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ABSTRACT
Due to novel challenges in large cities’ traffic landscape the de-

cision makers face more and more complex situations that are

hard to understand while changes to these compound systems of

road infrastructure, drivers and other actors can cause hard to

predict undesired effects. As part of the H2020 Urbanite project

a mobility policy support system is in development. One of the

important aspects of this system is an appropriate traffic simula-

tion system that enables non-invasive and cheap evaluation of

proposed policies. Simulation results will be further analysed us-

ing advanced AI methods that will allow detection of unexpected

events and identification of proposed solutions’ negative aspects.

We evaluated different traffic simulation software packages in

the context of supporting mobility policy development. While

included simulation software packages mostly provide similar

feature sets and capabilities they differ in technology and main-

tenance status which has implications on the ease of integration

and general usability for the project.
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POVZETEK
Nosilci prometnih odločitev v velikih mestih se soočajo z novimi

oblikami izzivov, ki izhajajo iz velike kompleksnosti modernih

prometnih sistemov, sestavljenih iz prometne infrastrukture, voz-

nikov in drugih akterjev. Vnašanje sprememb v takšne sistemem

lahko vodi povzroči nepredvidljive stranske učinke. Da se bodo

lahko odločevalci informirano spopadali z novimi metodami mo-

bilnosti se v okviru projekta H2020 Urbanite razvija sistem za

podporo mobilnostne politike. Med glavne komponente sistema

sodi podsistem za simulacijo prometa, ki omogoča neinvazivno

in poceni evalvacijo predlaganih politik. Rezultati simulacij bodo

lahko s pomočjo sistema Urbanite nadalnje analizirani s pomo-

čjo metod umetne inteligence, ki bodo omogočile zaznavanje
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nepričakovanih dogodkov in identifikacije negativnih aspektov

predlaganih rešitev. Ocenili smo več različnih paketov program-

ske opreme za simulcaijo prometa v kontekstu podpore razvoja

mobilnostne politike. Ocenjene rešitve imajo podobne funkcional-

nosti, potrebovane v okviru projekta H2020 Urbanite, razlikujejo

pa se predvsem v tehnologijah implementacije in statusu vzdrže-

vanja, kar ima velik vpliv na uporabnost paketa znotraj projekta.

KLJUČNE BESEDE
promet, simulacija, politika mobilnosti, prometni model, umetna

inteligenca

1 INTRODUCTION
European cities are facing new challenges in the form of novel

and innovative mobility solutions. On one hand disruptive start-

ups are providing mobility on demand using different car sharing

models while citizens are also starting to use micro-mobility de-

vices, such as e-scooters and similar devices. These innovations

have unforeseen consequences such as e-scooters causing traffic

accidents in pedestrian zones, disruptions in the traditional public

transport industry that have trouble competing with new busi-

ness models and electric charging points exacerbating existing

problems like the growing demand for public car spaces.

In order to analyse and understand the complex systems of

city traffic a novel AI-aided software ecosystem URBANITE is be-

ing developed as part of the Horizon2020 European research pro-

gramme. The URBANITE project is focused in developing a smart

city system that will help decision makers in cities handle these

new challenges. The project will provide a data management

platform supporting the whole data harvesting process includ-

ing collection, aggregation and provisioning the data, a decision

support system including AI based predictive algorithms and

simulation models and a social policy lab build upon co-creation

session and the empirical analysis of trust, impact, benefits and

risks of all stakeholders in the project.

This mobility policy support system will support the decision

makers throughout the process of policy design and implemen-

tation. The core system includes a data harvesting and curation

module, an intelligent algorithmic package and an advanced vi-

sualization module. The traffic simulation tool is one of the main

components of such an ecosystem, providing information on
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the expected results of policy and the possibility of discovering

unforeseen consequences of policy changes.

The results of traffic simulations will be further analysed us-

ing AI methods for problematic and unexpected traffic events.

The traffic data will be linked to other relevant data such as

weather condition, street noise levels and air pollution levels. Us-

ing linked data the traffic simulation will also be informed about

demographic statistical data, such as percentage of household

owning cars, general income and education levels etc. Thus the

system will be able to take into account commuters preferences

using the Belief-Desire-Intention cognitive architecture [6].

2 TRAFFIC SIMULATION
As a tool for municipality decisionmakers the ecosystem needs to

provide accurate and easy to understand information on demand.

Since implementing changes to traffic policy is very expensive

and takes a lot of time, simulating traffic is a better option. Thus

the users can analyse outcomes from traffic policy changes includ-

ing changes to public transport, car parking and even changes to

the infrastructure itself. Traffic simulations are in the realm of

operational research, which deals with utilizing the use of avail-

able resources in an optimal way while reducing the negative

co-products and outcomes.

We can categorise traffic simulations based on the level of

detail simulation provides:

• Macroscopic traffic simulation does not simulate indi-

vidual cars but instead treats traffic flow like a fluid or a

gas [3], moving through a network of pipes. This allows

for good estimations of general road network capacity and

helps identify bottle-necks that cause traffic jams.

Since the traffic flows are usually generic, therefore not

split by mode of transport (driving a car, taking the bus,

freight trucks etc.) macro simulators often cannot provide

detailed analysis of generated pollution, noise or strain on

the road surface. The LWR (Lighthill-Whitham-Richards)

models common in macroscopic traffic simulators have

trouble simulating shock wave traffic jams and phantom

traffic jams, which can be problematic when simulating

longer road segments or motorways [9].

• Mesoscopic traffic simulation deals with traffic flows

but takes individual vehicles into account in certain cases,

most commonly at junctions (nodes in the network). This

technique is a compromise between amount and accuracy

of the data generated and the amount of computing power

and time needed to produce results [1].

• Microscopic traffic simulation simulated individual cars

as they move through the network. The results can be anal-

ysed per individual rather than only the general traffic

flow and different types of vehicles can be simulated. Dif-

ferent types of vehicles can also have different properties,

therefore we can accurately predict vehicular noise and

generated pollution (e.g. heavy freight traffic produces

more noise and pollution than car traffic). Different types

of vehicles can also be simulated using different models

or with different parameters, such as acceleration and

braking [4].

Microscopic traffic simulations are usually implemented

using agent-based modelling, where each person in a city

is represented as an individual agent. Each agent plans

their trips according to their own scoring function, op-

timizing their own plan locally. Usually, agents re-plan

their trips multiple times before an equilibrium is reached

where all agents are somewhat satisfied, but global opti-

mum is not reached. This is more realistic than globally

optimized plans as humans planning their trips have lim-

ited knowledge of the traffic system state.

• Submicroscopic traffic simulation simulates vehicles

using physical models, including steering, power train,

braking and suspension of the vehicle. These are extremely

computationally demanding and not commonly used in

traffic related operational research. Submicroscopic traffic

models have been shown to simulate lateral movement

(lane switching, trajectory negotiation) with high accuracy

[5].

For the purposes of the project a microscopic simulation is

needed for tasks such as predicting noise and pollution levels and

parking spaces demand. For preliminary quick results a macro-

scopic traffic

Depending on how the simulators treat time and space, we

can further categorize them into

• time and space continuous models: traffic flow mod-

els (equation models, usually using Ordinary Differential

Equations or Partial Differential Equations), pedestrian

movement (integration over path) etc.

• time and space discrete models: cellular automata traf-

fic models (e.g. rule 184 - not commonly used anymore)

and numeric models with limited precision (PDE based

models, ODE based models, some Monte Carlo methods).

Other combinations of time and space discrete and continuous

including discrete/continuous state can be identified.

3 SIMULATION SOFTWARE PACKAGES
Simulator is a software package used to test, replicate and predict

real world traffic situations. They require a lot of processing

power to be as accurate as possible. Processing power needed is

largest for running microscopic simulations. Commonly multi

agent based they require to locally optimize plans for each agent.

To run a minimal traffic simulation we need a representation

of the city road network and a representation of the population

that includes data informing agent’s planning decision
1
. Most

traffic simulation software also allows other inputs:

• public transit lines and schedules,

• locations and capacities of parking places and public park-

ing houses

• details about existing vehicles (e.g. a segmentation of ve-

hicles based on European emission standards),

• bicycle lanes included in the road network,

• number of available taxi cabs,

• locations of electric charging stations etc.

3.1 Evaluated software packages
We have evaluated the following packages:

• SUMO (Simulating Urban MObility [4]

• MATSim (Multi-Agent based Traffic Simulation [10],

• PTV Vissim [2] [7] and PTV Visum [8],

1
To inform planning and routing choices of an agent one can take into account

their financial status, largest allowed lateness of arrival, whether or not they own a

car etc.
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Figure 1: Part of a traffic simulation of Bilbao, made with MATSim. Triangles represent a sampled subset of the vehicles
in the network, where cyan-colored vehicles are moving at high speed and pink-colored vehicles are stationary - either
waiting at traffic lights or stuck in traffic.

3.2 Reasons for simulating traffic
Implementation of a new mobility policy is a long and expensive

process. Solving the problem of a single congested road may

results in other problems that can hardly be predicted without

some computational help. Traffic simulations allow the traffic

engineers to see the impact of changes without testing them

out in real world, which would take a lot of time and is very

expensive. Some changes to the road network may also need

invasive actions such as relocating citizens. There needs to be

strong evidence that the results will have positive impact before

implementing such changes.

Traffic simulations also allow cities to gain more insight into

the city traffic patterns by identifying common trip patterns,

providing data about pollution and noise levels in residential

areas or identifying the areas where certain problem arise, such

as low parking space capacities.

Some of the use cases identified in the project are:

• traffic pattern recognition,

• analysis of mobility modality - comparing travel by car,

bike, public transport or by foot,

• analysis of public transport - line usage, congested lines,

• identification of districts affected by noise and air pollu-

tion,

• analysis of traffic accidents - most affected junctions or

roads etc,

• analysis of universal access to facilities,

• identification of bicycle traffic patterns and bicycle traffic

jams,

• comparison of expected traffic trends with actual traffic

trends and

• analysis of capacities and demand for parking places.

Through the use of advanced simulators one can simulate

different aspects of traffic. All simulators considered for the

project include multi-modal approach supporting at least car,

public transport, bike and walk modes. Multi-modality support-

ing changing mode of transport during one trip is vital for our

goal of simulating the complex interactions between different

parts of the traffic system. Support for multi-modality in traffic

simulation packages is quite widespread, but most do not have

a great variety of transport mode options. While using a car or

other similar transport modes such as taxi cabs or car sharing are

almost ubiquitously supported others are missing - even public

transport support is lacking in some of them. The biggest obstacle

is simulation of bicycle traffic.

3.3 Evaluation results
3.3.1 PTV Visum and PTV Vissim. PTV Group is a major com-

pany in the field of traffic management and both products are

the industry standards for macroscopic traffic simulation and

microscopic traffic simulation, respectively. While not useful for

the project due to copyright restrictions and proprietary source

code we have included them in order to compare with other open

source tools.

PTV Visum is a macroscopic traffic simulation tool that sup-

port multi-modal transport and transit. It’s primary purpose is

analysis of large, regional road networks it can also be used on

the level of a city.

PTV Vissim is a microscopic traffic simulation tool that sup-

ports multi-modal transport and many other advanced use cases

such as indoor pedestrian traffic simulations and quasi-realistic

3D visualization. While Vissim can interact with GIS data sources

it does not support importing open data sources and is primar-

ily used to simulate small road subnetworks such as complex

junctions that are usually designed using the inbuilt network

manager.

These tools are not extensible by third parties and while they

provide beautiful user interfaces therefore not usable for the

projects.

3.3.2 SUMO. SUMO is an open source, microscopic and space

and time continuous traffic simulation software package. It sup-

ports multi-agent based multi-modal simulations. SUMO is a

relatively old and mature software package that supports most

of the identified use cases. It has been used in many real-world

cases with good success. SUMO package contains all the tools

needed to prepare a network, run a simulation and analyze the

results.
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It is a complete package containing a full set of GUI tools

which can prepare the network, model traffic demand, run the

simulation and visualize the results. The GUI simulator applica-

tion allows even inexperienced users to set up simple simulations.

However the true power of the package is unveiled when work-

ing with the command-line interface (CLI). There are a lot of

utilities and tools included to manipulate the configuration of

the scenario and to set up the network.

However due to its monolithic nature (excluding CLI tools

that are mostly implemented as python scripts) it is not easily

extensible and adaptable to the project’s specific needs. Some of

the problems we have encountered are out of date documentation,

the simulation crashing due to lack of memory available
2
, lack

of informative error reports that slow down the workflow and

lack of support for simulating bicycle traffic
3
.

3.3.3 MATSim. MATSim is a java based framework which pro-

vides the user with multitude of tools which are used to run

agent-based large-scale simulations. MATSim’s strengths lie in

its adaptability and malleability for user preferences. MATSim

includes tools which can be used to set up different simulations

and analyze the results. It does however not include a visualizer,

a third party visualizer was used to generate video, a frame from

which is seen in figure 1. MATSim is the most demanding to work

with in comparison with the other simulators discussed in this

section.

Unlike other simulators MATSim is primarily run from com-

mand line and needs programming knowledge to operate beyond

most basic simulations. A simple GUI application is available but

it only supports most basic simulations, advanced simulations

have to be developed by implementing a custom Java simulation

controller class or extending the default GUI applications class.

Unlike other simulators where the agent is a person which

boards and operates vehicles in MATSim the basic unit is a car.

This means that while its motorized aspects of simulation are

superb, simulating pedestrians and cyclists in larger volumes

is less accurate. Simulating pedestrian and bicycle traffic is a

need for the project and this presents a problem, but due to the

extensibility of the framework we believe we can overcome it.

4 DISCUSSION
A microscopic traffic simulation software package is needed in

the project URBANITE in order to inform AI based methods

for predicting traffic trends, identifying traffic patterns and un-

derstand the complex interactions between elements of the city

traffic system. We have evaluated multiple available open source

and closed source software packages in the terms of how well

they cover identified use cases and the complexity of integration

into a larger mobility policy support system.

We have discovered that except for the user experience, indus-

try standard traffic simulation software is on par current state

of the art research projects. Due to ease of integration and ex-

tensibility of the framework the best choice for the project is

MATSim even as it has missing functionality (only most basic

visualizations are included and simulating bicycle traffic is hardly

supported).

2
The memory problems were solved by compiling for 64 bit systems and running

on a machine with more than 8GB of main memory.

3
Bicycle traffic can be simulated, however bicycles can either behave like slow cars

and drive on the roads or like fast pedestrians and drive on sidewalks. Collision

between bicycles is hard to model and detecting bicycle traffic jams is not possible.

Finally, due to large amount of computer power needed to run

such simulations, for the project we will complement microscopic

traffic simulations with faster and less precise macroscopic traffic

simulations. Thus we will be able to run optimization algorithms

and evolutionary algorithms to discover possible solutions to

traffic problems.
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