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1 Executive Summary 

The PoliVisu project considers the link between real policy needs of the pilots and providing best-fit solutions 

that combine specialist insights with attention to data literacy as crucial. A user and policy centric approach 

replaced the initial idea of building an ICT oriented platform solution. 

 

In the framework of the PoliVisu project a Toolbox was developed and several visualisations were designed. 

The concept shifted from a platform approach towards a more independent solution approach. The solutions 

themselves are designed according to a policy-driven approach starting from a policy problem or policy goal. 

A multi-step methodology was systematically applied to all the functional designs to safeguard the links 

starting from the policy process.  This methodology is described at a high level in this deliverable.  As it became 

clear during the project that this methodology is key to the success of embracing policy making based on 

visualisations, it is detailed out as part of an extra white paper “Visualization Techniques for Policy Making1” 

 

The Toolbox is designed to showcase the results of the PoliVisu project. The Toolbox allows to study the 

outcomes of PoliVisu in an integrated way and provides the link between best practice case studies, policy 

elements (like policy goals and measures) and dataset types like the use of telecom data, ANPR data or floating 

car data to name a few sources. It also provides insights into the used techniques, software tools and 

protocols/processes.  

 

The PoliVisu visualisations are all related to delivering the necessary insights into the desired policy. This policy 

can be - and is in most cases - related to one or more phases of the process of policymaking (design, 

implementation, and evaluation). A methodology was developed to define the policy elements (goals, 

measures,...), setting visualisation goals, analysing available/required datasets and selecting the visualisation 

techniques to provide the required insights. Based on these steps, the functional design was developed, and 

tools were selected. This innovative methodology offers a totally new approach compared to the more 

standard tools and data-based centric methodology used in (smart city) dashboards. 

 

The visualisations cover all three steps in the process of policymaking. The road accidents maps in Flanders 

and Pilsen, the student movement map in Ghent and the mobility dashboard in Issy-Les-Moulineaux are good 

examples of valuable maps and dashboards supporting the process of policy design. These visualisations add 

essential information/data to well-defined policy problems/goals with a prominent visualisation aspect. The 

planned roadworks map in Pilsen is an excellent example of a valuable visual supporting the implementation 

phase of (multiple) public road works. The Schoolstreet dashboard in Mechelen as well as the Trajectory 

Control - speeding - dashboard in Voorkempen are nice examples of dashboards oriented on evidence-based 

pre (Mechelen) and post (Mechelen and Voorkempen) implementation, evidence-based evaluation.  

 

The PoliVisu solution is designed to stimulate the re-use of the visualisation methodology and ICT components. 

The WebGLayer and Traffic modeller tools as well as the dashboard approach allow users to create similar 

visualisations. A variety of innovative mobilities and smart city-based data sources were used and tested as 

well. Good examples of new data sources are anonymised telecom provider data and data from ANPR 

(Automated Number Plate Recognition) cameras.  

 

Transcending the intrinsic differences between the pilot cities and regions, the re-usability of policy elements, 

visualisation goals, used data and visualisation methods is a major achievement of the Polivisu project. Good 

 
1 https://docs.google.com/document/d/1IvH3wjeF2-_SDvdqQaD6yX33lp_0PPQjb7fyAmePOHI/edit#  

https://docs.google.com/document/d/1IvH3wjeF2-_SDvdqQaD6yX33lp_0PPQjb7fyAmePOHI/edit
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examples are the road accident maps in Pilsen and Flanders, the traffic delta maps in Pilsen and Issy-Les-

Moulineaux and the traffic simulation maps for Pilsen and Mechelen. 

 

This functional design final report can be considered as a design deliverable open for external re-use. The 

outcomes related to the used visualisation techniques related to policy-making are discussed in the PoliVisu 

Whitepaper about Visualisation Techniques for policy-making - Deliverable D8.9. 

 

 

  

https://05a0e658-0382-45bd-be34-80e9fa8750e9.filesusr.com/ugd/68109f_e9e5a69ebe404f2094d7e8a73bdeb272.pdf
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2 Introduction 

This policy experimentation and functional design deliverable is the final deliverable in a series of four, 

produced during the PoliVisu project. This document differs from the previous ones in the sense that this 

version is self-contained and encompasses the outcome of the PoliVisu designs and products. Some of the 

products are still under development at the time of writing but they will reflect the design as described. 

 

This document replaces the previous three versions and provides a generic overview. The objective is to 

deliver a truthful overview presented in a logical structure, enhancing transferability. 

 

Chapter three describes the Toolbox design. The Toolbox context and scope, the policy cycle integration, 

design (including data structure), look and feel and metadata integration are explained in detail. 

 

Chapter four presents the interactive visualisations as an outcome of PoliVisu. The chapter includes the 

methodology, the visualisation tools, and the visualisations themselves.  

 

Chapter five contains the conclusions. 
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3 Toolbox 

3.1 Context 

Policy making supported by smart visualisations on (big) data requires a set of tools to facilitate the work of 

decision makers.  Most cities already have a set of tools and environments at their disposal that are used to 

some extent in the policy making cycle.  After careful consideration and discussions with the pilots and other 

cities as well as with the experts in-and outside of PoliVisu the decision was made to create a Toolbox that can 

be used in the different cities as well as facilitate the knowledge-sharing between cities.  Carefully chosen case 

studies supported by visualisations supporting the creation of policy elements will help explain the benefits, 

opportunities and pitfalls of evidence-based policy making. 

 

The diagram below explains the scope of all Polivisu developed systems (PoliVisu Solutions), the Toolbox and 

visualisations created to support the pilots with activities to build specific policies.  

 

 

Figure 1: Polivisu context 

 

Contrary to many projects, the Toolbox is not developed as a platform but as a more loosely connected set of 

tools and case studies that can be seen as a knowledge base to help future policy makers quickly learn about 

past experience and jumpstart their activities. 
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3.2 Linking to the Policy Cycle 

The policy cycle as defined and  discussed in other deliverables is supported by the Toolbox by inviting policy 

makers to document the policy elements that are created throughout the process.  In the next chapters, 

process flows are presented showing the steps that are happening inside and outside the Toolbox and not 

using PoliVisu tools. The blue/red colour scheme of the previous diagram is kept facilitating the understanding 

of the flows. 

 

In the Toolbox (www.policyvisuals.eu) this is depicted as follows: 

 

 

Figure 1: Policy cycle from Toolbox 

http://www.policyvisuals.eu/
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3.2.1 Design Policy 

 
Figure 2: Design Policy flow 

 

As can be seen, the main steps of the policy design process are supported by the Toolbox by allowing the 

storage of the important artefacts. To facilitate knowledge sharing, the process under study is stored as a case 

study in the Toolbox, connecting the different detailed elements. 

 

As discussed, in parallel visualisations are created/adapted to support the policy makers in fine tuning the 

design and making a better-informed decision. 

 

For more information, see the relevant toolbox page.2 

 

  

 
2 https://policyvisuals.eu/policy-design/  

https://policyvisuals.eu/policy-design/
https://policyvisuals.eu/policy-design/
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Figure 3: Policy Objective example 

 

3.2.2 Implement/Evaluate Policy 

 

 

Figure 4: Implement Policy Flow 
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Figure 5: Evaluate Policy Flow 

 

Also the policy implementation and evaluation is supported by the toolbox and visualisations.  Especially 

visualisations that help with monitoring of the effectiveness or roll out of the measures. 
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3.3 Toolbox design 

3.3.1 Data structure  

 

 

Figure 6: Types of data in the KnowledgeBase 

Following a set of attributes is available for every type of data.  They are mandatory and stored as described 

by the Data Catalog Vocabulary (DCAT).3  More details on the meaning of the fields can be found on the official 

reference site. 

  

 
3 https://www.w3.org/TR/vocab-dcat/#class-dataset  

https://www.w3.org/TR/vocab-dcat/#class-dataset
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Name Example 

Title Defining the problem related to Student Housing 

Description Case worked out during the project.... 

Issued 22/10/18 

Modified 23/10/18 

Identifier 

Proposal to use URL’s like in Inspire, see http://inspire.ec.europa.eu/registry. 

Perhaps use WordPress URL? 

https://joinup.ec.europa.eu/solution/re3gistry  

Landing page (main URL) www.gent.be/housingproblemstatement 

Keyword problem setting, Ghent, housing, students, big data 

Language English 

Spatial  Ghent 

Temporal 2018 

Contact Point Joe.sixpack@couch.com  
 

Table 1: Example of implemented DCAT-attributes 

 

In addition, every item has the following attributes: 

 

Name Example 

Image 

 

Additional Information additional information not fitting anywhere else 

Review and rating Users that have used this item indicate how useful this was for them, including star 

rating (like TripAdvisor) 
 

Table 2: Example of additional implemented attributes 

  

http://inspire.ec.europa.eu/registry
https://joinup.ec.europa.eu/solution/re3gistry
http://www.gent.be/housingproblemstatement
mailto:Joe.sixpack@couch.com
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Case study 

What Describes the story and experiences a policy maker had while doing policy making 

Example Defining the problem related to Student Housing 

Additional Attributes ● Challenges encountered 

● Stakeholders involved 

● Actions/steps: Describing HOW tools, techniques, data types were used were used  

● Lessons learned 

● Outcome/Impact 

● Links to data sets used,  described in metadata (Micka) (URL) 

● Links to visualisation used (URL) 

Policy Element 

What Different entities created in policy process 

Example Policy Goal: Reduce air pollution in city x 

Additional Attributes ● Type 

● This can be Problem 

● Goal 

● Objective 

● Strategy 

● Action 

Dataset Type 

What Types of data 

Example Cellular data, Indoor parking data 

Additional Attributes ● What does it allow to do? 

● Main data elements (+ short description) 

● Link to data description or data model 

● License information 

Dataset 

What Specific description of a dataset.  This is introduced in a second phase as it allows users to 

indicate specific remarks and lessons learned by using a specific dataset 

Example Traffic accident data for Pilsen 

Additional Attributes ● Quality information: List issues encountered, remaining issues. How did you 

overcome the issues? Did you clean up using tools? ... 

● Update process: In this a one off version of the dataset? If not, what is the update 

frequency? How will updates be used? 

● Privacy information: How is privacy dealt with? Refer to GDPR! 

● Data preparation process: What needs to be done to get the data usable for your 

process? 

● Alternatives: What other datasets could have been used and why did you pick this 

one. 

● Link to Metadata in the Micka4 system, a web application for management and 

discovery geospatial metadata. 

 

 
4 Micka on Github: https://github.com/hsrs-cz/Micka  

https://github.com/hsrs-cz/Micka


 
D3.10  Policy experimentation and functional design 4  

© 769608 PoliVisu Project Partners                                                              20                                                                                        28/09/2020  

 Remark 
It is not the intent of the Toolbox to repeat all work done in previous (meta)data portals, 

but to capture information about the usage of this dataset for a specific case study.  
 

  

Figure 7: Linking metadata to a dataset 

Technique 

What Technique used 

Example Big data technique to extract student housing from cellular data + electricity bill, Survey 

technique to get feedback about a topic 

Additional Attributes ● When best to use 

● Stakeholders involved 

● Expected outcome 

Software/Tool 

What Software tool used 

Example WebGLayer 
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Additional Attributes ● What does it enable? 

● License 

● What visualisation does it support? 

● Dependencies 

● Link to developer website 

● Link to product website 

● Review and rating: users that have used this review how useful this was for them, 

including star rating (like TripAdvisor) 

Visualisation Types 

What Types of visualisations 

Example Heat map showing Traffic delay, Trend line for nr of accidents in time 

Additional Attributes ● Visualisation Type 

● When to use 

● How to read 

● Review and rating: users that have used this review how useful this was for them, 

including star rating (like TripAdvisor) 

Process 

What FIXED description of the Policy Process as defined in D3.5 

Example Process Design, Problem Setting 

Table 3: Toolbox data model  
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3.3.2 Look and feel 

Since the number of users that will consult the information greatly outweighs the number of contributors, the 

Toolbox is optimised for viewing of the information.  Together with the pilots, the decision was made to 

support the editing with out-of-the box WordPress functionality. 

 

Extra functionality to support the knowledgebase aspect are enhanced search functionality, all fields and types 

are searched from one UI element. 

 
 

Figure 8: PoliVisu Toolbox - search functionality 

 

A dedicated map showing which location Toolbox posts refer to. 

 

 
Figure 9: PoliVisu Toolbox - visualisation of the location of Toolbox posts 

 

And a review mechanism where users can indicate the usefulness of the different elements.   
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Figure 10: PoliVisu Toolbox - feedback functionality 

 

3.3.3 Metadata integration 

 

 
 

Figure 11: PoliVisu Toolbox - metadata search approach 

 

The above design describes how the linking to the datasets is done through Micka5, the set of metadata tools. 

The integration with metadata will allow searching for datasets from the Toolbox in Micka and linking datasets 

to articles in the Toolbox. The user can search for datasets through a search form. The search criteria include 

search by free text, resource type, contact and scale fields. It should be noted that only users with admin rights 

have access to this functionality. 

 

Next to this, an attempt is made to make Toolbox posts available through rich card snippets.  After analysis, it 

was decided that, although counterintuitive, the recipe rich card is the best fit for most of the Toolbox posts.   

 

A plugin in WordPress is installed that handles this for the Toolbox users. 

 

Many attributes of this card are applicable ... 

 

  

 
5 http://micka.bnhelp.cz/ 

http://micka.bnhelp.cz/
http://micka.bnhelp.cz/
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Figure 12: PoliVisu Toolbox - WordPress back-office - recipe rich card  
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… whereas a number of cookbook specific attributes like cooking time, nutrition etc are not.  As of this 

moment, we have seen Toolbox posts appear in some internet searches and not in others, so it is not clear 

whether search engines can be ‘deceived’ to show our posts in a more attractive way. 

 

Investigating the posts through a Google specific tool does show the posts are made available with the right 

metadata, except for the non-relevant culinary attributes. 

 

 

Figure 13: poicyvisuals.eu test results 

 

 

Figure 14: Post visualisation of a recipe rich card example 
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4 Interactive Visualizations 

4.1 Methodology 

Visualisation in the context of PoliVisu should be considered as visualisation in the broadest sense. This is also 

the way it has been considered in previous project deliverables like D3.4 and D4.1. So, visualisation means the 

strict visualisation as an encoding of information (model, data) but also the application in which visualisations 

are used as an integral and important part (visualisation-centric application). In other words, the Interactive 

Visualisations chapter describes both the functional design of the visualisations like maps, charts, and graphs 

as well as the user interface that allows the users to interact with these visualisations and the encoded 

information. 

 

In our search to design visualisations and visualisation tools in support of policy making, we have introduced 

a methodology focused on visualisation goals. Our methodology and the associated terminology is largely 

inspired by Designing Data Visualizations6 by Noah Iliinsky and Julie Steele. 

 

The main drivers to introduce and follow this methodology are: 

 

1. To ensure that we yield meaningful results for actual policy needs and questions which can be realised 

by aligning specific visualisation goals to policy goals; 

2. to define visualisations that fulfil these visualisation goals; 

3. to generate concrete functional specifications for tools that can generate these visualisations; 

4. to identify common requirements, synergies and overlaps in required visualisations and functional 

specifications for visualisation tools. 

 

In PoliVisu we apply this methodology as documented by the following table7.  

 

 
6 Designing Data Visualizations by Noah Iliinsky and Julie Steele (O’Reilly). © 2011 Julie Steele and Noah Iliinsky, 978-1-449-31228-2. 
7 https://docs.google.com/spreadsheets/d/1wyL33qqegTRcJgIHEwuJ9RkPJ0lOZLUvdVea6rLIaxI/edit#gid=0  

https://docs.google.com/spreadsheets/d/1wyL33qqegTRcJgIHEwuJ9RkPJ0lOZLUvdVea6rLIaxI/edit#gid=0
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Pilot Policy Element Visualisation Goal Description of main data fields Visualisation Techniques Visualisation Visualisation Tool Visualisation summary 

Pilsen Policy Goal: 

Reduce 

Congestion 

Show actual, historical 

traffic volume for each road 

segment 

Line data set of traffic volume for 

road segments 

- Location (road segment 

geometry) 

- Traffic volume (quantitative) 

- Date "past, current, future" 

(ordinal) 

- Time of the day 

Choropleth line map 

Text and position (calendar 

widget) 

Text and position (hour 

slider widget) 

Live and 

Historic Traffic 

Volume Map 

for Pilsen 

HSLayer line map HSLayers based flow line 

map of traffic, heat of the 

road segment is defined by 

the traffic volume 

Pilsen Policy Goal: 

Reduce 

Congestion 

Compare the 

increase/decrease in traffic 

volume between two 

moments in time by 

allowing an expert to select 

those moments using 

either measured data from 

the past or predicted data 

(model) 

Line data set of traffic volume for 

road segments 

- Location (road segment 

geometry) 

- Increase/decrease in traffic 

volume (quantitative) 

- Traffic volume (quantitative) 

- Relation of traffic volume to road 

segment capacity (quantitative) 

- Moment in time (ordinal) 

Flow line map 

Colour (for 

increase/decrease) 

Line width (for traffic 

volume) 

Line pattern (for relation) 

 

Text and position (in form 

of calendar widget) will be 

used to select the time 

between which the traffic 

status will be compared 

Traffic Volume 

Delta Map for 

Pilsen 

HSLayer line map The colour of the line (road 

segment) will represent an 

increase (colour range of 

red colour) or decrease 

(colour range of green 

colour) in traffic volume 

between two selected 

moments for each road 

segment. 

Pilsen Policy Goal: 

Reduce 

roadworks 

impact on 

increase of 

congestion 

Inform the citizens about 

the time schedules for 

planned roadworks in the 

city 

Point/Line data set of roadworks 

- Location (X, Y) 

- Location description (nominal) 

- Planned start date 

- Planned end date 

- Type (nominal) 

- Impact on traffic (nominal) 

- Direction of the road (nominal) 

- Description (nominal) 

Pointmap (location, icon for 

impact) 

Text and position (calendar 

widget) 

Text and position (hour 

slider widget) 

Text for description (list of 

roadworks) 

Text for more details of 

individual roadworks 

(clicking icons on the map) 

Planned 

Roadworks Map 

for Pilsen 

HSLayer line map Displaying actual and 

planned roadworks in map 

application according to 

the selected date in the 

calendar. Interactive 

calendar and timeline with 

roadworks will be included 

in map application 

(HSLayers) 
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Pilsen Policy 

Objective: "To 

be ready for 

extraordinary 

events 

influencing 

traffic" 

Policy Goal: 

Better 

coordination of 

roadworks 

Simulate the effect/impact 

(difference in traffic 

volume) when adding, 

removing, changing traffic 

attributes (closure time, 

free flow speed, etc.) on 

road segments in the Pilsen 

region 

Line data set of road segments 

- Location (X,Y) 

- Traffic Volume (quantitative) 

- Status "new, update, delete" 

(nominal) 

- Description (nominal) 

Flow line map 

Colour (for traffic volume) 

 

Text for Status and 

Description 

Traffic 

Simulation Map 

for Pilsen 

HSLayer line map HSLayer based flow line 

map of traffic volume, the 

colour of the road segment 

is defined by the calculated 

traffic volume. 

Visualization of changes on 

road segments before and 

after the change in the 

traffic model 

Pilsen Policy problem 

identification 

and agenda 

setting via 

traffic data 

analysis 

Evaluation of 

past policy 

measures 

Explore and investigate 

traffic volume on road 

segments in time and space 

to discover patterns, 

correlations and 

extremities using 

aggregated data 

Line data set of traffic volume for 

road segments 

- Location (road segment 

geometry) 

- Traffic volume provided by street 

detectors (quantitative) 

- Road segment capacity 

(quantitative) 

- Direction of traffic on segments 

(geometry - angle) 

- Temporal dimensions 

(quantitative) 

Flow line map 

Colour (for traffic volume) 

 

Bar chart, text position 

(calendar widget) for 

temporal dimensions 

Traffic Volume 

Heatmap for 

Pilsen 

WebGlayer line 

map 

WebGLayer based heatmap 

of traffic, heat of the road 

segment is defined by the 

traffic volume 

Pilsen Policy problem 

identification 

and agenda 

setting via 

traffic data 

analysis 

Evaluation of 

past policy 

measures 

Explore and investigate 

traffic incidents (traffic 

accidents and other police 

records such as speeding & 

other driving-related 

offences) in time and space 

to discover patterns, 

correlations and 

extremities using 

aggregated data 

Point data set of traffic incidents 

(accidents and traffic-related 

offences) 

- Location (X, Y) 

- Accident info: Severity, culprit, 

alcohol/drugs, cause, vehicle 

classification, location details 

(nominal) 

- Speeding offences (interval) 

- Classification of driving offences - 

pedestrians, speeding, cyclists, 

Point Heatmap 

Bar chart, text position 

(calendar widget) for 

temporal dimensions 

Text and barcharts for 

classification and severity 

Traffic Incidents 

Heatmap for 

Pilsen 

WebGlayer point 

map 

WebGLayer based heatmap 

of traffic incidents, heat of 

the area is defined by the 

volume of historical traffic 

incidents. 
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parking, rule violation (nominal) 

- Offences: vehicles' country of 

registration (nominal) 

- Temporal dimensions 

(quantitative) 

Issy-les-

Moulineaux 

Policy Goal: 

Reduce 

Congestion 

Show how much time a 

traveller loses on road 

segments in Issy compared 

to the ideal situation (no 

traffic) for specific periods 

and timings. 

Show current/actual “Time 

lost” per road segment. 

Line data set of wasted time for 

road segments 

- Location (road segment 

geometry) 

- Lost time "average of extra time 

spent vs. time without traffic" 

(quantitative) 

- Time window 

Flow line map 

Colour (for lost time) 

 

Bar chart 

Delay Due to 

Traffic Map for 

Issy 

Issy Dashboard Visualisation based line 

map of traffic, heat of the 

road segment is defined by 

the extra time spent due to 

traffic versus theoretic free 

flow speed. 

Graph showing the time 

lost versus free flow speed 

Heatmap showing the 

situation on the different 

moments in time. 

Issy-les-

Moulineaux 

Policy Goal: 

Reduce 

Congestion 

Show a list of road 

segments ordered by “Total 

time lost over a workweek” 

for a specific week. 

Line data set of wasted time for 

road segments 

- Location (road segment 

geometry) 

- Lost time "average of extra time 

spent vs. time without traffic" 

(quantitative) 

- Time window 

Table Traffic 

Blackspot List 

for Issy 

Issy Dashboard  

Issy-les-

Moulineaux 

Policy Goal: 

Reduce 

Congestion 

Compare the time lost in 

traffic between 2 periods of 

time 

Line data set of wasted time for 

road segments 

- Location (road segment 

geometry) 

- Lost time "average of extra time 

spent vs. time without traffic" 

(quantitative) 

- Time window 

 Traffic delta 

map for Issy 

Issy Dashboard Visualisation based line 

map of traffic, heat of the 

road segment is defined by 

the extra time spent due to 

traffic versus theoretic free 

flow speed. 

Graph showing the time 

lost versus free flow speed 

Heatmap showing the 
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situation on the different 

moments in time. The tool 

allows to compare two 

periods over time, the line 

and cell colour shows how 

the situation changed over 

time. 

Vlaanderen Problem 

Setting: Identify 

accident black 

spots 

Show locations where 

accidents happened in 

Flanders in the last 5 years. 

For the accidents show 

information relevant to find 

black spots due to the 

infrastructure 

Point data set of traffic incidents 

- Location 

- Time and date 

- Weather, road and traffic 

conditions 

- Modes of transport 

- Consequence for people involved 

Point Heatmap Traffic Accident 

Heatmap for 

Flanders 

WebGlayer point 

map 

WebGLayer based heat 

map, showing the locations 

of accidents with relevant 

attributes allowing to 

investigate the severity and 

whether the location is the 

main contributor to the 

accident or other factors 

(like alcohol) 

Gent Problem 

setting: Identify 

student 

residences 

Display on a map of Ghent 

the number of students 

that are spending the 

evening (18:00-00:00) at a 

certain location. 

polygon dataset with as attribute 

the presence of possible residing 

students 

Polygon choropleth map Mobile 

telecommunicat

ion data 

visualisation in 

Ghent 

TBD Visualisation is being fine 

tuned with Proximus, 

provider of mobile telecom 

operator 

Vlaanderen Evaluation 

Report: Impact 

of the policy to 

introduce 

schoolstreets in 

Mechelen 

Display the difference in 

distribution over the 

different traffic modes 

before and after the 

introduction of a 

schoolstreet, in the street 

of the school as well as in 

the neighbouring streets 

Count of cars, bicycles, trucks and 

pedestrians per hour as measured 

in a street 

Map 

Bar charts 

Line charts 

Pie chart 

Schoolstraten 

dashboard 

Custom built 

dashboard 

A set of graphs connected 

to a time window selected 

by the end user. The graphs 

show the nr of people 

travelling using a certain 

mode of traffic. 

When a second time 

window is selected, the 

delta between the periods 

is shown too. 
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Issy-les-

Moulineaux 

Policy Goal: 

Change mobility 

behaviours 

Show how congestion on 

car changed over time and 

allows to compare how 

bike use has changed 

Line data set of change of wasted 

time per segment: 

- Location (road) 

- Lost time "average of extra time 

spent vs. time without traffic" 

(quantitative) 

- Time window 

- Number of detected bikes over 

time with evolution 

Bar chart TBD TBD TBD 

 

Table 4: Visualisation goals for the different pilots 
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4.1.1 Identify Policy Elements 

First, we start from clearly defined policy needs, goals, questions and objectives, commonly referred to as the 

policy elements. These are the entities from the policy domain model that require information. This 

requirement can be for policy agenda setting, for policy design, for evaluating different options, for persuading 

policy makers or the public, etc. 

 

The policy elements were initially defined at the start of the project and are documented in more detail in 

D3.5 The PoliVisu Policy Making Model (second draft). 

 

4.1.2 Define Visualisation Goal 

Then, we formulate specific visualisation goals. At this stage we avoid references to implementations and 

visualisation techniques but rather focus on what information the visualisation should provide and what 

knowledge is there to be gained, rather than how the visualisation will provide it. The visualisation goal defines 

what knowledge  is displayed not how it is structured. 

 

During the consortium meeting in Antwerp (September 2018) we organised a workshop with the pilots to 

explain the methodology and to formulate the specific visualisation goals. The following guiding questions are 

used: 

 

● What information need does it fulfil?  

● What values and data dimensions are relevant in this context?  

● What relationships need to be communicated?  

● What action will be taken if the information need is met? 

● What is the intent of the visualisation (informative or persuasive)? 

● What is the targeted audience of the visualisation (experts, public, policy makers)? 

 

4.1.3 Data Analysis 

In parallel we investigate the data (and data dimensions) that are required to meet those visualisation goals.  

 

What is the shape of the data? What are the main data fields (or dimensions) that need to be visualised? During 

the data analysis phase we consider the values, the relationships and structures of the data and want to 

understand what kind of data it is (e.g. time series, hierarchical, ordinal, categorical, discrete or continuous), 

the granularity of the data, the data distribution, etc.  

 

4.1.4 Select Visualisation Techniques 

Next, after understanding the shape of the data, we analyse which visualisation techniques are best suited to 

encode the key data dimensions. Certain visualisation techniques (encodings) are better suited for certain 

types of data than others. For example if your data is “ordered” one should use a visualisation technique like 

the position (on an axis), the size (of a circle) or the length (of a bar) because the human brain can decode 

them as “ordered”.  Using colour to represent ordered data is not advisable because colour is not naturally 

ordered in the brain (red is not higher than yellow, or pink does not come before green). The following table 

provides good guidance to select the right visualisation encoding technique for different types of data.   
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Table 5: Selecting the appropriate visualisation techniques 
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4.1.5 Define Functional specifications 

If applicable, we also specify the functionality required for the user to interact with the visualisation (tools). 

This is mainly valid for those data visualisations that are used for exploratory explanation. 

 

Exploration versus Explanation 

 
Iliinsky mentions 3 uses for data visualisations in his book: exploration, explanation, and exploratory 
explanation.  
 
Exploration - during the data analysis phase we use tools and visualisations to unravel and explore the 
data. These data visualisations help you discover the story inside the data. 
 
Explanation - data visualisations that are used to tell the story to others. They explain and transfer 
information during the presentation phase. 
 
Exploratory explanation - this is a hybrid data visualisation that uses prepared data for which the story 
is largely known, but which allows the reader (user) to interact with and explore the data to discover 
new insights. Interaction typically happens through some graphical user interface allowing the user to 
change certain parameters and filter and select data. 
 
In PoliVisu we mainly consider the explanation and exploratory explanation data visualisation types 
because they are relevant in the context of providing information and evidence for the policy making 
process.  
 
Exploration on the other hand plays an important role in the data analysis and data science phase and 
is as such important in the problem setting phase. Many existing visualisation and analysis tools are 
used to explore the available (big) data. 

 

In coherence with the distinction made in Deliverable 3.5 about “evidence for” and “evidence about” the 

policy, it is clear that: exploratory is a type of visualization that better fits for “evidence for” and can be 

evidently be adopted in Policy Design and Policy Evaluation; the explanation type shows a better coherence 

with the “evidence about” and appears crucial in the communication and public debate activities especially 

related to Policy Design, and Policy Implementation; the exploration explanation types of visualization, being 

hybrid, can be transversally suitable for all the Policy Making cycles (design, implementation and evaluation). 

 

4.1.6 Specify Visualisations and Tools 

Finally, we can then define a set of visualisations that will meet the predetermined visualisation goals. They 

will provide the necessary information and possibly the functionality to interact with the data to explore and 

gain new insights. 

 

Visualisations and tools are specified by means of mock-ups and functional specifications in the form of user 

stories. 

 

 

Different policy goals in different pilots might require similar information, that can be provided by similar 
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visualisations. So, the intention of PoliVisu is also to start identifying visualisation tools that can be reused 

efficiently in different pilots. In this context this document will also provide an outline of requirements and 

(not so functional) specifications which will allow (1) the integration of visualisation tools in different pilot 

applications and (2) the use of slightly different data sets without the need for programming or developer 

interventions. 

  

Table 4 describes the visualisation goals for the different pilots that have been worked on in the different steps 

in the methodology.  Next chapters will first describe the requirements for the common Visualisation Tools 

and next for the Visualisations (see column of the same name). 
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4.2 Visualisation tools 

4.2.1 Line intensity map 

The tool allows to visualise aggregated linear data and analyse it for trends and patterns using interactive 

filtering through charts of different types and through map selection (exploratory explanation). It can be used 

for a spatial and temporal analysis of any linear (or other vector-based) data such as traffic intensity or traffic 

flow on road segments. 

 

 

Figure 15: Line Intensity map 

 

4.2.2 Point intensity map 

The tool allows to visualise aggregated point data and analyse it for trends and patterns using interactive 

filtering through charts, checkboxes, and area selection from the map (exploratory explanation). It can be used 

for a spatial and temporal analysis of any point data such as traffic accidents, criminality records or incidents 

recorded by the police. 

 

Point data can be easily displayed using a heatmap. A heatmap visualization is a method of graphically 

representing numerical data where the value of each data point is indicated using colours. The most commonly 

used colour scheme used in heatmap visualization is the warm-to-cool colour scheme with the warm colours 

representing high-value data points and the cool colours representing low-value data points.  In an intensity 

map, the values are calculated by the nr of points that belongs to the same cluster.   
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In the PoliVisu heatmaps, the radius of the cluster can be adjusted, depending on the preference of the user 

and the objective of the visualisation. 

 
 

 

 

Figure 16: Heatmaps with small radius (top) and large radius (bottom) 

4.2.3 Dashboard 

A dashboard combines different visualisations: map based as well as more standard graphs.  As described in 

the methodology, it is important to resist the temptation to add all possible graphs displaying all different 

combinations of datasets.  Also for a dashboard, the design needs to start from the need from the end user to 

e.g. help bring the right insights to the table and/or allow the monitoring of the impact of the policy. 

 

When desirable, updating one element of a dashboard triggers updates to other elements. For instance, when 

you jump to another location in a map component it may be desired to update all graphs to display the data 

from the new viewport in the map.  
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Figure 17: Dashboard combining a map and several graphs 
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4.2.4 Storytelling 

A lot of work goes into creating good visualisations based on combined datasets.  Even the best visualisation 

tools can fail to surface all value from the complicated datasets.  Instead of delivering these visualisations to 

the general public or policy makers, sometimes it makes more sense to create a story where you take the user 

by the hand and explain in detail what gems of wisdom are hidden in the data.  Very similar as with a 

PowerPoint presentation, the story unfolds to the viewer. 

 
Figure 18: From raw data to story 
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4.3 Visualisations 

4.3.1 Live and Historic Traffic Volume Map for Pilsen  

 

Policy Element 

Policy Goal: inform public about the current and past traffic in the city 

 

Visualisation Goal 

The map visualizations ensure these Goals: 
 

● Showing the actual level of traffic volume for each road segment equipped with a traffic sensor; 

● Showing the historical state of the traffic situation 

 

Data used 

The cornerstone of this map are data from traffic sensors located underneath the road segments.  More info 

about the traffic model can be found in D5.1 Technical Integration Plan. 

 

To make the valuable road sensor data available for different visualisations, PoliVisu made the data available 

through an API. Documentation of the API can be found here8. 

 

The most important data is represented in a line data set of traffic volume for road segments with main fields 

Location (road segment geometry), Traffic volume (quantitative), Date "past, current, future" (ordinal), Time 

of the day. 

 

Visualisation description 

The user can choose the date and hour in the calendar box and the map will display via the visualisation the 

traffic situation in the city according to this date: 
 

● The default map window displays the actual traffic situation in the city according to the traffic 

sensors; 

● when user will choose a date in the past, the map will display traffic volume map from traffic 

sensors; 

● Choosing a date in the future shows the prediction 

 

  

 
8 https://polivisuapi.plzen.eu/api/swagger.json 

https://polivisuapi.plzen.eu/api/swagger.json
https://polivisuapi.plzen.eu/api/swagger.json
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Figure 19: Live and historic traffic volume map - Visualisation of an afternoon traffic peak hour based on historical data 
Source: https://plzen.trafficmodeller.com/public 

 

 

4.3.2 Planned Roadworks Map for Pilsen 

 

Policy Element 

Policy Goal: inform citizens about planned roadworks  

 

Visualisation Goal 

The map visualizations will ensure: Informing the citizens about the time schedules and the extent of actual 

and planned roadworks in the city within a defined time range with simulated traffic and planned roadworks. 

(Please note that this refers to D3.6 chapter 3.4.6 Planned Roadworks Map for Pilsen) 

 

Data used 

The data for the visualization is calculated by Traffic Modeller based on the developed traffic model (see D4.6 

chapter 2.2 for details). According to the changed configuration of the traffic network or the attributes of the 

selected segments, the traffic flow is recalculated, and the network is visualized.  

 

https://plzen.trafficmodeller.com/public
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On top of the traffic information, the data of the roadworks is added. Point/Line data set of roadworks, 

containing the location (X Y), with a description (nominal), planned start and end date, the type of roadworks, 

impact on traffic (nominal), direction of the road (nominal) and a general description (nominal). 

 

Visualisation Description 

The modelled status of the traffic network is visualized similarly as the live and historic Traffic Volume map for 

Pilsen. The road segments are coloured according to the traffic flow, newly added segments, or closed 

segments. These are displayed with additional map symbols. The user can define segments to be closed, draw 

new segments by hand mode, update attributes of the selected segments and select the time range of the 

change.  

 

 
 

Figure 20: Planned roadworks and its influence on neighbouring traffic 
Source: https://plzen.trafficmodeller.com/public 

  

https://plzen.trafficmodeller.com/public
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Figure 21: Timeline of planned roadwork 
Source https://plzen.trafficmodeller.com/public 

 

 

4.3.3 Traffic Simulation Map for Pilsen 

 

Policy Element 

Policy Objective:  

 

● Reduce roadworks impact on increase of congestion 

● To be ready for extraordinary events influencing traffic 

 

Policy Goal: Better coordination of roadworks in order to reduce congestions 

 

Visualisation Goal 

Simulate the effect/impact (difference in traffic volume) when adding, removing, changing traffic 

attributes (closure time, free flow speed, etc.) on road segments in the Pilsen region, showing the impact 

of roadworks on traffic volume for each road segment. 
  

https://plzen.trafficmodeller.com/public
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Data used 

Line data set of road segments - Location (X,Y) - Traffic Volume (quantitative) - Status "new, update, delete" 

(nominal) - Description (nominal) 

 

Visualisation Description 

HSLayer based flow line map of traffic volume, the colour of the road segment is defined by the calculated 

traffic volume. Visualization shows changes on road segments before and after the change in the traffic model. 

 

The workflow used in this interactive visualization is usually as follows: a logged user models an experiment 

or a set of experiments to see the impact of planned roadworks to the traffic in the city. The user can then 

present such an experiment to his/her colleagues in the city or make the experiment even publicly accessible. 

 

There is a Traffic Events (superdio) created and made publicly available by default (see figs below). This 

experiment serves as a data source for the Planned Roadworks Map for Pilsen visualization (see chapter 4.3.2 

above). 
 

 
 

Figure 22: Traffic Events experiment 
Source: https://plzen.trafficmodeller.com/editor (login needed) 

 

  

https://plzen.trafficmodeller.com/editor
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Figure 23: All Hindrances in Traffic Events experiment 
Source: https://plzen.trafficmodeller.com/editor (login needed) 

 

4.3.4 Traffic Volume Delta Map for Pilsen 

 

Policy Element 

Policy Goal: Better coordination of roadworks in order to reduce congestion 

 

Visualisation Goal 

The goal of this visualization is to provide a user an even more in-depth view of a hindrance influence to traffic 

than is provided by the 4.3.3 Traffic Simulation Map for Pilsen. This visualization compares changes (increase 

or decrease) in traffic volume between two moments in time by allowing experts to select two different times 

using measured data from the past or predicted data calculated by the traffic model. 

The user is able to: 
 

● Compare two moments in the past  based on historical sensor data; 

● compare two simulated traffic models based on calculated forecasts; 

● compare historical sensor-based data with the simulated forecast models. 

  

https://plzen.trafficmodeller.com/editor
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Data used 

The used data is based on the traffic volume map and the recalculation of the difference between the two 

states by the traffic modeller application. 

 

Visualisation Description 

This visualisation is based on the HSLayers Line Map. The colour of the line (road segment) will represent an 

increase (orange colour range) or a decrease (blue colour range) in traffic volume between two selected traffic 

situations. The visualization can be applied to two different traffic models or to two different measurements 

of sensor data. 

 

 
 

Figure 24: Comparison of two traffic models: ideal traffic (without traffic hindrances) and actual traffic situation (with 
hindrances) 

Source: https://plzen.trafficmodeller.com/editor (login needed) 
 

  

https://plzen.trafficmodeller.com/editor
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Figure 25: Comparison of two traffic situations: morning and afternoon peak hour, showing the different character of 
morning and afternoon congestions 

Source: https://plzen.trafficmodeller.com/editor (login needed) 
 

 

4.3.5 Traffic Volume Heatmap for Pilsen 

 

Policy Element 

This visualisation named 'Map of Traffic in Pilsen' (https://mapadopravy.plzen.eu/) is used in the exploratory 

phase, to assist in the identification of policy problems.  Analysing traffic will help finetune the political agenda. 

The visualization is also used to evaluate the past policy measures. 
 

Visualisation Goal 

Explore and investigate traffic volume on road segments in time and space to discover patterns, 

correlations and extremities using aggregated data. 

  

https://plzen.trafficmodeller.com/editor
https://mapadopravy.plzen.eu/
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Data Used 

Line data set of traffic volume for road segments - Location (road segment geometry) - Traffic volume provided 

by street detectors (quantitative) - Road segment capacity (quantitative) - Direction of traffic on segments 

(geometry - angle) - Temporal dimensions (quantitative). 

 

Visualisation Description 

WebGLayer based heatmap of traffic, heat of the road segment is defined by the traffic volume. 
 

 
 

Figure 26: Traffic Volume Heatmap for  Pilsen 

 

4.3.6 Traffic Incidents Heatmap for Pilsen 

 

Policy Element 

This visualisation named 'Pilsen Traffic Safety Map' (https://bezpecnostdopravy.plzen.eu/) is used in the 

exploratory phase, to assist in the identification of policy problems. Analysing traffic incidents will help 

finetune the political agenda. The visualization is also used to evaluate the efficiency of the past policy 

measures. 

 

The map brings together three data sources related to the traffic safety: traffic accidents, traffic offences and 

speeding offences detected at the average speed control zones. 

  

https://bezpecnostdopravy.plzen.eu/
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Visualisation Goal 

Explore and investigate traffic incidents (traffic accidents and other police records such as speeding & 

other driving-related offences) in time and space to discover patterns, correlations and extremities using 

aggregated data 

 

Data Used 

Point data set of traffic incidents (accidents and traffic-related offences) - Location (X, Y) - Accident info: 

Severity, culprit, alcohol/drugs, cause, vehicle classification, location details (nominal) - Speeding offences 

(interval) - Classification of driving offences - pedestrians, speeding, cyclists, parking, rule violation (nominal) 

- Average speed control offences: vehicles' country of registration (nominal) - Temporal dimensions 

(quantitative) 

 

Visualisation Description 

WebGLayer based heatmap of traffic incidents, heat of the area is defined by the volume of historical traffic 

incidents. 

 

 
 

Figure 27: Traffic Incidents Heatmap for  Pilsen - Visualisation of selected parking offences 
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4.3.7 Traffic Accident Heatmap for Flanders  

 

Policy Element 

Problem Setting: Identify accident black spots. 

 

Visualisation Goal 

Show locations where accidents happened in Flanders in the last 5 years.  

For the accidents: show information relevant to find black spots due to the infrastructure. 

 

Data used 

This visualisation is based on the accident dataset from the Belgian Federal Police.  

 

The data used for the first version of the visualisation only contained information about the accident itself and 

its most relevant characteristics (e.g. location, time, type of accident, identification number). The new data 

model also contains information about (1) persons involved in the accident (e.g. type of injuries, type of road 

user (e.g. cyclist, pedestrian)), (2) aggravating circumstances at hand that may have led to the accident (e.g. 

speeding, alcohol), (3) and whether or not the road and/or traffic conditions played a role during the accident. 

As such, the data can provide a more comprehensive understanding of each accident enabling better decision 

making.  

 

Visualisation Description 

WebGLayer based heat map, showing the locations of accidents with relevant attributes allowing to 

investigate the severity and whether the location is the main contributor to the accident or other factors (like 

alcohol). 

 

A user can analyse the data and discover the hotspots of traffic accidents by filtering in bar charts and 

checkboxes or by ‘Selecting Area’ directly in the map. The 'Accidents' layer can be activated to consult details 

of a single accident. 

 

Extra layers were added to assist the analysis: schools and borders. To allow the analysis of the impact of 

introducing average speed cameras, the trajectories that have these systems were added as well as illustrated 

by the next set of screenshots. 
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Figure 28: Hotspots traffic accidents in Flanders 

 

 
 

Figure 29: Activation of extra layers to assist the analysis: schools and borders 
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Figure 30: Analysis of impact average speed cameras with addition of camera-trajectories 

 

4.3.8 Schoolstraten dashboard 

 

Policy Element 

Evaluation Report: Impact of the policy to introduce schoolstreets in Mechelen. 

 

Visualisation Goal 

Display the difference in distribution over the different traffic modes before and after the introduction of a 

schoolstreet, in the street of the school as well as in the neighbouring streets. 

 

Data used 

Count of cars, bicycles, trucks, and pedestrians per hour as measured in a street. 

 

Visualisation Description 

A set of graphs connected to a time window selected by the end user. The graphs show the number of people 

travelling using a certain mode of traffic. When a second time window is selected, the delta between the 

periods is shown as well. 
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Figure 31: The Schoolstraten dashboard overview 
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Selection of the location of the sensors 

Important to assess the positive and negative impact of the policy is to measure in the street of the school as 

well as in the neighbouring streets.  

 
 

Figure 32: Schoolstraten dashboard detail - sensor locations 

 
Monitoring effectiveness  

To make the dashboard really drive the policy making a KPI is defined, measuring the number of bicycles in 

the street of the school.  The agreed target for this school is 100 bicycles.  As weather has a potential big 

impact on the number of cyclists, this is shown on this graph as well. 
 

 
 

Figure 33: Schoolstraten dashboard detail - bicycle numbers and weather vs time 
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Distribution of traffic over modes over time 

Next set of graphs show the distribution over time of the different modes of traffic.  The left one shows the 

impact on all streets as one group, allows analysis on the school street and the group of neighbouring streets 

Analysts can switch on and off modes to allow more detailed analysis. 

 

 
 

Figure 34: Schoolstraten dashboard detail - various traffic modes and weather vs time 

 

The second graph is recreated in a different way to evaluate what is easier to use.  In this graph, we use bars, 

the schoolstreet is shown above the X-axis and the neighbouring below.  

Due to Covid-19 there was not yet time to perform this analysis. 

 

 
Figure 35: Schoolstraten dashboard detail - various traffic modes and weather vs time, alternative visualisation 
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Relative modal split 

Because the modal split is very important, we also have represented this in a pie chart. 

 

 

Figure 36: Schoolstraten dashboard detail - relative modal split pie chart 

 

Comparing 2 periods - trends 

To allow better insights of the impact of introducing the school street, there is a capability to compare two 

periods.   As with all charts, the more transparent lines show the traffic in the neighbouring streets, the solid 

lines in the street of the school.  The left graph shows the absolute numbers of the different periods.  Positive 

numbers mean more vehicles are measured in the second period that the first, negative numbers show a 

decrease.  The right graph shows the same counts but relative to the first period. 

 

 

Figure 37: Schoolstraten dashboard detail - trend analysis  
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Comparing two periods - relative 

 

 
Figure 38: Schoolstraten dashboard detail - pie chart comparison of two time segments 

 

4.3.9 Delay due to traffic map for Issy 

 

Policy Element 

Policy Goal: Reduce Congestion 

 

Visualisation Goal 

Show how much time a traveller loses on road segments in Issy compared to the ideal situation (no traffic) for 

specific periods and timings. Show current/actual “Time lost” per road segment. 

 

Data used 

The 3 visualisations of Issy all are based on floating car data.  Since this is a massive dataset, a lot of effort was 

put into ingesting it and optimising the storage and query mechanisms in SenX’s Warp109 platform. 

Main elements are a line data set of wasted time for road segments, location (road segment geometry) time 

lost versus the free flow speed. 

 

  

 
9 https://www.warp10.io/ 

https://www.warp10.io/
https://www.warp10.io/
https://www.warp10.io/
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Visualisation Description 

The 3 visualisations of Issy are all part of 1 dashboard.  It is designed such that a change in one element of the 

dashboard triggers an update in other relevant aspects of the dashboard.  E.g. when you zoom or pan on the 

map, all elements showing information of roads will update to reflect the roads in the viewport. 

 

For this particular visualisation goal, we chose to build a visualisation-based line map of traffic, heat of the 

road segment is defined by the extra time spent due to traffic versus theoretic free flow speed. 

 
Figure 39: Traffic speed distribution line map overview 

 

Clicking on a street in the map shows the information for that one street, allowing detailed analysis as 

demonstrated by the following screen capture. 
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Figure 40: Traffic speed distribution line map road segment detail 

This view gives a good overview where the time is lost but the overall loss of time is not very visible.  This is 

more easily seen in a histogram that shows the time lost over time. 

 

 

 
Figure 41: Traffic speed distribution line map time detail  
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For more detailed analysis, we also created a raster where each cell depicts a particular time of the day and 

the colour shows speed cars could travel versus the freeflow speed.  A value of 80 means a car could drive at 

that moment only 80% of the speed of the speed if there would be no traffic. 
 

 
Figure 42: Traffic speed distribution line map detail table 

 

4.3.10 Traffic Blackspot List for Issy 

 

Policy Element 

Policy Goal: Reduce Congestion 

 

Visualisation Goal 

Show a list of road segments ordered by “Total time lost over a workweek” for a specific week. 
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Data used 

See chapter 4.3.9. 

 

Visualisation Description 

Sometimes the simplest visualisations are best.  Here we provide a list of the segments that show the most 

delay of the streets that are in focus and the time period selected. 

 
Figure 43: Visualisation of traffic delay due to congestions 

 

4.3.11 Traffic delta map for Issy  

 

Policy Element 

Policy Goal: Reduce Congestion. 

 

Visualisation Goal 

Compare the time lost in traffic between 2 periods of time. 
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Data used 

See chapter 4.3.9. 

 

Visualisation Description 

When the user selects a second time window, the elements of the dashboard allow the comparison between 

those 2 periods. The histogram shows the difference by prompting a line for each period. 

 
Figure 44: Graphical comparison of traffic delay between two periods 

 

Following map shows where traffic is faster (lines within the green - blue spectrum) and slower (lines within 

the red-yellow spectrum). 
 

 
Figure 45: Speed distribution on targeted road segments 
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The same colouring mechanism is used for the cell based heatmap. 

 
Figure 46: Heatmap table showing speed vs time (day/hour) 

 

4.3.12 Student displacements visualisation in Ghent 

 

Policy Element 

Define Problem: Getting better insights into the (dorm) student’s location and visualizing them on a map. 

 

Visualisation Goal 

Getting better insights into the locations where students are, spend their time and how this influences life in 

the city (housing, economy, and mobility). 
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Data used 

Mobile Phone Data that has an anonymized ID, a location (in the form of a cell between GSM poles) and a 

timestamp. 

 

Visualisation Description 

A city map where the student locations are defined by cells from the GSM poles network of the telecom 

provider. For every cell, the number of identified students is displayed for a certain time when a minimal 

number of students are registered to protect privacy. 

 

  
 

Figure 47: Data visualisations showing student locations in Ghent 

 

4.3.13 Trajectory control dashboard in the Police Zone Voorkempen 

The initial idea was to measure the impact of the „Control Cruiser“ – Campaign VSV. A campaign targeted to 

reduce speeding on local roads.  During brainstorm sessions, it was then generalized to investigate Impact of 

average speed cameras on the speeding behaviour.  This visualisation is more in an explorative phase and will 

be further worked out after PoliVisu. 

Policy Element 

Problem setting: Measuring the impact of the introduction of average speed cameras on excess speeding. 

 

Visualisation Goal 

The targeted audience are the cities and police zones that want to evaluate their average speed enforcement 

trajectories and decide where it would be useful to install new systems. 

 

The goals are: 
 

● to visualize how many cars exceed the speed limit and how many above the verbalization limit. 

● to visualize the impact of the start of camera installation and the start of actual verbalization 

● to compare different trajectories. The timelines can be shifted so that we compare since the start of 

installation or verbalization. 
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Investigated relationships are: 
 

● time of day and day of the week and the number of cars driving above the speed limit.  

● number of months after start and remaining percentage in excess compared to month zero. 

● Traffic volume and number of infractions 

 

Data used 

 
Remark: the dataset is anonymized on the server that manages the ANPR cameras.  

 

 
 

Remark: speed buckets do not contain any link to license plate information. 
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Visualisation Description 

M3 is a modular system with user interfaces tailored to the different user profiles. M3 is used by municipalities 

and police zones. Access rights are handled on a separation of concerns basis. To make privacy sensitive 

queries a justification (dossier number and reason) must be entered. Only data belonging to the unit of the 

user can be accessed.  

 

The statistics modules which are the most relevant for policy making work on anonymised data. There are a 

number of predefined dashboards. The users can create their own custom dashboards. 

 

Visualisation elements that can be used in the dashboards: 

 

Function Type Primary axis Secondary axis  

Speed profile for 

individual 

trajectories 

Line diagram average speed number of vehicles 

 

 

Average speed 

profile on a number 

of trajectories 

Bar chart average speed 

 

number of vehicles 

 

Average speed with 

a mark on the 

speed limit 

(70km/h) and the 

verbalisation limit 

(76km/h) 

Line diagram average speed 

 

number of vehicles 

 

Evolution of 

average speed (per 

speed limit) 

 

Scatter chart 

with trend 

line 

number of 

months since 

the start of the 

dataset 

Average speed 

 



 
D3.10  Policy experimentation and functional design 4  

© 769608 PoliVisu Project Partners                  67 28/09/2020 

number of vehicles 

per trajectory 

 

Ring diagram Total number of 

vehicles per 

selected 

trajectory 

 

 

Bar charts with the 

possibility to select  

Bar chart Month, 

weekday, time 

of day, … 

 

Blue is the volume 

on the selected 

segments. Gray on 

all segments. 

 

Evolution over time 

of exces on speed 

and verbalisation 

limit. 

 

Scatter chart 

with trend 

line 

Date Percentage of 

vehicles above the 

speed and 

verbalisation limit. 

 

Evolution over time 

of number of 

infractions since 

homologation date. 

Scatter chart 

with trend 

line 

Number of 

months since 

homologation. 

 

Percentage of 

vehicles above the 

verbalisation limit. 

 

Traffic volume per 

day of the week per 

hour 

 

Heat map Hour of the day 

 

Day of the week 

Color: Gradient for 

traffic volume. 
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Calendar Heat map 

with possibility to 

select 

Heat map Day of the week Color: Gradient for 

traffic volume. 

 

Traffic volume per 

hour of the day and 

day of the week 

Line diagram Hour of the day Traffic volume 

One line per day of 

the week 

 

Traffic volume and 

exces on 

verbalisation limit 

per hour of the day 

 

Line diagram Hour of the day In orange, 

percentage of the 

traffic volume on 

that hour. In blue 

percentage of 

vehicles in excess of 

the verbalisation 

limit.  

Total traffic volume 

and volume above 

the verbalisation 

limit 

 

Line diagram 

with 

possibility to 

select 

Date In light blue, total 

traffic volume. In 

blue, volume above 

the verbalisation 

limit. 

 

Traffic volume 

above verbalisation 

limit over time 

Line diagram 

with 

possibility to 

select 

Date Percentage of 

traffic volume 

above the 

verbalisation limit. 
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Number of vehicles 

above the speed 

limit per day of the 

week per hour 

 

Heat map Hour of the day 

 

Y-axis: day of the 

week 

Colour: gradient 

indication traffic 

volume. 

 

Percentage of the 

traffic above speed 

and verbalization 

limit per trajectory 

 

Bar chart X-axis: Blue, 

percentage of 

the traffic 

volume above 

speed limit. 

Orange, above 

verbalisation 

limit 

Y-axis: trajectory 

name 

 

Evolution over time 

of excess on speed 

and verbalisation 

limit for multiple 

trajectories. 

Scatter chart 

with trend 

line 

  

 

Traffic volume per 

speed bucket and 

period in the day to 

estimate ‘free flow’, 

‘flow rate’ and flow. 

Scatter chart Number of 

vehicles. 

Y-axis: average 

speed. 

Colour: period of 

the day 

 

 

Table 6: Dashboard visualisation elements 
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Trajectory control analysis dashboards in M3 

As an example of a predefined dashboard  we give the speed profile statistics. The following picture is a 

composition of screenshots with different positions of the scrollbar. 
 

 

Figure 48: Predefined dashboard - speed profile statistics  
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The results can be filtered and exported … 

 

 
Figure 49: Speed profile statistics - filter function 

 

… and shown on a map. 

 

 

Figure 50: Speed profile statistics - map visualisation 
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The user can define his own dashboards composed of multiple visualisation elements by selecting the data, 

visualisation type and filters. 

 

 
Figure 51: User defined dashboard - settings (1) 

 

 

Figure 52: User defined dashboard - settings (2)  
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5 Conclusions 

The PoliVisu project consortium decided to concentrate on the link between real policy needs of the pilots and 

on providing best-fit solutions that combined specialist insights with readability and understandability for 

policymakers and the public. A user and policy centric approach replaced the first idea of building an ICT 

oriented platform solution. This approach turned out to be successful with a toolbox containing 69 case study 

descriptions and the realisation of visualisations based on new visualisation technologies.  

 

The Toolbox was designed to showcase the results of the PoliVisu project. The Toolbox allows to study the 

outcomes of PoliVisu in an integrated way and provides the link between best practice case studies, policy 

elements (like policy goals and measures), dataset types like the use of telecom data, ANPR data or floating 

car data to name a few sources. It also provides insights into the used techniques, software tools and 

processes.  

 

The PoliVisu visualisations are all related to the delivery of necessary insights into the desired policy. This policy 

can and is in most cases related to one or more of the phases in the policymaking process (design, 

implementation, and evaluation). A methodology was set-up to define the policy elements (goals, 

measures,...), setting visualisation goals, analysing the needed and available data, selecting the visualisation 

techniques to provide the required insights. Based on these steps, the functional design was realised, and tools 

were chosen. This methodology is entirely different from the often-used tools and data-based centric 

methodology as regularly used in (smart city) dashboards. 

 

During the PoliVisu project, it became clear that many of the pilots were facing quite similar policy and 

visualisation needs despite their different political, institutional and spatial backgrounds. Issy-Les-Moulineaux 

faces traffic congestion problems in the metropolitan Paris region where big public works are planned 

nationwide with limited steering power on the local level. Flemish cities are part of a close city network, where 

cities directly influence each-other. Pilsen, as a smaller city, with a central regional function, also has to cope 

with sustainable mobility problems, but is also able to steer the public transport more directly.  

During the project, despite the differences, re-usability of policy elements, visualisation goals, used data and 

visualisation methods was achieved. Good examples are the accident map in Pilsen and Flanders, traffic delta 

map in Issy-Les-Moulineaux and Pilsen, traffic simulation map for Pilsen and Mechelen. 

 

The PoliVisu visualisation methodology, effective re-use of components in different cities and the co-creation 

of the visualisation in close cooperation with the city and the Schoolstraten case also with the citizen science 

community, shows the opportunity and concrete possibilities to re-use the outcomes in other cities. 

 

This functional design final report can be considered as a design deliverable open for external re-use. The 

outcomes related to the used visualisation techniques related to policy-making are discussed in the PoliVisu 

Whitepaper about Visualisation Techniques for policy-making - Deliverable D8.9. 

  

https://05a0e658-0382-45bd-be34-80e9fa8750e9.filesusr.com/ugd/68109f_e9e5a69ebe404f2094d7e8a73bdeb272.pdf
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6 Annex - Updated Technical Specifications 

In previous versions of the ‘Policy experimentation and functional design’ document, an update to the 

technical specification is added.  As a result of the approach for this deliverable, a standalone  technical 

description is added as annex, see the following pages.  
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1 Executive Summary 

This deliverable is the final Technical Specification for the PoliVisu systems targeted to support evidence-based 

policy making by using (big) data analytics and visualisations.  

 

This document highlights all technical and architectural work done in PoliVisu, for each of the individual 

projects. As mentioned in previous iterations of this document, Polivisu project had initially set out to build 

one overarching system, comprised of the following sub-systems:  
 

• Evidence (for big data processing, analytics, and visualisations, 

• Policy Making (support for policy domain specific information) 

• Discovery (for exploring and documenting different aspects involved in policy making like data 

sets, visualisations, metadata, tools, policy information, etc.) and 

• Data Providers (a set of data sources including services, sensor streams, etc.).  

 

This framework holds up on a higher level (see 3.2. High Level Architecture). During the course of the project, 

it became clear that one integrated system to guide policy making was not a viable solution. We decided to 

not build a system that guides the policy making, as such a system would have to compete with existing 

systems already present in the pilots and other administrations that would like to benefit from PoliVisu. Hence, 

we have implemented a set of tools and a toolbox that contains the information about those tools and other 

relevant artefacts of policy making.  

 

This document gives a detailed technical overview of the toolbox and the set of tools developed via Polivisu.  

2 Introduction 

The overall technical architecture is described in chapter 3. This technical overview complements  the 

functional architecture as described in D3.10 Policy experimentation and functional design. This gives a high-

level overview of the framework on which the tools were built.  

For each of the components (Evidence, Data Providers, Policy Making and Discovery) the technical approach 

in Polovisu is described in chapter 4.  

 

Concrete system architecture designs for the PoliVisu tools are described in chapter 5. We provided the 
PoliVisu Toolbox (5.1) which provides an entry point and overview of all polivisu tools, through which policy 
makers and collaborators can discover tools and use cases.  

Following the Toolbox, there is a detailed description of all  implemented tools, being Traffic Modeler (5.2); 
WebGLayer (5.3) which describes the approach for the Map of Traffic in Pilsen, the Traffic Accident Heatmap 
for Flanders and the Pilsen Traffic Safety Map; Schoolstraten dashboard (5.4); Issy-Les-Moulineaux - Mobility 
dashboard (5.5); and Traffic camera use cases in M³ (5.6).  
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3 Overall Technical Architecture 

3.1 Context Diagram 

The Context Diagram (see figure A) defines the boundary between the PoliVisu systems and its environment 

(actors). The following main actors are identified. 

 

Policy Makers are all people (professionally) involved in the policy making process and include both civil 

servants, policy experts and politicians. 

 

Data and Process Experts are domain experts in the field of mobility and data scientists and engineers who 

search, collect, and analyse data and build processes to turn this data into evidence for policy making.   

Public are the public at large and include citizens, organisations and companies that are interested and/or 

involved in policy making. 

 

Service Providers are organisations and companies active in the field of mobility. They use the information 

provided in PoliVisu to plan, optimize or manage their mobility services. 

 

 
 

Figure 1: PoliVisu Context Diagram 
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3.2 High Level Architecture 

The High Level Architecture (see figure B) provides the “big picture” view of the system’s architecture, 

indicating what the main parts of the system are, how they relate to each other and how it all fits in existing 

environments.  
 

 
 

Figure 2: PoliVisu High Level Architecture 

 

As discussed in D3.10, PoliVisu is not building one integrated system but a set of tools and a toolbox that 

contains the information about those tools and other relevant artefacts of policy making. 
 

 

Figure 3: PoliVisu scope 
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Evidence is the part of the system that converts (big) data into information and smart visualisations of that 

information for use as evidence in policy making. It consists of the tools, services and libraries for data access, 

processing, analytics, and visualisation of diverse data sources. 

 

Data Providers are both internal and external systems providing data or access to data. These can be external 

databases, services, social media API’s, data streams coming from sensors and IoT, etc. 

Evidence and Data providers are in the polivisu project often bundled in visualisation tools. 

 

Policy Making is the part of the system that provides the user interfaces, services, and the data repository to 

interact, manage and store domain specific information for the policy making process. 

 

Discovery is the part of the system that allows users and systems to discover relevant sources of information 

for different uses in the policy making process. It foresees the necessary user interactions, search functionality, 

(catalogue) services and metadata repositories to explore available sources including data, best practices, 

tools, visualisations, etc. 

 

We decided to not build a system that guides the policy making, as such a system would have to compete with 

existing systems already present in the pilots and other administrations that would like to benefit from 

PoliVisu.  The PoliVisu Toolbox contains case studies describing best practices and descriptions of tools, 

processes, datasets,... that are used during policy making. 
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4 Description of PoliVisu system components 

In the next section we will zoom in on different logical components built in PoliVisu.  

 

It should be emphasized that in the context of PoliVisu the system components are loosely coupled. The idea 

is that each component can be realised by different tools and products to ensure maximum adaptability to 

existing tools and processes in different (pilot) cities for different policy cycles.  Several cities already make 

use of established tools for data analytics, GIS, data management, etc. More and more administrations even 

started using tools for big data management and business intelligence.  
 

4.1 Evidence 

The evidence system is responsible to provide information that can be used to base the policy cycle on.  That 

information is presented to the user in visualisations targeted at the requirements for a specific policy making 

activity.  See the ‘Policy experimentation and functional design’ for more details. 

 

The components are responsible to: 
 

● Present evidence (information) in the form of a combination of map layers, graphs and/or diagrams 

● Support User Interaction (zoom, select, pan, text input, search, etc.) 

 

In most cases the components are using web technology, but in some cases also desktop (GIS) applications 

could be used to interact with and visualise the results (Evidence). In most cases (and particularly with web-

based or mobile solutions) a backend component will be available to provide the results using standard 

services. In the case of geospatial data, the setup typically will have a map service that provides the data using 

well-known geospatial standards like the Open GeoSpatial Consortium services1 (OGC - e.g. WMS, WFS, 

WMTS, WCS) or Tile Map Service (TMS) developed by the  Open Source Geospatial Foundation2 (OSGeo). 

 

Certain applications require the spatial data to be presented in vector format allowing easy (object-based) 

investigation and manipulation in the frontend. Others will use raster images for visualisation of the evidence. 

If required, the visuals component also must foresee some caching mechanism to increase performance and 

have a fast response time when interacting with the map. Sometimes also an offline storage mechanism is 

required to support map interaction when not connected to the backend service. 

 

Information and evidence can also be conveyed using other visual representations besides maps. The Visuals 

component therefore also needs to support other representations of data like text and tables, graphs, bar 

charts, pie charts, scatter plots, node-and-link diagrams, etc. 

To be really useful the Visuals GUI ideally allows user interaction on the actual visual representation and by 

doing so enables the user to explore the data and gain new insights. 

 

  

 
1 http://www.opengeospatial.org/standards/owc 
2 https://www.osgeo.org/ 
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4.2 Data Providers 

Data providers are the collected data sources including sensors, census data, spatial data (services), social 

data, IoT streams, etc. but also the organisations that manage the data collection, the data sources, the sensor 

network, etc. The organisations can be government, private companies, or research institutes. A new trend is 

crowdsourcing data collection. 

 

The complete evidence chain (without the visualisation) can play the role of data provider towards  another 

organisation’s evidence chain. If in that case the receiving party does not have the same rights it can be 

necessary to anonymize or restrict parts of the data at the source. 

 

In the case of sensor data specialized hard- and software and probably a network are involved. Generally, the 

sensor network is the subject of a maintenance contract. The guaranteed availability of individual sensors,the 

sensor network and (spatial) data services can be specified in Level of Service (LoS) specifications or Service 

Level Agreements (SLA). The LoS or SLA provide an indication about the availability of the data. Data Quality 

indicates how good the data is for its intended use. This can be the accuracy, precision, refresh rate, etc. A 

confidence level can be attached to the data to pass quality information to the upper layers. 

The data can be open (free of access and free of charge) or subject to a contract and or licenses. 

 

Data can be real-time or historical. When passed to the next layer, data can be timestamped. In a sensor 

network this can be done in the sensor or at the receiving side. When a sensor loses the connection to the 

network, it can continue to store data that is sent (as historical data) when the system comes online again. 

Sensor data can vary very fast in time. While accuracy may be important for the local system, a filter (moving 

average, hysteresis, …) can be applied before sending the data to the central system. For most sensor data the 

location of the sensor is relevant. If the sensor has no fixed location the position of the sensor is sent with the 

data. 

 

The data is typically provided via an API, a communication protocol (this can be via a push or a pull mechanism) 

or a physical carrier. 

 

4.2.1 Data management  

Data management provides a structured access to the data. The format of the data is described by a data 

model and/or data dictionary. 

 

Data management is responsible for backup of data but also to guarantee that data is not kept longer than 

necessary (deprecated) or allowed (legal and privacy issues).  

 

Data can be stored at the premises of the organisation that manages the data or in a specialized data center. 

Data management is responsible to give authorisation to access the data. In the case of a user this can be with 

a password or a token. For machine to machine communication certificates are used to identify both sides. 

There can be legal limitations on the country in which the data is physically stored. 

 

The location where the data is stored is called a Data Repository. Long term storage is called an Archive. 

Generally, data is stored in a database. There are different kinds of databases that all have their advantages 

to handle particular kinds of datasets. Examples are Relational, Object, Triple stores, ... 

  



 

D3.10 Annex - Technical Specifications  

© 769608 PoliVisu Project Partners 12 28/09/2020 

The databases can be distributed and or redundant. Scalable distributed databases allow increasing the 

database capacity while the system is running. 

Data management is also responsible for the authenticity of the data. It can be important that the system can 

show that the data has not been tampered with (not even by people that have physical access to the data 

storage). 

 

4.2.2 Data processing 

Data processing manipulates data to transform it into information. We consider this step to work on a stream 

or batch of data.   

 

Data processing is needed to make data ready to be used in the rest of the system.  Some transformations 

that can be needed are: 
 

● Data filtering: often the datasets supplied have information that is not needed in the visualisation or 

even not allowed to be used due to restrictions.   

● Data cleansing: some data contains erroneous data.  To reduce complexity of the rest of the stack, it 

is best to prune that data out 

● Data transformation: some data is delivered in a format that is not compatible with the visualisation.  

Sometimes the data is in multiple tables, making it difficult to visualise.  Also Big Data-sets need to be 

transformed for the visualisations to be performant. 

 

4.3 Policy Making  

As described in ‘Policy experimentation and functional design’, discussions with the pilots showed that 

building a tool to guide and/or automate policy making is not beneficial and not the right focus to support the 

PoliVisu project.   

 

Instead, a tool is created where policy makers can create policy elements and describe the work and lessons 

learned in case studies. 

 

4.4 Discovery  

It is important that lessons learned in PoliVisu are made available to other policy makers facing similar needs 

for data, visualisations, and tools. 

 

As such, Discovery will be present from inside the Policy Making tool as well as from the web.  Knowledge 

generated in PoliVisu will be findable through search engines as well, both in a standard way as in rich card 

snippets (provided the search engines pick these up). 

Datasets described in the Toolbox will have references to existing metadata systems where relevant and 

available. 

 

More information on Metadata Linking is provided in the section 4.2 of the PoliVisu D4.2 Metadata 

specifications document. 
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5 System Architecture Design 

The System Architecture Design section provides detailed descriptions of the envisioned solutions, tools and 

products implementing the architecture components for specific PoliVisu use cases and requirements. 

5.1 Toolbox 

The PoliVisu Toolbox provides an environment where Public Sector decision makers can understand and learn 

how to use big data to create visualisations in order to support their policy work. The Toolbox acts as a shop 

window to the possibilities that data provides for policy making and enables users to browse through its 

contents freely and use elements as inspiration for using data for policy themselves. 

 

The current version of the PoliVisu Toolbox is described from the architectural and the physical scope. From 

the user perspective, the PoliVisu Toolbox is available online at https://policyvisuals.eu/. 

  

https://policyvisuals.eu/
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Figure 4: Toolbox homepage 
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The platform has been set up on WordPress which is a free and open-source content management system 

(CMS) that allows easily organizing, managing and publishing content, with an endless variety of 

customization. WordPress is distributed under the terms of the GNU General Public License (or "GPL"), which 

means anyone is free to download it and share it with others. The WordPress project's principles encourage 

modularity, standards, collaboration, ease-of-use, and more. The user interface is simple, clean and easy-to-

interact with it. It is focused on the responsiveness and the clarity of the application and it provides a huge 

contrast, so it is easier for the reader to read the posts. 

 

The platform is a web application that runs on a web server. The client makes an HTTP request to the API. The 

API is responsible to query and retrieve the relevant data from the database, pre-process that data and deliver 

customized data to the frontend. 

 

 
Figure 5: Toolbox architecture 

Besides the extended WordPress configuration (data types definition, pages customization), WordPress 

plugins have been developed to cover certain use cases.  

 

5.1.1 Micka WordPress Plugin 

A WordPress plugin has been developed based on the (Open)Micka backend. It is a Web application for 

management and discovery of (geo)spatial (meta)data. From a user perspective, it represents a cataloguing 

tool for searching and finding relevant resources, such as spatial and non-spatial datasets, Web services, 

sensor measurements, map compositions, (traffic) models, documents, Web pages, reports, legislation or e-

shop. It is built with AngularJS and PHP and it extends the Advanced Custom Fields plugin. 

 

As such, (Open)Micka is used in all PoliVisu’s pilots as a tool for discovery of various kinds of resources. 

(Open)Micka is a customizable and scalable tool and is being modified according to the purposes of each pilot. 
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It connects all the relevant kinds of resources and provide answers, for instance, to the following questions: 
 

● show me all data and (map) visualizations that were developed according to such legislation or 

● show me what has been done with such sensor measurements (derived datasets, policy, link to e-shop 

selling the raw sensor measurements, etc.). 

 

In order to use the Micka Plugin the user should create a new post and categorize it as a Dataset. After the 

categorizing of the post, a new tab is available in the admin panel, called Micka and it contains a map and a 

list of results for the selected area on the map. The plugin provides the ability to make custom searches,  by 

entering the text into the specific box as seen in the following figure. 
 

 
 

Additionally, the user can make a custom search by creating a rectangular inside the map using the tools of 

the map. 
 

 

Figure 6: Custom search by selecting a map area 
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On the results list, there are two tabs 
 

● The results tab  

Contains the data fetched from the Micka API 

● The saved data 

In order to save a record, the user should click on the save button that is next to each record 
 

 
 

When the user saves the Post, these metatags are being rendered in the single post page as a list of records. 
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5.1.2 Google Rich Cards 

In the context of the PoliVisu project, we have chosen to display the posts as recipes. This would result in 

displaying the posts as rich cards. The development procedure was to add a WordPress plugin called Schema 

& Structured Data for WP & AMP. The next step was to create a structure data type. 
 

1.  First go to WordPress dashboard -> Structure Data option panel-> Click on Add Schema Types 
 

 
 

2. In Structured data schema type, first, the user can click on Add schema type and select schema type 

like WebPage, Blog posting, Article, etc. For example, in the next screenshot you can see that we have 

selected the Recipe schema type. However, the plugin supports many schema types. 
 

 
 

3. After selecting the schema type, we need to set the condition for the specific post or page or all posts 

where you want to show the recipe scheme type. To generate the Recipe schema mark-up on our 

website, whether it is on all Single posts/pages, any single post/page, or globally. 

 

https://structured-data-for-wp.com/
https://structured-data-for-wp.com/
https://structured-data-for-wp.com/
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4. After clicking "Next" we have successfully set up the schema mark-up. 

 

By following the steps above, we are ready to modify (if needed to) our content in the posts. In the edit section 

of a post, a new tab has been added after the installation of the plugin. This tab is call "Schema * Structured 

Data on this post". By default, the plugin automatically fetches the required details for the post. 

 

  
 

But we have the option to modify these details by clicking the "Modify Recipe Schema Output". 
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Figure 7: Recipe schema settings 
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As we see in the above screenshot, most of the fields are not needed, but this is the only way to display an 

article as a recipe in a Google Result. The results are being displayed in the figure below. 
 

 

The screenshot is from the Rich Results Test tool that Google provides in order to see how the post will show 

up in the Google results. 

5.1.3 Technologies used 

• WordPress: WordPress is a free and open-source content management system written in PHP 

and paired with a MySQL or MariaDB database. 

• AngularJS: AngularJS is a JavaScript-based open-source front-end web framework mainly 

maintained by Google and by a community of individuals and corporations to address many of 

the challenges encountered in developing single-page applications. 

• Leaflet: Leaflet is a widely used open source JavaScript library used to build web mapping 

applications. 

• PHP: PHP is a general-purpose scripting language that is especially suited to web development. 

 

  

https://search.google.com/test/rich-results
https://search.google.com/test/rich-results
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5.2 Traffic Modeler 

5.2.1 Interactive Traffic Volume Modelling 

A contemporary policy making cycle focused on decision making related to mobility and  modelling traffic in a 

city or a region (i.e. the Area Of Interest) is as follows: 
 

1. Creation of a basic traffic model describing the typical flow of traffic in the area of interest. Calculation 

of such a traffic model is usually processed by a traffic engineering expert. The traffic model is taking 

following input data into account:  

a. Demographic zones and their (traffic) attractivity (changing over day/week/year cycle) 

b. Road network with attributed capacity for all road segments or even better all nodes 

c. Traffic census on road network neuralgic points (used for calibration of the model) 

2. Definition of alternative traffic scenarios (road closure, new road, etc.) 

3. Calculation of alternative traffic models, portraying alternative scenarios  

4. Presentation of the traffic models to city officials and discussion on alternative scenarios 

 

The bottleneck of the contemporary approach consists in the way the traffic models are currently calculated. 

The calculation is processed in a desktop environment by a traffic engineer who receives input (information, 

data) from the city. Whenever a new scenario is defined by the city officials, the communication between the 

city and traffic engineers starts and it can easily prolong the time required for a new scenario calculation with 

days or even weeks. 

 

The PoliVisu improvement of such a transportation related policy making cycle consists in shortening the time 

needed for alternative scenarios calculation to seconds or minutes (depending on the road network size). 

Following procedures are followed and PoliVisu architecture components used to do so: 
 

1. An initial basic traffic model is calculated in the traditional way by traffic engineers that possess in 

depth knowledge about the area of interested (demography, road network, traffic census) 

2. A client/server solution (see figure O) is developed and implemented to: 

a. Interactively gather user input (road closures, new road planning, etc.) 

b. Generate alternative traffic models near real-time (sec/min) 
 

 

Figure 8: Architecture of PoliVisu platform components for interactive traffic modelling 
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The interactivity brought to the policy making cycle based on traffic modelling can help a decision-making 

process by providing evidence for alternative scenarios. This can be used in a long term planning (strategic 

level), where more scenarios can be easily compared and discussed, but it can also play a crucial role namely 

on the operational level for e.g. planning a reaction to an unexpected events (e.g. traffic accidents) or events 

with a short notice (demonstrations, football or hockey matches, etc.).  
 

From the perspective of the PoliVisu architecture, the components interact together in the following way: 
 

1. The basic traffic model is calculated in a desktop traffic modelling software such as OmniTrans or Cube. 

2. Only the source data (demography, network, calibration points) are then imported to a Spatial 

Database Management System (SDBMS) like PostgreSQL with the PostGIS spatial extension.  

3. The data is then uploaded into the RAM of a distributed server. 

4. The Traffic Modeller (TraMod) then calculates its own instance of the basic traffic model which is then 

held in the RAM of the running server (TraMod basic model). 

5. The TraMod basic model is aligned to the desktop basic model (step 1), the conformity to the desktop 

model is evaluated and the TraMod basic model is re-calibrated if needed  

6. Once the TraMod basic model is ready, it persists in the server memory and is available for interactive 

work through a web-based map client (based on HS Layers). 

7. A user can then alter following parameters of the TraMod basic model: 

a. Close a road to simulate a road closure 

b. Change a capacity of a road to simulate narrowing or extension of the road 

c. Draw a new road and enter its capacity to model a potential road development 

8. Each time a user changes a parameter, an alternative TraMod model is instantly recalculated and 

visible for him/her only. 

9. If the user saves the changes, the altered parameters  are stored to a SDMBS and are available for 

reuse in next sessions. Next time, when the user logs in, he/she can open the TraMod basic model or 

any of the already stored alternative models, and continue to work with them. 

10. An authorised user can make some of his/her alternative TraMod models public (with a persistent 

URL).  
 

The Traffic Modeler (TraMod) is the core component of the Interactive traffic volume modeling process. 

TraMod is a tool for transportation modeling and is written for the Apache Spark framework that is scalable 

and it can easily run on large clusters. As a result, the city model can be recalculated close to real time 

(interactivity).  
 

TraMod uses Spark JobServer for REST API and PostgreSQL as a DBMS. TraMod provides its functionality as a 

REST API. TraMod uses a static User-Equilibrium model for assignment of the Origin-Destination matrix to the 

road network. For this purpose, TraMod uses the bush-based B-algorithm3 that is one of the most effective 

algorithms for this. 
 

TraMod supports the following operations: 
 

• modity capacity and cost of the edge 

• remove edge 

• add edge 

• add new zone with additional demand 

 
3 Dial, Robert B. "A path-based user-equilibrium traffic assignment algorithm that 

obviates path storage and enumeration." Transportation Research Part B: 

Methodological 40.10 (2006): 917-936. 
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5.3  Interactive visualisations of big multidimensional spatial data - WebGLayer  

Description 

WebGLayer is a JavaScript library focused on fast interactive visualization of big multidimensional spatial data 

through linked views, or Multiple Coordinated View (MCV). It is an open source software released under the 

BSD license and currently maintained mainly by Innoconect.  

 

WebGLayer provides cartographic map visualization of big data (approximately 1.000.000-point features) with 

the support of real time interactions such as filtering, zooming and panning. In addition, a polybrush 

interaction technique allows for spatial queries including arbitrary shaped query with interactive response 

time. 

 

The library is based on WebGL and uses the device's graphic processing unit (GPU) for fast rendering and 

filtering of data. The main benefit of GPU rendering is that once the data are buffered to the GPU memory, 

they can be rendered in parallel by thousands of cores of the GPU with a rendering speed that,  even on a 

commodity graphic card, allows smooth user interactions. The library can render millions of records with 

several attributes through heatmaps4 and point symbol maps on top of web-based map clients provided by 

third party libraries (e.g. OpenLayers, Leaflet, GoogleMap API).  

 

WebGLayer heatmaps use a color scheme based on a red-green color gradient (by default, other colour 

gradients are available) to visualize the density. A low density (transparent green color) represents a location 

with a lower amount of records; a high density (red color) indicates a ‘hotspot’, or a high concentration of 

records. 

 

Within PoliVisu, WebGLayer was further developed and extended with new components and functionality 

according to the needs of the pilot use cases. For example:  
 

• Design and prototype development of a new configuration method using GLayer, geo-enabled 

database based on server-side GPU processing,  

• Development of a new type of vector-based (linear and polygon) heatmap to support the analysis 

of various types of geospatial data, 

• Creation of new types of charts,  

• Adding functionality (display feature details from the map, adding more data layers, permalink)  

• Redesign of the user interface for improved user experience. 

 

Architecture 

The application is composed of a backend part and a frontend part (see also figure below)).  

 

The backend is typically a server-side java-based application that utilizes the API to query and retrieve the 

relevant data subset from the database, pre-process that subset and deliver customized data for the 

visualization client. The database in most cases will be PostgreSQL with the PostGIS spatial extension. Other 

databases and data persistence can be used as well. 

Different backend implementations are possible and could be required to support specific use cases or 

integration with existing applications. 

 
4 A heatmap is a visualization used to depict the intensity of data at a certain location. 

https://opensource.org/licenses/BSD-3-Clause
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Figure 9: Figure: Example positioning of WebGLayer in the architecture 

 

The frontend is rendering the heat map data on top of the background maps. The frontend JavaScript 

visualization client uses the set of WebGLayer shaders to render the heatmap and to perform brush functions, 

filter using histograms, zoom and pan the map etc., thus enabling visual and interactive exploration of the 

relevant slice of the original dataset together with additional data layers. 

 

The key operations performed by WebGLayer include: 
 

• Retrieval of data through REST API from the database, 

• Rendering the heatmap and svg or vector shapes above the map layer, 

• Styling the heatmap and shapes dynamically, 

• Synchronisation and coordination of all components of the web application (heatmap, map point 

layer, charts, map view, area filter, parallel coordinates etc.). 

 

Workflow of the Data Visualisation 

The library provides an API to download data from the server (tabular data are expected) and to configure the 

data dimensions that are intended for the spatial or non-spatial visualization (e.g. histogram or heatmap). In 

the case of the histogram visualization, the API enables to specify binning schema applied to a particular data 

column. Once the configuration is done, there are methods to perform a brushing of any predefined 

dimension, including the polybrush. Finally, there is a possibility to render the filtered symbol map to a 

dedicated HTML element, or to get the relevant values for the histograms. There are also functions to perform 

the zoom and pan operations of the symbol map. 

 

The kernel part of the WebGLayer is a set of WebGL shaders dedicated to the GPU-based processes. These 

processes are executed and further managed by the provided JavaScript API. The shaders set contains a 

fragment and vertex shaders designed for: spatial filter, histogram filter, final filter intersection, histogram 

calculation, and the symbol map rendering. 
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Figure 10: WebGLayer Workflow Scheme 

For details on WebGLayer functionality and user interactions, refer to the user guide available at 

https://github.com/jezekjan/webglayer/wiki/User-Guide.  

 

The above-described architecture has been implemented in PoliVisu in the following three WebGLayer-based 

applications. 

 

5.3.1 Map of Traffic in Pilsen 

The Map of Traffic in Pilsen allows to analyse the traffic in the city, as measured at the 307 street segments 

with detectors (induction loops) published at opendata.plzen.eu. 

 

The traffic from the 1. March 2017 until present can be analysed in the map. At startup, the map loads the 

aggregated traffic data from detectors for the last 30 days. From this period, the average traffic level for the 

current weekday and hour is calculated and displayed on the map. 

 

The user can use the calendar and the charts to select another day/hour or multiple days/hours in order to 

analyse traffic averages for a longer period. To display the traffic older than 30 days, choose the desired month 

from the calendar. 

 

The following filters and their combinations are possible to analyse the traffic: 

• select a specific date (or multiple) in the calendar, 

• select day(s) and hour(s) in the column charts, 

• select a single street segment from the map; hold Shift to select multiple segments. 

The upper part of the right panel displays the average traffic per hour calculated only from the time period(s) 

selected in the filters (dates, days of the week, hours). Note that this average is only calculated from the street 

segments that are currently visible on the map (or only those selected from the map). 

 

The application is built using WebGLayer while the data is regularly collected using  available REST APIs. 

The app is available at https://mapadopravy.plzen.eu/. 

 

https://github.com/jezekjan/webglayer/wiki/User-Guide
https://opendata.plzen.eu/
https://mapadopravy.plzen.eu/
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Figure 11: Screenshot of the Map of traffic in Pilsen 

 

5.3.2 Traffic Accident Heatmap for Flanders 

This interactive map contains 148,430 accidents that occurred in Flanders, Belgium, between January 1st 2014 

and March 20th 2020.  The user can discover accident hotspots by experimenting with data selection check 

boxes on the panel to your right. e.g. filter to view cyclist only accidents during school rush hours. 

 

The panel on the left to add additional data layers to the map, to change colour scheme, select a specific area 

or switch language. The ‘accidents’ layer allows you to view single accidents.  

 

The application is built using WebGLayer while the data is regularly collected using  available REST APIs.  

The app is available at https://saferoads.vlaanderen/.  

 

https://saferoads.vlaanderen/
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Figure 12: Screenshot of the Traffic Accident Heatmap for Flanders 

 

 

5.3.3 Pilsen Traffic Safety Map 

The Pilsen Traffic Safety Map includes information about 

 

• traffic offences registered by the Municipal Police since 2015 

• traffic accidents registered by the Police in Pilsen since 2016 

• speeding offences registered on average speed control zones since 11/2018 

 

The information displayed in the map can be filtered thanks to the filters and charts available in the right 

panel. Details of single accidents/offences can be displayed when activating the accidents/offences layer in 

the left menu. 

 

The application is built using WebGLayer while the data is regularly collected using  available REST APIs.  

 

The app is available at https://bezpecnostdopravy.plzen.eu/ (access restricted for city administration and 

police). 

 

https://bezpecnostdopravy.plzen.eu/
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Figure 13: Screenshot of the Pilsen Traffic Safety Map 
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5.4 Schoolstraten dashboard 

The Schoolstraten dashboard https://schoolstraten.polivisu.eu/#/projects is a web platform aiming to make 

part of the school street safer by blocking part of the traffic. With this dashboard, local authorities, schools, 

parent associations and citizens can themselves contribute to measuring the effects of the introduction of a 

school street by mapping the traffic in and near the school street itself by measuring traffic themselves via the 

Telraam project. The dashboard provides a general map with all currently available school projects. As a user, 

you can get details for a school street project by checking the different diagrams that the dashboard provides. 
 

 

 

 

 

 

Figure 14: Schoolstraten dashboard 

 

https://schoolstraten.polivisu.eu/#/projects
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The application is composed of a backend and a frontend part. The dashboard is based on two different 

backends. The first one is responsible for the school street projects management and the user authentication. 

Is NodeJS application that utilizes API to query and retrieve the relevant data from the database, pre-process 

that data and deliver customized data to the frontend. The database in this case is a NoSQL database called 

MongoDB. The frontend is built with Angular 9, responsible for the user interaction with the dashboard. 

 

 

Figure 15: The processing of Telraam data and weather data in the Schoolstraten project 

 

5.4.1 Telraam API 

All the necessary data for the streets is provided by Telraam (https://www.telraam.net/). The Telraam device 

is a combination of a Raspberry Pi microcomputer, sensors, and a low-resolution camera. The device is 

mounted on the inside of an upper-floor window with a view over the street. To send the traffic count data 

straight to the central database, the device needs a continuous Wi-Fi connection to the internet. Since the 

device is electrically powered, it also needs a power outlet within reach. The developers of the Telraam also 

provide us with an API that helps us to create the dashboard. 

 

https://www.telraam.net/
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Figure 16: Telraam dataflow 

 

5.4.2 Weather Data Collector Tool 

Inside the API there is also a smaller tool that populates the database with data about the weather forecast. 
 

 

Figure 17: Weather data collector tool - data-flow 

• The scheduler makes it possible to trigger the enhancer ever day at 12 AM UTC 

• The enhancer receives raw data, processes it, and then imports the processed data into the 

database 

• MongoDB is a schema less, NoSQL database 

• OpenWeatherMap API is an open API that provides weather forecast information  

 

The Open Weather Map (OWM) API is free on a basic plan and high-precision API. Their weather database is 

huge. You can use diverse metrics (e.g., temperature, humidity, air pollution, wind speed and degree, clouds 

percentage). You can also get a simple forecast, daily forecast, historical weather data, or use a city search. 

 

The idea behind this tool came up when we saw that we needed some weather data that was in past months. 

OWM API will not provide us with data about past days. It gives you the option to buy specific dataset but that 

is not a solution for us, because with this option we would buy weather data every day. 
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In order to start using the OWM API we needed to get three important elements 
 

• API key 

o To get the key we needed to create an account on their website and generate a key. 

• City’s ID 

o The ID concerns the city we need to watch for the weather data. We get the ID by using their 

search tool 

• API endpoint 

o The API provides several endpoints but the right one for us is this 

 

With these three elements, we created the tool which is a function that runs in specific date time each day 

and fetches data from their API and saves them into our database. 
 

 
 

Basically, what this function does is to make an HTTP request to the OWM API with some parameters. Then it 

filters out unwanted data from the response and inserts the data into our database with a specific format. 

 

The OWM API returns an array of objects that looks like the following. Inside the list key there are 8 smaller 

objects (one record per 3 hours of day) that each one describes the weather for a specific hour of the day. 

https://openweathermap.org/find
https://api.openweathermap.org/data/2.5/forecast
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The previous function we have seen is wrapped inside a JavaScript file called weather-app.js. 

 

 
 

The weather-app.js file is a part of code of the API we've built for the Schoolstraten project which is deployed 

to the Heroku platform. Inside the platform we have added a Scheduler plugin which is responsible to run a 

job in a specific datetime. 

http://heroku.com/
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5.4.3 User Management 

As mentioned, the Schoolstraten project is a web application that was built in order to keep safer by blocking 

part of the traffic. With that in mind, we needed to create an application that would allow users to register in 

the platform and be able to create projects. 

 

For this kind of application, we have adapted the Role-Based Access Control (RBAC) approach. RBAC is an 

approach used to restrict access to certain parts of the system to only authorized users. The permissions to 

perform certain operations are assigned to only specific roles. Users of the system are assigned those roles, 

and through those assignments, they acquire the permissions needed to perform particular system functions. 

Since users are not assigned permissions directly, but only acquire them through the roles that have been 

assigned to them, management of individual user rights becomes a matter of simply assigning appropriate 

roles to a particular user. For this one, responsible is the admin of the platform. For the development of this 

web application, Angular 9, NodeJS, ExpressJS and MongoDB technologies were used. 

 

As mentioned, we used MongoDB as the preferred database for this application and particular mongoose for 

data modeling. The following schema concerns the user model. 
 

 
 

In the code above, we've defined what fields should be allowed to get stored in the database for each user. 

Each user has a specific role and by default the selected role is the user which is the only role that has no 

privileges at all. 

 

https://mongoosejs.com/


 

D3.10 Annex - Technical Specifications  

© 769608 PoliVisu Project Partners 36 28/09/2020 

To implement the role-based access control in our application, we needed to have users in our application 

which we’ll grant access to certain resources based on their roles. All authentication and authorization logic is 

part of the UserModel. It follows the code used to register a new user into the application. 

 

Registration: 
 

 
 

The web application sends an HTTP request to the API and firstly we ensure that the data that the user sent is 

what we need to continue with the registration. After this, we also check if the email already exists in our 

database. If so, we return a response that we inform the user that the given email is already in use, otherwise 

we continue with the saving of the User. 

 

 
 

Before the User is saved in the database, the password is being hashed in order to secure the data. From the 

UI perspective, the registration is a simple form. 
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The code above, is responsible for the login of the user into the application. Firstly, it checks the input and 

then fetches the user based on the input he gave. If the user does not exist or the credentials are not the 

correct one the API returns a response with the error message, otherwise it generates a JsonWebToken and 

returns a response with the token. From the web application perspective, the login is a simple form filling. 

https://jwt.io/
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Upon the success of logging in, the JWT is being stored in the localStorage in order to be used for future 

requests to the API. 
 

 
 

The above code is part of the AuthService file that is part of the web application which is built in Angular 9. 

 

Auth Guard: The auth guard is an angular route guard that's used to prevent unauthenticated or unauthorized 

users from accessing restricted routes, it does this by implementing the CanActivate interface which allows 

the guard to decide if a route can be activated with the canActivate() method. If the method returns true the 

route is activated (allowed to proceed), otherwise if the method returns false the route is blocked. 

The auth guard uses the authentication service to check if the user is logged in, if they are logged. If they are 

logged in the canActivate() method returns true, otherwise it returns false and redirects the user to the login 

page. 
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Role Guard: The role guard does exactly the same work as the auth guard, but the role guard checks the user's 

role. If the user has not the required role to access a route then a modal informs the user that he/she has no 

access to that route, otherwise it lets the user continue. 
 

 
 

Angular route guards are attached to routes in the router config, these auth and role guards are used in 

project.module.ts to protect the routes. 
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Token Interceptor: The Token Interceptor intercepts http requests from the application to add a JWT auth 

token to the Authorization header if the user is logged in and the request is to the application API URL. It is 

implemented using the HttpInterceptor class included in the HttpClientModule, by extending the 

HttpInterceptor class we created a custom interceptor to modify http requests before they get sent to the 

server. 

 
 

User Model: The user model is an Interface that defines the properties of a user, including their role. 
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5.4.4 Project Creation 

In order to create a new project, the user must be logged in and must have the role of a "Creator" or the 

"Admin". Note: There is only one admin. 

 

The process to create a new project is as simply as filling in a form. 
 

1. Click on the "Create Project" button 

There are two options, either the 1 which is a card that appears next to the currently listed projects 

or the 2 which is a link that appears in the navigation bar. 
 

 
 

2. Enter the school's information 
 

 
 

3. Add an image of the school 
 

 
 

4. Select the target school street and the impacted streets 

The target street is considering the road in front of the school's gate. This road segment will be closed 

the selected hours in (Step 5). As impact streets are considering the roads that will be affected by the 

closing of the target street. 
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The selection of the streets is being made by clicking on the map the road segments (colored in green) 

we want to work with. After the selection, these streets will be available in the Selected roads card. 

The user can move these streets into the other two cards, by drag-n-drop the streets. 

Note: It can only be one School street. 

 

5. Select the active hours of the road closure 
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By clicking the Add button next to the Road Closures a modal will be pop-up and then the user can 

add the hours per day that the target road will be closed. On Save the modal will close and the road 

closures will be updated. 
 

 
 

6. Save project:  After these steps, the project is ready to be saved by clicking the Save button in the 

bottom right corner. 

 

After saving the project, the service starts working by creating and sending an HTTP request to the API. 

Basically, on clicking the save button the onSave() function is executed which creates the project object with 

the input the user entered.  
 

 
 

This is how the web application works. From the API's perspective now. The API receives a request with the 

project object that was created in the front-end. When the request is being sent, the server checks if the user 

is authorized (check isAuthorized guard) and if the user is a creator (check isCreator guard). This means that 

two checks are being done. 

 

Reminder: Inside the JWT, there is information about the user, such as the email, the role, and etc 

  



 

D3.10 Annex - Technical Specifications  

© 769608 PoliVisu Project Partners 44 28/09/2020 

• First check - Authorization check 

The server checks the Bearer token (JWT) that the front end sent, if the token exists and is not 

expired (tokens expire in 1 hour) then it proceeds on the second check, otherwise, a response with 

an error message returns to the user. 
 

• Second check - Privileges check 

After the authorization check, the server also checks the user's role. Only the "creator" and the 

"admin" roles have the privilege to create projects. If the user is either a "creator" or an "admin" the 

request proceeds, otherwise an error message returns to the user. 
 

 

 
 

Both the web application and the API support a full CRUD system with the same logic as the creation of a 

new project. 
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5.4.5 Data Preparation 

Both dashboards (Schoolstraat and Mobility Dashboard) mainly focus on the presentation of some data onto 

charts. For this reason, for the creation of the charts, a library named Chart.js selected to help to the 

development of the dashboards. 

 

Chart.Js is a well-recognized JavaScript library, and It is used to represent the data using the HTML5 canvas. It 

allows us to build dynamic as well as static charts, and it comes with full animation support for the various 

charts. It takes data in the JSON form, so it is merely simple to use it with any programming language. In order 

to make easier to create the charts inside the Angular application, and not re-invented the will, we've also 

used module named ng2-charts. 

 

The ng2-charts module is an open-source JavaScript library, and it is exclusively built for Angular 2+ and 

available via npm. It helps to create eye-catching charts in Angular with the help of Chart.js. The ng2-charts 

supports Chart.js and comes with baseChart standard directive, and you can build 8 types of charts with it, 

such as: pie, bar, line, radar, polar area, doughnut, bubble, and scatter. The ng2-charts module has some 

properties that are required in order for the chart to be rendered. 
 

• data (ChartDataSets[]) - set of points of the chart and the label for the dataset which appears in 

the legend and tooltips. 

• labels (Label[]) - x axis labels. It is necessary for charts: line, bar and radar. And just labels (on 

hover) for charts: polarArea, pie and doughnut. Label is either a single string, or it may be a string[] 

representing a multi-line label where each array element is on a new line. 

• chartType (ChartType) - indicates the type of charts, it can be: line, bar, radar, pie, polarArea, 

doughnut 

• colors (Color[]) - data colours, will use default and/or random colours if not specified 

• legend (Boolean = false) - if true show legend below the chart, otherwise not be shown 

• options (ChartOptions) - attributes same as chart.js central library specified in the documentation 

 

Only three types of chart were used in the development of both dashboards. Line, Bar and Pie chart. 

 

Line Chart: A line chart is a basic chart. It represents the data in a sequence of information with the small 

associated points called markers. Follows an example of a line chart for the Schoolstraten project. 

https://www.npmjs.com/
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As we can see, the initial data is an empty array for both lineChartData and lineChartLabels. This is because 

the chart needs something to be rendered. Either is empty arrays or the final dataset. In our case, the data is 

collected from an external API named Telraam and they are coming preprocessed. So the work that we need 

to do is only to filter these data. For this action is responsible the calculateData function. This function accepts 

as input two arguments: 
 

• reports - the data as they fetched from the API and 

• project - the current selected school project 

 

Note: There is a typo in the function. The correct is filteredReports  
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This function is responsible for the populating of the chart with the needed data and labels. In the above 

example, there are two datasets 
 

• targetLine - it is a static line that represents the target number of bikes in the target street 

• bikesBar - represents the actual number of bikes in the target street 

 

The isActiveHour function checks if the report (data that came from the API) is inside the active hour, which 

means that the time of the report the target street is closed. If so, the report is being pushed in the 

filteredReports array. 

 

For the labels of the chart we just format the datetime of the report in the following format "ddd D/M h a" 

which will have as result "mon. 24/8 8 am".  

 

This is the only data processing that both dashboards do regarding the data visualization with charts. Also, in 

order to render the chart, we need to add some code as a template. 
 

 
 

ng2-charts also allows us to add plugins on the chart and we have added two custom ones 
 

• Weather forecast 

• Project status indicator 

 

Note: These two plugins are only used in the Schoolstraten dashboard 
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Weather forecast is a simple plugin that fetches the specific weather information from an external API named 

OpenWeatherMap API and creates an icon for it. Then it renders it on the chart as an icon. 

 

 
 

Status indicator is another custom plugin for the chart that indicates the user if the school project has started 

or not. 

 

 
 

The above code has as result the below chart: 
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Figure 18: Number of bicycles in school street during rush hour vs. target 

 

The creation procedure of the other types of charts is also the same as the LineChart's one. The only difference 

is that we needed to update the chartType to pie and bar accordingly for the PieChart and BarChart in the 

template code of the Angular application. 

 

5.4.6 Technologies used 

 

• Angular 9: Angular is a TypeScript-based open-source web application framework led by the 

Angular Team at Google and by a community of individuals and corporations.  

• Leaflet: Leaflet is a widely used open source JavaScript library used to build web mapping 

applications.  

• Ngx-bootstrap: ngx-bootstrap is an Open Source (MIT Licensed) which is a wrapper for Bootstrap. 

Bootstrap is a free and open-source CSS framework directed at responsive, mobile-first front-end 

web development. It contains CSS and JavaScript-based design templates for typography, forms, 

buttons, navigation, and other interface components.  

• Chart.js:  Chart.js is a free open-source JavaScript library for data visualization, which supports 8 

chart types: bar, line, area, pie, bubble, radar, polar, and scatter  

• NodeJS: Node.js is an open-source, cross-platform, JavaScript runtime environment that executes 

JavaScript code outside a web browser.  

• ExpressJS: Express.js, or simply Express, is a web application framework for Node.js, released as 

free and open-source software under the MIT License. It is designed for building web applications 

and APIs. It has been called the de facto standard server framework for Node.js.  

• MongoDB: MongoDB is a cross-platform document-oriented database program. Classified as a 

NoSQL database program, MongoDB uses JSON-like documents with optional schemas.  
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5.4.7 UI/UX  

 

The user interface of the dashboard is built in this way that it can be used by everyone. It provides easy-to-

read text with a quite large font size and with enough contrast that makes it easier to read the content. 

Additionally, the dashboard is fully responsive, and this means that it is easy to be accessed from any device. 

 

 

5.5 Issy-Les-Moulineaux - Mobility dashboard  

The mobility dashboard  https://issy.polivisu.eu/ is a web application focused on visualizations that show how 

much time a person loses on the road segments in the municipality of Issy compared to the ideal situation for 

a specific period and timing. The platform provides map visualization of data with the support of real-time 

interactions, such as zooming, panning, and filtering. Additionally, an on-click interaction allows the user to 

see details about a road segment in the currently selected period. Also, there is a heatmap that describes the 

traffic density on the road segments per day. It uses a colour schema based on the red-blue colour gradient 

to visualize the traffic density. A low density (transparent blue colour) represents time with a lower amount 

of traffic instead of a high density (red colour) indicates the time with a higher amount of traffic. 

  

https://issy.polivisu.eu/
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Figure 19: Mobility dashboard 
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The application is composed of a backend and a frontend part. The backend is developed by SenX, which wraps 

a server-side application to expose an API, through which the front end can query and retrieve relevant data,  

stored into the application database. This data has been extracted and processed prior to their delivery to the 

frontend.  The frontend is visualizing the data that fetches from the backend. It is built with Angular 8 and 

contains the functionality that the application needs. The key operations performed by the dashboard include: 
 

• Retrieval of the data through REST API from the database,  

• Comparison of two period times, 

• Rendering the traffic density and SVG or Vector shapes over the map layer,  

• Filtering the data through the map or the tables that contain information about the most 

congested days and road segments 
 

 
Figure 20: Issy-Les-Moulineaux dataflow (1) 

A contemporary way of visualizing the time lost on the road segments in the municipality of Issy is as follows: 
 

1. Creation of a map describing the flow of traffic in the area of interest: Calculation of such traffic is 

processed by a traffic engineering expert and in our case from the API created by SenX. The API is 

taking the following input data into account: Selected period ( selected by the user ) and Bounding 

box of the map ( selected by the user ) 

2. Calculation of extra time: This is the extra time that the user needs to reach the destination, compared 

to the Free Flow Speed 

3. Calculation of the most congested days and road segments: The calculation is being held by the 

hardware which receives the input from the web application, for instance, the dashboard. Whenever 

a new change happens in the dashboard, the communication between the front-end and the back-

end starts and it can fetch the new data. 
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In the context of PoliVisu, the improvements of such a mobility-related policy-making cycle consists of 

displaying the time that the person loses on the road segments. Following the procedures that followed to do 

so: 

1. An initial dataset is collected in the way of using multiple sensors on different points in the area of 

interest. 

2. A client/server solution is developed and implemented to gather input such as the average speed, 

total number of cars, the free flow speed etc. 

 

  
Figure 21: Issy-Les-Moulineaux dataflow (2) 

 

From the perspective of the PoliVisu architecture, the components interact together in the following way: 
 

1. All the necessary input data are collected by the sensors. 

2. The basic data are processed in the hardware. 

3. Only the required source data is then imported into the database management like PostgreSQL. 

4. The data are then uploaded into the RAM of a server. 

5. The controller calculates its necessary data which are then held in the RAM of the running server. 

6. Once the data are ready, then they are available to be displayed on the web client. 

7. The can then alter the following parameters to interact with the map and the dashboard: 

The current bounding box of the map 

The selected period 

 

Each time the user changes a parameter, the dashboard refreshes itself with the newer data. 
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5.5.1 Data Preparation 

For the data preparation and the creation of the charts, check the 5.6.10 paragraph. 

 

5.5.2 Technologies used 
 

• Angular 8: Angular is a TypeScript-based open-source web application framework led by the 

Angular Team at Google and by a community of individuals and corporations. 

• Leaflet: Leaflet is a widely used open source JavaScript library used to build web mapping 

applications.  

• Bootstrap: Bootstrap is a free and open-source CSS framework directed at responsive, mobile-

first front-end web development. It contains CSS and JavaScript-based design templates for 

typography, forms, buttons, navigation, and other interface components. 

 

5.5.3 UI/UX  

The user interface of the dashboard is built in this way that it can be used by everyone. It provides two different 

ways to select a time-period, and these are by a calendar and by a day slider. Easy-to-read text with a quite 

large font size and with enough contrast that makes it easier to read the content. Additionally, the dashboard 

is fully responsive, and this means that it is easy to be accessed from any device. 

 

5.5.4 Back end : Big Data Analytics with Warp 10 

 

Data 

To build this dashboard, we needed data which could reflect the car traffic in and around Paris. For this 

purpose, Issy-les-Moulineaux bought Floating Car Data (FCD) and consolidated data to MediaMobile. This data 

covers the November 2017 to November 2018 period and a large area around Issy-les-Moulineaux, including 

Paris, see the blue rectangle in the image below. We expect the behaviour of the vehicles tracked by 

MediaMobile to be representative of the traffic as a whole. 
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Figure 22: Area covered with Floating Car Data (FCD) and consolidated data to MediaMobile (Nov 2017 – Nov 2018) 

The consolidated data merges FCD with the graph of roads to produce higher level information: map-matched 

trips made by each vehicle and average speed per segment every 3 minutes. As a side note, map matching 

consists of matching imprecise GPS data to the graph of roads. As raw FCD is too imprecise to be relied upon 

and average speed missing the number of cars, we focused on the map-matched trips. 

 

Warp 10 

As the considered dataset is tens of GB and it must be queried fast enough for an interactive application, we 

decided to use the Warp 10 platform to store and fetch the data. Warp 10 is an open source solution designed 

to collect, store, and manipulate (sensor) data that are ingested as sequences of measurements (also called 

time series). 

 

As this solution shines when it comes to the handling of spatio-temporal data, it is well-adapted for the kind 

of data we want to use for the dashboard. 

 

Data Preparation and Storage 

While storing the data without any preprocessing into Warp 10 is possible, the performance would not be 

sufficient for an interactive dashboard. Querying on any time window and any area tens of GB of data in less 

than 200ms requires indexing and preprocessing. 

 

The data was first preprocessed by Spark to pre-aggregate on time or on space the data, precomputing the 

sum of time lost, count of vehicles and mean of speed. This pre-aggregation was done on several resolutions: 

1h, 10h, 100h and 1000h for time and different numbers of bits of HHCode. 
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The pre-processed data has been stored in Warp 10 as Geo Times Series (GTS) as well as the data representing 

the graph of the roads. An extensive use of spatio-temporal indexes has been used to ensure fast response 

time when querying the data. 

 

REST API 

Once the data has been pre-processed and stored, it must be accessible to the frontend of the dashboard. The 

most common way to allow such access is to provide a REST API for the dashboard to query the data to the 

server. 

 

Endpoints have been created in Warp 10 to allow the querying of the data according to one or two time 

windows and a rectangular area. Fetched data is kept in memory to speed up similar queries. For instance, 

getting the global statistics is done with the URL  

https://pv.senx.io/polivisu/issy/dashboard/globalstats?start1=2018-01-02T14:00z&end1=2018-07-

02T16:00z&bbox=2.2,48.8,2.29,48.85 with start1 and end1 defining the time window and bbox defining the 

area. 

 

These queries return JSON, which can be easily used by frontend. The transformation from Warp 10 GTS 

representation to JSON is done by Warp 10 when it receives the query. 

 

Tile Generation 

Apart from REST queries, the backend must also provide tiles to display the data as a map layer on the 

frontend. These tiles are also generated on-the-fly by Warp 10 using the pre-processed data. In this case the 

time and space extent of the query must be specified in the URL. For instance,  

https://pv.senx.io/polivisu/issy/dashboard/tiles/rel_speed/2018-02-01T00:00:00.000Z/2018-02-

10T00:00:00.000Z/2018-01-01T00:00:00.000Z/2018-01-10T00:00:00.000Z/13/4149/2817.png  

returns a specific zoom, x and y tile comparing the speed between two time windows. 

 

 

Figure 23: Backend tiles as a source for a frontend map layer 

 

 

https://pv.senx.io/polivisu/issy/dashboard/globalstats?start1=2018-01-02T14:00z&end1=2018-07-02T16:00z&bbox=2.2,48.8,2.29,48.85
https://pv.senx.io/polivisu/issy/dashboard/globalstats?start1=2018-01-02T14:00z&end1=2018-07-02T16:00z&bbox=2.2,48.8,2.29,48.85
https://pv.senx.io/polivisu/issy/dashboard/tiles/rel_speed/2018-02-01T00:00:00.000Z/2018-02-10T00:00:00.000Z/2018-01-01T00:00:00.000Z/2018-01-10T00:00:00.000Z/13/4149/2817.png
https://pv.senx.io/polivisu/issy/dashboard/tiles/rel_speed/2018-02-01T00:00:00.000Z/2018-02-10T00:00:00.000Z/2018-01-01T00:00:00.000Z/2018-01-10T00:00:00.000Z/13/4149/2817.png
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5.6 Traffic camera use cases - M³ 

5.6.1 Description 

In the context of PoliVisu the use cases where traffic camera data are being used, we will use M³ (read M 

cube). M³ is a software platform dedicated to traffic management. It uses, among other things, the power of 

automatic license plate recognition cameras (ANPR). The platform is built to manage small installations with 

a few measurement points to large installations covering a country. M³ offers a complete suite of modules to 

cover a range of different domains from a single database. This structure is:   

 

• Scalable: due to the increasing number of data to be processed, and the variety of the size of the 

installations, M³ is based on a clustered architecture of "Big Data" type, to allow scalability as 

much horizontal as vertical. Thus, M³ can easily be expanded over the course of its life to 

accommodate more data, by adding new nodes to the cluster. However, M³ can still be installed 

stand-alone on a single server for small installations. 

• Redundant: because of its distributed nature, M³ is redundant and fault tolerant. The data is 

distributed and replicated (at least 3 times by default). Processes are distributed to handle the 

load. In the case of loss of one node, the processes are restarted automatically on other nodes 

and the data is not lost. 

• Expansible: M³ is based on a system of independent actors communicating through a 

communication bus. The addition of new features is facilitated by this architecture. 

• Open: M³ offers standard access points through REST APIs. The integration of external sensors is 

facilitated by the integration of protocols such as OPC-UA, MODBUS, SNMP, SOAP / REST etc. 

More specific protocols are and can be developed as needed. 

• Multi-platform: The user interfaces developed are resolutely web-oriented and offer a responsive 

design that adapts to different media.  

• Looking to the future: M³ uses technologies that are at the forefront of what is happening in the 

world of Big Data and web interfaces. The choice of these technologies is based particularly on 

their distribution and the number of systems that use them, their ease of use, the size of the 

developer community, and their documentation.  

• Modular: The platform is modular, and an extension of the platform based on modules is possible 

by developing directly in M³.  

• Safe: Management of access rights, encryption and partitioning of data.      

 

5.6.2 Architecture 

The architecture of M³ is done so that it can be deployed on a cluster with services, redundant and / or 

distributed actors. For clarity, the figure J shows the overall architecture of M³ as if all processes were running 

on the same node, but in practice this is not the case. The keys to the distribution of processes are Apache 

Kafka, which is a distributed communication bus and MongoDB which is a distributed database. 
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Figure 24: Overall M³ Architecture (single node deployment) 

Kafka is therefore the central part of the system through which messages are exchanged. The messages are 

sent in "topics" and the elements that wish to consume these messages are registered to these topics. All data 

is guaranteed delivered in order and is kept as long as necessary so that all registered consumers have read 

all messages.   

 

In the particular case of ANPR cameras, the recognition images are not transferred directly through the 

messages, in order to privilege the relevant information. An image manager is in charge of asking them when 

they are needed according to their priority and the available bandwidth. Indeed, if a recognition gave rise to 

an event, the repatriation of the linked images becomes priority over the others.   

The collected data, as well as the images, are sent to Kafka.   

A set of event generators listen to the collected data to analyze them in real time. These event generators can 

keep a history (limited) and based on it or data received directly, can generate an event. An event is therefore 

a correlated information from real-time data, which must be processed, and which causes actions (automatic 

or user).   

 

Concerning the insertion in the database, the concept is that the data is recorded with priority only when it is 

necessary or when it is possible without blocking the other systems. Event generators are responsible for 

recording events and the data that generated them in the database. A "bin collector", called "batch ingester" 

records meanwhile all the raw data that did not result in an event, the fastest possible way but without 

disrupting other processes. To do this, an id is associated with all data as soon as they are received or created, 

even before insertion. The uniqueness of this identifier is guaranteed by the mongodb library used to generate 

them.  

 

An image recorder is responsible for recording the ANPR images in the database. These images are stored in 

mongodb because they are not particularly heavy, and we take advantage of the redundancy and distribution 

offered by mongodb.   
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When an event is generated, it creates a new BPMN workflow. This workflow represents the steps that will be 

taken to manage this event. At each step, the user interface will be updated based on what can be done or 

automatic actions will be performed.  

 

For each modification, each event created, the user interface is notified via websocket if it is concerned. The 

interface decides what concerns it by subscribing explicitly to the data that interests it. The information 

represented in the architecture diagram is defined below: 

 

• A connector connects to external systems to receive or send information. This connector works 

in both directions IN and OUT.  

• An enhancer retrieves raw data, processes it and then improves it to incorporate it into the 

application.  

• The "statistics" section enables the generation of statistics based on the information received  

• An event generator can generate events based on data from Kafka  

• The ingestor allows to input live data in MongoDB  

• The provided API is a standard and scalable Rest API  

• MongoDB is a schemaless, NoSQL database allowing a wide variety of documents without a 

predetermined schema. Fields can be added to a document at any time without reconfiguring the 

collection.  

• The scheduler makes it possible to modify the configuration of the system according to time 

(activation / deactivation of certain functionalities).  

• The workflow manager manages a task automation process allowing an automated sequence of 

the different operations and validation steps of a task. This workflow manager is incorporated into 

the application and thus allows the management of the data lifecycle for which a workflow is 

specified.  

 

5.6.3 Signing data to guarantee authenticity 

ANPR data used in trajectory control has legal value. To guarantee authenticity the data can be signed in the 

camera.  

 

5.6.4 Anonymisation of data 

Introduction 

The anonymous data API consists of three main components: the anonymisation, the push mechanism and 

the bulk mechanism. Anonymisation is mostly configuration of timings and anonymisation methods. The push 

mechanism data handles providing data as it is captured. The bulk mechanism replies to requests for chunks 

of anonymous data. 

 

Anonymisation 

The anonymisation process works by hashing sensitive properties of the data. 

 

The hashing mechanism uses a secret stored key that is appended to the data before it is hashed. This is similar 

to the concept of a salt, but that term is not used to avoid confusion: it is common to store the used salt with 

the hashed value; that is not the case here. 
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The secret stored key rotates on a configurable time interval. The secret stored key rotation ensures that the 

data cannot be used to track vehicles over a longer time interval. The secret stored key is randomly generated 

by the software. The secret stored key is not visible to any user. The secret stored key is not stored longer 

than required by all requested functionality: after all records using a specific secret stored key (subject to 

rotation interval) have reached the maximum age that can be requested via the bulk API, the secret stored 

key is deleted. 

 

The version number of the secret stored key is added to the anonymised data. This can be used to distinguish 

values that are new and values that might have occurred before but are new due to a different secret stored 

key. 

 

The degree of anonymity provided by this mechanism depends on several factors. Many of these factors are 

outside the control of the software. See opinion 05/2014 (on Anonymisation Techniques) by the Article 29 

data protection working party for an interesting discussion of the technique above and other techniques for 

data anonymisation. 

 

Data format 

Both push and bulk mechanisms provide data where each recognition is coded in the same format. Each 

recognition is delivered as a JSON object. A JSON schema and several examples are provided to document and 

guide the usage. 

 

Push mechanism 

The push API forwards the anonymized data to a remote web service when it is received by the M³ system. 

This might happen with a minor delay in order to perform the anonymisation and depending on the load of 

the systems and networks, where other tasks or transmissions might take precedence. 

 

The data will be sent as a HTTP POST request. The data will be in the POST request body as an array of JSON 

objects, where each JSON object uses the data format described above. 

 

The data will be sent compressed (via standard HTTP Content-Encoding). The receiving web service must 

support compressed HTTP requests. 

 

Any data that was not transmitted due to any reason (including temporary network issues, authentication 

issues, ...) will not be retransmitted. The receiving side can attempt to use the bulk mechanism to recover the 

missed data. 

 

Authentication 

The push API will use HTTP basic authentication over HTTPS. 

  

https://confluence.macq.eu/download/attachments/41683006/88197.pdf?version=1&modificationDate=1518808667000&api=v2
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In more detail, this means each remote side that needs to receive data via the push mechanism must be 

configured in the M³ application. This configuration will include: 
 

• remote web service URL; e.g. https://11.22.33.44:8443/random/web/service/ (only HTTPS URLs 

will be accepted) 

• remote web service username 

• remote web service password 

• list of cameras for which the data needs to be forwarded to this web service 

 

It is preferred but not mandatory to have a valid and correctly signed certificate for the remote web service. 

An untrusted certificate would have to be installed manually on M³ as trusted before the connection can be 

established. 

 

Each request sent by M³ will contain the "Authorization: Basic" header as defined by RFC 7617. It will not first 

send a request to get a challenge. 

 

Bulk 

The bulk API allows requests for chunks of anonymized data based on a time range or time cutoff. This allows 

the receiving side to control what data is sent and when it is sent. 

The requesting client must request compression via the standard Accept-Encoding HTTP headers. 

 

Authentication 

Each remote system will need to be configured with an API key generated by M³. This API key is used for 

authentication. 

In each HTTP request, the remote system must add this API key in the HTTP Authorization header. 

 

Parameters 

Some of the values in the data format can be used as filters. This can be used to only get data from certain 

cameras or only data that is new since the last time data was fetched. 

 

Is is not always allowed to use anonymized data as described above, especially when it needs to be exported 

out of the original server.  

 

A further step is to group by time period and or speedbucket. This was done for the data used to analyse the 

effectiveness of trajectory controls. 

 

  

https://11.22.33.44:8443/random/web/service/
https://tools.ietf.org/html/rfc7617
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Data used 

 

 
The dataset is anonymized on the server that manages the ANPR cameras.  

 

 
 

Speed buckets do not contain any link to license plate information. 
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5.6.5 UI/UX 

 

 

Figure 25: M3 admin landing page 

 

M3 is a modular system with user interfaces tailored to the different user profiles. M3 is used by municipalities 

and police zones. Access rights are handled on a separation of concerns basis. To make privacy sensitive 

queries a justification (dossier number and reason) must be entered. Only data belonging to the unit of the 

user can be accessed.  

 

The statistics modules which are the most relevant for policy making work on anonymised data. 

 

 
Figure 26: M3 export options 

 

Data can be viewed in table form and then exported in a csv format. 
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Figure 27: M3 dashboard selection 

 

There are a number of predefined dashboards. The users can create their own custom dashboards. 

 

 
Figure 28: M3 data visualisation on map 

 

Data can be viewed on charts and/or maps. 
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6 Conclusion 

A user and policy centric approach replaced the first idea of building an ICT oriented platform solution. Thanks 

to this approach, the PoliVisu project was able to focus on several technical tools for specific policy use cases 

that can cooperate with already established tools for data analytics, GIS, data management, etc.  

 

This approach allows these tools to focus on sustainability and ensures that these tools fit in the policy making 

ecosystem. By building robust, scalable solutions that are open and connective, these tools will be more future 

proof and durable, and reproducible for other cities and municipalities.  

 

As for lessons learned and useful experiences, such as challenges with processing big data, metadata and 

more. Below a couple of learnings are highlighted.   

 

The method of streamlining the interaction and cooperation between technical teams and other PoliVisu 

consortium members has been an iterative process. Initially the agile approach was introduced, and within 

this approach Jira was applied for all developments under the PoliVisu umbrella.  

 

The agile approach was applied as dedicated agile teams were set up for the different pilots and/or distinct 

tools that were being developed. In these agile teams we ensured that the representative of the functional 

side / pilots (Product Owner) worked closely with the technical team and coordinated following an agile 

process.  

 

The aim was to use Jira as the overarching tool proved to be a less sustainable approach, as this required 

change management. Eventually, user stories were maintained within Jira at a high level. More details and 

process information were then managed in internal systems of different partners. The purpose of Jira then 

was to have sufficient level of detail to cooperate between technical and non-technical partners, to be able to 

follow-up on progress and dependencies and manage the overall planning. 

 

Also, there were initiatives for which potential tools were analysed, but not developed, such as Storytelling. 

For the use case of storytelling, requirements were defined and evaluated. No out of the box solution existed 

that supported the complete requirements, as we aimed for a solution that supports a ‘standard’ map, where 

a URL can be used as a linking mechanism, preferably with a deeper integration to support Polivisu tools such 

as WebGLayer. This development was however not pursued as the Storytelling tool Pageflow provided enough 

workarounds to fill the most pressing requirements, while the development of a dedicated tool would have 

taken a lot of our development resources.  

 

Lastly, technical development is a living process, and as these are sustainable tools, development on these 

tools will likely continue beyond the Polivisu project. Hence, we adapted our approach to reporting and 

reported on these developments near the end of the project, instead of the initially foreseen dates (in the first 

half of 2020). This way we were able to report on the most complete iterations of the tools within the project 

timeframe.  

 


