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Introduction

In the past, the validation of equipment and systems in the automotive industry has been based on testing with human drivers. This type of testing has been high risk and time consuming, involving a certain number of thousands of kilometers and presenting different types of possible damage (material and human) [START_REF] Singh | Autonomous cars: Recent developments, challenges, and possible solutions[END_REF]. In recent years, the development of new systems and equipment, including Advanced Driver Assistant Systems (ADAS) and the automation-driving systems, have been supported by alternative methods [START_REF] Li | Estimation and Analysis of Minimum Traveling Distance in Self-driving Vehicle to Prove Their Safety on Road Test[END_REF]. One of which consists in using software for simulations to validate systems and processes, which contribute to speed up this process and reduce possible physical risks [START_REF] Ebert | Validation of Automated and Autonomous Vehicles[END_REF].

Over the years, thanks to the capacity of current processors, research has been done on how human behavior can be reproduced in a virtual plane, being able to recreate as real as possible their most common, as well as the less likely reactions to happen. Making the representation of human factors in virtual form to contribute the validation of systems from simulators more reliable as if it were the classic way with physical elements [START_REF] Galko | Vehicle-Hardware-In-The-Loop system for ADAS prototyping and validation[END_REF]. For this reason, modeling the driver's behavior plays an important role in order to represent how this task is carried out [START_REF] Pallamin | Presence, Behavioural Realism and Performances in Driving Simulation[END_REF].

In this context, the Institute of Research and Technology SystemX, aware of this problem and committed in the research & development launched the 3SA (Simulation for the Safety of the Autonomous Vehicle Systems) project, which its main objective is the development of new methods and tools for the test and the validation of delegated driving systems using digital simulation. This is why, the recreation of a natural traffic in a digital simulation where drivers' reactions, as atypical as they may be, can be reproduced for system validation is paramount. While it is well known that current simulators are capable of recreating specific, one-time scenarios, the addition of rare reactions and conditions will increase the reliability of newly validated systems.

In the literature, much work has been done on the issue of modeling driver behavior and road safety reports, can help to understand some of the factors and situations that lead to spontaneous driving reactions [START_REF] Sen | ANALYSIS OF LANE CHANGE CRASHES[END_REF].

Statistical studies from institutions such as [the National Highway Traffic Safety Administration (NHTSA) and the Insurance Institute Highway Safety in the United States and CEESAR in France], as well as some other road safety organizations, compile relevant data that help identify situations where driver behaviors lead to crashes or critical events that could have been prevented [START_REF] Hs | Analysis of Lane-Change Crashes and Near-Crashes[END_REF]. Thus, the data provided by certain studies are very detailed and for this reason, several risk scenarios are analyzed. These Road Safety reports argue that among the factors that compromise road safety, it is possible to classify them as:

• Environmental factors: It includes weather, infrastructure conditions, road markings, traffic, moving obstacles, etc. • Vehicle's factors: These factors can be linked to mechanic, electric or electronic problems, as well as the ergonomic factors in the interior of the vehicle. • Human factors: Include the influence of alcohol, drugs, distraction, driver's health conditions and the driver's habits Also most of the documented accidents in these reports have occurred during the day and on a good weather conditions, reinforcing the importance of the human factor in risky and collision scenarios.

As in the case of France, the National Road Safety Dependency (ONISR -"Observatoire national interministériel de la sécurité routière" in French) reported in 2017 habits and behaviors that have compromised road safety in their territory as it is shown in figure 1, it is possible to infer that speeding and the relaxation of safety measures take an important role while being on the road [START_REF] Onisr | de la sécurité routière[END_REF]. Therefore, making a driver model that takes into account the driver's personality, age, experience, workload, environmental conditions, etc. will allow to recreate a more realistic traffic as what it is observed on a daily basis on the road.

Modeling the driving task has started since the 1970s, which can be classified between those that are risk-based and those in which this task is defined as small sub-tasks that are interconnected with each other.

Likewise, these models have the similarity that most of the models are constituted by a hierarchical architecture in which the main levels are somehow the strategic, the tactical and the operational.
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Work In Driving Behavior Modeling

Driving is a multitask activity that involves physical and mental skills. For this reason, the studies of this activity become relevant when we try to understand in a deeper form how it is performed. As a result, drivers' behavior models have been proposed to explain, according the perspective of some authors, the process of driving, being able to contribute to the development of new technologies and tools for driving assistance.

Since the 1980's, the driving activity is defined as a multilevel task, as an example, Michon's model defines it as a three-level hierarchical task consisting of the strategic level (planning), maneuvering level (tactic) and control level (operational) (see fig. 2) [START_REF] Michon | A Critical View of Driver Behavior Models: What Do We Know, What Should We Do?[END_REF]. From this definition, other authors, such as Van der Molen & Bötticher [START_REF] Molen Hhvd | A hierarchical risk model for traffic participants[END_REF], have added to this structure, elements such as risk within each level of this activity, as well as the expectations, motivations and objectives. Therefore, new studies that followed the line from these models have used different this model as a base for a new architecture where risks are also considered for the driving activity, such as Benloucif's work [START_REF] Benloucif | Coopération homme-machine multi-niveau entre le conducteur et un système d'automatisation de la conduite[END_REF]. His architecture as well as Guo's work are based on the hierarchic levels [START_REF] Guo | Conception des principes de coopération conducteur-véhicule pour les systèmes de conduite automatisée[END_REF].

Benloucif's architecture is implemented for a cooperative autonomous driving system, contemplating risk and legal aspects for the decision taking phase. While Guo's work uses this hierarchical structure for a cooperative maneuver planning.

Besides of drivers' modelling, the interaction with the surroundings is complementary to this study. Therefore Gibson [START_REF] Gibson | The theory of affordances[END_REF] states in his theory of affordances that driver's environment perception may differ from the actual environment. Elements on the road may be there but the driver may not necessarily register them in his/her surroundings, this perception is constantly changing in a very short period of time.

At present, researchers who have addressed this issue define that the activity of driving involves many more factors, which affect his decision making. The factors commonly identified are: age, experience, personality, road conditions, weather, vehicle, emotions, workload, among others, as mentioned on the Manual Psychology Applied to Driving Manual from Spanish Authorities [START_REF]Manual Psicología aplicada a la conducción[END_REF], as well as in Lucidi's work on personality traits to predict risky behaviors [START_REF] Lucidi | Personality Traits and Attitudes Toward Traffic Safety Predict Risky Behavior Across Young, Adult, and Older Drivers[END_REF].

Thus, Ghaemi's model proposes a hierarchical structure using an approach of fuzzy systems for the modeling of the driver's behavior including some of the factors previously mentioned (environmental, human and vehicle's factors) [START_REF] Ghaemi | Driver's Behavior Modeling Using Fuzzy Logic[END_REF]. This hierarchical structure allows to decompose in separate elements this complex activity. We are inspired by this method to propose an integration of the most possible factors mentioned in this section.

Driver Behavior Model description

The proposed architecture is represented in the Fig. 3. It has taken as reference Michon's hierarchical model of driving activity [START_REF] Michon | A Critical View of Driver Behavior Models: What Do We Know, What Should We Do?[END_REF], as it allows us to represent this task in a simple and clear way, as well as being the reference model for Benloucif's model [START_REF] Benloucif | Coopération homme-machine multi-niveau entre le conducteur et un système d'automatisation de la conduite[END_REF] and for the SCANeR studio's traffic module [START_REF] Champion | Traffic generation with the SCANeR II simulator: towards a multi-agent architecture[END_REF]. As explained above, this model consists of 3 levels: the strategic level which focuses on planning, the tactical level which focuses on all actions such as decision making and the operational level which includes elementary actions such as lateral and longitudinal control. These levels are fed by the perception of the environment.

For our research case, the main interest is the tactical level which is focused on decision making and the elements involved in it. First of all we must take the definition of "Motivation", that it is a mental state, the need to perform a task. It is an action of short duration. Therefore, the driver's motivation can be described as the decision mechanism responsible for the choice of maneuvers. Impacted by the driver's feelings/desires. Example if the driver is in a hurry, is tired, has a higher mental workload, etc.

Within this process, the driver's abilities, whether they are abilities acquired to perform the activity of driving and which will be affected by the influence of the driver's state and the type of driver.

The state of the driver can be defined as the physical and mental state of the driver while executing the driving activity. It tends to deteriorate with time until a break. In the external variables, coming from the perception of the environment that influence the state of the driver, as we include the time of day, the distraction, the driving time and the traffic density.

On the other hand, in the included factors that influence the type of driver we consider the age and personality of the driver.

The information flow of the factors influencing driver status and driver type will merge into the driver's intention with the factors influenced by the weather. Defining "Driver's Intention", is the desire to perform a task while driving. It is a long term action, unlike motivation. Example: to save fuel or to arrive as fast as possible.

And finally the process of maneuver decision making which contains three steps: Possible maneuvers: Categorization of relevant maneuvers and in possibility to perform in progress. In this step also intervenes the perception of the space of the vehicles around the EGO vehicle (controlled) and its speed. Ranking of maneuvers: Evaluation of each maneuver alternative according to risk, directly influenced by the driver's intention. Maneuver selection: Selection of the most suitable maneuver according to the driver.

The decision will come back into the driver's motivation loop.

First phase implementation

In the first phase of the model, it was decided to take into account only the speed and the driver's of space perception factor, in order to realize a maneuver selector module with the use of fuzzy logic, which is commonly used for decision making systems and in transportation systems [START_REF] Briois | THE CASE OF THE MODELISATION OF THE BEHAVIOR OF THE AUTOMOBILE CONDUCTOR BASED OF FUZZY LOGIC[END_REF]. This approach allows us to recreate behaviors in a more understandable way, since it uses a natural language. This fuzzy controller, will use a rule database and a fuzzy inference engine that will act as the maneuver selection module due to the capability of infer the best maneuver to select according to the TTC (time to collision) between the surrounded vehicles and the speed of the EGO vehicle in order to avoid collisions. In this process, we must generate the driving conditions that must follow our model of behavior and following the references of the French road safety code, which consists of: 1. As an initial condition, the driver will always take priority to the right lane of the highway. The driver will continue in his lane if:

Decision making process

(a) The preceding vehicle has an TTC (time to collision) medium or higher, (b) There is no vehicle in front, (c) The passing conditions are not suitable, i.e:

i. The FV vehicle is at a TTC less than medium and FVL and/or RVL are present at a TTC less than medium. Then the EGO vehicle adapts its speed until the conditions are optimal for passing. ii. If the FV vehicle is at a distance less than low and in addition there are FVL and/or FVR present at a TTC less than medium. The EGO vehicle slows down and positions itself on the emergency shoulder to avoid a collision.

2. The EGO vehicle decides to overtake if the vehicle is at a TTC of less than medium and the vehicles FVL and FVR are at a TTC greater than medium or are not present at the moment of the maneuver selection. 3. The vehicle will move to the right lane or to the shoulder if the vehicles FVL and FVR and FV are at a TTC less than FVL, being the shoulder free or the right lane with vehicles with a TTC equal or greater than medium or vehicles not present. 4. The EGO vehicle will perform emergency braking if vehicles are detected around the vehicle, which it cannot avoid due to a TTC equal to or less than low.

For this particular case we use triangular and trapezoidal membership functions.

µ triangle (x; a, b, c) =                    0, x ≤ a x-a b-a , a ≤ x ≤ b c-x c-b , b ≤ x ≤ c 0, c ≤ x µ triangle (x; a, b, c) = max(min( x -a b -a , c -x c -b ), 0)(1)
µ trapezoidal (x; a, b, c, d) =                        0, x ≤ a x-a b-a , a ≤ x ≤ b 1, b ≤ x ≤ c d-x d-c , c ≤ x ≤ d 0, d ≤ x µ trapezoidal (x; a, b, c, d) = max(min(( x -a b -a , 1, d -x c -b ), 0)(2)

Fuzzy control Inputs

The control inputs consider TTC of the vehicles around the EGO vehicle (except the vehicle behind (RV) the EGO vehicle, since it does not intervene in the maneuvers required by the EGO vehicle). Another variable considered is the speed of the EGO vehicle since it is considered at the moment of performing any maneuver. This linguistic terms where base on the French road traffic regulations, where it states that the average distance between vehicles must be 2 seconds. So, we considered 2s. the medium safe distance. 0.5s as "very low safe distance", 1s. as "low", "high" 3.25s and "very high" as 4.5s. For the EGO speed linguistic terms, we set Max Sp to 130km/h as is the maximum speed limit on highways in French regulations. Additionally, we set Sp1=30km/h as "low speed", Sp2=60km/h as "medium speed", and from Sp3=90-130km/h a "high speed". 

Fuzzy control Outputs

The control outputs, are the change of speed and the change of steering wheel angle. We defined three driver profiles: "Timid", a driver with a very short experience and who can be panic easily. This profile tend to have smoother acceleration but hard braking. "Normal", this profile was set to be the standard, whose acceleration and braking are not abrupt. And "Reckless", a profile that is a driver whose acceleration tend to be abrupt and the braking smoother, in order to reduce its speed the least possible. In this matter, CHSPMax=3 and CHSPMin=-10 for the "Timid" profile and so on consecutively. We set the minimum and maximum for change steering angle range. For the purpose of this simulation its is considered as normal. "Timid"=4.3, "Normal"=3, "Reckless"=2.3. The considered inputs, for this first phase, are the TTC of the vehicle ahead and the surrounded vehicles and the speed of the EGO one. As for the outputs, we will have the speed and steering wheel angle change command.

After defining the input and output parameters, the next step is to set the linguistic terms, membership functions and inference rules. When we talk about linguistic terms, we mean the terms set by the developers of fuzzy control.

Simulations & Results

To validate this model, we used the driving simulation SCANeR studio software with Matlab/Simulink co-simulation . In the first phase of the model, we considered the driving maneuver decision and the spatial perception module.

Scenarios description

The scenario created for these tests consists of an environment of a four-lane highway in a straight line, in which all vehicles travel in the same direction and start the simulation in motion at 70km/h. The preceding vehicle (the target vehicle) will significantly decrease its speed, making the EGO vehicle to brake in order to avoid an collision. The EGO vehicle will not be able to takeover due to the upcoming vehicle at the left lane. Because of this, the EGO vehicle will continue and as its speed is set to be superior to the vehicles in front of it (90km/h), will eventually proceed to overtake the vehicles in front.

Results

It is observed the different results of each driver profile having the same initial conditions. The "reckless" profile performs maneuvers at higher speeds than the other profiles, as the driver always seeks to slow down as little as possible. On the other hand, the "Timid" profile always seeks the opposite, not to reach high speeds, spending more time decelerating the vehicle. This means that it takes longer to complete the scenario. The "Normal" profile, we take it as a reference and we can observe that it maintains the speed limit, without making abrupt maneuvers as the other behaviors. In Fig. 8 shows the lane changes of each profile. While the "Timid" profile just made one overtake maneuver due to the low speed, the "Normal" and "Reckless" profile made several overtake maneuvers in order to avoid slow upcoming traffic. 

Conclusion

In this paper, the modeling of driver behavior in a highway environment based on a fuzzy logic approach has been proposed. By considering the different objective (weather, road conditions...) and subjective (fatigue, stress...) factors, the model allowed us to obtain different driving styles, ranging from aggressive to very cautious driving, with the same initial conditions. To validate this model, three driver profiles were tested on driving simulation SCANeR studio software with Matlab/Simulink co-simulation. The simulation results showed that each driver profile had the same initial conditions. The "reckless" profile performs maneuvers at higher speeds than the other profiles, because the driver always tries to slow down as little as possible. On the other hand, the "Timid" profile always tries to do the opposite, not to reach high speeds, spending more time decelerating the vehicle. This means that it takes more time to complete the scenario. Finally, the "Normal" profile maintains the speed limit, without making sudden maneuvers compared to the other scenario. We are currently focusing our work on including more factors that can affect the driver while driving, such as environment conditions, drive's workload and abilities, while varying on highway scenarios, including curves, enters and exits.

Future work

In order to obtain more information and to be able to compare results, it is expected to perform tests with real drivers, helping us to enrich the model, allowing us to adjust and improve it. We also seek to integrate more factors that will allow us to reproduce more specific behaviors at the time of the simulations. With this, we are looking for a way to achieve our goal of recreating a more realistic and natural traffic in the driving simulator.
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Table 1 .

 1 Vehicle's tag

	Name Description
	RVL	Rear Vehicle on the left
	RV	Rear Vehicle
	RVR	Rear Vehicle on the right
	EGO	Vehicle controlled
	FVL	Front Vehicle on the left
	FV	Front Vehicle
	FVR	Front Vehicle on the right

Table 2 .

 2 General Time inter-vehicle fuzzy membership functions

	Linguistic terms	a	b	c	d
	very low	0	0	0.5	1
	low	0.5	1	2	X
	medium	1	2	3.25	X
	high	2	3.25	4.5	X
	very high	3.25	4.5	5.5	5.5

Table 3 .

 3 Speed fuzzy membership functions

	Linguistic terms	a	b	c	d
	low	0	0	SpP1	SpP2
	medium	SpP1 SpP2	SpP3	X
	high	SpP2 SpP3 Max Sp Max Sp

Table 4 .

 4 Profile behaviors

	Driving Profile Acceleration variation
	Timid	-10 to 3
	Normal	-5 to 5
	Reckless	-4 to 7

Table 5 .

 5 Change Speed fuzzy membership functions

	Linguistic terms	a	b	c	d
	very decrease	CHSPMin	CHSPMin	CHSPMin+1CHSPMin CHSPMin/2
	decrease	CHSPMin	CHSPMin/2	0	X
	no change	CHSPMin/2	0	CHSPMax/2	X
	increase	0	CHSPMax/2	CHSPMax	X
	very increase	CHSPMax/2	CHSPMax-1/CHSPMax CHSPMax	CHSPMax

Table 6 .

 6 Change Steering Angle fuzzy membership functionsIn this model we take up the most important variables for our maneuver selector, i f FV Lis...&FVis...&FV Ris...&RV Lis...&RV Ris...&Speedis...thenCHSPis...&CHSTis...[START_REF] Ebert | Validation of Automated and Autonomous Vehicles[END_REF] 

	Linguistic terms	a	b	c	d
	very right	-CHST	-CHST	-CHST/1.5 -CHST/6
	right	-CHST/1.5	-CHST/6	0	
	no change	-CHST/6	0	CHST/6	
	left	0	CHST/6	CHST/1.5	
	very left	CHST/6	CHST/1.5 CHST	CHST
	4.4. Fuzzy Control Rules			

Institut de Recherche Technologique SystemX

2, Boulevard Thomas Gobert 91120 Palaiseau, France; Email: daniel.cisneroslombera@irt-systemx.fr 2 Automatics department, Université Polytechnique Hauts-de-France (LAMIH UMR CNRS 8201),Campus Mont Houy 59313 VALENCIENNES Cedex 9 Valenciennes, France; E-mail: daniel.cisneroslombera@uphf.fr