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A B S T R A C T

Individual traffic significantly contributes to climate change and environmental degradation. Therefore,
innovation in sustainable mobility is gaining importance as it helps to reduce environmental pollution.
However, effects of new ideas in mobility are difficult to estimate in advance and strongly depend on the
individual traffic participants. The application of agent technology is particularly promising as it focuses on
modelling heterogeneous individual preferences and behaviours. In this paper, we show how agent-based
models are particularly suitable to address three pressing research topics in mobility: 1. Social dilemmas in
resource utilisation; 2. Digital connectivity; and 3. New forms of mobility. We then explain how the features of
several agent-based simulators are suitable for addressing these topics. We assess the capability of simulators
to model individual travel behaviour, discussing implemented features and identifying gaps in functionality
that we consider important.
1. Introduction

Over the last decades, transportation and personal mobility have
repeatedly faced radical changes. Driven by technological innovation
and changing societal demands, traffic and transportation have evolved
into complex systems. For example, Intelligent Transportation Systems
(ITS) use advanced information technology to improve traffic manage-
ment. Central traffic control systems are deployed to provide real-time
information on road closures, parking space availability, etc. in order
to minimise avoidable problems in traffic. In many countries, ITS are
already in use with the main objectives to increase general traffic
safety and to make more efficient use of the existing infrastructure.
Computer-based simulations can be used to plan and assess the effects
of new policies in advance, and provide decision support for transport
planners and authorities. State of the art research on traffic simulation
has shown a growing interest in the application of multi-agent models.
Multi-agent models are implementations of Decentralised Artificial Intel-
ligence (Ferber and Weiss, 1999). They are an established means for the
construction of synthetic worlds which can be used to simulate and anal-
yse interactions of complex systems (Ferber and Weiss, 1999). Zheng
et al. (2013) provide a description of common structures found in agent
platforms that are designed for the simulation of traffic. Agents are
closed computer systems that are situated in some environment, and that
are capable of autonomous action in this environment in order to meet
their designed objectives (Wooldridge, 1997). This autonomous and goal-
driven behaviour of intelligent software agents makes agent models

∗ Corresponding author at: KITE, Technische Hochschule Mittelhessen, Friedberg, 61169, Germany.
E-mail address: johannes.nguyen@mnd.thm.de (J. Nguyen).

particularly suitable for the representation of individuals in road traffic.
For example, travellers can be modelled as agents that interact and per-
ceive information about their environment through sensors, allowing
for implementation of decentralised knowledge and thus autonomous
behaviour based on situational conditions. This approach to modelling
individuals is a key distinction of multi-agent approaches from other
types of simulation models e.g. cellular automata (Clarke, 2018).

As ideas on traffic simulation date back to the 1970s (Poeck and
Zumkeller, 1976; Axhausen and Herz, 1989) a variety of computer-
based simulators has been developed. Due to the broad spectrum of
traffic simulators that have emerged over the years, interdisciplinary
end-users working on specific research questions are faced with the
issue of finding an appropriate simulation environment. Jakob and
Moler (2013) describe the phenomenon that in many cases instead
of exploiting the potential of already existing simulators, researchers
have implemented their own research specific applications. This may
be the result of not having sufficient overview on the set of available
simulators and their features which requires a considerable amount
of in-depth research. In this paper, we reflect on current research
topics in mobility and provide examples of simulators with related case
studies. The paper specifically addresses the group of researchers that
are studying individuals and their reciprocal effects on traffic to help
them get an impression of the broad range of simulators and their
capabilities to model individual travel behaviour.
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This paper is organised as follows: The next section provides an
overview of the diversity of traffic simulators and presents scope and
areas of application of simulation models included in our review. We
give examples of simulators with related case studies for each area
of application. Following this, a review of simulators with regard to
their background, system architecture and modelling capabilities is
given. The review is primarily based on publications and publicly
available discussions of expert communities. After that, we reflect on
current state of implementation for modelling of individuals and discuss
missing functionality that can help to improve research into simulation
of individuals and their behaviour. The paper ends with a discussion of
future steps that can help close these gaps.

2. Perspectives of comparison

A search performed in September 2021 across three common publi-
cation databases: Google Scholar, ACM Digital Library and IEEE Xplore;
delivered an overview of available simulators. We searched for peer-
reviewed papers by keywords (1. Traffic Simulation; 2. Agent-based
Traffic Simulation; 3. Multi-agent traffic simulation) contained in the
title, abstract, and the main body of the papers. The first 30 research
papers from each database and each keyword were included in a
backward search to identify simulators that are considered related work
by the authors of the publications. Furthermore, we also looked at
some of the previous review papers (Algers et al., 1997; Pursula, 1999;
Passos et al., 2011) as well as forum discussions1 from the research
community in order to complete the search. With regard to the selection
of papers included in this study, we only considered papers written in
English and removed duplicate and irrelevant papers. We only looked
at road traffic and excluded papers that focused on maritime or air
traffic. In the case that different papers relate to the same simulator
we used the most cited paper. Our search has produced a number of
simulators that can be categorised based on their modelling approach.
In the literature, traffic simulation models are divided into following
four levels of detail (Passos et al., 2011; Lopez et al., 2018):

1. Macroscopic simulations focus on traffic flow modelling based
on high-level mathematical models. This type of simulation can
be used for the analysis of wide-area systems in which no
detailed modelling is required, e.g. the simulation of motorway
traffic. Given the low level of detail, macroscopic simulations are
relatively fast and require less computing power.

2. Microscopic simulations focus on modelling individual entities
based on a high level of detail. Possible entities include trav-
ellers, vehicles, traffic lights, etc. This type of simulation is
often used for the analysis of urban traffic. It is possible to
analyse both macroscopic and microscopic aspects (e.g. traf-
fic lights algorithm, multimodal traffic) of the system. Conse-
quently, microscopic simulations may result in longer computing
times.

3. Mesoscopic simulations are a mixture of macroscopic and mi-
croscopic simulation models. Traffic entities are modelled at a
higher level of detail than macroscopic approaches, however,
interaction and behaviour of the individuals appear to be less
detailed.

4. Nanoscopic simulations are even more detailed than microscopic
approaches. This type of simulation is applied in the field of
autonomous driving, in which internal functions of the vehicles
such as gear shifting or vehicle vision have to be examined.

1 e.g. https://www.researchgate.net/post/What-is-the-best-agent-based-
raffic-simulation-tool - (access on 13/05/2020).
2

(

Agent models can be positioned as microscopic simulations that
can also be used for research purposes with a higher level of detail
(mesoscopic and macroscopic). The level of detail determines which
aspects of the transport system are covered. Such differences are also
reflected in the data required for modelling. The use of real-world
data should increase the realism and accuracy of simulations. However,
researchers need to be aware about the purpose of their simulation
and choose a simulation model that supports the required level of
detail for dealing with their research objectives. Going into more
detail than necessary can make a simulation model complex and also
requires more input data. If we consider macroscopic, microscopic and
nanoscopic simulations, they all have two fundamental elements within
the problem scenario that must be defined by the input data:

Demand: The demand element defines the requirement for travel
and thus the resulting traffic volume between locations. This can be
modelled using either activity- or trip-based approaches. Depending on
the selected modelling approach different input data are required. For
example, activity-based approaches use information from census and
behaviour surveys to generate daily activity schedules of individuals
and thus creates the need to travel. In contrast, trip-based approaches
make use of origin–destination (OD) matrices which require no infor-

ation on the daily schedules of individuals and thus allows for more
bstract representation of traffic. However, trip-based approaches can
lso consider different levels of detail. At a macroscopic level this
ay be modelled through distributions of vehicles moving between

arger areas, e.g. the number of vehicles per hour moving between a
roup of towns. Such information may come from traffic surveys or
ensus data (e.g. giving the number of daily commuters between two
owns). As we consider microscopic simulation, it becomes necessary to
ifferentiate between individual vehicles. Rather than moving between
wo towns, demand may be in the form of specific journeys from an
ddress to another address for a specific reason (e.g. commuting or
hopping). Within mesoscopic simulation we might simulate journeys
rom a general location to a specific address, for instance commuter
ourneys that begin from a town, but travel to a specific employers’
ddress. In order to simulate at the microscopic levels, we move from
high level OD matrix to a more detailed OD matrix, with entries

or specific addresses. As we begin to specify demand through specific
ourneys use of travel diaries and census information allows us to learn
he travel habits of individuals. Nanoscopic simulation often focus on

smaller geographical area, demand may be represented by those
ourneys that are completely within the simulation as well as those that
ither pass through the simulation or only start/end within the area.
emand is likely to be specified as individual journeys, once again best

pecified using census or travel diary data.
Infrastructure: The infrastructure element comprises a representa-

ion of the road network. At a fundamental level, the road network
omprises a graph of nodes and arcs that represent junctions and roads
espectively. The amount of detail required at the macroscopic level is
inimal possibly denoting that a route between two towns exists and its

apacity/travelling time, possibly only taking into account trunk routes.
hen using simulations for which greater levels of detail are required

e.g. microscopic and nanoscopic) it becomes necessary to include
ower capacity roads and intermediate junctions in the road graph. At
he microscopic level, the graph will need to contain information such
s lane capacities, and junction types. At this level the difference made
y features such as traffic signals, turn restrictions or lane closures
ay radically affect the outcome of the simulation. OpenStreetMap

OSM) (Haklay and Weber, 2008) can provide a detailed source of road
etwork data that can be applied at most levels of simulation.

In addition, the selection of algorithms significantly influences the
ptions and limitations of the underlying simulation models. In this
ork, a distinction is made between the following categories: fully
gent-based, featuring agent technology and not agent-based. We consider
simulator fully agent-based when key concepts of the simulation
e.g. travellers, vehicles) are fully implemented as intelligent software

https://www.researchgate.net/post/What-is-the-best-agent-based-traffic-simulation-tool
https://www.researchgate.net/post/What-is-the-best-agent-based-traffic-simulation-tool
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agents. This leverages the individual perspective in the modelling that
comes with capabilities for interaction as well as autonomous and
goal-driven behaviour. Simulators that use agent technology to extend
alternative approaches by agent capabilities for specific aspects of the
simulation are referred to as simulators that feature agent technology.
Depending on the research objective general purpose platforms such as
NetLogo (Wilensky et al., 1999) provide basic agent functionalities that
can be used implement lightweight experiments. In this paper, we focus
on simulators that are designed for simulation of large-scale scenarios
as these are most relevant to implement real-world case studies. Our
literature search has produces the following list of simulators for each
category of simulation models:

• Fully Agent-Based: MATSim (Horni et al., 2016), ITSUMO (Baz-
zan et al., 2010), MovSim (Treiber and Kesting, 2010), MAS-
CAT (Guériau et al., 2016), MATISSE (Torabi et al., 2018), PO-
LARIS (Auld et al., 2016), AgentPolis (Jakob and Moler, 2013),
OPUS (Waddell et al., 2006), MOSAIIC (Czura et al., 2015),
MARS (Weyl et al., 2018), SimMobility (Adnan et al., 2016),
SITRAS (Hidas, 1998), ArchiSim (Champion et al., 2001), SEM-
Sim (CityMOS) (Xu et al., 2012), JTSS (Tao and Huang, 2009),
Megaffic + XAXIS (Osogami et al., 2012), SD-Sim (Dumbuya
et al., 2002), SM4T (Zargayouna et al., 2014), VCTS (Chaurasia
et al., 2010), SIMTUR (Nakamiti et al., 2012), MUST (Pathania
et al., 2013), CAMiCS (Levesque et al., 2008), OpEMCSS (Clymer,
2002), DEFACTO (Schurr et al., 2005), MAGE (Banos and Char-
pentier, 2007), CityScape (Ion et al., 2015), BAE Systems (Hand-
ford et al., 2011), AITSPS (Zhou and Zhao, 2010), SeSAm (Klügl
et al., 2006), IMAGES (Yoo et al., 2009), Mobiliti (Chan et al.,
2018), CUPSS (Wang et al., 2004), KLMTS1.0 (Chen and Pang,
2008), CARLA (Dosovitskiy et al., 2017), AgentStudio (Radecký
and Gajdoš, 2008), ILUTE (Salvini and Miller, 2005), SIMU-
LACRA (Batty et al., 2013), TransWorld (Wang, 2010)

• Featuring Agent-Technology : ATSim (Chu et al., 2011), FastTrans
(Thulasidasan et al., 2009)

• Not Agent-Based: TRANSIMS (Institute, 1999), SUMO (Krajzewicz
et al., 2002), OpenTraffic (Miska et al., 2011; Tamminga et al.,
2014), CONTRAM (Taylor, 2003), PTV VISSIM/VISUM (Fellen-
dorf, 1994), GETRAM/AIMSUN (Barceló and Casas, 2005),
PARAMICS (Cameron and Duncan, 1996), MITSIM (Yang et al.,
2000), FreeSim (Miller and Horowitz, 2007), TSIS/CORSIM
(Owen et al., 2000), VATSIM (Lei et al., 2001), DRACULA (Liu,
2010), RENAISSANCE (Wang et al., 2006), SimTraffic (Sorenson
and Collins, 2000), DynaMIT (Ben-Akiva et al., 1998),
DYNASMART (Mahmassani and Peeta, 1993), MITSIMLab (Yang
and Koutsopoulos, 1996), CUBE Voyager (Bentley Systems, 2021),
PELOPS (Wallentowitz et al., 1999), TransModeler (Balakrishna
et al., 2009), Dynameq (Mahut and Florian, 2010), CORFLO (Lieu
et al., 1992), PACSIM (Cornelis and Platbrood, 2002), SIMSCRIPT
II.5. (Bernhard and Portmann, 2000), CTSP (Elci and Zambakoǧlu,
1982), CityMob (Martinez et al., 2008), VanetMobiSim (Härri
et al., 2006), FIVIS (Schulzyk et al., 2007), THOREAU (Wang
and Glassco, 1995), GENIVI (Wang et al., 2018), SLX (Hen-
riksen, 2000), SALT (Song and Min, 2018), SIM-ENG (Creagh,
1999), KAIST (Kwon et al., 2001), UMTSM (Zhang et al., 2009),
SES/MB (Chi et al., 1995), SISTM (Hardman, 1996), INTERGRA-
TION (Van Aerde et al., 1996), MATDYMO (CHOI et al., 2006),
TRANSYT (Byrne et al., 1982)

As our objective is to address modelling of individuals, there is a
primary focus on the approaches of the first and the second category.
Möller et al. (2019) have identified trending subjects in mobility for
which a considerable amount of research and investment is currently
focused. Based on these subjects, we consider three areas of application
(Social dilemmas in resource Utilisation, Digital Connectivity and New
Forms of Mobility) for which we give examples of simulators that have
3

been used to research issues related to this domain. We are aware
that areas of applications are closely connected and therefore may
be overlapping. Hence, simulators mentioned as an example do not
have to be used exclusively for the mentioned area of application, but
can be particularly helpful. The simulators are studied with regard
to three key aspects. We present general information (background,
programming language, licence, etc.) that is relevant to the selection of
simulators and give an overview of the system architecture, describing
basic functionalities of sub-components. Furthermore, we discuss im-
plemented features for modelling individuals with regard to their area
of application.

Modelling of individuals and their travel-related behaviour depends
on the simulated level of detail which is closely linked to the consid-
ered time perspective of the simulation. Long-term aspects for example
refer to decisions about workplace and residency whereas short-term
ecisions involve movements on a micro scale such as spontaneous
nteractions, lane changing, or acceleration and braking. Mid-term be-

haviour are in between and consider pre-journey planning such as
route choice or selection of travel modes. The mid-term perspective
distinguishes two types of approaches to modelling travel demand.
This can be trip-based or activity-based. In trip-based approaches travel
demand is modelled using OD-matrices (origin–destination) that can be
based on static values or probability distributions. Alternatively, trip-
based approaches can also be modelled using LSP (location-specific
probabilities) usually resulting in travellers moving in space with no
route specification. Instead, locations are assigned a pair of proba-
bilities for the number of travellers starting as well as stopping at
the location. In contrast to this, activity-based demand modelling for
example produces a set of activities (e.g. working in the office, going
to the gym, going grocery shopping) for each traveller, thus creating the
need to travel. In this case, OD-matrices are a consequence of generated
activity schedules. Considering this, we review modelling capabilities
of simulators with regard to these aspects.

3. Review

As described in the previous section, we focus our review on agent-
based approaches as our objective is to address the issue of mod-
elling individuals. We concentrate on three areas of application: 1.
Social Dilemmas in Resource Utilisation; 2. Digital Connectivity; 3. New
Forms of Mobility. Due to the number of available simulators it is not
possible to review all of them within the scope of this paper. Therefore,
for each application we will look at three examples of simulators that
have been used to model issues related to this domain.

3.1. Social dilemmas in resource utilisation

This application domain considers the issues arising from transport
infrastructure inherently being a shared resource used by many in-
dividuals, but not owned by any one of them. This means that use
of transport infrastructure by one individual often creates negative
externalities that affect other individuals, e.g. congestion and pollu-
tion (Samuelson, 1993). Better public transport and shared mobility
services are intended to relieve the traffic load on roads, while elec-
trification of vehicles is seen as a means to reduce exhaust fumes and
environmental pollution. This creates new questions as to what effects
will be achieved in the short term as well as in the long term. For
example, E-mobility inevitably leads to a change in energy consumption
that requires efficient planning of available resources. In this paper,
we will look at MATSim, POLARIS and SimMobility as examples for
agent-based simulators that have already been used to simulate issues
in this context. Other simulators that also fall into this category include:
SEMSim (CityMOS), Megaffic + XAXIS, MUST, CAMiCS, DEFACTO,
CityScape, BAE Systems, SeSAm, Mobiliti, MARS, MOSAIIC, OPUS,
ILUTE, SIMULACRA
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3.1.1. MATSim
MATSim is an agent-based software framework implemented in

Java and licenced under GPLv2 or later. The project started in 2004
at ETH Zurich and is currently being developed in collaboration with
TU Berlin and CNRS Lyon. The framework has a general focus and is de-
signed for the simulation of large-scale transportation scenarios. Hence,
a particular effort was made for efficient computational processing and
parallelisation (Dobler and Axhausen, 2011; Charypar, 2008). MATSim
has been used in particular to simulate energy demand planning in
transportation (Novosel et al., 2015).

The framework consists of five components for Initial Demand, Ex-
cution, Scoring, Replanning and Analysis (see Fig. 1) (Horni et al.,
016). Based on the modular approach, custom components can be
mplemented and integrated into MATsim in order to replace or to
pgrade provided default operations. The first component deals with
odelling and generation of an initial agent population. Agents select

nd execute plans in the execution component. The scoring component
alculates a score for every plan based on a given utility function.
his score is an indicator for accomplished agent utility. The replanning
omponent uses a co-evolutionary algorithm for optimising this utility.
n contrast to an ordinary evolutionary algorithm that searches for a
lobal optimum the co-evolutionary algorithm is applied to evolve the
et of agent plans of the travellers. The simulation cycle (execution -
coring - replanning) repeats until MATSim reaches an equilibrium and
gent scores stabilise. Finally, the output data of the simulation is being
ggregated in the analysis component.

With regard to the modelling capabilities of the application, MAT-
im can be considered a mid-term simulator as scenarios are commonly
odelled for single days (Horni et al., 2016). However, there are

ome experiments that have demonstrated the simulation of multi-day
cenarios (Horni and Axhausen, 2012). MATSim provides two options
or generating an initial population of agents which can be random or
ased on user input. Census information is used in order to model every
raveller explicitly. The application provides a number of predefined
arameters that can be configured. MATSim follows an activity-based
pproach for modelling travel demand. Survey data is used to generate
arious lists with activities that are assigned to the agents. It should be
oted that travel demand changes with every iteration of the simulation
s the simulation includes a replanning mechanism for rescheduling
f activities. Furthermore, agents possess a list of plans that contains
ifferent combinations of actions and choices. This includes choices not
nly about classical traffic properties such as routes and travel mode
ut also time scheduling. MATSim uses a discrete-choice model for
mplementing agent decisions (Horni et al., 2016). Quantitative meth-
ds are used to determine probabilistic distributions for alternative
ctions. Agents select plans based on calculated scores from the scoring
omponent. A higher score increases the probability of a plan to be
hosen (see Flötteröd and Kickhöfer (2016)). Given the level of detail
onsidered in modelling of individuals, MATSim is suitable for simulat-
ng scenarios that analyse social dilemmas in resource utilisation based
n the amount and types of traffic (activities and modal choices) that
merges in the system.
4

.1.2. POLARIS
POLARIS is an open-source agent-based software framework written

n C++. The project was first published in 2013 (see Auld et al. (2014))
nd is currently maintained at Argonne National Laboratory. The mo-
ivation behind POLARIS was to combine different traffic-related mod-
lling aspects into a single framework that otherwise require a number
f separate standalone software applications. In Auld et al. (2016), the
uthors of POLARIS argue that transportation research has focused on
hese aspects only in an isolated manner. However, simulation of com-
lex systems requires a combined method. Early attempts to integrate
he isolated models into a unified system have shown that resulting
olutions are either inflexible, non-modular or inefficient. Based on
his, the authors describe a need for a unified solution that enables
nter-operability between the isolated models. The POLARIS framework
as been proposed to address this issue (Auld et al., 2016). POLARIS
ocuses on large-scale transportation scenarios and has been used to
nalyse energy consumption of vehicles in the city of Detroit comparing
cenarios that include current and future vehicle technologies (Islam
t al., 2017).

The framework provides a set of tools that can be used for the
evelopment, execution and review of a simulation model. The system
rchitecture is structured using a layered approach (see Fig. 2). Aspect-
pecific subcomponents are assigned to a layer depending on the level
f modelling detail. This ensures abstract concepts which are commonly
sed across different variations of traffic simulation models to be less
ikely to change. Instead, users are supposed to make research-specific
ustomisations on a more detailed level. This creates reusability of
requently used modelling aspects. Based on this, layer 0 is the most
bstract layer of the POLARIS framework. Layer 0 contains a set of
ore libraries such as the discrete event engine which is responsible
or handling agents. Simulations are performed by executing a list of
vents. In layer 1, POLARIS contains a set of fundamental extensions.
his includes components for 2D/3D visualisation (Antares) or data

mport/export services. Layer 2 is described as an open-source versioned
epository. In this repository, there is a set of model fragments that
an be used for the implementation of custom simulation models.
he provided model fragments are tested and chosen by universal
pplicability. Typical model fragments for example are reference im-
lementations of well-established routing algorithms. Finally, layer 3 is
escribed as the user playground. In this layer, custom components can
e included in order to extend the POLARIS framework with research-
pecific modelling aspects. Based on the provided elements from all
ayers, the user can build a custom application for agent-based traffic
imulation.

With regard to modelling capabilities, POLARIS can be considered
mid-term simulator as travel decisions focus on mid-term aspects

uch as departure time, destination choice, route choices as well as
lanning and rescheduling of activities. Consequently, POLARIS uses
n activity-based approach for modelling travel demand. This approach
s based on an adjusted version of the ADAPTS (Agent-based Dynamic
ctivity Planning and Travel Scheduling) model (Auld and Mohamma-
ian, 2009). Originally, the ADAPTS model has been designed as a
tandalone application for simulating the occurrence of travel demand
atterns that result from travel planning and scheduling processes.
or integration into the POLARIS framework, the ADAPTS model has
Fig. 1. MATSim — Architecture.
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Fig. 2. POLARIS — Architecture.
been reorganised in order to match the agent paradigm. This resulted
in a separate activity planning agent which as an extension to the
raveller agent models the traveller’s cognition of the activity planning
rocess. This illustrates the applied structure for modelling other types
f behaviour in POLARIS as a central traveller agent is composed of a
et of subagents which each extend the traveller agent with cognitive
apabilities for specific behavioural aspects. For example, these include
gents for perception, movement coordination or routing. In compar-
son to MATsim, this approach considers a more detailed modelling
f individuals allowing for easier extension of short-term behaviour.
his can be useful when energy consumption needs to be determined
ore precisely e.g. when simulating energy impact of acceleration and

raking of autonomous vehicles to identify frequent nodes for charging
tations.

.1.3. SimMobility
SimMobility is a simulation platform written in C++ and published

nder an own open-source licence. The project has related publications
ince 2015 and is currently developed at SMART (Singapore-MIT Al-
iance for Research and Technology) (Lu et al., 2015). The simulator
ntegrates a set of aspect-specific models relevant to the transportation
omain that allows simulation on different time scales (short-, mid- and
ong-term) (Adnan et al., 2016). For example, aspect-specific models
nclude land-use, demographic movement or interactions related to
ransportation and communication. The platform focuses on modelling
ffects on traffic infrastructure, transportation services and the envi-
onment. This allows for the simulation of alternative planning options
pecifically with regard to technology, policies and investment. SimMo-
ility has been used to simulate the effects of new mobility services on
he use of infrastructure (Marczuk et al., 2015).

The system architecture of SimMobility is structured in three com-
onents and follows a multi-level approach based on the time aspect.
ach component simulates a different perspective (see Fig. 3). The
irst component is the Long-term (LT) simulator. This component deals

with generating and updating the agent population. The LT simulator
particularly simulates long-term aspects such as house location and
car ownership, but also other long-term effects such as changes to the
environment can be simulated in this module. The second component
is described as the Mid-term (MT) simulator (Lu et al., 2015). This
omponent is primarily designed for the simulation of agent behaviour
n time scales of minutes and hours. This refers to high level travel
ecisions such as route choice or modes of travel. The Short-term (ST)
imulator is the last component in the multi-level architecture which
s a microsimulator based on MITSIM that has been extended with
5

gent capabilities. A special characteristic of this architecture is that
Fig. 3. SimMobility — Architecture.

each component can be used as a standalone application. All simulators
share the same database so that simulated individuals exist across all
simulation levels simultaneously.

With regard to the modelling capabilities, SimMobility covers all
time perspectives (long-, mid- and short-term) considered in this review
and therefore is particularly flexible and powerful. Modelling aspects
are distributed across the three subcomponents but are brought to-
gether into an individual using one database. SimMobility follows an
activity-based approach for modelling travel demand (Adnan et al.,
2016). For each simulated day, the MT simulator generates a list of
activities that include information on destination, departure time, route
and mode choice. This approach has been integrated with methods
of trip-based demand modelling as generated activities are aggregated
to create origin–destination matrices that can be recalibrated. Agent
decisions such as route choices are based on a probabilistic model
which is similar to the MATSim approach (Azevedo et al., 2017).
The ST simulator also includes a mechanism that enables day-to-day
agent learning to update the agent knowledge (Adnan et al., 2016).
Based on these modelling capabilities, SimMobility is probably the most
flexible and powerful approach in this area of application with regard
to modelling of individuals. Researchers that are uncertain about the
required level of detail in modelling individual behaviour are able to
easily adapt using this application.

3.2. Digital connectivity

The second type of application that we consider looks at the effect of
the digital transformation on the mobility sector. For example, the use
of digital traffic control systems (e.g. ITS), which can help to provide
better driver experience for example by providing real-time information
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on parking and traffic jams, and also to improve transportation safety.
In this paper, we look at the integration of SUMO and JADE as well
as ITSUMO and MATISSE as examples of agent-based approaches that
have been used for research on this type of simulation scenarios. Other
simulators that also fall into this category include: SITRAS, ArchiSim,
SM4T, SIMTUR, OpEMCSS, IMAGES, MASCAT, TransWorld

3.2.1. An integration of SUMO and JADE
SUMO (Simulation of Urban MObility) is a software framework for

microscopic traffic simulation written in C++ that is licenced under
EPL 2.0. A first version of the project was published in 2001 and
created by the German Aerospace Center (DLR) (Krajzewicz et al.,
2002). Since then, SUMO has been accepted by a wide community. The
project was motivated by the necessity for an appropriate open-source
solution as other projects which are now open-source, were difficult
to obtain at that time (Horni et al., 2016). Traffic applications were
mainly used as black-boxes with no options to examine the underlying
simulation model (Krajzewicz et al., 2002). Thus, researchers were
restricted by the given parameterisation and modelling with no options
to implement custom ideas. The SUMO approach is not agent-based but
has been integrated with the Java Agent Development Framework (JADE)
(see Bellifemine et al. (2005)) in order to make simulations compatible
with recent agent technologies (Soares et al., 2014; Azevedo et al.,
2016). JADE is an open-source software framework licenced under
LGPLv2 that is used for the implementation of agent-based applications.
This combination of SUMO and JADE has been used for simulating and
assessing the effects of traffic control systems (Azevedo et al., 2016;
Timóteo et al., 2012). The following section on the system architecture
focuses on the integration of SUMO and JADE. Soares et al. (2014)
have implemented a software connector that enables communication
between the two software environments. This connector is referred
to as TraSMAPI (Traffic Simulation Manager Application Programming
Interface). From the SUMO perspective, the TraCI API is the central
component for the integration of SUMO and JADE. TraSMAPI com-
municates with the TraCI API and acts as an intermediary. Although
the project focuses on the integration of SUMO and JADE, TraSMAPI
is abstracted to be able to handle various simulators besides SUMO
(see Fig. 4). This makes it possible to compare the results of differ-
ent simulators. The combination of SUMO, JADE and TraSMAPI can
therefore be termed as an Artificial Transportation System (ATS) which
is an extension of traditional modelling and simulation approaches
with the ability to integrate different simulation models in a virtual
environment (Wang and Tang, 2005).

With regard to the modelling capabilities, this approach is suitable
for mid- and short-term simulations as modelling aspects include selec-
tion of travel modes but also micro-behaviour such as lane changing.
JADE agents represent drivers that are linked to vehicles in SUMO.
A separation of strategic and tactic-reactive agent behaviour has been
implemented with two layers which is also referred to as the delegate-
agent concept (Wahle et al., 2002). Basically, it can be understood as a

Fig. 4. TraSMAPI — Architecture.
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Fig. 5. Delegate-Agent Concept.

separation of cognitive and reactive actions from the executing driving
tasks (Soares et al., 2014). The strategic layer deals with collection and
processing of information from the surrounding environment. Based
on this information the agent chooses its travel route, also in the
strategic layer. In the tactic-reactive layer driving related behaviour
such as acceleration, braking or lane changing is implemented. Based
on the functional requirements of the two layers, the strategic layer was
kept in JADE whereas the tactic-reactive layer was realised in SUMO
(see Fig. 5). The original SUMO package provides two options for
demand modelling which can be trip-based using an origin–destination
matrix (Lopez et al., 2018) or using an activity-based approach.

Agent decisions are based on a probabilistic model but can be
extended using the TraCI API. Soares et al. (2014) have demonstrated
the application of reinforcement learning techniques to model adapt-
able knowledge representation. Given the microscopic level of detail in
modelling of individual behaviour, this application is suitable for simu-
lating scenarios that analyse effects of traffic control policies on driving
behaviour of individuals e.g. examining the perception of digital and
analog traffic signs.

3.2.2. ITSUMO
ITSUMO (Intelligent Transportation System for Urban Mobility) is

an open-source agent-based traffic simulator written in C++ and Java.
The simulator was first presented in 2006 by UFRGS (Federal University
of Rio Grande do Sul) and since then has been continuously refined
and advanced (Silva et al., 2006; Bazzan et al., 2010). Apart from the
similarity in name, there is no direct link between ITSUMO and the
previously described SUMO project. As the creators describe, ITSUMO
was developed out of the lack of customising options in available
simulation tools, as most of the existing solutions were developed for
specific purposes. Other drawbacks described are for related simulation
tools to not being fully agent-based, for them to be relying on strong
simplifying assumptions, or deficiencies with regards to their demand
planning options (Bazzan et al., 2010). Thus, the ITSUMO approach
is fully agent-based and aims at addressing the deficiencies mentioned
above. ITSUMO has also been applied for the simulation of route
choice scenarios. However, primary focus of the application is on traffic
control. For example, ITSUMO has been used for testing traffic light
algorithms (Rossetti and Liu, 2014; Bazzan et al., 2010).

The system architecture is structured in five components (Bazzan
et al., 2011; Rossetti and Liu, 2014) (see Fig. 6). The first component
is a database. This database contains information about the geographic
traffic network as well as other data used in the simulation (e.g. in-
sertion rate of vehicles or origin and destination of the drivers). The
second component is described as the simulation kernel. This component
accesses data stored in the database, executes the simulation and man-
ages agent interaction. The system architecture also includes a separate
control component in which traffic-related control entities (e.g. traffic
lights) are implemented. The control component passes information
to the simulation kernel to provide instructions for simulated control
entities. Finally, results of the simulation are output in a separate com-
ponent. For this, sensors and detectors are used during the simulation
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Fig. 6. ITSUMO — Architecture.
n order to collect relevant data such as travel times, average speed,
tc. The output module provides two visualisation options for both, a
icroscopic and macroscopic view of the simulation. If the visualisation

s not used, simulation data can also be output as files.
With regard to the modelling capabilities, ITSUMO can be consid-

red a mid-term simulator that focuses on control and assignment of
ravel demand. Therefore, travel decisions refer to the level of route
hoice as well as its spontaneous replanning. Agents can either replan
t every intersection or in case of a delay during the journey. ITSUMO
ollows a trip-based approach for modelling travel demand. Travel
emand can be modelled using an origin–destination (OD) matrix or
y generating a synthetic demand using uniform probabilities for a
et of locations (LSP). For each combination of origin and destination,
ehicles are generated and a route is determined. The application is
articularly suitable for simulations that deal with ITS as it provides
pecific interfaces for implementing control measures and the driver
eactions that are related to them.

.2.3. MATISSE (DIVAs 4)
MATISSE is a large-scale agent-based simulation platform writ-

en in Java (Torabi et al., 2018; MAVS, 2015). The simulator has
een released by UTD MAVS (University of Texas at Dallas) for non-
ommercial use under GPLv3 using name DIVAs 4. Early work related
o the project has been published since 2004 during a time when only
few fully agent-based approaches existed (Rym et al., 2004). Within

his set of fully agent-based simulation models, the creators of MATISSE
riticised the lack of core agent mechanisms such as sensing, diverse
ommunication types, etc. The project has been developed to overcome
hese deficiencies. MATISSE specialises in the simulation of scenarios
elated to traffic safety.

The MATISSE architecture is structured in three layers (see Fig. 7)
Torabi et al., 2018). The first layer is described as MATISSE Control
nd Visualisation Module. It includes a control GUI for parameterisa-
ion and configuration of the simulation model. Furthermore, 2D/3D
isualisation is implemented in this layer. Apart from this, there is a
ommunication layer. This layer includes a Message Transport Service
hat acts as a controller in order to enable communication between
he user interface and the simulation system. The third layer MATISSE
imulation System is the core element of the application. In this layer,
alculations are performed in order to run the simulation. The layer
s divided into three subsystems. The first subsystem is called Agent
ystem. This subsystem is responsible for the creation and control of
arious agents types (vehicles, traffic lights, etc.). The Agent-to-Agent
essage Transport Service handles agent communication during the sim-
lation. The second subsystem is described as the Environment System.
his subsystem creates and controls additional simulation elements
elated to the traffic environment. This includes elements such as the
raffic network. A separate Agent-Environment Message Transport Service
onnects the environment system with the agent system. Finally, a
hird subsystem is the Simulation Microkernel. This subsystem handles
ll tasks related to the simulation workflow.

With regard to the modelling capabilities, MATISSE can be con-
idered a mid- and short-term simulator as modelling aspects focus
n driver behaviour. Similar to the ITSUMO approach, MATISSE also
7

Fig. 7. MATISSE — Architecture (Simplified).

provides implementation for spontaneous replanning of route choices.
Agent movement is based on car-following and lane-changing models,
and it is even possible to model a virtual level of distraction that causes
unpredicted traffic behaviour. The internal agent structure resembles
a mental-level model from qualitative decision theory (see McCarthy
(1979)) which can be useful for modelling individuals. Furthermore,
mental-level models provide a uniform basis for the comparison of
agent behaviour which helps theoretical analysis (Brafman and Ten-
nenholtz, 1997). MATISSE follows a trip-based approach for modelling
travel demand using LSP. MATISSE uses a normal distribution or a
user specified distribution in order to initialise agents for defined user
entry and exit points. The application is particularly suitable for dealing
with simulations on transportation safety and already provides a wide
range of implementations for this area of application. The implemented
mental-level structure of agents in MATISSE can be helpful for re-
searchers that want to expand in their work on modelling and analysis
of individual travel behaviour.

3.3. New forms of mobility

Ideas on improving the use of shared resources as well as increasing
connectivity driven by technological innovation leads to new forms
of mobility, which we consider as our final application area. This
includes the deployment of new mobility services (e.g. ridesharing or
-hailing) but also achievements in the field of autonomous driving.
Mobility thus is influenced by diverse interactions between travellers
and providers of mobility services, but also (autonomous) vehicles. In
this paper, we look at AgentPolis, ATSim and MovSim as examples of
agent-based applications that can help to work on interactions with
new mobility services or coordination dynamics of autonomous driving.
Other simulators that also fall into this category include: SD-Sim, VCTS,
AITSPS, CARLA
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3.3.1. AgentPolis
AgentPolis is a fully agent-based software framework written in

Java and licenced under GPLv3 (Jakob et al., 2012; Jakob and Moler,
2013). The project was published in 2013 and created by AI Center FEE
CTU (Czech Technical University in Prague). The creators noted that
existing simulation approaches fail to implement the ability to model
ad hoc interactions among the entities of the transport system as well
as the spontaneous decision behaviour that is required for this form
of interaction. However, current mobility services (e.g ridesharing)
rely on frequent, ad hoc interactions between various entities of the
transport system. Hence, AgentPolis focuses particularly on the simula-
tion of interaction-rich transport systems. For example, the simulator
has been used as a testbed for benchmarking on-demand mobility
services (Čertickỳ et al., 2014).

AgentPolis provides a set of abstractions, code libraries and software
ools for building simulation models. The framework is structured in
our main components (see Fig. 8). The first component is described
s the modelling abstraction ontology. The theoretical concept of this

component is to separate defined modelling abstractions from imple-
mentations of specific modelling elements. It uses an ontology in order
to define more general concepts of multi-agent systems that result
in a tailored structure for object-oriented programming when extend-
ing the simulation models for research-specific scenarios. This allows
for enforcement of implementations that consider interoperability of
existing and additional research-specific modelling elements in their
design. The second component is a library of implemented modelling
lements based on the given abstractions specified in the ontology. The
ibrary contains a set of modelling elements that represent common
ntities in transport systems. Apart from this, the third component
an be described as the simulation engine. This component performs
ll calculations for running the simulation based on a discrete event
odel. Finally, the last component is a set of tools for user interaction,
articularly for configuration and creation of the simulation model,
ata import, visualisation, etc.

With regard to the modelling capabilities, AgentPolis can be con-
idered a mid-term simulator. Travel decisions refer to the level of
oute and modal choices. The agent structure is given by the abstraction
ntology (see Fig. 9) and defines concepts for the cognitive functions of
he agent. Agents interact with objects in the environment using sensors
nd activities. Sensors perform queries to perceive environment objects
hile activities specify agent behaviour for initiating agent actions.
gent actions model the effects of the agent on its environment e.g. a
riveVehicle activity may result in a MoveVehicle action. Soares et al.

2014) mention a clear separation in modelling of driver decisions and
ehicle control and therefore implements decision-making of activities
n a separate reasoning module. For this purpose, AgentPolis comes
ith implementation of a multimodal JourneyPlanner based on a time-
ependent graph (Hrnčíř and Jakob, 2013). Jakob et al. (2012) have
xtended AgentPolis with custom reasoning modules implementing
ifferent routing algorithms that were relevant to their experiments.
gentPolis follows an activity-based approach for modelling travel de-
and. The simulator includes a tool that generates an initial population

Fig. 8. AgentPolis — Architecture (Simplified).
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Fig. 9. AgentPolis — Agent Structure.

of agents based on census data (Jakob et al., 2012). Based on the
level of decision-making and implemented features, AgentPolis has
been used and is suitable for simulating demand and decisions on the
adoption of new mobility services.

3.3.2. MovSim
MovSim (Multi-model open-source vehicular-traffic Simulator) is an

agent-based traffic simulator written in Java and licenced under GPLv3.
The project started in the late 1990s at TU Dresden and was designed
for educational purposes (Treiber and Kesting, 2010). In contrast to
most available traffic simulation tools that model specific road net-
works (e.g. cities), MovSim focuses on the simulation of fundamental
flow dynamics. For example, MovSim has been used to simulate the
effects of driver movements on traffic jams, studying the appearance of
stop-and-go waves (Kesting et al., 2009). Because of this particular focus
on flow dynamics, Movsim has also been applied for the simulation
of rather unconventional scenarios such as ski marathons (Treiber
et al., 2015). The simulator includes a number of reference imple-
mentations for established mathematical car-following models as de-
scribed in Treiber and Kesting (2013). This can be relevant to simulate
lane-changing and flow dynamics related to autonomous driving.

The MovSim architecture is structured in three layers (see Fig. 10)
(Kesting et al., 2009). In the input layer, simulation settings and pa-
rameters are defined. The user can input information either using a
graphical user interface (GUI), command line or as XML files. This
information is forwarded to the main loop layer. In this layer, agent
control and movement are implemented. The simulation controller con-
tinuously calculates the simulation in a loop as MovSim is based on a
time-continuous model. The simulation controller primarily focuses on
quantitative models. Different submodules implement logic for aspect-
specific agent behaviour such as acceleration, braking, lane-changing,
etc. Two additional modules act as observers to the simulation loop
in order to extract information for the output layer. The SimViewer
module deals with information relevant for the visualisation of the
simulated scenarios. MovSim includes implementation for both, 2D
and 3D visualisation. Users can choose between a microscopic (cockpit
perspective) or macroscopic (bird’s eye) view of the simulation. If the
visualisation is not used, simulated data can also be output as files.

With regard to the modelling capabilities, MovSim can be consid-
ered a short-term simulator. Travel decisions refer to the level of agent
movements such as acceleration, braking and lane changing. For this
purpose, MovSim considers discrete-choice modelling. MovSim does
not follow a trip- nor activity-based approach for demand modelling
as route choices are irrelevant to the agent. Instead, agents represent
particles in the network that move in space based on concepts of

the applied car-following model. Hence, traffic volume can be defined
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Fig. 10. MovSim — Architecture.
).
using numerical input parameters.2 Given the short-term perspective in
modelling movement-related driver decisions, MovSim can be useful to
simulate flow behaviour in the field of autonomous driving. The inte-
gration of MovSim as a submodule of a larger simulation environment
specifically for short-term aspects can be of interest.

3.3.3. ATSim
ATSim (Agent-based Traffic Simulation System) is an application

based on the commercial simulator AIMSUN, that extends AIMSUN
(Barceló and Casas, 2005) with agent capabilities. The project was
first published in 2011 and has been developed at TU Clausthal (Chu
et al., 2011). The authors of ATSim argue that for modelling the
latest advances in transportation, an agent-based approach is crucial
to represent important aspects of modern transportation such as com-
munication, goals and plans. However, existing agent-based simulators
have not focused on an intuitive graphical user interface and exhibit a
lack of tools for data collection and data analysis. This is why in the AT-
Sim approach, the commercial simulator AIMSUN has been integrated
with the JADE platform (Bellifemine et al., 2005). This allows reuse
of all features already implemented in AIMSUN while extending the
simulator with agent capabilities. AIMSUN is used for modelling and
simulation of traffic scenarios while implementation of agent behaviour
is realised in JADE. ATSim has been used to simulate group-oriented
traffic coordination in which groups of agents coordinate their speed
and lane choices (Görmer and Müller, 2012). This can be relevant
to simulate vehicle-to-vehicle (V2V) coordination dynamics related to
autonomous driving.

The ATSim architecture is structured in four components (see Fig. 11
The first component is the commercial AIMSUM simulator with all
its features for modelling and simulating traffic scenarios. The second
component is the multi-agent system based on JADE. This component is
responsible for managing and controlling the agent life-cycle. In ATSim,
agents are linked to various types of traffic objects in AIMSUN in order
to extend AIMSUN objects with agent capabilities. Communication
between agents and traffic objects is possible based on the AIMSUM
API. AIMSUM provides an API for the integration of external services
in Python and C++. However, JADE is based on Java and it is therefore
necessary for ATSim to make use of a middleware in order to allow
communication between AIMSUM and JADE.

2 See www.traffic-simulation.de - (access on 18/05/2020).
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With regard to modelling capabilities, ATSim can be considered a
mid- and short-term simulator. Travel decisions refer to the level route
choice but also agent movements based on established car following
and lane changing models implemented in AIMSUN. These models
have been extended by agent capabilities for modelling perception and
interaction of individual travellers. A distinction is made between static
objects, objects with dynamic states and mobile objects. For example, the
road network is represented as a static object whereas traffic lights are
modelled as objects with dynamic states and vehicles are presented as
mobile objects. Traffic objects can be assigned to an agent in JADE.
Each agent can only control a single object in AIMSUM. The link
between the agents and traffic objects is based on two assumptions.
First, the agent life-cycle is synchronised with the life-cycle of the
associated traffic object. Second, agents constantly receive updated
information from the assigned traffic object after each simulation step.
AIMSUM follows a trip-based approach for modelling travel demand
using origin–destination matrices. The application has been used and
thus is suitable for simulating V2V communication and coordination
which is of growing relevance with the advancement of autonomous
vehicles.

4. Discussion

Based on the simulators reviewed (see Table 1), it is apparent that
modelling of individuals deals with differing aspects depending on
the area of application. In our review we used the time perspective
to categorise the simulators by their capabilities to model individual
behaviour. For example, long- and mid-term aspects are more relevant
for examining research on resource utilisation, while the simulation of
autonomous driving (new forms of mobility) has a greater focus on
short- and mid-term behaviour. For researchers that need to simulate
aspects from all three time perspectives, for example when examining
the effects of autonomous mobility services on individuals migrating
to (sub-)urban areas (long-term), their modal choices (mid-term) and
effects of such services on flow dynamics and traffic safety (short-term),
Simmobility is appropriate as it can model all three time scales. Based
on earlier case studies of the simulator we have mentioned SimMobility
as an example for research on resource utilisation. However, examples
do not have to be used exclusively in the described context. For
researchers that need a holistic approach to modelling of individual
behaviour, SimMobility can be a suitable candidate for shortlisting.
Otherwise, the decision remains scenario-specific.
Fig. 11. ATSim — Architecture.

http://www.traffic-simulation.de
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Table 1
A summary of reviewed simulators.

Application
name

Area of
application

Licencing Programming
language

Demand modelling Time perspective
on individual
behaviour

MATSim Resource
Utilisation

GPLv2 or later Java activity-based mid-term

POLARIS Resource
Utilisation

Open-source
(licence unclear)

C++ activity-based mid-term

SimMobility Resource
Utilisation

SIMMOBILTITY
Version Control
Licence (see Github)

C++ activity-based long -, mid- and
short-term

SUMO + JADE Connectivity EPL 2.0 (SUMO)
LGPLv2 (JADE)
Apache 2.0
(TrasMAPI)

C++, Java activity-based or
trip-based using OD
matrices

mid- and
short-term

ITSUMO Connectivity Open-source
(licence unclear)

C++, Java trip-based using OD
matrices of LSP

mid-term

MATISSE (DIVAs
4)

Connectivity GPLv3 Java trip-based using LSP mid- and
short-term

AgentPolis New Forms of
Mobility

GPLv3 Java trip-based using OD
matrices

mid-term

MovSim New Forms of
Mobility

GPLv3 Java neither activity- nor
trip-based. Only a
numeric parameter
to specify number
of travellers.

short-term

ATSim New Forms of
Mobility

Commercial C ++, Python,
Java

trip-based using OD
matrices

mid- and
short-term
With regard to the first application domain, which deals with social
dilemmas in resource utilisation in the context of e-mobility, we consider
imMobility a more advanced approach in comparison to MATSim
nd POLARIS as it better handles the simulation of long-term aspects.
his is particularly relevant to the simulation of urban areas as energy
onsumption is changing not only as a result of the electrification of
ehicles, but also as a consequence of the increasing population caused
y rural exodus. However, when dealing with mid-term scenarios MAT-
im and POLARIS can be just as powerful. In comparison to the other
pplications, MATSim probably has the largest user community and
herefore is well documented whereas the POLARIS approach stands
ut in terms of the diversity of implemented features, as it combines
arious stand-alone applications into a single system.

Regarding the second application domain, digital connectivity ben-
efits different aspects of the transportation system. When it comes
to transportation safety, the MATISSE simulator is probably the most
suitable application in this category as it specialises on this topic
and provides dedicated features for modelling individuals in this con-
text (e.g. driver distraction). However, for researchers that primarily
want to test the effects of their custom algorithms in traffic manage-
ment, ITSUMO can be more convenient as the application provides
programming interfaces specifically for this purpose while already
implementing a lot of details on individual behaviour (e.g. spontaneous
or decentralised decision-making). The integration of SUMO and JADE
can be relevant when used in the context of an ATS to compare different
simulation models in a virtual environment.

The last application domain, new forms of mobility, is similarly di-
verse. When assessing the adoption of new mobility services, AgentPolis
can be a good choice as the application focuses on the aspect of
interaction when modelling individuals. This is particularly relevant
as the growing portfolio of mobility services and continuous access to
real-time information via smartphones have led to this dynamic. How-
ever, when dealing with research on autonomous driving modelling
of individual behaviour focuses on movement related aspects. For this
purpose, MovSim and ATSim can be of interest. MovSim in comparison
to ATSim is a more lightweight simulator that exclusively deals with
10

movement-related driving decisions from a theoretical perspective.
ATSim can be used for the same type of decisions but is applied on
real-world networks and includes mid-term decisions such as route
choice.

The current state of implementation for modelling of individuals
already shows a broad spectrum of features depending on area of
application. Individual behaviour is modelled by traffic-related de-
cisions at different levels of detail, e.g. lane changing vs. route or
modal choices. However, we noticed that available simulators have
focused on simulating traffic as the primary subject and thus leave
scenario-specific aspects to the responsibility of end-users. Initially, a
focus on traffic-related modelling aspects appears obvious as platform
developers cannot anticipate the full range of scenarios for which
their simulators will eventually be used. Following the same line of
reasoning, developers need to assume that their applications will even-
tually be customised to fit specific research purposes. It is therefore
desirable that common and foreseeable modifications are supported
by suitable structures and programming interfaces. With regard to the
modelling of individual behaviour, it is important to align traveller
decisions with the context of the simulation. Traveller decisions are
based on individual preferences and personal objectives. Furthermore,
travel behaviour is typically driven by a purpose which plays a crucial
role in the individual’s perception of personal preferences. For example,
time/punctuality has a different value when commuting to work as com-
pared to a social visit. However, in the current state of implementation
there is a lack of concepts to capture these preferences and objectives
as determining factors of individual decisions. This hampers customisa-
tion, especially for interdisciplinary researchers that are not thoroughly
experienced with the simulators. Implementations that elaborate on
modelling of these aspects can help reduce customisation efforts and
thus attract more researchers to make use of available simulators rather
than developing individual solutions as described by Jakob and Moler
(2013).

5. Conclusion

As diverse as the spectrum of research questions found in mobility,

there is also a great variety of simulators that focus on different aspects
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of the transportation system and are differing in their underlying meth-
ods. Thus, getting an overview and selecting a suitable simulator can
be time-consuming, involving a lot of in-depth research. The success
of new ideas to solve current issues of transportation, such as sharing
services or autonomous driving, relies on the acceptance and behaviour
of individuals. Hence, it is important to focus on the individual when
dealing with current research on mobility. For this purpose, computer-
based simulations are an established means. The application of agent
technology is particularly suitable to investigate road traffic from the
individual perspective, as it allows for modelling of individuals with
intelligent and autonomous behaviour. Current state of implementation
includes a broad spectrum of features for modelling of individuals.
Features are linked to the area of application, modelling individual
behaviour at different levels of detail. Based on current research topics
in the field of mobility, we have reviewed example simulators with
related case studies and discussed the suitability of these simulators
for specific research purposes. In particular, we have looked at the
capabilities of the simulators to model individuals and their travel
behaviour. Travel behaviour typically is linked to the context of the
simulation and therefore needs to be adjusted. Currently, there is a lack
of concepts to support this type of adjustments in the simulators, which
hampers customisation especially for interdisciplinary researchers that
are not thoroughly experienced with the simulators. Implementation
for these types of adjustments can help to attract more researchers that
deal with individual behaviour in mobility to make use of available
simulators.
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based simulation system for traffic control in the Brazilian intelligent cities project
context. In: Proceedings of the 2012 Symposium on Agent Directed Simulation.
ADS ’12, Society for Computer Simulation International, San Diego, CA, USA,
https://dl.acm.org/doi/10.5555/2338776.2338779.

Novosel, T., Perković, L., Ban, M., Keko, H., Pukšec, T., Krajačić, G., Duić, N.,
2015. Agent based modelling and energy planning – utilization of MATSim for
transport energy demand modelling. Energy 92, 466–475. http://dx.doi.org/10.
1016/j.energy.2015.05.091.

Osogami, T., Imamichi, T., Mizuta, H., Morimura, T., Raymond, R., Suzumura, T.,
Takahashi, R., Ide, T., 2012. IBM Mega Traffic Simulator. Tech. Rep., (RT0896),
IBM, URL https://dominoweb.draco.res.ibm.com/reports/paper.pdf.

Owen, L., Zhang, Y., Rao, L., McHale, G., 2000. Traffic flow simulation using CORSIM.
In: 2000 Winter Simulation Conference Proceedings, Vol. 2. IEEE, pp. 1143–1147.
http://dx.doi.org/10.1109/WSC.2000.899077.

Passos, L., Rossetti, R., Kokkinogenis, Z., 2011. Towards the next-generation traffic
simulation tools: a first appraisal. In: 6th Iberian Conference on Information
Systems and Technologies. (CISTI 2011), IEEE, pp. 1–6.

Pathania, D., Vissapragada, B., Jain, N., Khare, A., Lanka, S., Karlapalem, K., 2013.
MUST: Multi agent simulation of multi-modal urban traffic. In: Proceedings of the
2013 International Conference on Autonomous Agents and Multi-Agent Systems.
AAMAS ’13, International Foundation for Autonomous Agents and Multiagent
Systems, Richland, SC, pp. 1397–1398, https://dl.acm.org/doi/10.5555/2484920.
2485243.

Poeck, M., Zumkeller, D., 1976. Die Anwendung einer massnahmenempfindlichen
Prognosemethode am Beispiel des Grossraums Nürnberg. In: DVWG-Workshop
Policy Sensitive Models, Giessen.

Pursula, M., 1999. Simulation of traffic systems-an overview. J. Geogr. Inf. Decis. Anal.
3 (1), 1–8.

Radecký, M., Gajdoš, P., 2008. Intelligent agents for traffic simulation. In: Proceed-
ings of the 2008 Spring Simulation Multiconference. SpringSim ’08, Society for
Computer Simulation International, San Diego, CA, USA, pp. 109–115.

Rossetti, R., Liu, R., 2014. Advances in Artificial Transportation Systems and Simulation.
Academic Press.

Rym, M., Leask, G., Shakya, U., Steiner, R., 2004. Architectural design of the
DIVAs environment. In: Proceedings of Environments for Multi-Agent Systems,
ctitle=(E4MAS04). Columbia University, NY.

Salvini, P., Miller, E.J., 2005. ILUTE: An operational prototype of a comprehensive
microsimulation model of urban systems. Netw. Spat. Econ. 5 (2), 217–234. http:
//dx.doi.org/10.1007/s11067-005-2630-5.

Samuelson, P., 1993. Tragedy of the commons: Efficiency rents to the rescue of
free-road inefficiencies and paradoxes. In: Does Economic Space Matter? Palgrave
Macmillan UK, pp. 71–80. http://dx.doi.org/10.1007/978-1-349-22906-2_4.

Schulzyk, O., Bongartz, J., Bildhauer, T., Hartmann, U., Goebel, B., Herpers, R.,
Reinert, D., 2007. A bicycle simulator based on a motion platform in a virtual
reality environment—FIVIS project. In: Advances in Medical Engineering. Springer,
pp. 323–328.

Schurr, N., Marecki, J., Lewis, J., Tambe, M., Scerri, P., 2005. The defacto system: Co-
ordinating human-agent teams for the future of disaster response. In: Bordini, R.H.,
Dastani, M., Dix, J., El Fallah Seghrouchni, A. (Eds.), Multi-Agent Programming:
Languages, Platforms and Applications. Springer US, Boston, MA, pp. 197–215.
http://dx.doi.org/10.1007/0-387-26350-0_8.

Silva, B., Bazzan, A., Andriotti, G., Lopes, F., Oliveira, D., 2006. ITSUMO: An intelligent
transportation system for urban mobility. In: Innovative Internet Community
Systems. Springer Berlin Heidelberg, pp. 224–235. http://dx.doi.org/10.1007/
11553762_22.

Soares, G., Kokkinogenis, Z., Macedo, J., Rossetti, R., 2014. Agent-based traffic simu-
lation using SUMO and JADE: An integrated platform for artificial transportation
systems. In: Simulation of Urban Mobility. Springer Berlin Heidelberg, Springer,
pp. 44–61. http://dx.doi.org/10.1007/978-3-662-45079-6_4.

Song, H., Min, O., 2018. Statistical traffic generation methods for urban traffic
simulation. In: 2018 20th International Conference on Advanced Communication
Technology. (ICACT), IEEE, pp. 247–250. http://dx.doi.org/10.23919/icact.2018.
8323712.

Sorenson, D., Collins, J., 2000. Practical applications of traffic simulation using
SimTraffic. In: Compendium of Papers. Institute of Transportation Engineers 2000,
District 6 Annual Meeting.

Tamminga, G., K., P., Van Lint, J., 2014. Open traffic: A toolbox for traffic research.
Procedia Comput. Sci. 32, 788–795. http://dx.doi.org/10.1016/j.procs.2014.05.
492.

Tao, C., Huang, S., 2009. An extensible multi-agent based traffic simulation system.
In: 2009 International Conference on Measuring Technology and Mechatronics
Automation, Vol. 3. IEEE, pp. 713–716. http://dx.doi.org/10.1109/icmtma.2009.
42.

Taylor, N., 2003. The CONTRAM dynamic traffic assignment model. Netw. Spat. Econ.
3 (3), 297–322.
13
Thulasidasan, S., Kasiviswanathan, S., Eidenbenz, S., Galli, E., Mniszewski, S.,
Romero, P., 2009. Designing systems for large-scale, discrete-event simulations:
Experiences with the FastTrans parallel microsimulator. In: 2009 International
Conference on High Performance Computing (HiPC). IEEE, pp. 428–437. http:
//dx.doi.org/10.1109/hipc.2009.5433183.

Timóteo, I., Araújo, M., Rossetti, R., Oliveira, E., 2012. Using TraSMAPI for the
assessment of multi-agent traffic management solutions. Prog. Artif. Intell. 1 (2),
157–164. http://dx.doi.org/10.1007/s13748-012-0013-y.

Torabi, B., Al-Zinati, M., Wenkstern, R., 2018. MATISSE 3.0: A large-scale multi-
agent simulation system for intelligent transportation systems. In: Advances in
Practical Applications of Agents, Multi-Agent Systems, and Complexity: The PAAMS
Collection. Springer International Publishing, pp. 357–360. http://dx.doi.org/10.
1007/978-3-319-94580-4_38.

Treiber, M., Germ, R., Kesting, A., 2015. From drivers to athletes: Modeling and
simulating cross-country skiing marathons. In: Traffic and Granular Flow’13. Traffic
and Granular Flow ’13 243–249. http://dx.doi.org/10.1007/978-3-319-10629-8_
29, arXiv:1403.4965.

Treiber, M., Kesting, A., 2010. An open-source microscopic traffic simulator. IEEE Intell.
Transp. Syst. Mag. 2 (3), 6–13. http://dx.doi.org/10.1109/MITS.2010.939208,
arXiv:1012.4913.

Treiber, M., Kesting, A., 2013. Traffic Flow Dynamics. Springer Berlin Heidelberg,
http://dx.doi.org/10.1007/978-3-642-32460-4,

Van Aerde, M., Hellinga, B., Baker, M., Rakha, H., 1996. Integration: An overview of
traffic simulation features. Transp. Res. Rec..

Waddell, P., Borning, A., Ševčíková, H., Socha, D., 2006. Opus (the open platform
for urban simulation) and UrbanSim 4. In: Proceedings of the 2006 International
Conference on Digital Government Research. dg.o ’06, Digital Government Society
of North America, pp. 360–361. http://dx.doi.org/10.1145/1146598.1146702.

Wahle, J., Bazzan, A., Klügl, F., Schreckenberg, M., 2002. The impact of real-time
information in a two-route scenario using agent-based simulation. Transp. Res. C
10 (5–6), 399–417. http://dx.doi.org/10.1016/s0968-090x(02)00031-1.

Wallentowitz, H., Neunzig, D., Ludmann, J., 1999. Effects of new vehicle and traffic
technologies – analysis of traffic flow, fuel consumption and emissions with
PELOPS. In: Traffic and Mobility. Springer Berlin Heidelberg, pp. 181–191. http:
//dx.doi.org/10.1007/978-3-642-60236-8_12.

Wang, F.-Y., 2010. Parallel control and management for intelligent transportation
systems: Concepts, architectures, and applications. IEEE Trans. Intell. Transp. Syst.
11 (3), 630–638. http://dx.doi.org/10.1109/tits.2010.2060218.

Wang, P.T., Glassco, R.A., 1995. Enhanced THOREAU traffic simulation for intelligent
transportation systems (ITS). In: Proceedings of the 27th Conference on Winter
Simulation. ACM Press, IEEE, pp. 1110–1115. http://dx.doi.org/10.1145/224401.
224781.

Wang, B., Mahmoud, M., Cuesta, J.E., Close, H., Stafford-Fraser, Q., Robinson, P., 2018.
Enhanced traffic simulation for improved realism in driving simulators. In: Adjunct
Proceedings of the 10th International Conference on Automotive User Interfaces and
Interactive Vehicular Applications. ACM, pp. 170–174. http://dx.doi.org/10.1145/
3239092.3265962.

Wang, Y., Papageorgiou, M., Messmer, A., 2006. RENAISSANCE – A unified macroscopic
model-based approach to real-time freeway network traffic surveillance. Transp.
Res. C 14 (3), 190–212. http://dx.doi.org/10.1016/j.trc.2006.06.001.

Wang, F., Tang, S., 2005. A framework for artificial transportation systems: From
computer simulations to computational experiments. In: Proceedings. 2005 IEEE
Intelligent Transportation Systems, 2005. IEEE, pp. 1130–1134.

Wang, T., Tang, S., Pang, P., 2004. 3D urban traffic system simulation based on
geo-data. In: ITRE 2004. 2nd International Conference Information Technology:
Research and Education. IEEE, pp. 59–63. http://dx.doi.org/10.1109/ITRE.2004.
1393646.

Weyl, J., Glake, D., Clemen, T., 2018. Agent-based traffic simulation at city scale
with MARS. In: Proceedings of the Agent-Directed Simulation Symposium. ADS
’18, Society for Computer Simulation International, San Diego, CA, USA.

Wilensky, U., et al., 1999. NetLogo. Center for Connected Learning and Computer-Based
Modeling, Northwestern University, URL https://ccl.northwestern.edu/netlogo/.
(Last accessed 27 september2021).

Wooldridge, M., 1997. Agent-based software engineering. IEE Proc.- Softw. Eng. 144
(1), 26. http://dx.doi.org/10.1049/ip-sen:19971026.

Xu, Y., Aydt, H., Lees, M., 2012. Semsim: A distributed architecture for multi-
scale traffic simulation. In: 2012 ACM/IEEE/SCS 26th Workshop on Principles
of Advanced and Distributed Simulation. IEEE, pp. 178–180. http://dx.doi.org/10.
1109/pads.2012.40.

Yang, Q., Koutsopoulos, H.N., 1996. A Microscopic Traffic Simulator for evaluation
of dynamic traffic management systems. Transp. Res. C 4 (3), 113–129. http:
//dx.doi.org/10.1016/s0968-090x(96)00006-x.

Yang, Q., Koutsopoulos, H., Ben-Akiva, M., 2000. Simulation laboratory for evaluating
dynamic traffic management systems. Transp. Res. Rec. 1710 (1), 122–130. http:
//dx.doi.org/10.3141/1710-14.

Yoo, J.-B., Jeong, H.-M., Yoo, B., Kim, S., Park, C.Y., 2009. IMAGES: intelligent multi-
agent system for freeway traffic flow simulation. In: 2009 International Conference
on Information Networking. IEEE, pp. 1–5.

https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-future-of-mobility-is-at-our-doorstep
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-future-of-mobility-is-at-our-doorstep
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/the-future-of-mobility-is-at-our-doorstep
http://dx.doi.org/10.5555/2338776.2338779
http://dx.doi.org/10.1016/j.energy.2015.05.091
http://dx.doi.org/10.1016/j.energy.2015.05.091
http://dx.doi.org/10.1016/j.energy.2015.05.091
https://dominoweb.draco.res.ibm.com/reports/paper.pdf
http://dx.doi.org/10.1109/WSC.2000.899077
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb82
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb82
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb82
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb82
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb82
http://dx.doi.org/10.5555/2484920.2485243
http://dx.doi.org/10.5555/2484920.2485243
http://dx.doi.org/10.5555/2484920.2485243
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb85
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb85
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb85
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb86
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb86
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb86
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb86
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb86
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb87
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb87
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb87
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb88
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb88
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb88
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb88
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb88
http://dx.doi.org/10.1007/s11067-005-2630-5
http://dx.doi.org/10.1007/s11067-005-2630-5
http://dx.doi.org/10.1007/s11067-005-2630-5
http://dx.doi.org/10.1007/978-1-349-22906-2_4
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb91
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb91
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb91
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb91
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb91
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb91
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb91
http://dx.doi.org/10.1007/0-387-26350-0_8
http://dx.doi.org/10.1007/11553762_22
http://dx.doi.org/10.1007/11553762_22
http://dx.doi.org/10.1007/11553762_22
http://dx.doi.org/10.1007/978-3-662-45079-6_4
http://dx.doi.org/10.23919/icact.2018.8323712
http://dx.doi.org/10.23919/icact.2018.8323712
http://dx.doi.org/10.23919/icact.2018.8323712
http://dx.doi.org/10.1016/j.procs.2014.05.492
http://dx.doi.org/10.1016/j.procs.2014.05.492
http://dx.doi.org/10.1016/j.procs.2014.05.492
http://dx.doi.org/10.1109/icmtma.2009.42
http://dx.doi.org/10.1109/icmtma.2009.42
http://dx.doi.org/10.1109/icmtma.2009.42
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb99
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb99
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb99
http://dx.doi.org/10.1109/hipc.2009.5433183
http://dx.doi.org/10.1109/hipc.2009.5433183
http://dx.doi.org/10.1109/hipc.2009.5433183
http://dx.doi.org/10.1007/s13748-012-0013-y
http://dx.doi.org/10.1007/978-3-319-94580-4_38
http://dx.doi.org/10.1007/978-3-319-94580-4_38
http://dx.doi.org/10.1007/978-3-319-94580-4_38
http://dx.doi.org/10.1007/978-3-319-10629-8_29
http://dx.doi.org/10.1007/978-3-319-10629-8_29
http://dx.doi.org/10.1007/978-3-319-10629-8_29
http://arxiv.org/abs/1403.4965
http://dx.doi.org/10.1109/MITS.2010.939208
http://arxiv.org/abs/1012.4913
http://dx.doi.org/10.1007/978-3-642-32460-4
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb106
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb106
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb106
http://dx.doi.org/10.1145/1146598.1146702
http://dx.doi.org/10.1016/s0968-090x(02)00031-1
http://dx.doi.org/10.1007/978-3-642-60236-8_12
http://dx.doi.org/10.1007/978-3-642-60236-8_12
http://dx.doi.org/10.1007/978-3-642-60236-8_12
http://dx.doi.org/10.1109/tits.2010.2060218
http://dx.doi.org/10.1145/224401.224781
http://dx.doi.org/10.1145/224401.224781
http://dx.doi.org/10.1145/224401.224781
http://dx.doi.org/10.1145/3239092.3265962
http://dx.doi.org/10.1145/3239092.3265962
http://dx.doi.org/10.1145/3239092.3265962
http://dx.doi.org/10.1016/j.trc.2006.06.001
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb114
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb114
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb114
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb114
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb114
http://dx.doi.org/10.1109/ITRE.2004.1393646
http://dx.doi.org/10.1109/ITRE.2004.1393646
http://dx.doi.org/10.1109/ITRE.2004.1393646
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb116
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb116
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb116
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb116
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb116
https://ccl.northwestern.edu/netlogo/
http://dx.doi.org/10.1049/ip-sen:19971026
http://dx.doi.org/10.1109/pads.2012.40
http://dx.doi.org/10.1109/pads.2012.40
http://dx.doi.org/10.1109/pads.2012.40
http://dx.doi.org/10.1016/s0968-090x(96)00006-x
http://dx.doi.org/10.1016/s0968-090x(96)00006-x
http://dx.doi.org/10.1016/s0968-090x(96)00006-x
http://dx.doi.org/10.3141/1710-14
http://dx.doi.org/10.3141/1710-14
http://dx.doi.org/10.3141/1710-14
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb122
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb122
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb122
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb122
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb122


Transportation Research Interdisciplinary Perspectives 12 (2021) 100486J. Nguyen et al.
Zargayouna, M., Zeddini, B., Scemama, G., Othman, A., 2014. Simulating the impact
of future internet on multimodal mobility. In: 2014 IEEE/ACS 11th International
Conference on Computer Systems and Applications. AICCSA, IEEE, pp. 230–237.
http://dx.doi.org/10.1109/aiccsa.2014.7073203.

Zhang, B., Shang, L., Chen, D., 2009. A study on the traffic intersection vehicle emission
base on urban microscopic traffic simulation model. In: 2009 First International
Workshop on Education Technology and Computer Science, Vol. 2. IEEE, pp.
789–794. http://dx.doi.org/10.1109/ETCS.2009.438.
14
Zheng, H., Son, Y., Chiu, Y., Head, L., Feng, Y., Xi, H., Kim, S., Hickman, M., et
al., 2013. A Primer for Agent-Based Simulation and Modeling in Transportation
Applications. Tech. Rep., (FHWA-HRT-13-054), United States. Federal Highway
Administration.

Zhou, L., Zhao, K., 2010. The design of agent-based intelligent traffic visualized
simulation system. In: 2010 International Conference on Electrical and Control
Engineering. IEEE, pp. 3066–3069. http://dx.doi.org/10.1109/icece.2010.747.

http://dx.doi.org/10.1109/aiccsa.2014.7073203
http://dx.doi.org/10.1109/ETCS.2009.438
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb125
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb125
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb125
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb125
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb125
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb125
http://refhub.elsevier.com/S2590-1982(21)00191-3/sb125
http://dx.doi.org/10.1109/icece.2010.747

	An overview of agent-based traffic simulators
	Introduction
	Perspectives of comparison
	Review
	Social dilemmas in resource utilisation
	MATSim
	POLARIS
	SimMobility

	Digital connectivity
	An integration of SUMO and JADE
	ITSUMO
	MATISSE (DIVAs 4)

	New forms of mobility
	AgentPolis
	MovSim
	ATSim


	Discussion
	Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgement
	References


