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Abstract — This paper presents a novel agent-based system 

focused on high level reasoning as part of the development of 

Advanced Driver Assistance Systems. This approach focuses on the 

driving safety, in particular, in urban environments in electric 

urban cars. The main point of the proposed approach is that it 

takes decisions based on the fusion of the information from the 

driver, the vehicle status and the state of the road ahead. 

The proposed system uses an OWL Ontology to represent the 

concepts and its relation about the urban traffic environment. This 

system is developed by using a novel multi-agent framework. 

Keywords—Advanced Driver Assistance System; Traffic 

Scenarios; Driving Task Analysis; Ontology; Multi-Agent Systems. 

I.  INTRODUCTION 

Both commercial and private road transportation (that 
co-exist within the same environment) are a driving force of the 
economy of any country. Worldwide, public administrations, and 
specially European Commission, are concerned about road traffic 
safety, not only because its social feature (“35000 people are 
killed in around 1.5 million accidents on Europe's roads each 
year” [1]), but also its economic impact. 

Nowadays Advanced Driver Assistance Systems (ADAS) 
draw attention in both industrial and academic community. 
Former do not communicate their research results apart from 
small, advertisement or not specific enough reports. And also 
only luxury brands assemble state of the art technology based 
ADAS artifacts [2]. However, academic community shows an 
important encourage on this topic, aware of affordable 
technology for mass market cars, and also driving by the 
automotive driving force of the European Commission. Among 
the several functionalities carried out by the ADAS are pedestrian 
and obstacle detection, and keeping support. However, the 
newest ADAS incorporate a module related to driver monitoring. 

In this work a multi-agent system is posed as a framework for 
a Driver Surveillance System, place on board, which will be 
applied in different traffic situations. This Driver Surveillance 
System is been developing under a coordinated project: 
eCo-Driver [3]. The objectives of eCo-Driver meet ADAS and 

environmental issues (i.e. electric and cheap small cars in urban 
traffic). Therefore, information from the traffic elements (or 
events) and the driver will be obtained by using only inexpensive 
cameras. 

The main objective of the proposed surveillance system is to 
issue alarms (or pre-alarms) when it is detected that the driver is 
not taking care to potential risky traffic situations or events, i.e. 
pedestrian crossing  or walking on the road. The driver 
inattention to traffic events can be caused not only because of 
drowsiness or activities not related to driving (e.g. access to the 
radio), but also because a stressful traffic situation where 
multiple danger events can happen in a limited range of time or 
space [4]. 

The agents within the presented framework have different 
roles. Some of them have a role related to get information from 
the traffic (e.g. pedestrian position), the car itself (e.g. its speed) 
and the driver (e.g. where is he/she looking at). Others agents, 
those related to subproject i-Support [5], are involved in data 
fusion and its analysis. From this analysis, if a potentially risky 
traffic situation is not attended or the system detects driver 
inattention, the system will issue an alarm. 

The analysis carried out by agents already cited above takes 
account a former breakdown of the tasks (and subtasks) that a 
safety aware driver should accomplish. Some of these tasks must 
be accomplished in sequential order but others simultaneously. 

The information fusion from the elements outside the car and 
the driver (in)attention allows the system to check if the a risky 
situation can arise.  It is important to highlight that if the driver is 
not focused on a relevant element, the situation could be risky. 
The analysis and fusion of this information has been considered 
in this research by using a repository of rules (which have been 
created by experts). 

An important issue to get a successful system is that every 
agent (whatever its role is) works on the same information 
structure. Therefore, in the same way than in the literature, an 
ontology [6] will define that structure. This ontology, alike others 
in automotive and ADAS literature, includes information from 



the driver, from the elements outside the vehicle, and from the 
vehicle itself. 

 

Fig. 1. eCo-Driver Project and its subprojects (VIDAS-UrbE, D3System, and i-
Support). Image taken from eCo-Drivers Technical Annex 

Finally, a ground-truth of the proposed Driver Surveillance 
System is obtained. For his issue, a sequence of 1796 images has 
been manually annotated to get a complete dataset about 
pedestrians, other vehicles, and the driver in a real traffic 
situation. 

After this introduction, the remainder of this paper is 
organized as follows. The next section provides an overview of 
the background and related work of ADAS. Section III describes 
the scenarios and the driver Task Analysis. Section IV explains in 
detail the proposed framework. Section V details the ground-
truth. And finally, Section VI presents the conclusions and 
suggests some future works guidelines. 

II. STATE OF THE ART 

Safety is a main concern for automotive industry. Actually, it 
is an important component of the image of some automotive 
brands. Nonetheless, in mass market cars ADAS has not yet a big 
impact because of the price, and also the cost and impacts for the 
companies and brands [2]. 

From years there are several elements inside a vehicle which 
objective is to improve car-occupant and traffic safety. These 
elements can be split into two categories: passive (reduce the 
effects of an accident, e.g. airbag) and active safety (try to 
prevent an accident, e.g. ABS), and ADAS (ease a safe driving). 

Nowadays, among others, ADAS give relevant functionality 
to improve driving safety, combining sensors and control 
systems. Among these functionalities are obstacle and pedestrian 
detection and collision avoidance [7]. Academic community has 
an active role in ADAS research [8]. 

Regarding the driving task analysis, there are several 
regulations about driving. Actually, each country has 
organization within its public administration that takes care about 
the whole traffic issues, ranging from road maintenance to traffic 
law application. As an example, in UK government services 
webpage, within item referring to (driving) Highway Code there 
are five different rules for driving roundabouts [9]. However, in 

Spanish regulation there exist only one rule for the same situation 
(vehicles inside roundabout have preference, see [10]). In 
addition, there are several websites, blogs, newsletters, etc. about 
driving and traffic issues, authoring by renowned experts [11]. 

However, there few works in academic literature that focus 
on the sequence of tasks, and its analysis, that a driver should 
follow to bring a safe driving [12][13]. Moreover, although both 
works accomplish a detailed analysis and descriptions of the task, 
each work is centred only on one particular situation, as right 
turn, or left turn with traffic lights. However, these works inspire 
us to reach a driver task analysis applied on several different 
traffic situations, even though briefly shown in this work/paper. 

About the ontologies used in areas relevant to ADAS, Feld et 
al. [6], describe an ontology (Automotive Ontology) designed to 
be a reference in areas relevant to automotive applications. In the 
ontology, the authors differentiate between user and context 
model. This idea is also used in the ontology proposed in this 
paper, in which the driver and the context are defined as 
particular sub-domains in the same ontology. In [14] the authors 
provide an ontology which not only accounts for plain 
knowledge representation but also for consistency checking of 
sensor information. Finally, Fuchs et al. [15] propose an OWL-
based context-model for abstract scene representation of driving 
scenarios. 

III. SCENARIOS & DRIVER TASK ANALYSIS 

Driving should always watch for any element involved in 
traffic (own vehicle, other vehicles and pedestrians) safety. So, 
driving activity is split in a sequence of tasks. The specific 
sequence for a safe driving is different for each traffic situation 
(also termed scenario). 

A. Scenarios 

Reference [16] defines a taxonomy of traffic scenarios, and 
those ones are the inspiration for the following scenarios 
considered in i-Support (and eCo-Driver) project (only figures 
from only one scenario are shown due to space limitation). 

 Scenario 1: Narrow Straight Road (with or without 
parked cars on both sides). The same traffic situation 
than “C7.2 One-way roads, narrow, 1 lane, in case speed 
limit of 30 km/h” in [16]. In this case we take into 
account also parked cars at both sides of the road (usual 
case for a lot of streets in cities of Madrid and Barcelona 
in Spain. 

 Scenario 2: Narrow Straight Road with Pedestrian 
Crossing. The same than previous one but with an 
additional Pedestrian Crossing, Fig. 2 

 Scenario 3: Straight Road with traffic lights. 

 Scenario 4: Parking: cruising within it and looking for a 
park slot. 

 Scenario 5: Parking, cruising within it to leave the 
Parking. 



 Scenario 6: Roundabout. 

 
Fig. 2. Scenario 2: Narrow Straight Road with Pedestrian Crossing. Green car 

holds eCo-Driver system (and i-Support modules). Red elements represents the 

specific traffic features to take care. 

B. Task Analysis 

For each scenario defined under i-Support project, and 
inspired by work show in [12], a driving task analysis has been 
fulfilled. So, each analysis has 3 following components:  

 task (and their set of subtask) sequence definition 
(e.g. TABLE I. ) 

 spatial segmentation (e.g. Fig. 3), and  

 temporal segmentation 

An example of driving task analysis for scenario 2, Narrow 

Street with Pedestrian Crossing is shown in both Fig. 3 and 

TABLE I.  

 

 

Fig. 3. Scenario 2, spatial segmentaion for its sequence of task (within blocks). 
Some of the task have to be acomplish at the same time. 

IV. OUR AGENT-BASED SYSTEM THAT  

SUPPORTS DRIVING TASKS 

The development of Advanced Driver Assistance Systems 
(ADAS) presents an important challenge due to their complexity 
and dependency on other vehicle systems. The two main goals 
when developing ADAS are increasing both driving safety and 
comfort. 

In this paper, we focus on the driving safety, in particular, in 
urban environments. Following the same goal, many ADAS are 
based on indirect measures (e.g., steering wheel movements, use 
of pedals and turn indicators, etc.) which require mid-long travels 
to adapt well to driver behaviour, while urban travelling relates to 
short distances. Besides, most systems focus on drowsiness, 
while in urban environments distractions are a more common 
problem. 

 

TABLE I.  DRIVING TASK ANALYSYS, SCENEARIO 2: PEDESTRIAN 

CROSSING. SEQUENCE OF TASK AND SUBTASKS 

Pedestrian Crossing. Sequence of tasks (and Subtask) 

Task Subtask 

Pedestrian Crossing  

Identification 

 identify pedestrian crossing 

 start to slow down 

 identify the characteristics ped. crossing 

 watch out for vehicles behind us 

 watch out for leading vehicles 

 look for if there are blind spots 
 

Slowing Down 

 watch out car influence area 

 start to slowing down 

 watch out slowing down process 

 keep safe distance to leading vehicle 
(if any) 

 watch blind spots (if any) 
 

Take a Decision 

 watch blind spots  

 watch out slowing down process 

 keep safe distance to leading vehicle 
(if any) 

 watch Vehicle Behind 
 

Approximation 

 STOP / SLOW (First Gear 10 Km) / 
/SLOW (Second - Third Gear - 20-30 Km) 

 watch out our vehicle sphere of influence 

 watch speed (slowing down) 

 watch Leading Vehicle if any 

 watch Pedestrians if any 
 

Cross  

Pedestrian Crossing 

 wait if Vehicle STOPPED  

in Approximation Phase 

 watch out for incoming pedestrians 

 GO (if Vehicle STOPPED  
in Approximation Phase) / 

SLO (First Gear 10 Km)/ 

/SLOW (Second - Third Gear - 20/30 Km 

) 

 

 

The approach of this paper presents an agent-based system 
which focus on high level reasoning in presence of uncertainty 
data. The reason for using agents is that they offer methods of 
communication across the network and advertisement 
capabilities. 

The main characteristic of this approach is that it takes 
decisions not only based on driver and vehicle status but also on 
the state of the road ahead. Thus, we propose a driver-centric 
assistance system which combines vehicle, road and driver 
monitoring. 

The development of this approach is based on a group of 
agents able to support the driver using dangerous situations, 
based on road scene understanding (from urban environments) 
and driver monitoring (vision-based ADAS modules).  

Fig. 4 shows the structure of the proposed approach. This 
structure presents an agent based framework which gets 
information from the vehicle (face of the driver) and the road 



(scene that is in front of the vehicle). Also, it is important to 
consider that this framework has been developed assuming an 
urban environment. This aspect is important since in urban areas, 
the interaction with pedestrians is usually inevitable. For this 
reason, in these environments driver’s behaviour has to be taken 
into account before issuing an alarm that could cause distraction 
instead of providing a helpful assistance. 

An important aspect in this approach is that the modules 
which collect the input of the system (driver and road data) have 
been already created and evaluated. Thus, although it is not 
considered as part of the presented approach in this paper, it is 
important to take into account the following two modules: 1) a 
module to monitor the driver state, especially by observing the 
head and the face; 2) a module to detect the drivable road surface, 
obstacle and pedestrians in urban environment. 

As we can see in Fig. 4, the system architecture is organized 
in two different kinds of agents: Environment Listener Agent 
(ELA) and Reasoner Agent (RA). 

 Environment Listener Agent (ELA): The main function of 
this agent is to collect and synchronized data of the 
driver (inside the vehicle) and about the road (in front of 
the vehicle). This information is collected, analysed and 
stored in the OWL Ontology. 

 Reasoner Agent (RA): This agent is able to collect data 
by asking ELA in real time taking into account the 
repository of rules. RA uses a rule engine as additional 
component to perform reasoning tasks according to the 
rules of the repository. In this case, the rules repository has 
been created by hand and it will be described below. Thus, 
this agent collets data from the driver and the road and only 
in the case that it is really necessary, this agent issues an 
alarm. 

 

 

 
Fig. 4. Structure of system proposed. A group of agents able to support the driver gathering information obtained  

(with cheap cameras) from the driver and from the front of the vehicle. 

 



After explaining the structure of the proposed approach, the 
ontology, the repository of rules will be explained in the 
following subsections. 

A. Ontology 

An ontology is a formalism to represent knowledge and share 
information in a particular area of knowledge, including the key 
terms, their semantic interconnections and certain rules of 
inference. 

The purpose of an ontology is to provide a formal definition 
which gives semantic structure to data. A variety of specialised 
languages exist to define ontologies. Among the best-known are 
RDF [17], RDF Schema [18], DAML+OIL [19], OWL [20], and 
OWL-S [21]. 

In this paper, we propose an ontology that defines the 
language for assisting vehicle drivers through safety warning 
messages in critical situations. OWL (Web Ontology Language 
[20] was the language chosen for ontology development. OWL 
was chosen over other languages in order to facilitate the 
information representation as it provides a representative notion 
of semantics for describing the driving context. OWL is XML-
based and was officially standardised by the World Wide Web 
Consortium (W3C) in February 2004. Its recent standardisation 
brings some benefits in terms of available software tool support, 
and compatibility with existing and future projects. Also, OWL 
provides a larger function range than any other ontology 
language to date. 

The main intention of the ontology that we propose in this 
paper is to provide a framework for description of driving 
scenarios in which the driver, the car and the environment are 
involved. An excerpt of this ontology is shown in Fig. 5. The 
ontology contains the concepts: Car, Driver, CarContext, 
PedCrossing and Pedestrian.  

Since the goal of this research is to combine knowledge about 
the driver and about the road, the concepts of both areas need to 
be included in the proposed ontology. 

Thus, we can see that the class Driver contains four 
properties which can be obtained by using an internal camera 
with which we can obtain data about the driver´s head position 
and orientation, and gaze direction. These data are essential to 
analyse the driver attention. 

In addition, the class CarContext contains properties which 
define the environment and the driving situation. In this case, we 
consider a specific scenario in which there are a maximum of 
three cars (left, right and front) and 4 pedestrians. In this case, we 
want to define this specific scenario; however, the ontology can 
be extended in order to represent many other different scenarios. 

It is important to take into account that time one of the factors 
that characterizes a situation. In our case, this value is considered 
as a property of the class CarContext. As it is described in the 
ontology proposed in [6], the time information can be used to 
identify the situation to which data in the knowledge base refers. 

In this research, the tool TopBraid Composer has been used 
as visual modelling environment for creating and managing the 
ontology in OWL. TopBraid Composer is based on the Eclipse 
platform and the Jena API. 

B. Repository of Rules 

The repository of rules for mapping driving situations has 
been created by hand. As this approach is oriented to urban 
driving, the rules combine information about the state of the 
driver and the pedestrians or vehicles in the road. 

As we consider urban environments, we need to take into 
account that the interaction with pedestrians is constantly. For 
this reason, we need to check carefully when this interaction is 
really dangerous before issuing and alarm. Otherwise, the alarm 
causes distraction instead of providing assistance. 

The set of rules that we proposed in this approach can be 
divided in two different groups: 1) Rules in which the pedestrians 
are involved; 2) Rules in which other vehicles are involved. 

The first set of rules (about pedestrians) is described in Fig. 6 
and we can observe that in this case not only the distance of the 
pedestrian is consider, but also the point (angle) where the driver 
focuses his/her attention. For example, an alarm is issued if a 
pedestrian is detected close and at the front and right side of the 
car (taking into account the position of the driver), and the 
attention of the driver is focused on the left side of the car. The 
rest of the rules are represented in Fig. 6. 

The second set of rules (about other vehicles in front of the 
car) is described in Fig. 7. In this case, the rules are related with 
the distance of the vehicles and also with the focus attention of 
the driver. The rest of the rules are represented in Fig. 7. 

 

V. GROUND-TRUTH EVALUATION 

In this research we have used an extensive data collection of 
multimodal road and driver images sequences. This sequence of 
images has been captured in an urban environment (outdoors car 
parking of a shopping centre). This sequence consists of 1795 
images (.jpg) of the driver and 1795 images of the road which 
were captured during around 10 minutes. Thus, the images were 
captured every 0,3 seconds. It is important to highlight that the 
images of the driver and the road are synchronized (both have 
been captured at exactly the same time). This is an important 
aspect since the alarms are issued not only based on driver status 
but also on the state of the road ahead. 

 



 

Fig. 5. Ontology proposed in this paper. It provides a framework for description of driving scenarios data  
(from the driver, the eCo-Driver vehicle and the environment ) 

 

In order to test the proposed approach, it is necessary to 
associate ground-truth to the collected data. In this case, we have 
used a manually annotated ground-truth, however, an 
automatically generated ground-truth is proposed for future 
works. In this case, information about pedestrians (position from 
eCo-Driver vehicle: distance, angle; trajectory), about the 
vehicles in the road ahead (distance, position,) and about the state 
of the road (pedestrian crossing position) is generated. In 
particular, the obtained data are those defined in the ontology. 

Once we have obtained the data collection of road and driver 
image sequences with annotated ground-truth, we use it for 
testing the proposed approach. As result, we can see in Fig. 8 and 
Fig. 9 how the alarm is issued in those cases where there is not 
only is a pedestrian or vehicle close to the car, but also the driver 
attention is not focussed on that. 

 

Fig. 6. Set of rules to check driver awareness about pedestrians.  

Set Repository of Rules (Pedestrians): 

IF ((Pedestrian Detected) && 

    … && (Pedestrian_Distance == Near)) { 

   IF ((Driver_ Attention == Right) &&… 

       (Pedestrian_ Angle == Left)) { 

       ALARM -> Pedestrian at Left!! 

       } 

   IF ((Driver_ Attention == Left) &&… 

       (Pedestrian_ Angle == Right)) { 

       ALARM -> Pedestrian at Right!! 

       } 

   IF (Crosswalk detected) && 

      (Driver_Attention != Pedestrian_Angle){ 

      IF (Pedestrian_Distance !=… 

          …!=Crosswalk_Distance){ 

         ALARM -> Pedestrian outside  

                  from the Pedestrian cross!! 

      } ELSE { 

         ALARM -> Pedestrian on the road!! 

    }   

} 

} 

                

 

 

 

 



 

Fig. 7. Set of rules to check driver awareness about pedestrians. 

 

 

Fig. 8. Image when alarm is issued: Pedestrian on the Road 

 

Fig. 9. Image when alarm is issued: Vehicle at FrontLeft 

 

VI. CONCLUSIONS AND FUTURE WORK 

In this paper, we presented a novel agent-based system 

focused on high level reasoning as part of the development of 

Advanced Driver Assistance Systems.  

This approach is focused on the driving safety, in particular, 

in urban environments, where distractions are a more common 

problem. The main point of the proposed approach is that it takes 

decisions not only based on driver and vehicle status but also on 

the state of the road ahead. Thus, we have proposed a driver-

centric assistance system which combines vehicle, road and 

driver monitoring. This system issues an alarm when a pedestrian 

or vehicle is close and also the driver attention is not focussed on 

that. 

The approach has been developed by using an OWL 

Ontology in which the state of the world (driver and vehicles) is 

represented. Also, an agent-based system has been developed 

(using JADE) which uses also a repository of rules which have 

been generated by hand. 

Since the final goal of this research is to integrate our 

approach in a real ADAS, out future work is oriented towards to 

extend and embed this approach within a real and mass market 

car using real data. Thus, in future works the Driver Surveillance 

System will work with the information directly given by sensor 

agents (e.g. information about pedestrians crossing the road). 
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