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1 Executive summary 
Deliverable 5.4 gathers the work done within task 5.3 to provide the necessary information to enable users 

to use the platform correctly. Furthermore, these guidelines also include the list of data that a city must have 

in order to implement one of the use cases developed by the project. 

From a technical point of view, such deliverable can be thought of as both a user manual for users of the 

dashboard and to indicate to cities that would like to use the outputs of the project what the basic 

requirements are for implementing one or more co-designed use cases. The concept of transferability, 

through the approach of transferability for design, was used from the very beginning of the project and in 

particular, for the development of the use cases. In order to achieve greater dissemination and utilisation of 

the results of this project (and especially the dashboard), these guidelines are intended to provide, in a 

synthetic way, the basic knowledge for each use case. 

For each of them, the main features (challenges addressed, data required, input parameters) of the tool co-

designed with the representatives of the pilot cities were summarised in the introduction, together with the 

major objectives that the tool aims to achieve. Subsequently, the steps that a user has to execute in order to 

be able to enter his or her input data and start the calculation. In addition, information was also provided 

within the report concerning the interpretation of the results both in the form of graphs or maps and in the 

form of KPIs. 

Finally, possible new implementations have also been included in the “next steps” section. These 

implementations may concern both the part purely related to the algorithm (e.g., the possibility of calculating 

new KPIs, taking into account more complex calculation and estimation models) and related to the usability 

of certain functions on the dashboard (i.e. visualisation of several simultaneous scenarios, possibility of 

interacting more with the maps). 
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2 Introduction 

2.1 About nuMIDAS 
The mobility ecosystem is rapidly evolving, whereby we see the rise of new stakeholders and services. 

Examples of these are the presence of connected and automated vehicles, a large group of organisations that 

rally to establish various forms of shared mobility, with the pinnacle being all of these incorporated into a 

large MaaS ecosystem. As these new forms of mobility offerings start to appear within cities, so do new ways 

in which data are being generated, collected, and stored. Analysing this (Big) data with suitable (artificial 

intelligence) techniques becomes more paramount, as it leads to insights in the performance of certain 

mobility solutions and is able to highlight (mobility) needs of citizens in a broader context, in addition to a 

rise in new risks and various socio-economic impacts. 

Successfully integrating all these disruptive technologies and solutions with the designs of policy makers 

remains a challenge at current. let alone being able to analyse, monitor, and assess mobility solutions and 

their potential socio-economic impacts. 

nuMIDAS, the New Mobility Data & Solutions Toolkit, bridges this (knowledge) gap, by providing insights into 

what methodological tools, databases, and models are required, and how existing ones need to be adapted 

or augmented with new data. To this end, it starts from insights obtained through (market) research and 

stakeholders, as well as quantitative modelling. A wider applicability of the project’s results across the whole 

EU is guaranteed as all the research is validated within a selection of case studies in pilot cities, with varying 

characteristics, thereby giving more credibility to these results. Finally, through an iterative approach, 

nuMIDAS creates a tangible and readily available toolkit that can be deployed elsewhere, including a set of 

transferability guidelines, thus thereby contributing to the further adoption and exploitation of the project’s 

results. 

nuMIDAS, the New Mobility Data and Solutions Toolkit, started at the beginning of 2021 under the Horizon 

2020 programme and its is being developed by a European Consortium, composed of 9 partners from 6 

countries: Belgium, Czech Republic, Greece, Italy, The Netherlands, and Spain. 

The project builds on a distributed selection of case studies in pilot cities to provide a geographic coverage 

of the EU. The four pilot cities are: Barcelona (Spain), Milano (Italy), Leuven (Belgium), and Thessaloniki 

(Greece). 

2.2 Purpose of this document 
With the purpose of widespread the results of the projects to other cities, this deliverable is structured as a 

handbook that describes the data that are required in order to use the tools, tools’ characteristics, and the 

features of the dashboard. This handbook is designed for all users of the dashboard. In particular, it refers to 

the decision makers of the pilot cities and the technicians supporting them. However, the deliverable is also 

a useful reference for all potential future users of the dashboard in order to provide them with the correct 

information for using the platform.  

Since the definition of the different use cases, a design for transferability approach was used. In particular, 

during the discussions among the partners, high attention was paid to co-design the algorithm so that the 

structure could be adaptable also with other dataset from other cities.  
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Moreover, an “internal transferability” was done during the project time. Indeed, some city’s representatives 

from the project pilot cities evaluated, during the usability tests (D5.1), not only the tools concerning their 

city, but also the other tools, with the aim to have fist feedbacks from people that were not completely 

involved in the tool co-designing phase.  

2.3 Structure of this document 
In the first part of this deliverable, the quick start instructions regarding the use of the dashboard are 

described. Specifically, guidance concerning how to login into the website, add a new city in the dashboard 

menu, add a new user of the use cases is provided.  

  

Hereafter, in the third part, per each use case are described:  

• Introduction: a brief explanation of the reasons for defining the tool for the individual use case. In 

addition, the goals that the co-designed algorithm achieves are also defined. 

• Data requirement: list and description of the data that are required both for the implementation of 

the tool and for its proper functioning.  

• Usage Procedure: outlining and describing the steps that are needed in order to run calculations in 

the dashboard. 

• Interpretation of the results: description of the results that emerge and their explanation 

• Next steps: the discuss what steps need to be taken to deploy for another city.  

Finally, conclusions regarding the possible applications of this guidelines are reported in the last part of this 

deliverable.  
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3 Quick start instructions 
This section describes the steps to access to the dashboard and to manage the sections concerning both the 
cities in which the tools are to be implemented and the possible roles that each registered account can 
assume within the dashboard. 

Specifically, instructions are given for accessing the platform (login) and for entering and editing the following 
sections of the dashboard: 

• How to add toolkit users 

• How to add city 

• City members 

• Toolkit use cases. 

Login  

 

Figure 1: Login home page. 

Login is done by entering e-mail and password. A system administrator will provide a password for the first 
access to the platform. Thereafter, the owner of the invited account has the option of changing the password 
provided for the first login to a personal password (see the section “how to add users”). 
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How to add toolkit users 

In the settings section, you can add a new user. In fact, in the top right-hand corner there is a 'Create new 
user' button.  

 

Figure 2: Toolkit users' section. 

Once this is clicked, a new box opens in which the user's first name, last name and full name can be entered. 
In addition, it is required to specify which role the new user will assume. Specifically, there are three roles 

• General Administrator: She/He has full editing rights in all sections of the dashboard.  

• City Manager: She/He has the right to add new users and add new cities 

• Project Member: She/He is only allowed to see the section and results of the city or cities with 
which it has been associated. 

Moreover, it is required to enter the new user's e-mail address and a provisional password, which the new 
member will then change once he/she has logged in for the first time. 
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Figure 3: How to add a new user. 

 

How to add city  

Only General Administrator and City Manager have the right to insert a new city. Going into details, by 
entering in the ''settings'' section (represented by a cogwheel), from the menu on the left, it is possible to 
access the area concerning the ''Toolkit Cities''. In this part of the website, a new city can be added to the 
project dashboard.  

 

Figure 4: Cities’ section. 
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In the top right-hand corner is the button marked 'Create a new city'. Pressing the button opens a window in 
which you can enter: 

• the full name of the city,  

• the full name of the country and the City ID.  

In particular, specific coding must be followed for this code, which is shown in the following lines. In fact, the 
City ID should be based on the UN/LOCODE Code List. The user could use the reference to this link  
https://unece.org/trade/cefact/unlocode-code-list-country-and-territory to select the country and find the 
correct LOCODE in the list of cities. The required format is 'XX YYY', with XX referring to the country name 
and YYY referring to the city name. 

 

Figure 5: How to add a city. 

  

https://unece.org/trade/cefact/unlocode-code-list-country-and-territory
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City members 

The third item in the settings section offers the possibility of associating to each user registered on the 
platform the possibility of viewing, managing, editing, and changing, in accordance with her/his level (admin, 
manager, member), the sections relating to the city or cities to which she/he has access.  

 

Figure 6: City members' section. 

Toolkit Use Cases 

Finally, it is also possible to add a new use case to the project dashboard. More precisely, in the 'toolkit use 
cases' section of the settings, you can find a button at the top of the page labelled 'Create new use case'.  

 

Figure 7: Toolkit use cases' section. 
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Once pressed, a new subsection opens up in which it is possible to: write the name of the new use case, 
define a use case acronym, describe the use case in detail in order to provide information to other platform 
users, and finally associate the use case with one of the cities registered on the platform. Consequently, if 
the use case concerns a new city, one must first add the new city on the platform and then associate the new 
use case.  

 

Figure 8: How to add a use case. 
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4 Use Case 1: Pre-planning of shared mobility services 

4.1 Introduction 
Use Case 1 is addressed to all cities offering mobility sharing services. In particular, when pre-planning for 

sharing mobility implementation, the challenge for these cities is to define an optimal fleet of vehicles to 

meet user demand on the one hand, and to guarantee a profit for the service operators on the other. In fact, 

if the fleet is oversized, there would certainly be a greater satisfaction of user demand even though the 

service operator would then be forced to close down because it would no longer make a profit. If, on the 

other hand, the fleet is undersized, the operator has a greater profit that would guarantee him to continue 

his activity at the expense of the users who would not be sufficiently served. Consequently, the tool co-

designed for use case 1 can be classified as a decision support tool that solves an optimisation problem. 

Optimisation concerns, specifically, the size of the fleet, which must be such that it meets demand and is 

profitable for the service operator. Regarding, decision support, as described in deliverables D3.2 and D4.3, 

there are two input parameters in the tool concerning the "weight" that the two actors (the service operator 

and the end user) might have. As the weights for each actor change, the optimisation value changes favouring 

or disfavouring one of the two actors in the system. Finally, knowing the number regarding the optimal fleet 

also helps the individual city administrations to define the number of vehicles, for each mode of shared 

transport, to be included in the tenders that are periodically published.  

In conclusion, it is worth pointing out that if a city does not have sharing services, it may still be able to use 

the tool. In this case, not having historical demand data, a standard daily curve should be used (e.g., the one 

in Milan). 
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4.2 Data requirements 
The data for UC1 are mainly of two types: one is the data on the modal split of trips made by sharing vehicles, 

the other is spatial data. Specifically, the first data provides information on the number of trips made by each 

mode of transport (car-sharing, bike-sharing, kick-scooter, moped), by date and by time slot. The second file 

is a Shapefile, in which the data (e.g., area of polygons, length of the perimeter of polygons, object 

identification number) relating to the zones into which the urban territory has been divided are collected. 

• Time series of hourly trips of existing sharing services per mode (if available) 

This table has to include: 

• the mode, in the example an integer indicates car sharing, bike sharing, kick-scooters 

sharing or moped sharing  

• the date and time  

• the total number of trips within the hour and by the mode. 

 

 

Figure 9: Example of time series of hourly trips. 
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• City Geo data 

In particular, a shape file of the city divided in sub-zones is useful to retrieve the total area of the scenario 

to be simulated. 

 

Figure 10: Example of City Geo Data. 

 

4.3 Usage procedure 
From an operational point of view, the users, after defining the name of the scenario, enters the value of all 

input parameters that are required: 

• Selection of the type of mode to be analysed (bike, moped, kick-scooter, or car-sharing): it is the 

mode of transport used in the simulations.  

• Selection of the type of service to be analysed (station-based or free-floating): this data can only 

concern bike sharing and car sharing as mopeds and kick scooters are always in free-floating mode.  

• Expected daily demand (trips/day): this data concerns the average value of the daily trips made 

with the selected mode of transport.  

• Size of the area of interest (in km2): It is the territorial extension in which the service is active.  

• Operating costs per vehicle per minute (in Euros): are the expenses which are related to the 

maintenance of the car (parking costs, insurance, car maintenance costs). The costs incurred by the 

provider per minute is an average daily cost, which therefore takes into account both the minutes 

when the vehicle is in operation and the minutes when it is stationary and parked. However, the 

actual value of the cost may be difficult to find as the sharing providers are often unwilling to provide 

this data. Therefore, this input data must be estimated. A reliable estimate is to consider this cost as 

a percentage of the revenue obtained per minute of rental. 

• Expected revenues per minute of rent (in Euros): these are the earnings that the operator of the 

service obtains and derives from the payment by the user of the rental rates. The value could be 

the cost the user pays per minute of rental.  
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• Average user walking speed(km/h): it is the average speed of a pedestrian. In this case, the default 

value is 3 km/h. This is a prefilled field.  

• Mean trip duration (in minutes): it is the average of the vehicle usage time of a certain mode of 

transport.  

• Weighting factors assigned to service operator’s and end society's perspectives: the weights are the 

coefficients that measure the relative importance end-users and operators. The sum of the two 

weights always equals 1.  

• Minimum and maximum value of the fleet size: it is the lowest and highest number of vehicles to 

be considered as the operational fleet. 

• Elastic demand: through this input, the system user decides whether to use a uniformly distributed 

demand throughout the day, the real demand curve or artificial demand curves that increase or 

decrease peaks.  

• Hourly demand defined by user (in units): This parameter is to be changed if and only if the user 

decides to use the actual demand curve. Through this input, the user can decide to modify the 

demand peaks, flattening or emphasising them, but always keeping the daily demand constant 

• Profit higher than this value (in Euros): it is the profit threshold above which the simulation is 

stopped. This input parameter was introduced to reduce the calculation time of the algorithm.  

Regarding the average walking speed (km per hour) a default value was chosen. In particular, this value was 

estimated to be 3.0 km/h, considered as the average speed of a pedestrian in a good state of health and 

deambulation. 

The user can then click on the "create scenario" button and can view the results in the form of graphs and 

KPIs directly on the home page of the specific use case.  
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Figure 11: Scenario management UC1. 

Moreover, the user has to refresh the page in order to see the “processing” near the running simulation and 

wait until the end of the calculation.  

 

Once the simulation calculations are finished, the processing icon gives way to the 'present' icon: at this point, 

the tool has completed the simulation and the results can be displayed by pressing the 'present' button.  

 



nuMIDAS - 101007153 

 

D5.4 | Transferability guidelines 23 

For an explanation and meaning of the results, please refer to the next section “Interpretation of the results.” 

4.4 Interpretation of the results 
The results of the simulation are visible on the home page of the individual use case. In particular, for use 

case 1 the outputs are: 

• Demand coverage: It is the percentage of the demand that is covered by the service conducted by 

the optimal fleet size.  

• Average walking time: It is the time that it takes a user to reach the closest selected sharing vehicle.  

• Average waiting time: It is the time that is needed by the user to arrive at the position of the 

vehicle.  

• Optimal fleet size: Is the combination of the optimal fleer size end users’ perspective and optimal 

fleet size operators’ perspective. It depends on the weight that is assigned during the creation of 

the scenario.  

• Optimal fleet size from end users' perspective: The number stands for the optimal fleet size in 

order to have the lowest value both for average walking and waiting time.  

• Optimal fleet size operator perspective: It represents the optimal number of vehicles that maximise 

the providers’ profits.  

• Profit service providers: It is the daily profit for a shared mobility provider. This value depends on 

both the demand and the optimal fleet size. 

• One graph.  

As an example, a dashboard image of a scenario simulation is shown. 

 

Figure 12: Example of results. 

Specifically, the graph has for x-axis the fleet size and for y-axis a scale from 0 (minimum value) to 1 

(maximum value). On this graph, three curves are drawn that vary their course as the size of the fleet 

varies. In particular, they are shown: 

• The demand satisfaction curve 

• The curve relating to the operator's profits (maximum when close to 1, minimum when close to 0) 

• The curve showing the average waiting time (maximum when close to 1, minimum when close to 

0). 
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With regard to the profits of the service operators, it is worth noting that they do not include the entire 

business model of the company providing the sharing service. For instance, additional sources of income of 

the operator (i.e. advertising logos on the vehicles) have not been taken into account, nor have other costs 

that the operators have (i.e. management of the booking and service use platforms). Consequently, the 

"profits service providers" outputs only take into account the "operational" phase of the service, the purely 

transport phase that looks at the use of the vehicle as a means of transport for users.  

In many simulations that have been conducted, the average waiting time is often a very low value, close to 

0. This situation results from the fact that at the optimal fleet value each user has at least one sharing vehicle 

available. However, how much that vehicle is "really" available is given by the value of the "average walking 

time". In fact, if this value is low, it means that the vehicle is in the immediate proximity of the user. However, 

if, on the other hand, the value is high, the available vehicle is far away from the user, who may then choose 

not to take it. Consequently, important information can be drawn from the walking time and waiting time 

values as they reveal the real availability of vehicles and therefore the need to increase, if the values are high, 

or decrease, if the values are low, the availability of vehicles (fleet size) supplied to the user.  

4.5 Next steps 
Use Case 1 can be replicated in cities that have implemented, or plan to implement, at least one mobility 

sharing service in their territory. In all cases, thanks to the use of the data used for the pilot city, even cities 

in which such services are not present can use the tool to explore and analyse hypotheses for the 

implementation of sharing vehicles. However, if cities wanted to implement the tool, they should be in 

possession of at least the minimum required data such as the hourly demand curve. However, some cities 

may not be in possession of certain data required to run the algorithm. For this reason, it might be interesting 

to provide in the future, in a specific section of the dashboard, a list of standard/default values (e.g., for 

operating costs and revenues). If a list could not be possible, due to the high variability of these values 

(dependent on fuel costs, national vehicle taxes) another option is to draw down instructions on how to 

correctly estimate the values (e.g., demand).  

Moreover, during the customisation of the tool for other cities, further improvements could be implemented 

both in the algorithm and in the dashboard. For example, there is the need to include a more complex cost 

model per vehicle that takes into account fixed costs (staff, technological infrastructure, etc.) and variable 

costs (dependent on the number of cars) as well as the possibility of exploiting advantages due to economies 

of scale. In this way, the cost per vehicle per minute could be closer to the real value, refining the simulations 

results as a consequence.   

From the perspective of visualising the results, an additional information that could be displayed in the 

dashboard is the fleet utilisation rate. In this way, both the service operator and the decision maker can have 

the perception of haw much fleet is actually used.  

In the end, a comparative visualisation of several scenarios, can make the tool even more effective in its role 

as a decision support tool, as it allows a graphical and simultaneous comparison of two or more scenarios in 

order to choose which of the is the best solution.  
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5 Use Case 2: Operative areas analysis shared mobility 

5.1 Introduction 
The tool for use case 2 resulted from the need of the pilot city of Milan to guarantee access to mobility 

sharing services also to the population living or working in the peripheral areas of the city where very often, 

due to low demand, sharing service operators do not implement the service.  

The challenge is therefore to ensure the presence of cars, bikes and other shared vehicles in areas that have 

a very low demand for public or shared mobility and are often referred to as 'market failure areas', in other 

words, areas where the costs of maintaining the service fail to cover the revenues. 

Specifically, the algorithm aims to define new operational areas in which the mobility sharing service can be 

implemented. In particular, in each area, the algorithm solves an optimisation problem that sees the need to 

increase the accessibility of the area, thus increasing the number of users who can access the service, but 

also foreseeing a profit for the operators, such as to support its economic feasibility. 

Use Case 2 is closely related to UC1, with which it shares most of the input parameters. However, while UC1 

aims to optimise the fleet over all or part of the municipal territory, UC2 focuses on micro-areas, NILs in the 

case of Milan, and tries to offer a solution or solutions regarding the number of areas where it is optimal to 

implement the service. 

This tool can also be classified as a decision support system tool in that it does not provide a single solution, 

but allows the comparison of several solutions, called “alternatives” (to which corresponds the addition or 

non-addition of further zones) from which to choose the solution that the decision maker considers most 

suitable for the city's situation.  
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5.2 Data requirements 
The data required to perform simulation with this tool are the following. For each table a partial image of the 

database is provided. 

• Actual availability of sharing services in zones  

The table includes the ID of the zones, their centroids coordinate and the availability (1) or not (0) of each 

sharing mode. 

 

Figure 13: ID zones, centroids, and information about sharing modes. 

• Modal split information 

For each mode this table provides: 

o the average length of trips 

o the modal split factor  

o the maximum and minimum length of trip. 

These data were estimated from the historical data. A new city that is willing to use this tool could provide 

his own data, if available, or otherwise, use the standard data calculated by Milan. 

 

Figure 14: Example of historical data. 
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• The population of each zone 

 

Figure 15: Population of each zone. 

• The adjacency matrix 

This table shows the connection between all the zones of the city. 

If this matrix is not available a pre-processing script is available within the tool to calculate the adjacency 

matrix from the shape file of the zones.  

 

Figure 16: Adjacency matrix. 
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• The Origin/Destination matrix 

This data is the highly required by the algorithm and then is mandatory to use the tool in new cities. 

 

Figure 17: O/D matrix. 

5.3 Usage procedure 
After entering the name of the scenario, the user has to enter the following input parameters, which, as 

stated above, are almost all the parameters that are already used in the tool for use case 1:  

• Selection of the type of mode to be analysed (bike, moped, kick-scooter, or car-sharing): it is the 

mode of transport used in the simulations.  

• Average trip duration (in minutes): it is the average of the vehicle usage time of a certain mode of 

transport. 

• Operating costs per vehicle per minute (in Euros): are the expenses which are related to the 

maintenance of the car (parking costs, insurance, car maintenance costs).  

• Expected revenues per minute of rent (in Euros): these are the earnings that the operator of the 

service obtains and derives from the payment by the user of the rental rates. The value could be the 

cost the user pays per minute of rental.  

• Weighting factors assigned to service operator’s and end society's perspectives: the weights are the 

coefficients that measure the relative importance end-users and operators. The sum of the two 

weights always equals 1. 
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Figure 18: Scenario management UC2. 

After entering the input data, the user returns to the Scenario Management section and next to the name of 

his or her scenario has to click the 'edit' button and then “save and continue” in order to open the “edit 

mode.” When edit mode is open, a map with the currently served areas in yellow and the currently unserved 

area in blue is showed on the screen. At this stage, the user has the option of clicking on each area and being 

able to select it as an area in which to run the simulation (include area), remove this area from the simulation 

(exclude area) or reset one of the areas to the starting situation (reset area). 
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Figure 19: Edit mode. 

Once the areas have been defined, the user saves his or her preferences and returns to the scenario 

management section to start the simulation by clicking on the 'run' button. When the simulation is finished, 

the dashboard shows the results, which as it is possible to see in the next section consist of a series of 

alternatives, each with its own KPIs. 

5.4 Interpretation of the results 
The results of Use Case 2 are mainly of two types, one graphical and one numerical closely related. In fact, at 

the end of the calculation, a table is shown in which each row corresponds to a different alternative.  

 

Figure 20: UC2 example of results. 
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The table of the result includes the following data: 

• The ID code of the alternative 

• The cost to the service operator for that particular area configuration 

• The revenue that the service operator obtains, again with reference to the chosen alternative 

• The accessibility, calculated according to Hansen’s Accessibility Model 

• The percentage of the population covered. 

The map changes as the alternatives are chosen from the table. Displaying the alternatives on a map, makes 

the use of this tool more effective because it highlights which and how many areas are considered as new 

operational areas for the chosen mode of transport. 

In particular, as far as the table is displayed, the first row is the alternative '0', i.e. no area was added to the 

starting map. The last row, on the other hand, is the alternative in which all potentially addable areas have 

been taken into account. In between, there are the intermediate solutions.  

Being a decision-support tool, there is no 'best' solution, but it is the public decision-maker who, having 

assessed all scenarios, makes his or her decision based also on his or her own experience and knowledge of 

the area and the subject matter. 

5.5 Next steps 
As seen in the UC1 transferability, also in this case standard/default values would be useful, e.g., for operating 

costs and revenues, or, in alternative, the dashboard could have a section with the instructions on how to 

estimate the numbers (i.e. demand). Also for this use case, another KPI that could be implemented in future 

developments with other cities is the fleet utilisation rate, which, as in use case 1, can provide useful 

information regarding the actual utilisation of vehicles.  

A further upgrade that can be made to the tool in the future is to look not only at one operator and one 

transport mode, but to analyse the sharing mobility system as a whole. In particular, future developments 

may concern taking into consideration several operators offering the same service in the same area, or 

perhaps taking into account that on the same area two modes of transport, such as free-floating bikes and 

scooters may compete with each other.  
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6 Use Case 3: Air quality and vehicle emissions 

6.1 Introduction 
The rapid rate of growth of vehicles rises the need of understanding the environmental impacts that caused 

by the massive usage of private vehicles within urban areas. In most cases, this is reflected by the road 

congestion and more specifically by the excessive vehicles’ starts and stops induced mainly at signalised 

intersections. On the other hand, promoted concepts, including sustainability, liveability, and quality of life, 

indicate that there is a clear need to reduce vehicle emissions within urban centres, thus alleviating adverse 

environmental impacts of traffic (Nešić et al., 2015). To address this environmental issue with regards to air 

quality, another tool that we planned to be integrated into the nuMIDAS toolkit is responsible for supporting 

the execution of relevant data analyses based on multi-source data. This is expected to support policy makers 

towards better planning and assessing enforced policy instruments, such as Low-Emission Zones (LEZ) and 

Urban Vehicle Access Restrictions (UVAR). The original purpose of the tool was to analyse and correlate 

various data sources providing information about traffic intensity, weather conditions, air quality, and events. 

The ultimate purpose would then be to forecast the effect of vehicle traffic and weather on air quality in a 

short- to medium-term basis (i.e. time horizons covering at maximum the next 10 days). 

6.2 Data requirements 
There are two types of databases used for UC3. The first group comprises datasets relating to cameras and 

their acquisitions, while the second concerns data on the composition of the circulating car fleet, with 

reference to type of vehicle (bus, car, truck). 

• Cameras data 

 

Figure 21: Camera data. 
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Figure 22: Camera positions. 

 

• Fleet database 

 

Figure 23: Example of fleet database. 
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6.3 Usage procedure 
Once the scenario name has been entered, the user defines the input data required by the dashboard. 

Specifically, the data to be entered are: 

• The period over which the analysis is to be conducted (the start and end day) 

 

Figure 24: Scenario management UC3. 

Once the input parameters have been established and the scenario creation has started, the user must return 

to the home page of the tool where on the map he/she can choose, manually, the cameras from which to 

calculate the emissions and display the relevant information.  
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Figure 25: Edit mode. 

At the end of the camera selection, the user must click on "Save changes" and return to the scenario creation 

section to start the calculation using the "run" button. As with other tools, a bar indicates the progress of the 

calculation while the algorithm is being processed. 

Finally, when the 'present' button is pressed, the results of the algorithm are shown on the tool’s homepage.  
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6.4 Interpretation of the results 
Once the results are available, they can be queried through the interface. To this end, the user selects a 

camera from the map, after which the toolkit will show the calculated emissions for traffic. The emissions 

shown represent averages for a day of 24 hours, taken over the entire specified time period. They are 

calculated based on the types of vehicles observed by the camera, resulting in emissions of PM2.5, NOx, and 

CO2. 

 

Figure 26: Emission calculation results for a single camera. 

 

6.5 Next steps 
Based on the preliminary technical elaboration, we foresee some possible additional features that can be 

incorporated to make the model more applicable. 

In first instance, using real Copert V functions would augment the correctness of the emission estimations. 

This however entails the use of speed-dependent information in the network, but will automatically give 

time-of-day dependence. In order to accomplish this, the following inputs need to be available: 

• Emission factors for pollutants CO2, NOx, and PM2.5 (dependent on the type of vehicle and its 

speed)  

• Average speed information corresponding to links in the road network that are associated with the 

earlier mentioned ANPR cameras 

Furthermore, the emission factors are now based on class (i.e. vehicle type) averages. A further refinement 

can be done by separating out the individual vehicle types. A first approach could be to use: 

• Fleet composition 



nuMIDAS - 101007153 

 

D5.4 | Transferability guidelines 37 

This would allow us to further refine the fleet mix used to calculate the average emission factor. Further 

details can be obtained by another step, in which each detected vehicle type is used together with a specific 

speed-dependent emission factor. 

At the level of further calculations and comparisons with the real-word recorded emissions by the emission 

detector stations, we could analyse their correlations by also incorporating: 

• Historical records of traffic conditions and/or volumes 

• Historical records of weather conditions 

• Historical records of events 

• Historical air quality-related data 

• Meteorological forecasts 

• Planned events in the area of interest 
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7 Use Case 4: Planning for parking 

7.1 Introduction 
The increasing use of cars over time has created a shortage of roadside parking spaces especially in urban 

centres. This parking shortage contributes to the increase in vehicle traffic as more cars make longer and 

longer distances to find a place to park. However, cities are faced with the issue of parking on a daily basis, 

and the challenge is to understand whether restricting parking policies in one area can produce perturbations 

that spread to adjacent areas, exacerbating an already difficult situation. Based on a requirement of the pilot 

city of Leuven, the tool for use case 4 aims to provide the policy maker with a valuable tool that can visualise 

how a change of certain values in one of the cells into which the city of Leuven has been divided can influence 

and change the parameters of adjacent cells, providing useful information that allows the best possible 

decisions to be taken in the planning phase. Nevertheless, in order to apply this tool in a city, it is necessary 

that the city already has within its database the baseline values (such as the number of parking spaces for 

each identified cell) from which to start and with which to compare the results of the algorithm. However, in 

order to also make the tool available to cities that do not have this data, the data from the pilot city of Leuven 

could be used as a baseline.  

7.2 Data requirements 
For use case 4, the dataset consists of data on the capacity of on-street parking spaces, the number of on-

street parking spaces supplied, parking measurement and data concerning the spatial data of the city 

(centroids and polygons into which the territory has been divided). 

• On street parking capacity 

 

Figure 27: On street parking capacity data. 
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Figure 28: On street parking capacity graph. 

• On street parking supply 

 

Figure 29: On street parking supply data. 

 

Figure 30: On street parking supply graph. 

• Parking measurement  

The parking measurement should be separated by time windows (e.g., weekend/working days and 

day/night).   
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Figure 31: Example of parking measurement data. 

• Sectors centroids and polygons 

 

Figure 32: Sector centroids. 

 

Figure 33: Sector polygons. 
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7.3 Usage procedure 
After entering the name of the scenario, the user must enter the following input parameters: 

• Baseline is the set of measurements that are used as a reference. These are data already uploaded 

to the algorithm database 

• Searching speed (in km/h) is the assumed road users' speed when searching for a parking place in 

km/h 

• Average length of a parking space in (m) is the assumed geometrical characteristics of parking 

places 

• Average Spacing Between Parking Places (m) is the assumed geometrical characteristics of parking 

places 

• Expansion level is the policy effect expansion level. 

 

 

Figure 34: Scenario management UC4. 

Once the input parameters have been entered, the user has to press the 'edit' button and return to the map. 

On the map, he/she will now have to select the cells to which she/he wants to edit and change the baseline 

value. The user will have to enter the new value in the 'alternate value' cell. For each cell, in order to record 

the new value, he/she will have to press "submit". 
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Figure 35: Edit mode-first part. 

 

Figure 36: Edit mode-second part. 
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Figure 37: Edit mode-third part. 

When the user has edited as many cells as he/she sees fit, the user presses "save changes", return to scenario 

management, find the scenario called by the name he/she has chosen and press the "run scenario" button.  

During the calculation, a bar appears to show what level of calculation completion the tool is at. 
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7.4 Interpretation of the results 
At the end of the calculation, in the section in which the scenarios are stored, clicking on the drop-down 

menu reveals the list of cells in which the user has changed the baseline to the new value. For example, if the 

initial value of the baseline was 11 and was changed to 5, the list shows the cell id and the new value of the 

available parking spaces. 

 

Figure 38: Scenario management-modified cell. 

Moreover, returning to the home page the map that previously showed all the cells into which the territory 

of the city of Leuven was divided, now shows only the cells in which the parameters have been changed and 

the cells that have undergone the resulting perturbations. Thanks to the legend shown in the lower left, it is 

already visually possible to ascertain the effect that new restrictions or new parking permits have on the 

analysed cells and adjacent cells. In fact, the colour red and its darker gradations are associated with longer 

parking search times.  

 

Figure 39: Results on the map. 
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In particular, for each cell that has undergone the perturbation, clicking on the map provides the following 

output information: 

• Initial searching time 

• New searching time 

• Difference in searching time 

• Average demand 

• New average demand 

• Available parking spots 

• New available parking spots.  

 

Figure 40: Output parameters. 

Specifically, the output “difference in searching time” is the difference between the initial searching time and 

la new searching time. In particular, in the red cells, the difference is “negative” in the sense that in the area 

delimitated by this cell the searching time increased due to the loss of some places available in the cell 

adjacent to it. 
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7.5 Next steps 
Cities wishing to implement the tool developed for use case 4 must have data on the number of on-street 

parking spaces available on each of the streets in their territory. This data is essential to construct a 'baseline' 

to which to refer when calculating new values. In any case, Leuven baseline could be used by cities that want 

to use the tool but do not have data regarding parking spots.  

Subsequently, also thanks to the work done in other case studies, further KPIs can be implemented, such as: 

the occupancy rate of spaces, the impact on traffic congestion due to cars driving to find a parking space, 

and, finally, the changes in revenue that may result from the increase or decrease of paid parking spaces on 

the road. In particular, occupancy rates can be interesting to analyse and understand which areas are most 

used by motorists for parking, providing useful information for public decision makers. In addition, the impact 

on road congestion also provides an estimate of how the entire road traffic system may change when major 

changes are made in the number of parking spaces. Finally, it might be interesting for the public decision-

maker to know the gain lost for the city if paid parking spaces are removed from the roads. 

Some improvements could also be made on the dashboard, such as the selection of cells to be analysed. In 

fact, currently the selection is completely manual, changing cell by cell the value of the available places. In 

the future, this selection could also be done by drawing an entire area on the map, or by considering the 

change in all the cells of an entire district. 
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8 Use Case 5: Inflows and outflows in a metropolitan 

area 

8.1 Introduction 
The algorithm developed for Use Case 5 has the main objective of improving the mobility planning process 

through the acquisition of more information by public decision-makers. For this tool, the data sources are 

mainly two: data recorded by cameras using the Automated Number Plate Recognition (ANPR) system, and 

vehicle registration data. In fact, the main output of the tool is a 3D O/D matrix that provides information 

not only on the vehicle flows between two or more cameras, but also information regarding the type of 

power supply of the vehicles detected.   

For the use of this tool, it is therefore necessary that cities have installed vehicle detection systems on their 

territories. In the pilot case of the Barcelona metropolitan area, the choice fell on ANPR systems as they were 

already present in the area. However, the same type of algorithm can be applied to other systems such as 

the Bluetooth detectors installed in the other pilot city of Thessaloniki. Furthermore, in order for the O/D 

matrix to be defined as a 3D matrix, it is necessary to associate other types of data with these vehicular traffic 

detection data, which can, in fact, enrich the knowledge of the current vehicular situation and consequently 

allow the choice of more or less restrictive mobility policies. 

8.2 Data requirements 
There are three types of databases used for UC5. The first group comprises datasets relating to cameras and 

their acquisitions. The second concerns data on the composition of the circulating car fleet, with particular 

reference to the type of fuel (petrol, diesel, electric) and the type of vehicle (bus, car, truck). Finally, spatial 

data (shapefiles) relating to the different municipalities that constitute the area under analysis were used. 

• Cameras data 

 

Figure 41: Camera data. 
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Figure 42: Camera positions. 

 

• Fleet database 

 

Figure 43: Example of fleet database. 

• Municipalities shape and codes 

 

Figure 44: Municipality shape and codes. 
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Figure 45: Municipalities map. 

8.3 Usage procedure 
Once the scenario name has been entered, the user the data required by the dashboard. Specifically, the 

data to be entered are: 

• The period over which the analysis is to be conducted (the start and end day) 

• The selection of which days of the week to investigate, e.g., Tuesdays only, or all days of the week 

(Monday to Sunday) 

• The selection of the time slot in which to conduct the simulation (only one hour, all day)  

• The definition of the time aggregation with which to display the data, a parameter that returns the 

granularity of the results (specifically, the possible aggregations are every 5 minutes, every 15 

minutes, every hour). 
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Figure 46: Scenario management UC5. 

Once the input parameters have been established and the scenario creation has started, the user must return 

to the home page of the tool where on the map he/she can choose, manually, the cameras from which to 

calculate the flows and display the relevant information.  

 

Figure 47: Edit mode. 

At the end of the camera selection, the user must click on "Save changes" and return to the scenario creation 

section to start the calculation using the "run" button. As with other tools, a bar indicates the progress of the 
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calculation while the algorithm is being processed.  

Finally, when the 'present' button is pressed, the results of the algorithm are shown on the tool's homepage.  

8.4 Interpretation of the results 
The results are displayed in a visualisation that can ideally be divided into four quadrants. By numbering the 

quadrants starting from the top left and continuing clockwise, it is possible to define that: 

1. In quadrant 1, the dashboard shows the O/D matrix resulting from the analysis using the input 

parameters. This matrix contains all the cameras and related flow data that were taken into account 

when choosing the input data.  

2. In the second quadrant we find the map, in detail, of the cameras analysed. In particular, by clicking 

on a cell of the table in quadrant 1, the detail map shows the geographical position of the two 

cameras taken into consideration. 

3. In quadrant 3, a graph is shown which has for abscissae the time intervals chosen during the input 

parameter input phase, and for ordinates the number of passes made in that given time period. The 

number of passages is associated with a specific criterion which is defined by the user in quadrant 4 

and which has been called a filter in the dashboard. If, for example, the chosen criterion is fuel type, 

the graph shows how many cars running on petrol, diesel, or other fuel, have passed between those 

two cameras in that time period. 

4. The fourth quadrant, smaller than the others, allows filtering of the data shown in the graph in 

quadrant 3. Specifically, the criteria to choose from are: 

a. Vehicle type 

b. Fuel type 

c. Environmental badge.  

 

Figure 48: Example of results. 
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8.5 Next steps 
For use case 5, it is essential that cities are equipped with flow detection systems. In the case covered by the 

project, ANPR type cameras were used as they were the ones provided by the city of Barcelona. However, 

similar considerations can also be made using data from loop detectors or other types of flow detectors. 

Moreover, it might be interesting to implement the calculation of the level of service in the path between 

two selected flow detectors. In particular, the level of service, which is a qualitative scale (from A, free flow 

to F, breakdown flow) that is used to understand the level of congestion of a road section. 
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9 Use Case 6: Assessment of traffic management 

scenarios 

9.1 Introduction 
Last decades, the rising traffic congestion is a common situation in all large cities induced by the large number 

of vehicles circulating in the roads. Hence, vehicle emissions are provoked in a high rate and therefore the 

ambient air quality is even more degraded. Apart from the adverse effect on the environment, there are also 

other traffic-related impacts, such as the increase of travel delays and vehicular queueing. The most direct 

approach to reduce traffic congestion is the implementation of traffic management measures dedicated or 

bundled in the context of traffic management scenarios/strategies that are enabled by intelligent transport 

system applications, targeting the improvement of road conditions. In that sense, the development and 

application of traffic management measures typically relies on the knowledge/visibility (ideally in a real-time 

context) of a transport network, paying increased attention to prevailing traffic conditions. The data that are 

mainly digested for this purpose by traffic managers and planners can be classified from various perspectives, 

mainly including their (a) collection source (b) provision timeline, (c) thematic area, and (d) coverage. 

The focus of the sixth tool of nuMIDAS toolkit aims to prove the concept of a framework for assessing traffic 

management scenarios making use of data generated by traffic simulators. In so doing, it provides outputs 

based on (Macroscopic) Fundamental Diagrams (MFD) and other KPIs utilised in the context of assessing ITS 

(incl. C-ITS) services and applications. The main purpose in that context is not on defining comprehensive 

traffic management scenarios, but on providing a mechanism for assessing a set of simpler measures that 

can later be further parametrised and used for assessing more complex/comprehensive ones. 

9.2 Data requirements 
There are four types of databases used for UC6. The first group comprises datasets related to corridors and 

their acquisitions while the second one comprises datasets related to group of corridors and their 

acquisitions. The third concerns data on the composition of the Macroscopic Fundamental Diagram (MFD) 

with particular reference to the speed, flow, and occupancy of each scenario of the network. Finally, the fifth 

group comprises datasets related to edge-based outputs of the algorithm, with particular reference to the 

CO, CO2, time loss, queueing time, and queueing length of each edge of the network. 

• Corridors data 

 

Figure 49: Corridors data. 



nuMIDAS - 101007153 

 

D5.4 | Transferability guidelines 54 

 

Figure 50: Corridors position. 

• Group of corridors data 

 

Figure 51: Group of corridors data. 
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Figure 52: Group of corridors position. 

• Macroscopic Fundamental Diagram database 

 

Figure 53: Macroscopic Fundamental Diagram database. 
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• Edge-based database 

 

Figure 54: Edge-based database. 

9.3 Usage procedure 
Once the scenario name has been entered, the user defines the input data required by the dashboard. 

Specifically, the data to be entered are: 

• The type of analysis (FD/MFD or Traffic Related Statistics) 

• The type of corridor (Corridor or Group of Corridors/Areas) 

• The traffic light program (traffic light program 1, traffic light program 2) 

• The speed limit (30 km/h, 40 km/h, 50 km/h, 60 km/h) 
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Figure 55: Scenario management UC6. 

Once the input parameters have been established and the scenario creation has started, the user must return 

to the home page of the tool where on the map he/she can choose, manually, the corridor or group of 

corridors from which to execute the selected type of analysis. 
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Figure 56: Edit mode. 

At the end of the corridor selection, the user must click on “Save changes” and return to the scenario creation 

section to start the calculation using the “run” button. Similarly with the remaining tools, a bar indicates the 

progress of the calculation while the algorithm is being processed. 

Finally, once the “present” button is pressed, the results of the algorithm are shown on the tool's homepage.  

9.4 Interpretation of the results 
The results regarding the Macroscopic Fundamental Diagram analysis are displayed in a visualisation that can 

ideally be divided into two sections. By numbering the sections starting from the left and continuing to the 

right, it is possible to define that: 

1. In section 1, the dashboard displays the map of the corridors as well as of the group of corridors and 

the selected corridor or group of corridors are coloured blue. 

2. In the second section we find the correlation type drop-down menu, the classification parameter 

drop-down menu, and the checkbox about the inclusion of baseline scenario. Moreover, at this 

section a scatter plot is used in order to plot the selected corelation type. The possible correlation 

types are the following: 

a. Flow vs. Occupancy 

b. Flow vs. Speed 

c. Speed vs. Occupancy 
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The possible classification parameters are the following: 

a) Network loading factor 

b) Simulation time step 

 

Figure 57: Example of results. 

The results regarding the Edge-based analysis are displayed in a visualisation that can ideally be divided into 

two sections. By numbering the sections starting from the left and continuing to the right (clockwise), it is 

possible to define that: 

1. In section 1, the dashboard displays the map of the edges coloured differently, based on the values 

that they have. 

2. In the second section we find the analysis parameter based on which both the map as well as the 

graph and the numerical analysis values change. Also, the map included in this section is a bar chart 

which shows the differences between the baseline scenario and the user defined scenario. 

 

Figure 58: Example of results. 
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9.5 Next steps 
For use case 6, future extensions may involve the provision of the possibility to the users of the toolkit to 

define a custom traffic management scenario, perform a traffic simulation experiment, and report the 

already existing KPIs quantified by the outputs of the user-defined simulation experiments. Moreover, future 

extensions may include the capability of the toolkit to digest real world (dynamic) data and enable the 

comparison of simulated versus observed traffic characteristics. In summary, there are two dimensions 

around which use case 6 can enhanced. The first dimension revolves around the enhancement of its 

planning/planification capabilities, while the second one revolves around the enhancement of its monitoring 

capabilities. 
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10 Conclusions 
For a European project, transferability is a fundamental concept. In fact, it is only through the possibility of 

the dissemination of project results that its impact can have a greater impact on future mobility. 

Consequently, the guidelines in this deliverable are intended to disseminate both the project results and to 

extend the use of the dashboard to other cities with a view to exploiting the work done within the project.  

Therefore, this deliverable, as also described in the introduction can be seen as a "how-to" manual for any 

person (technician, public decision maker, researcher, etc.) who wants to use the dashboard for both work 

and research purposes. In this way, the toolkit can be widely used and can remain active for a longer time 

even once the project is finished.  

However, within these transferability guidelines, possible future features or functionalities that could be a 

'nice to have' in future versions of the dashboard were also defined. Thus, in addition to describing the work 

already done, the deliverable outlines possible new steps for updating the toolkit.  


