
 
 

 
 

 
Future Transp. 2022, 2, Firstpage–Lastpage. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/futuretransp 

Article 1 

The New Mobility Data and Solutions Toolkit (nuMIDAS): sharing services 2 

planning through a data-driven perspective in the city of Milan 3 

Valerio Paruscio 1, Valerio Mazzeschi 1*, Paola Tresca1, Alessandro Luè1, Cristina Covelli2, Sven Maerivoet3, Steven 4 

Boerma4, Chrysostomos Mylonas5, Dimitris Tzanis5, Magdalena Hykšová6 5 

 6 
1 Poliedra-Politecnico di Milano; valerio.paruscio@polimi.it; valerio.mazzeschi@polimi.it; paola.tresca@po- 7 

lim.it; alessandro.lue@polimi.it  8 
2 AMAT-Agenzia Mobilità Ambiente Terriorio del Comune di Milano; cristina.covelli@amat-mi.it  9 
3           Tranport and Mobility Leuven; sven.maerivoet@tmleuven.be  10 
4           MAPtm; steven.boerma@maptm.nl  11 
5           Hellenic Institute of Transport-CERTH; chmylonas@certh.gr; dtzanis@certh.gr 12 
6           Czech Technical University; hyksova@fd.cvut.cz  13 
* Correspondence: valerio.mazzeschi@polimi.it  14 

Abstract: Mobility services and technologies are rapidly evolving and are both a great source of data 15 

and, potentially, a great user of data. In order to offer an increasingly efficient mobility service, the 16 

city of Milan, pilot city of H2020 nuMIDAS project, has highlighted the challenge of planning its 17 

sharing mobility services from a data-driven perspective. Two use cases with related algorithms 18 

were co-designed for the Italian city within the project. The two developed use cases represent de- 19 

cision support systems that can help public decision-makers in making resolutions concerning the 20 

planning and design of sharing mobility. Specifically, the first use case is mainly concerned with the 21 

planning phase of services by identifying some key parameters to be included as requirements in 22 

the tenders for service contracts. The second use case, on the other hand, focuses on the extension 23 

and conformation of the operational areas of the services.   24 

Keywords: Decision Support Tool, Co-Creation, Data-driven 25 

1. Introduction 26 

Mobility is one of the most important Big Data’s domains and one of the most im- 27 

portant data sources [1]. Moreover, transport implies big volumes of data which have 28 

become increasingly diverse over time as they refer to new modes of transport and new 29 

data collection methodologies [2]. The challenge nowadays is to manage and analyse this 30 

amount of data [3] in order to support policy makers, researchers and traffic engineers in 31 

their work towards smarter mobility. Within this context, the New Mobility Data & Solu- 32 

tions Toolkit (nuMIDAS), bridges this knowledge gap, by providing insights into what 33 

methodological tools, databases, and models are required, and how existing ones need to 34 

be adapted or augmented with new data. To this end, it starts from insights obtained 35 

through market research and stakeholders, as well as quantitative modelling. A wider 36 

applicability of the project’s results across the whole European Union is guaranteed as all 37 

the research is validated within a selection of case studies in pilot cities, with varying 38 

characteristics, thereby giving more credibility to these results. Through an iterative ap- 39 

proach, nuMIDAS creates a tangible and readily available toolkit that can be deployed 40 

elsewhere, including a set of transferability guidelines, thus thereby contributing to the 41 

further adoption and exploitation of the project’s results. nuMIDAS, started at the begin- 42 

ning of 2021 under the Horizon 2020 programme and it is being developed by a European 43 

Consortium, composed of 9 partners from 6 countries: Belgium, Czech Republic, Greece, 44 

Italy, The Netherlands, and Spain. The project builds on a distributed selection of case 45 

studies in pilot cities to provide a geographic coverage of the EU. The three pilot cities 46 
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are: Barcelona (Spain), Milan (Italy), and Leuven (Belgium). Thessaloniki (Greece) has 47 

been also added to the pilot cities with the aim of adding to the scope of the project a use 48 

case involving traffic management and the use of cooperative technologies. 49 

The objective of this paper is to describe, in the first part, the methodology that led 50 

to the realisation of the two tools for the city of Milano, and in the second part, outline the 51 

characteristics, in terms of requirements and data inputs, and outputs of the Use Case 2.  52 

After illustrating the use case design approach and how this was used for the reali- 53 

sation and definition of the nuMIDAS project use cases, the Use Case 2 tool, concerning 54 

the city of Milan regarding the shared mobility services, is explored in depth. Further- 55 

more, before the conclusions, some strengths and limitations of the tool were highlighted. 56 

2. Methodology 57 

One of the main objectives of system design is to lay the ground for the development 58 

of a toolkit that is based on a comprehensive and user-friendly architecture and structure. 59 

Within the nuMIDAS project, system means the co-designed toolkit that enables data- 60 

driven support for decisions made by individual city decision-maker.   61 

The first step towards this direction is the identification of system components in a 62 

simple, easy to read, and fully understandable manner. Many efforts and approaches have 63 

been made/suggested so far to conclude a good methodology for capturing the system 64 

functionalities and initial system’s requirements. One very strong-formulated technique 65 

is the so-called use case design. Use cases constitute a well written description of how a 66 

person who is involved in the system could accomplish its goal by following a specific 67 

process. In other words, a use case is the interrelation between the user and the system 68 

focusing on the prerequisite steps that a system must follow so that the user achieves the 69 

final desired result [4]. Additionally, according to Booch et al. [5], a use case is a descrip- 70 

tion of a sequence of actions, including variants, that a system performs to yield an ob- 71 

servable result to an actor. To such an extent, it is worth mentioning the fundamental ele- 72 

ments that each use case should contain [6]:  73 

• Actors/users  74 

• System  75 

• Scenarios and their goals.  76 

 77 

Users, who are involved with the system, are also knows as actors. Actors can be 78 

single persons, a group of people, another system or external inputs interacting with both 79 

the system and the whole process of a use case. Otherwise, whoever has an interest to 80 

system’s behaviour and may react to the process can be an actor [7]. In most of the cases 81 

the difference between a user and actor is barely noticeable. The former is usually some- 82 

one/something that utilises the system, whereas the latter is an entity which is represented 83 

by a specific user [6]. A prominent example constitutes the nomination of a person in- 84 

cluded in the human resources of a specific entity (e.g. a public or private body) as re- 85 

sponsible for using a system. Use cases are usually written from the user/actor’s perspec- 86 

tive. The next fundamental element is the system itself. The system is the process that is 87 

required in order for the user to reach his/her final goal. As it is perceived, a goal or out- 88 

come is the desired result that an actor is trying to reach by interacting with the system. 89 

In some cases, the system may produce one outcome or in other cases multiple outcomes 90 

[8]. The ability of a system to produce multiple outcomes and adapt accordingly its func- 91 

tionalities is often achieved by including use case variations in the design process. These 92 

use case variations often termed as “scenarios” [9] consist of their own steps and condi- 93 

tions and are associated with specific goals that a user aims to reach. However, sometimes 94 

there is a need to extend the original or rigid goal(s) associated to a use case additional 95 

with soft goals that bring us to the concept of use case extensions or extension scenarios. 96 

Use case extensions or extension scenarios are often utilised as a means of transfusing 97 

flexibility in a system during the design process, i.e. render the system capable of address- 98 

ing exceptions, limitations, or specific circumstances.   99 
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Additional, and contextually more complex, elements that are incorporated and pre- 100 

sent in use case design are the following:  101 

• Events  102 

• Stakeholders  103 

• Preconditions  104 

• Post conditions. 105 

 106 

Events are whatever trigger the beginning of a use case. Each use case normally has 107 

a main scenario to follow but sometimes, as mentioned above, there are also alternative 108 

scenarios. Different external events may trigger specific scenarios of a use case. Stakehold- 109 

ers are intended as someone or something that cares about the progress of a tool system 110 

and is interested in its final outcomes. Stakeholders may, may not, or may to some extent 111 

interact with the tool [10]. Furthermore, preconditions are those conditions or steps that 112 

are essential before initiating the use case. On the other hand, postconditions can be di- 113 

vided into success conditions and failure conditions. The former refers to all those actions, 114 

which successfully terminate the scenario, while the latter reflects the actions that unsuc- 115 

cessfully bring the scenario to an end [9].  116 

Overall, use case modelling is a very useful and concrete technique to depict and 117 

illustrate the entire process to be followed for the development of a tool. By designing in 118 

a rigorous and explicit manner the use cases of a tool, many benefits may arise. Firstly, 119 

once the use cases are explicitly and elaborately designed, the manner and order of the 120 

tasks and activities to be carried out by the tool becomes readily observable. Furthermore, 121 

the process of identifying and presenting user needs and requirements get easier and 122 

more readily understandable by any stakeholder. As it has been already mentioned, any 123 

person or other (external) system can contribute to the final outcome of the tool. In this 124 

respect, the documentation of such intervention(s) facilitates transparency and under- 125 

standability of the outcomes of the tool on behalf of all stakeholders [4]. Moreover, use 126 

cases definitions clarify the initial structure and contents of a tool, thus preventing scope 127 

creep during the development of the tool. Scope creep describes a situation in which the 128 

development of a tool follows a repetitive and endless process without performance and 129 

progress that is attributed to a lack of strict definition and evaluation of the tool’s bound- 130 

aries and target outcomes [11]. On top of that, use case design facilitates the steps to be 131 

taken to develop a toll, thus enabling the definition of the development’s timeline (includ- 132 

ing performance monitoring). In this respect, by having identified the target outcomes 133 

resulting from each scenario but also the development timeline the feasibility of the tool 134 

to be developed can be verified [12]. To conclude, another noteworthy benefit is that use 135 

cases not only provide information concerning the steps to be executed by the tool, but 136 

also, they describe all the critical points that might go wrong. Hence, having an upfront 137 

overview on potential pitfalls during tool development enables the definition of mitiga- 138 

tion strategies and resources saving afterwards. 139 

 140 

Within this theoretical framework, the first step for the design of the nuMIDAS set of 141 

methods and tools is the identification of the scope of the use cases to be addressed. This 142 

scoping exercise follows an agile approach consisted of many iterations. The first round 143 

of iterations includes the initial definition of the use cases scope taking as input the out- 144 

comes of: 145 

• a close cooperation and discussion among the project’s partners, including repre- 146 

sentatives of the project’s pilot cities (Milan, Leuven, Barcelona, Thessaloniki), focused on 147 

the problems faced by these cities, 148 

• a questionnaire sent to these cities partly oriented to gather input concerning the 149 

desired purpose and functionalities of the nuMIDAS toolkit, the shortcomings of any cur- 150 

rently utilised methods or processes, as well as data availability in these cities, 151 

• the state-of-the-art and business modelling analysis being the focus of Pribyl et al. 152 

[13], 153 
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• the outcomes of a survey targeting key stakeholders and experts (executed in the 154 

context of Pribyl et al. [13]), focusing on the identification of challenges and trends in the 155 

urban mobility ecosystem.  156 

Subsequently, the results of this iteration were handed over to second round of iter- 157 

ations in which the contents of the derived use cases have been once again discussed by 158 

all project’s partners. The main goals of this phase are ensuring that the problems reported 159 

by the pilot cities are addressed, increase the innovativeness of the nuMIDAS toolkit, and 160 

ensure that trends and challenges identified for the urban mobility ecosystem are properly 161 

covered. This iteration also includes a preliminary assessment of the technical feasibility 162 

of the derived use cases, as well as the enrichment of the use cases description with critical 163 

parameters to be addressed by the nuMIDAS tool that have been identified in the context 164 

of Shchuryk et al. [14].   165 

Once this process was completed, six use cases with their corresponding pilot cities 166 

were identified: 167 

• Use case 1: Pre-planning of shared mobility services 168 

• Use case 2: Operative areas analysis shared mobility 169 

• Use case 3: Air quality analysis and forecasting 170 

• Use case 4: Planning for parking 171 

• Use case 5: Inflows and outflows in metropolitan area 172 

• Use case 6: Assessment of traffic management scenarios.  173 

 174 

In the following lines Use Case 1 and Use Case 2 are described:  175 

• Use case 1: Pre-planning of shared mobility services. The emergence of new 176 

mobility modes, such as shared electric scooters (e-scooters) and either docked or dockless 177 

bicycles, grouped under the umbrella of micromobility, provide opportunities for allevi- 178 

ating several issues of cities, including congestion and adverse environmental impacts of 179 

mobility [15]. Mobility services enabled by these modes provide an appealing alternative 180 

to conventional public and private transport services but also to private cars. They are 181 

operated by a wide range of service providers around the globe, thus forming a new type 182 

of international industry. The operation of shared mobility services is typically regulated 183 

and monitored by the public sector, including local governments and municipalities, 184 

through service tenders. In this respect, a crucial question that comes into play concerns 185 

the specification of these tenders to enable the provision of services beneficial for the end- 186 

users as well as viable in the long run. Consequently, the local departments tasked with 187 

issuing these tenders shall factor in both the needs and attitudes of citizens as well as other 188 

parameters regulating the operational efficiency and financial viability of these services. 189 

A crucial parameter that affects both the level of service and the operational efficiency is 190 

the fleet size of such services. Indeed, a lower than needed fleet size will conclude to a 191 

poor level of service and negative impact on the level demand for shared mobility ser- 192 

vices. On the other hand, a higher than needed fleet size will provide an increased level 193 

of service but will dramatically decrease the operational efficiency from the service oper- 194 

ator’s perspective, thus impacting negatively on the operators earning and hampering the 195 

financial viability of provided services. Therefore, the use case 1 of the nuMIDAS toolkit 196 

revolves around the development of a high-level decision support system tool supporting 197 

the identification of the optimal fleet size of shared mobility services taking as input soci- 198 

oeconomic, mobility, financial, and service provision-related parameters and constraints. 199 

Such a tool should ideally account for demand fluctuation caused by unexpected events, 200 

such as the COVID-19 pandemics, seasonal fluctuations, which caused either an increase 201 

or decrease in the level of demand for certain transport modes [16]. It is expected that this 202 

tool will enable a preliminary planning of shared mobility services to be deployed within 203 

a specific area and the issuing of tenders including rational terms and conditions. This use 204 

case has been conceptualised in cooperation with representatives from the city of Milan. 205 

Specifically, the city is interested in improving the process of issuing tenders for shared 206 

mobility services, given that they provide a fixed number for the required fleet, which 207 
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creates complexity in the sense that the market can fluctuate, and demand can change 208 

over the time of operation. In addition, it is a concern of the city to ensure a sufficient level 209 

of service at an accessible price not only within the inner city of Milan but across the whole 210 

metropolitan area. This use case is also relevant for the city of Leuven, which is interested 211 

in improving the planning processes of shared mobility services. On top of that, policy 212 

instruments analysed in the context of Pribyl et al. [13], such as low emission zones, rely 213 

to a great extent on the availability of shared mobility services providing beneficial ser- 214 

vices to citizens within inner cities. Furthermore, one of the main challenges to be ad- 215 

dressed by the rental and micromobility services analysed in the context of Pribyl and al. 216 

[13] is the optimization of the operable fleet to meet successfully existing demand. More- 217 

over, as suggested by Shaheen and Cohen [17] and Nikitas [18] there is a need to define 218 

proper fleet management policies, in the sense of rebalancing fleet to achieve a proper 219 

density and service equity. In this respect, both the optimization of the operable fleet and 220 

the enforcement of fleet management will prove ineffective if the size of the fleet is a priori 221 

not adequate. Apart from operational concerns and as noted in Pribyl et. al [13], an exces- 222 

sive fleet size may lead to an excessive use of public space triggering the need for legisla- 223 

tive regulation. The identification of the required fleet to be included in public tenders for 224 

car-sharing operators is also identified as a gap in Pribyl et al. [13]. Similarly, the obliga- 225 

tion of the cities to set a minimum level of service or maximum fleet size constitutes a 226 

challenge of mobility management and their main responsibility while orchestrating the 227 

scenery of provided micromobility services. Finally, based on the results of the survey 228 

executed in the context of Pribyl et al. [13] targeting key stakeholders and experts of urban 229 

mobility and the identification of the most important challenges, it is derived that (envi- 230 

ronmental) sustainability constitutes a core challenge. The vision for sustainability can be 231 

achieved through the usage of policy instruments promoting the usage of transport modes 232 

relying on alternative fuels. Given that compatible technologies are heavily utilised by 233 

shared mobility operators, the provision of effective and viable relevant mobility services 234 

can use as an additional policy instrument.  235 

• Use case 2: Operative areas analysis shared mobility. The vision of achieving 236 

sustainable mobility within European metropolitan areas has led to the wide recognition 237 

of the need to operate in these areas new environmentally friendly modes of transport and 238 

promote the usage of public transport services [19]. However, metropolitan areas in Eu- 239 

rope and beyond are sprawled across large geographic areas, including both densely and 240 

less densely populated sub-areas. While the demand for public transport and shared mo- 241 

bility services in densely populated subareas is typically high, thus facilitating the cost- 242 

efficient deployment of a wide range of relevant services, this is not the case for less 243 

densely populated sub-areas. This fact often results in the existence within the same met- 244 

ropolitan area of overserved and underserved sub-areas in terms of offered mobility ser- 245 

vices, questioning the principles of equitable transport systems [20]. Thus, a critical con- 246 

cern of cities and transport planning authorities is to identify which mobility service op- 247 

erators will be active in which sub-area and to what extent in order to cover not only the 248 

city centre but also the peripheric areas of the city. The use case 2 of the nuMIDAS toolkit 249 

aims to support this need focusing on shared mobility services though the development 250 

of a decision support system tool that will distribute existing supply, in the form of oper- 251 

ative fleet size into specific high or low demand sub-areas of a wider metropolitan area. 252 

Such a distribution will seek to maximise the level of service within each sub-area, mini- 253 

mise the economic losses of service operators, and ensure equity among sub-areas in terms 254 

of level of service and among operators in terms of treatment (i.e. services operators 255 

should be treated equally). This use case has been conceptualised in cooperation with rep- 256 

resentatives from the city of Milan. Specifically, these representatives have expressed the 257 

ascertainment of the city that there are more and less attractive areas in terms of the eco- 258 

nomic profit for operators but at the same time there is the need to define service areas 259 

that include peripherical zones of Milan. In this respect, the city needs a model for calcu- 260 

lating the operative areas in which operators reach most of the Milan metropolitan region 261 
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without incurring economic losses in low demand areas. Through this use case, an im- 262 

portant challenge mentioned in the analysis of MaaS (Mobility as a Service) service in the 263 

context of Pribyl et al. [13] will be examined and addressed. This challenge is the manage- 264 

ment of competition between service operators by supporting the equal distribution to 265 

them of attractive service areas. Moreover, this use case can be viewed as an extension of 266 

the use case 1, in the sense that a proper spatial planning of mobility services provision 267 

will promote both the level of service provided to the end users and the financial viability 268 

of services. The latter is attributed to the facilitation of fleet management policies dis- 269 

cussed in Pribyl et al. [13]. Finally, the implementation of this use case in metropolitan 270 

areas is expected to lead to an improvement of important new (social-related) KPIs that 271 

have been identified in the context of Pribyl et al. [13], including accessibility to all, equity 272 

in mobility offer, inclusiveness, and decrease of the modal share of private vehicles (cars). 273 

 274 

Although they are not the subject of this paper, the other use cases identified by the 275 

project are being briefly described in the following lines: 276 

• Use case 3: Air quality analysis and forecasting. The rapid rate of growth of 277 

vehicles rises the need of understanding the environmental impacts that caused by the 278 

massive usage of private vehicles within urban areas. In most cases, this is reflected by the 279 

road congestion and more specifically by the excessive vehicles’ starts and stops induced 280 

mainly at signalised intersections. On the other hand, promoted concepts, including sus- 281 

tainability, liveability, and quality of life, indicate that there is a clear need to reduce ve- 282 

hicle emissions within urban centres, thus alleviating adverse environmental impacts of 283 

traffic [21]. To address this environmental issue with regards to air quality, the third tool 284 

to be integrated into the nuMIDAS toolkit is responsible for supporting the execution of 285 

relevant data analyses based on multi-source data. This is expected to support policy mak- 286 

ers towards better planning and assessing enforced policy instruments, such as Low Emis- 287 

sion Zones and Urban Vehicle Access Restrictions. 288 

A critical consideration to be made is that the involved parameters are to certain ex- 289 

tent interrelated. For instance, weather conditions may affect both traffic intensity and air 290 

quality, while air quality are affected by traffic intensity and weather conditions. This 291 

translates to the need for developing two models. The first one will provide an improved 292 

forecasting of traffic intensity based on traffic-related historical data, (planned) event-re- 293 

lated data, and meteorological forecasts for the upcoming days. The second one will pro- 294 

vide a forecast of air quality based on traffic-related data and meteorological forecasts. In 295 

this respect, traffic-related information to be provided as an input to the second model 296 

will be the output of the first model.  297 

• Use case 4: Planning for parking. Due to the increase of the number of private 298 

vehicles within urban areas there is a shortage in the supply of parking facilities [22]. Such 299 

a situation is further exacerbated by vehicles circulating in search of a parking lot. In this 300 

respect and considering that parking is an important traffic generator, an effective meas- 301 

ure for alleviating the above issues and reducing private vehicle attractiveness within met- 302 

ropolitan areas is the reduction of on-street parking space. The scope of the current tool 303 

of the nuMIDAS toolkit is to support the impact assessment of on-street parking re- 304 

striction policies. In the current version, these impacts include the parking pressure relo- 305 

cated from the area in which a parking restriction policy has been enforced to adjacent 306 

areas and increases in parking searching time. The operational logic of this tool relies on 307 

the discretization of a road network using a grid comprised of cells of appropriate size 308 

and the use of parameters, such as the demand for parking and parking capacity (number 309 

of parking places) corresponding to each cell. By that means, the tool will enable the sim- 310 

ulation of enforcing a parking restriction policy in one or more grid cells and the assess- 311 

ment of its impacts on the remaining cells. 312 

• Use case 5: Inflows and outflows in metropolitan area. The estimation of the 313 

origins and destinations of vehicle trips is of particular use for large metropolitan areas 314 

given that they inform transport planning authorities on the extent to which prevailing 315 
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traffic conditions are a product of internal, inbound, outbound, or through-going vehicle 316 

trips. The scope of the fifth tool to be integrated into the nuMIDAS toolkit is the estimation 317 

of in- and out-flows of a specific zone of a metropolitan area (e.g., low emission zone), i.e., 318 

from its boundaries to the remaining districts. These estimations will be based on data 319 

generated by Automated Number Plate Recognition (ANPR) systems coupled with cen- 320 

sus data (vehicle registration). The main objective of the tool will be to improve mobility 321 

planning processes and acquire a better knowledge about users and mobility patterns. A 322 

valuable aid towards this direction would be the definition of an Origin-Destination (OD) 323 

Metropolitan matrix using as data input the detections of the available ANPR systems. By 324 

that means, a city will be able to better understand the effectiveness of policy instruments 325 

of Low Emission Zones (and any necessary adjustments) but also to plan public transport 326 

services, including, among others, park and ride facilities and services. The algorithmic 327 

framework of the current tool is presented to its full extent. However, for data availability 328 

completeness issues its application takes places upon sample data stemming from the pi- 329 

lot city of Thessaloniki. Its full application will be based on the data stemming from the 330 

pilot city of Barcelona, wherein ANPR systems are installed and operated.  331 

• Use case 6: Assessment of traffic management scenarios. Last decades, the ris- 332 

ing traffic congestion is a common situation in all large cities induced by the large number 333 

of vehicles circulating in the roads [23]. Hence, vehicle emissions are provoked in a high 334 

rate and therefore the ambient air quality is even more degraded. Apart from the adverse 335 

effect on the environment, there are also other traffic related impacts, such as the increase 336 

of travel delays and vehicular queueing. The most direct approach to reduce traffic con- 337 

gestion is the implementation of different traffic management scenarios enabled by intel- 338 

ligent transport systems and capable of improving the road conditions. The scope of the 339 

sixth tool to be integrated into the nuMIDAS toolkit involves the data-driven assessment 340 

of traffic management scenarios, including both conventional traffic management 341 

measures (e.g., traffic lights control or provision of information through Variable Message 342 

Signs) as well as novel and advanced technologies, such as C-ITS (cooperative intelligent 343 

transport systems) enabled dynamic traffic management (e.g., personalised provision of 344 

dynamic warnings, information, and guidance to drivers of connected vehicles). The in- 345 

formation utilized by traffic managers may be divided into (a) incident-related, (b) 346 

weather-related, (c) speed-related, (d) field device-related, (e) work zone-related, and (f) 347 

event-related. Moreover, there are several approaches of varying sophistication for imple- 348 

menting traffic management [24]. The first and less complex approach is the static man- 349 

agement of traffic according to which specific traffic management plans are drafted for 350 

each day type and time of day. Such an approach may provide satisfactory results only 351 

on the premise of limited variability of critical demand- and supply-side parameters. The 352 

second approach is the responsive management of traffic according to which specific strat- 353 

egies or measures are applied as a means of addressing observed traffic conditions. The 354 

third and most complex approach is the proactive management of traffic based on which 355 

the applied traffic management strategies or measures are called to respond to predicted 356 

demand- and supply-side changes or even delay and eliminate breakdowns. Both the last 357 

two approaches can be classified as dynamic traffic management approaches with their 358 

main difference being that in the former applied strategies or measures may have been 359 

tested in several circumstances, while in the latter the strategies and measures are by na- 360 

ture more experimental.  361 

For each of these use cases, specific tools were co-designed in the Python program- 362 

ming language. In detail, the co-design process involved constant iteration between all 363 

project partners, as each version of the tools was discussed at length to identify the re- 364 

quirements to be implemented, coded to address the challenges of each pilot city and fi- 365 

nally calibrated and validated. 366 

3. Results 367 
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In this section, the Use Case 2 related to the city of Milan is described in more detail. 368 

In particular, the inputs necessary for the tool and the outputs are listed and described. 369 

3.1 Use Case 2: Operative areas analysis shared mobility 370 

UC2 deals with the allocation of existing shared mobility services’ supply (i.e. oper- 371 

able fleets) to specific sub-areas of a metropolitan area. Its goal is to minimise economic 372 

losses of service providers while at the same time guaranteeing a satisfactory level of ser- 373 

vice to the users. The request arises from the observation that in Milan some areas are 374 

more profitable than others, even if there is the necessity to delimit service areas that in- 375 

clude, not only the city centre, but also its peripheral zones. For this purpose, the tool 376 

calculates the operational areas in which operators can implement their services in a large 377 

part of the Milan metropolitan area, without losing much of their profit in low-demand 378 

areas. 379 

The tool receives as input the value of the fleet size that should optimally be operated 380 

in each sub-area from the tool associated with the use case 1.  Subsequently, the tool is 381 

capable of approximating the profitability of service operators during a day for a given 382 

allocation of their capacity into specific sub-areas. The suggested value of the operable 383 

fleet per service operator and transport mode seeks to optimise the level of service and 384 

the profitability of provided services in each area in a manner similar with the tools asso- 385 

ciated with use case 1. Taking into consideration that the land uses in European metro- 386 

politan are organized in such a manner so that a city centre exists in each city (and typi- 387 

cally city centres constitute attractive areas), service operators may have to overlap within 388 

this area. 389 

Being able to assess the operative area where the sharing mobility modes operate 390 

geographically in the City of Milan will give the public administration more accurate in- 391 

formation to structure more comprehensive tenders. This tool will permit to find a good 392 

balance between increasing the geographic coverage of the sharing mobility service and 393 

the economic viability for operators. In terms of inputs, the following data have to be en- 394 

tered: 395 

 396 

• Selection of the type of mode to be analysed (bike, moped, kick-scooter, or car- 397 

sharing): it is the mode of transport utilised in the simulations.  398 

• Operating costs per vehicle per minute (in Euros): are the expenses which are 399 

related to the maintenance of the car (parking costs, insurance, car maintenance costs).  400 

• Expected revenues per minute of rent (in Euros): these are the earnings that the 401 

operator of the service obtains and derives from the payment by the user of the rental 402 

rates.  403 

• Average trip duration (in minutes): it is the average of the vehicle usage time 404 

of a certain mode of transport. 405 

• Weighting factors assigned to service operator’s and society’s perspectives: the 406 

weights are the coefficients that measure the relative importance end-users and operators. 407 

The sum of the two weights always equals 1. 408 

After entering the input data, the user has the option to include the entire existing 409 

operational area in the calculation of new operational area alternatives, or to remove some 410 

of the areas already served or to add others.   411 

  412 

Operationally, the algorithm, performs a clustering by trips per areas and creates all 413 

possible combinations between the areas to be evaluated and the areas that are currently 414 

served. For each cell, it applies a simplified model of the use case 1 algorithm in order to 415 

identify which fleet is optimal and which costs and profits for the service operator are 416 

technically and economically feasible. At the end of the computation, the tool returns as 417 

output a csv file containing: 418 

  419 

• the first column shows the ids of possible alternatives 420 
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• the second column shows the costs incurred by the service operator to the rel- 421 

evant operational area configuration   422 

• the third column is the total accessibility calculated according to Hansen’s Ac- 423 

cessibility Model 424 

• the fourth column represents the percentage of the population, compared to 425 

the total population, which has access to the sharing service  426 

• the fifth column reports the service operator's profits at the relative configura- 427 

tion of the operational area  428 

• the sixth column lists the number of areas constituting a defined operational 429 

area.   430 

 431 

To show how the tool calculates possible alternatives, a test simulation was conducted, 432 

using the following input parameters: 433 

 434 

• Type Mode: Bike sharing 435 

• Operating costs p/vehicle p/minute (in euro's): 0,1 436 

• Expected revenue per minute of rent (in euro's): 0,5 437 

• Average trip duration (in minutes): 12 438 

• Weighting factor society: 0,5 439 

• Weighting factor service operator: 0,5 440 

    441 

        Moreover, six additional zones have been added to the zones already currently 442 

served   for calculation purposes.  443 

At the end of the simulation, the nuMIDAS dashboard returned 10 different alternatives. 444 

Each alternative, has associated, some previously described KPIs. Specifically, the cost in- 445 

curred by the service operator, the profits earned by the service operator, accessibility and 446 

the percentage of the population, out of the total population of the municipality, that is 447 

covered by the service were chosen.  448 

As shown in figure 1, in particular, the first alternative is alternative 0, i.e. no areas were 449 

added to the areas currently served. In this configuration, the percentage of the population 450 

covered is 92%. 451 

 452 

 453 
Fig.1 Alternative 1 map 454 

 455 

Whereas, figure 2 shows the alternative in which all areas that can be added, and in 456 

which there is a balance between service coverage and profit for the operator, have been 457 

added. 458 
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 459 
Fig.2 Alternative 10 map 460 

 461 

In the last alternative, there is an increase in the population covered, which specifically 462 

reaches a value of 93.5%.  463 

 464 

The feature of having several alternatives for each scenario created allows the deci- 465 

sion maker not to have a single 'best solution' but a set of solutions that can be compared 466 

with each other or evaluated separately. In this way, the co-designed tool supports the 467 

user to make a decision or decisions that are adaptable and suitable to the social and eco- 468 

nomic context of the city.   469 

4. Discussion 470 

The tool models and reproduces the processes that are at the basis of the definition 471 

of the operating area for mobility sharing services, even though some parameters within 472 

the algorithm still need further calibration. However, a first limitation can be found in the 473 

results concerning the service operator's profit as it was often found to be overestimated 474 

during the simulations for the calibration and validation of the model. This problem is 475 

apparently caused by the use of a low value for operating costs which are not publicly 476 

available and were therefore estimated by consulting various experts in the field. In fact, 477 

even if the operating cost is a value that is not publicly available and the costs for the 478 

operation of the cars can only be estimated, a high value of profits (e.g. higher than EUR 479 

4/5,000 per day) seems unlikely. A further upgrade that can be made to the tool in the 480 

future, is to look not only at one operator and one transport mode, but to analyse the 481 

sharing mobility system as a whole. In particular, future developments may concern tak- 482 

ing into consideration several operators offering the same service in the same area, or per- 483 

haps taking into account that on the same area two modes of transport, such as free-float- 484 

ing bikes and scooters may compete with each other. Finally, with a view to future devel- 485 

opment, the tool could also be used without including the areas already currently served 486 

and start from a blank space in order to suggest new areas of operation, where there is a 487 

balance between operator profits and increased accessibility of services by users, which in 488 

some cases could be even smaller than the current ones.   489 

5. Conclusions 490 

In general, “Operative areas analysis shared mobility” tools described in UC2 in this 491 

paper, is intended as a decision support tool and therefore it doesn’t provide the user with 492 

the “best solution”, instead allows the policy makers in exploring different hypothetical 493 

scenarios, evaluate their effects and compare different alternatives, to get to a better-in- 494 

formed decision making. In fact, they are certainly important for public decision-makers 495 

on the topic of shared mobility as they allow decision-makers to know in advance the 496 

effects of decisions that might be made on the shared mobility system. Moreover, this 497 
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algorithm was co-designed with the aim of being used over time by decision makers who 498 

in this way can explore different scenarios and different solutions of the sharing mobility 499 

set-up. Furthermore, thanks to the continuous iteration between developers and repre- 500 

sentatives of the city of Milan, the tool was tailored on the case study even though, having 501 

used a transferability by design approach, its methodology can be easily adapted to other 502 

realities sharing the same problem in the Italian city. In conclusion, all the tools of the 503 

nuMIDAS project were not only conceived as products to be used, but from the outset, 504 

they aimed to build a methodology that could contribute to the dissemination of a more 505 

data-driven perspective in mobility and transport planning. 506 
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