECIDE framework, which
applies to any visualization structures. One way of improving this evaluation
would be to use a protocol specifically made to address the interface of mobile ap-
plications. For example, Nicastro et al. [34] proposed a guideline composed of 27
semiotic-informed rules for interface evaluation, divided into physical world, em-
piric, syntactic, semantic, pragmatic, and social world steps. This structure would
be beneficial for the assessment of the mobile application since it would help the
identification of good and negative features of its design.

6.1.3 Urban planning aspects

Indicators used in land planning were used as an example of visualization tools.
The main goal was to create a tool to improve communication of data and not to
develop data analysis by itself. GIS are with no doubt the main tools used for the
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management and analysis of spatial data due to their large number of designed
tools and permanent development. Nevertheless, GIS requires a large amount of
training and knowledge in spatial statistics which might limit their use. The visu-
alization tools developed here do not intend to replace the capabilities of GIS but
rather to facilitate the communication of spatial data by allowing an easy present-
ation of geodata and the estimation of indicators that can be displayed in 2D or
3D scenes.

Walkability and accessibility indicators were used as an example of visualiza-
tion tools. Despite the positive results of the validation, some limitations were ob-
served in the calculation of the indices and thus some improvements are needed.
In the actual version, the standardization assumes that variables have a linear re-
lation with the estimated indicators. These problems can be resolved by including
a more flexible algorithm that allows to predetermine maximum and minimum
values, use different functions of relationships. However, increasing the capabil-
ity of the algorithm might also increase the complexity of using the tool and thus
works against the usability of the tool.

6.2 Conclusions

As more and more urban data become available, visualization tools are needed to
support the proper understanding and analysis of such data. This thesis proposed
the design and implementation of three visualization tools: GENOR, a generic
platform for indicator assessment, and a generic platform for indicator visualiz-
ation for mobile and desktop environments. Two case studies were conducted to
evaluate the applications. The four research questions of this thesis are answered:

e RQ1: How to design a generic platform that supports both the visualization
and the assessment of indicators based on spatial data?
In Chapter 3, the architecture of a generic platform for indicator assess-
ment was presented. The proposed architecture is divided into two parts:
a client, to handle the user interaction and visualization, and a server, to
handle the data storage and processing. A similar architecture was presen-
ted in Chapter 4. The main difference between the two architectures is about
data management: Chapter 3 lets the user define or delete indicators, while
Chapter 4 uses pre-computed indicators. This choice has been made because
of the target users of the applications: GENOR is to be used by urban plan-
ners, so it has more features, while the desktop and mobile applications are
to be used also citizens, so they mean to be more simple and easy to use.

e RQ2: How to implement a generic application that can be easily used by
different target users?
Chapter 3 introduced a generic platform for indicator assessment that can
be used by urban planners. The implementation was detailed in this chapter,
and relies on the use of free and open-source tools. Chapter 4 introduced a
generic platform for indicator visualization that can be used by both urban
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planners and citizens. During implementation, emphasis was placed on ease
of use for the tool to be accessible to everyone.

e RQ3: Would the use of this platform be effective to support the analysis of

indicators for different scenarios?
The different applications were tested on three case studies: bus service
availability, walkability, and mobility. They were presented in Chapter 3 and
Chapter 4. The implementation of these case studies validated the proposed
architectures.

e RQ4: Would the developed tools be useful for different user groups?
Chapter 5 described two evaluations conducted on the applications presen-
ted in Chapter 4. Overall, a positive feedback was obtained on the use of the
developed tools. Participants said that the applications were easy to use and
were relevant for urban planning. Some constructive comments also raised
improvements that could be made in a future work.

The results of this research offer several opportunities for future work. The
evaluations presented in Chapter 5 provided valuable feedback that would im-
prove the applications. For example, in the mobile application, adding a default
setting depending on the condition of the user (e.g. elderly or people with reduced
mobility) would make the application easier to use. Likewise, the platform presen-
ted in Chapter 3 is simple and adding more features, such as more visualizations
methods, would improve the quality of the tool. Another possibility of future work
would be about the use of dynamic data. Currently, only static data are used, but
adding the possibility to support live data would improve the platforms. For ex-
ample, the weather conditions would be useful to compute Walkability. Further-
more, performing evaluations with other groups of people would provide more
feedback to improve the applications. Finally, the last step would be to publish
the applications to make them available for everyone. This would require to em-
ploy a dedicated machine powerful enough to host the web server.
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