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ABSTRACT

We present GridLock, a microscopic traffic simu-

lation platform capable of simulating heterogenous

populations with varying driver and vehicle charac-

teristics. Vehicles in this simulation platform are

controlled by autonomous agents. These agents

control the driving behavior and routing decisions

of the vehicle. The microscopic simulation level

combined with the focus on agent based control

make the simulation platform an excellent testing

ground for advanced and complex routing strate-

gies, such as cooperative or distributed routing.

This paper outlines the design and technical details

of the simulation platform and describes an exper-

iment showcasing the platforms capabilities.

Keywords: microscopic traffic simulation, agent based

simulation, online routing

INTRODUCTION

This paper presents a flexible microscopic simulation
platform, called GridLock, specifically targeting the
simulation of agent based traffic policies. The simula-
tion models drivers as agents whose behavior is deter-
mined by three distinct models: lane changing behav-
ior, acceleration behavior and routing behavior. Differ-
ent implementations and configurations can be speci-
fied for each individual driver. This allows the Grid-
Lock simulation platform to include a wide variety of
driver profiles in a simulation.

The traffic simulation used in GridLock is micro-
scopic. The simulation model keeps track of the posi-
tion, direction and speed of every vehicle in the simu-
lated environment. This microscopic representation of
traffic allows the driver agents to directly monitor and
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control the vehicle they are responsible for, allowing
continuous adjusting of the vehicles route, continuous
adaptation of the drivers behavior to the surrounding
traffic and activity based driving behavior.

The simulation itself is timeframe based. It can
be seen as a loop where in each iteration, time ti is
progressed slightly by a ∆t and for all simulated en-
tities (vehicles, roads, communication infrastructure,
. . . ) the new state in ti+1 = ti + ∆t is calculated. In
our platform, the calculation of the new state is dele-
gated to the model representation of the entity itself.
Thus, the vehicle representation can determine how far
it will drive during the ∆t-period. This allows a great
differentiation in simulated entities.

Combined, these characteristics make GridLock a
suitable platform for the evaluation of complex dis-
tributed traffic policies such as cooperative routing
strategies. Evaluating routing strategies is complex.
Often routing strategies are evaluated using traffic
flows obtained from macroscopic traffic simulations or
microscopic representations of vehicles using the rout-
ing strategy under investigation are combined with
background traffic in mesoscopic simulations. These
evaluations assume that the routing decisions do not
affect traffic flows. When evaluating a routing policy
for a large percentage of vehicles, this assumption does
not hold [7] and all vehicles need a microscopic repre-
sentation.

Because of the platforms focus on simulating com-
plex traffic policies, the vehicles drivers are modeled as
autonomous software agents, capable of making their
own decisions based on information they obtain about
the vehicle they are driving and the traffic network they
observe. An infrastructure allowing communication be-
tween these driver agents themselves and possible other
software agents representing parts of the traffic infras-
tructure is provided by the simulation platform.

This paper is structured as follows: first the au-
tonomous driver agents controlling the vehicles is dis-
cussed. Next the representation of traffic within the
GridLock simulation platform is described. The third
section discusses the use of OpenStreetMap as a possi-
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ble source of network information. Non traffic specific
functionality of the simulation platform, including in-
strumentation and communication, is described next.
A description of the setup of an ongoing experiment
executed within the simulation platform is provided to
give an impression of the platforms capabilities. Fi-
nally, we end this paper with some conclusions.

MICROSCOPIC DRIVER MODEL

Drivers in our simulations use three parameterized
models to guide their activities. The vehicles accelera-
tion is determined by an acceleration model. Such an
acceleration model is typically a car following model. A
second model describes the lane changing behavior of
the driver. Finally, a third model is responsible for all
route decisions the driver must make. Together these
three models define the drivers behavior. All three
models are independent of each other. The resulting
structure of the driver model is shown in Figure 1.
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Fig. 1: Structure of simulation platform

The simulation platform includes implementations
of established models for both the acceleration and the
lane changing models: a car following model implemen-
tation of the Intelligent Driver Model [6] by Treiber
and an implementation of the MOBIL lane changing
model[5] by Kesting. Both of these implementations
are parameterized, allowing a heterogenous population
of drivers.

The simulation platform also has an implementation
of the third model describing the routing decisions.
This implementation is based on the A∗ algorithm and
simply calculates the fastest path to the drivers des-
tination. The resulting behavior will closely mimic

drivers guided by in vehicle satellite navigation sys-
tems.

The exact component in use for every of the three
models describing the drivers behavior can vary on a
driver-per-driver basis. Thus it becomes possible to
exchange the default A∗ based routing model for any
other component that adheres to the same interface
and offers the same functionality. This allows exper-
imentation with populations of drivers using different
routing strategies.

MICROSCOPIC TRAFFIC MODEL

The microscopic traffic model keeps track of the posi-
tion of every vehicle on every lane. Each timeframe,
the traffic model logic iterates over all vehicles and in-
vokes the driver behavior of the vehicle. The driver
logic will indicate how far the vehicle wants to drive
and the traffic model logic will check this advancement
against several constraints designed to avoid collisions.
Based on information obtained from the driver logic,
the vehicles representation on the road will be updated.
This representation involves both the lane the vehicle
is driving on and the offset of the vehicle on that lane.

The simulation model partially sacrifices fairness for
simplicity and efficiency. While transitioning from one
timeframe to the next, all vehicles will perceive a dif-
ferent traffic environment [3]. The environment the
vehicles are presented with when asked for their move-
ments will have changed because of all previous vehi-
cles influences. The constraints used to restrict the
vehicles movements will subsequently also be different.
The simulation loop for vehicles expressed in pseudo
code looks like:

for all v in environment.vehicles do
influence← v.drive in (environment)
environment← environment.apply(influence)

end for
This limitation of the simulation model is a deliber-

ate choice. The alternative would be to use a simula-
tion loop like:

for all v in environment.vehicles do
influences[]← v.drive in (environment)

end for
influences← resolve conflicts(influences)
for all i in influences do

environment← environment.apply(i)
end for
The resolve conflicts function would have to in-

spect all vehicle movements, detect conflicting move-
ments and decide on how to resolve them, requiring
complex and time consuming algorithms. In GridLock
we have chosen not to use such resolving algorithms.
As every vehicle in the current simulation model per-
ceives the exact environment in which its influence will
be applied, the driver also knows the constraints and
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can simply avoid any conflict from ever arising. Be-
cause of the efficiency the timeframe duration can be
made very small, resulting in less ignored conflicts.
Currently, vehicle positions are recalculated every ten
milliseconds.

The current microscopic traffic model in use in the
simulation platform can utilize multiple threads. Be-
fore iterating over all vehicles, the vehicles are parti-
tioned into groups. Each of these groups is then sim-
ulated using a different thread, greatly speeding up
the computationally intensive calculations. While par-
titioning, the vehicles position is taken into account
and all vehicles on the same road will be assigned the
same group, thus avoiding conflicts between the differ-
ent simulation threads. The simulation will await the
calculation of every vehicle in the time frame before
starting the next time frame.

Using multiple threads compromises the simulations
reproducibility. Because of the parallelism the order in
which the vehicles’ influences are applied to the envi-
ronment is no longer guaranteed. In the single threaded
version of the model, even with the limited fairness, the
order in which the vehicles are moved in the environ-
ment is still identical in different simulations. There-
fore the multi threaded model is optional.

A multi threaded simulation of one hour of traffic
with over 10000 trips in the city of Ghent, showed in
Figure 2 takes only 14 minutes on a recent workstation.

Other, less computationally intensive, traffic models
can be used to replace or complement this model. In
one of our recent papers [1] we describe a mechanism
that can be used to extend the platform by combining
two separate microscopic traffic models. The flexibil-
ity offered by the GridLock simulation platform allows
such modifications.

TRAFFIC NETWORK SOURCES

Traffic networks can be imported into the GridLock
simulation platform from various sources. Currently,
the most used source of traffic network definitions for
our experiments is OpenStreetMap. While not fully ac-
curate or complete, OpenStreetMap data offers a con-
venient way of quickly building a large set of realistic
traffic networks.

OpenStreetMap currently offers the possibility of ei-
ther exporting small sections of their traffic network
to XML files directly through their web interface. For
larger areas, i.e. nation wide traffic networks, the web
interface is insufficient. These areas can be extracted
from the global dataset also made available by the
OpenStreetMap project. OpenStreetMap data is col-
lected by volunteers worldwide. This has implications
on both the level of detail in less populated regions and
the accuracy of the data. Using a wiki-like model intro-
duces the notion of peer review for map data, reducing

Fig. 2: Visualization of a simulation of the city of Ghent
using data obtained from OpenStreetMap

the inaccuracy of the data.
The GridLock simulation platform can easily be ex-

tended with adapters for other traffic data sources.

INSTRUMENTATION AND
COMMUNICATION

Because of the focus on simulating agent based traffic
policies, GridLock offers a simulated communication
infrastructure. All entities within the simulated envi-
ronment can communicate with other entities. A sim-
ple package forwarding communication model is pro-
vided. As with the traffic model, this communication
model can be extended and be made more detailed if
experiments require this.

Besides the communication infrastructure, GridLock
provides experiment designers with ways of instru-
menting or monitoring the simulated environment.
GridLock uses an open event dispatching system that
allows entities within the simulated environment to
trigger events. These events can be observed by event
observers. An event observer can be any other entity
within the simulated environment, but can also be an
external observer. Examples of the latter are a graph-
ical user interface showing the simulated environment
or an event observer that simply logs all events that
occur during the simulation.

The event dispatching system allows a clear separa-
tion between monitoring code and the simulation itself.
It also allows asynchronous monitoring of the simulated
environment. The event system is open, meaning de-
velopers can easily define their own event types and
fire these custom events from within their own code.

CASE STUDY

We illustrate some of the possibilities of the GridLock
traffic simulation platform by describing a currently
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ongoing experiment. In this experiment we evaluate
link travel time prediction using embedded infrastruc-
ture agents. Next to the autonomous agents controlling
the vehicles, we introduce a new kind of autonomous
agent, called an infrastructure agent. Every infrastruc-
ture agent is responsible for one infrastructure element,
i.e. a road or a junction. Together these infrastruc-
ture agents offer a service to the agents controlling the
vehicles, called vehicle agents. The goal of the infras-
tructure agents is to provide the vehicle agents with
forecast information about the link travel times on the
infrastructure element they represent.

Vehicle agents deciding on what route to follow can
query all infrastructure agents representing the vari-
ous elements on a candidate route through the Grid-
Lock communication infrastructure and can obtain link
travel time predictions from them. These link travel
time predictions can then be used to decide between
the different route candidates. When a vehicle agent
has decided on what route to take, it informs the in-
frastructure agents on that route of its pending visit.
Infrastructure agents can use the information about
these intentions to provide other vehicle agents with
more accurate results.

To determine these future link travel times based
on the information passed by the vehicle agents, in-
frastructure agents have to use a certain prediction
model to relate the number of incoming vehicles with
link travel times. Several possible prediction models
are evaluated in this experiment, namely an artificial
neural network, a simple macroscopic simulation and
model learning.

When using artificial neural networks or model learn-
ing, infrastructure agents continuously monitor the on-
going simulation and refine their model of the relation-
ship between both the incoming traffic, as reported by
the vehicle agents, at a given time and the observed
link travel time at that same moment. This informa-
tion is used to further perfect the infrastructure agents
model of this relationship. When a vehicle agent later
requests the link travel time at a future time, the in-
frastructure agent can use its learned model and the
already received messages from other vehicle agents
about visits at that future time to predict the link
travel time.

Infrastructure agents using macroscopic simulation
receiving a request for a link travel time simply simu-
late traffic at the requested time based on the messages
of other vehicle agents for that future time.

None of these three models will provide the vehicle
agents with perfect link travel time predictions, but
the information has been shown to improve routing
decisions made by the vehicle agents[2]. The question
this experiment wants to answer is which of the three
models offers the best results and how the quality of
the predictions affects the quality of the route decisions
taken by the vehicle agents.

CONCLUSION

In this paper we have presented details on a micro-
scopic traffic simulation platform called GridLock. We
have outlined and motivated some of the design deci-
sions that went into GridLock. The rationale behind
these design decisions is to pursuit the goal of being an
easy to use, easy to extend, flexible and performant mi-
croscopic traffic simulation. Unfortunately, this results
in some sacrifices in model fairness and reproducibility.
However, given the efficiency of the GridLock platform,
it is possible to reduce the negative impact on fairness
by choosing a small simulation interval, thus reducing
the chance of conflicts.

The open and extensible nature of GridLock is illus-
trated by describing the kind of experiment it is cur-
rently being used for. By modeling drivers as fully
autonomous software agents and also allowing other
kinds of software agents to populate the simulation en-
vironment, GridLock is well suited for complex traffic
policy simulations involving cooperative agents.
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