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Abstract— In this work, we present Simul-A2, a simulator 
based on a multi-agent architecture. Using this simulator, we can 
make test with Advanced Driver Assistance Systems (ADAS). 
Simul-A2 has been developed using Webots and libraries that 
have been developed by ROS Project. In order to introduce more 
realism, the virtual worlds in the simulator contain several agents 
that control the vehicles regardless of the user's actions. These 
agents make the simulation more real by producing more 
reaction and anxiety in the driver who is using Simul-A2. 
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I. INTRODUCTION  
In this work, a simulator for advanced driver assistance 

system (ADAS) has been implemented. This simulator, called 
Simul-A2, allows us to measure the driver’s reactions in 
different test scenarios where other vehicles are involved. To 
achieve this goal a multi-agent architecture has been 
implemented to interact with the driver that uses the simulator. 

To model the world inside the simulator, we make use of 
Webots [1], a robotics simulator tool. Using this tool, different 
kind of test scenarios were developed. These scenarios include 
vehicles, traffic signals, buildings and parking’s lots.  

In Simul-A2, with the purpose of being able to interact with 
both simulated environment in Webots and with the real 
environment (test car), we have designed a communication 
scheme between the driver, the agents, the simulator and the 
real car using tools and libraries developed by the ROS Project 
(Robot Operating System) [2].  

In addition, Simul-A2 manages all the car’s sensors 
information nodes integrated for communication (real or 
simulated car). These sensors allow the driver and/or the agent 
to get all the information of the scenario around them. In the 
other hand, all the actions of the driver or agents will be 
processed and sent them back to the simulator. 

With the goal of giving a better and realistic experience for 
the user, Simul-A2 integrates in all the developed scenarios a 
group of agents that can control the cars that will interact with 
the driver. These agents are 3T hybrid architecture based 
agents [3]. This architecture has three layers of control that 

allow us to divide the agent actions in two big groups: one for 
the reactive abilities and the other one for the deliberative 
strategies. The 3T Architecture was integrated with ROS to 
improve the system efficiency through its events 
communication system and the integration of different types of 
sensors with the system. 

Moreover, in order to improve the simulator’s user 
experience (including a more realistic interaction with other 
cars), we conducted a comparison of agents’ and driver 
behaviors in order to determine their degree of humanity. The 
results have shown that the 3T-based agent with behavior 
cloning learning strategy allows a better experience for the 
user. This is because this agent shows a behavior similar to a 
human behavior driving the car. 

After this introduction, the remainder of the paper is 
organized as follow. The next section provides an overview of 
the background and related works. Section III explains in detail 
the proposed simulator. Section IV shows the experiment and 
results. And finally, Section V presents the conclusions and 
suggests some future works guidelines. 

II. BACKGROUND 
Active safety systems provide the vehicle an intelligent system 
able to predict and prevent accidents that the driver could not 
control alone. These systems are called Advanced Driver 
Assistance Systems (ADAS). The ADAS are widely extended, 
also in commercial vehicles, from the Antiblock System, the 
cruise control and the GPS Navigator [4][5][6]. 
 
The use of simulators in the ADAS design is an idea that has 
become very popular in recent days, especially with the 
emergence of new equipment and technologies. However, 
when these systems are tested in simulated environments, they 
do not often include elements with autonomous and 
unpredictable behaviors. This fact causes the driver 
underestimates the ADAS and did not trust the information 
that the system is showing. An example of this is a stressful 
situation where the driver is unable to make the best decision 
while driving. For example, the driver may be worried to turn 
left or right during traffic jam and s/he does not realize that 



there is a pedestrian in the street. Such situations are not 
usually played in simulated environments or they are 
reproduced with limitations. 
 
In order to overcome these limitations, simulators have been 
developed in situations in which multiple drivers are involved 
[7]. These simulators offer a different psychological profile 
than conventional simulators where only one user is involved. 
In this generation of simulators the user feels that s/he is 
interacting with other humans acting under a criterion not 
necessarily be expected. For example, the way a human drives 
differs from the way the rule-based agents do. 
 
In [7], the authors present an approach of multi-driver 
simulations for analysis of ADAS. They use a PC-based 
simulator with motion system. A limitation of this type of 
simulators is that the more realistic they are, the more 
computing resources are needed, making them very expensive. 
 
ADAS can also be tested in simulators with multiple drivers. 
This situation makes that the driver can feel immersed in a 
real environment where other drivers are also involved. Thus, 
the driver can experience the use of ADAS in a safe and 
realistic way. 
 
The new generation of ADAS is focused on tasks such as 
parking the car, the ability to stay in the way in cruise mode, 
or detecting pedestrians in front of the car. However, all these 
capabilities are limited if the driver does not feel comfortable 
with this system or does not think that the information given 
by these systems is relevant [8]. 
 
What we propose in Simul-A2 is the development of an agent-
based simulator that uses the approach of multi-driver 
simulators. To this end, we propose to use different types of 
intelligent agents able to react to different events and these 
agents are not using a set of fixed rules. These agents are 
different bots (virtual entities that control a character), like 
those that exist in most videogames, since they need to make 
decisions autonomously and unpredictably [9][10]. 

III. SIMUL-A2 
Simul-A2 was built as an environment where intelligent 

agents could interact with other agents and the driver. Each of 
the components of this simulator was integrated using the 
ROS. Thus, the ADAS being tested in the simulator can be 
used in real car with slight changes (Fig. 1). In Fig. 2, the 
general architecture of Simul-A2 is shown. 

The main components of the system can be divided into:  

• The simulation environment based on Webots (Fig. 
3). 

• The user interface. This interface includes LCD 
screens and vehicle controls (steering wheel, gear 
box, pedals). See Fig. 4. 

• Control agents or bots that interact within the system. 
These agents can control vehicles, pedestrian and 
other autonomous elements. 

All the elements of the simulator are communicated 
through ROS. Moreover, external sensors such as Microsoft 
Kinect can be incorporated in Simul-A2 through ROS. 

 
Fig. 1. General overview of Simul-A2 for testing ADAS. 

 
Fig. 2. Architecture of Simul-A2. 

 

Fig. 3. Simulation environment developed in Webots. 

Also we have designed three test scenarios in order to 
measure the reactions of a driver when s/he interacts with some 



particular events. These scenarios are based on the 
recommended scenarios proposed in Vehil Project [11]. 

 
Fig. 4. Mockup and scenario of driver simulator. 

A. Simulation environment 
In the simulator there is a virtual world where the objects –

static or dynamic - could interact with each other. Webots 
robot simulator has been used because it allows physical 
interaction between objects, and due to its ability to reproduce 
different types of scenarios, sensors and actuators that are 
required for the development of this approach. 

Using Webots, the scenarios were designed as realistic as 
possible, trying to avoid high consumption of resources, 
optimizing the appearance of trees and buildings that exist in 
the virtual world, taking advantage of the ability video card, 
and making them not occupying the CPU that would be needed 
by the time the controllers are activated. 

The three scenarios are shown in Fig. 5: (a) a first scenario 
with a road where the speed limit is a maximum of 30 km/h 
with curves and buildings, (b) road and parking area, and (c) 
road where the speed limit is maximum of 30 km/h. The third 
scenario is a combination of the first two. 

With regards to the simulated cars used in the simulation 
process, they were designed using the basic car implemented in 
Webots. A special car, an electric one, has been developed 
using Google Sketchup in order to fill all the characteristics 
defined in i-Support project [12]. This vehicle will be 
controlled by the driver and is shown in Fig. 6. The other cars 
involved in the simulations, are controlled by autonomous 
agents. 

B. Autonomous Agents 
In order to improve the user experience during the 

simulation without using a multi-driver approach, we have 
implemented automous agents able to control the cars that 
interact with the driver in the different scenarios. These agents 
are based on 3T control architecture, artificial neural networks 
and the SPADE platform [13]. 

We have developed three type of autonomous agents. The 
first one is a 3T-based agent that uses the basic behavior of 
autonomous cars implemented in Webots as reference. This 

type of agent is able to stay on the road and avoid obstacles 
using data from laser and camera as inputs. 

The second type of agent is a 3T-based agent with an ANN. 
This type of agent uses an ANN trained following a learning by 
imitation approach [14][15]. In order to train the ANN, we 
have created a dataset from the interaction of different users 
with the simulator. The structure of the ANN (Fig. 7) consists 
of: 

• Input layer with four neurons (position of the road 
edges, proximity of the parking area, distance to an 
obstacle and position of the yellow lines). 

• One hidden layer. 

• Two output neurons (turning angles of the front 
wheels). 

 
Fig. 5. Scenarios used in the simulation process. 



 
Fig. 6. Simulated electric car. 

 

 
Fig. 7. Structure of Artificial Neural Network used. 

The third type of agent is based on SPADE platform (Smart 
Python multi-Agent Development Environment) [13]. In this 
case, we implemented the agents as a hybrid architecture 
approach. They have reactive, sequential and deliberative 
layers. The reactive layer is responsible for handling the 
sensors and actuators. On the other hand, the sequential layer 
is responsible for transforming data sent by the reactive layer 
in information that can be handle by SPADE agents and vice 
versa. In the deliberative layer, the world model is built so that 
the agent can achieve its objectives; in this case, find a place 
where the car can be parked and not collide with other cars. 
Moreover, in this layer, SPADE tries to know what other 
agents are doing. In Fig. 8 we can see the proposed approach 
of using SPADE in the driving simulator. 

C. Integration of elements in Simul-A2 
An important aspect in the development of Simul-A2 is the 

use of ROS to integrate all the components that are part of the 
simulator (Fig. 9). This allows the integration of external 
sensors like Microsoft Kinect and other cameras with the 
simulator (Fig. 10). In addition, the ADAS developed and 
tested in the simulator can be incorporated into real car with 
slight changes. 

IV. EXPERIMENT AND RESULTS 
In this section we present the results obtained in the 

evaluation of the autonomous agents’ behaviors in the 
developed scenarios. To perform these tests we have created 
controlled conditions in each scenario in order to determine 

whether Simul-A2 is able to behave as a multi-driver 
simulator. 

A. Autonomous agents evaluation  
One of the objectives of Simul-A2 is that autonomous 

agents that control the cars inside the simulator can behave 
similar to human beings. However, the evaluation of these 
behaviors is a complex task since there may be subjective 
considerations about what a human behavior is. In this work, 
we have considered that the behavior performed by a user that 
interacts with the simulator is the most similar to the behavior 
of a human being. 

In order to compare the results of different agents, we 
carried out several simulations in different scenarios. Once the 
simulations were performed, we compared the results obtained 
for each type of agent with the results obtained by a user that 
interacts with the simulator taking into account a series of 
events. These comparisons are made regarding to the detection 
and avoidance of obstacles. On the other hand, events concern 
some particular situations where the laser detected the 
proximity of some object that could be dangerous for the agent 
(cars, trees, barrels, rocks, buildings, etc.). The number of 
events is between 13 and 16 depending on the scenario of 
evaluation. 

In the graphs (Fig. 11-13), the behavior closest to zero 
indicates that the behavior of the agent is very similar to the 
human that interacts with the simulator. Instead, a value well 
below or well above zero indicates that the behavior of the 
agent bears no similarity to the human beings for that 
particular event. 

Taking into account the 3T-ANN based agent, if we 
measure the similarity with the behavior of a human being, we 
obtain the best results as we can see in Fig. 11, Fig. 12 and Fig. 
13. 

B. Simul-A2 limitations 
Simul-A2 provides an environment capable of recreating 

the conditions of a road network under different scenarios. 
However, there are still elements that need to be worked out to 
enhance the experience of users in the system. The first aspect 
is perhaps the graphic quality of the virtual world. Although 
we have worked on it, we are still far from having some 
commercial videogames dedicated to driving simulation. 

On the other hand, there is a high consumption of 
resources during the simulation. When a new agent is 
incorporated into the virtual world, the use of CPU and RAM 
increases dramatically. This could be addressed by taking 
advantage ROS for parallelizing the processing. 

Finally, there are some compatibility issues with the 
peripheral hardware of the simulator that need to be addressed 
in order to improve the interaction between the user and the 
simulator. 



 
Fig. 8. SPADE-ROS proposed structure. 

 

 
Fig. 9. Integration of all components of Simul-A2 using ROS. 



 

 
Fig. 10. Kinect integration in the simulation environment through ROS. 

 

 
Fig. 11. Results in scenario 1: a road of no more than 30 km/h with curves and 

buildings.

 

Fig. 12. Results in scenario 2: parking lot. 

 
Fig. 13. Results in scenario 3: combination of scenarios 1 and 2. 

C. Driver’s simulation effects 
Once the agents have been implemented in the simulator, 

we carried out several simulations in which the agents interact 
with the user. During these simulations we monitored the 
driver's actions and reaction to the agent’s behaviors in a 
parking spaces scenario. Preliminary results indicate that the 
interaction with agents that, in some cases, can behave as an 
aggressive driver, cause some stress on the user. In Fig. 14 we 
can see a collision occurring between the user and the 3T-
ANN based agent during a simulation. Moreover, the 
interaction with the agents produced a degree of fatigue after a 
while. 

 

 
Fig. 14. Incident between the car controlled by human and the car controlled 

by 3T-ANN based agent. 

V. CONCLUSIONS AND FUTURES WORKS 
In this work we present the first version of Simul-A2, a 

simulator for evaluating ADA systems. Simul-A2 incorporates 
cars controlled by intelligent agents in order to improve the 
driving experience, which is quite similar approach provides 
the simulation with multi-driver simulations. Simul-A2 
provides environments for testing ADAS in a safely and 
realistic way. On the other hand, this simulator uses ROS for 
integrating its elements. Thus, it is relatively easy to move 
from simulation to the real world for testing ADAS. 
 

Since the final goal of this work is to improve the user 
experience with the simulator while testing ADA systems, our 
future work is oriented to toward extended the use of 



intelligent agents inside the simulator for controlling cars and 
pedestrian. On the other hand, in order to improve the system 
performance, we are planning to use a cloud computing 
approach in the system that runs the agents. We are also 
working in the improvement of the quality of the graphics and 
resource consumption of the simulator.  
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