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Abstract: The paper presents some theoretical elements related to the traffic lane storage system, as well as the
modeling-simulation of the operation of this system. The mathematical model is presented and results are obtained
using the Matlab program and the Simulink toolbox. The double lane change is also addressed, which is the route to
verify the operation of the 1SO 3888-2 certified electronic stability control system.
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I. INTRODUCTION

Changing the lane is a relatively complicated process, especially in congested traffic. Improper operation of the driver
while changing lanes can cause serious, sometimes multiple road accidents [2, 3, 4, 5, 6, 9, 16]. Traffic safety is
affected by the type, position, speed, acceleration and deceleration of existing vehicles on the current lane and the one
desired by the driver.

In order to ensure safe driving while changing lanes and thus avoid road accidents, the associated control
system, which assists the driver in driving, must calculate the appropriate distances, make decisions and warn the driver
by comparison with the minimum safety distance. For this purpose, the vehicle must be equipped with different
sensors, such as a 77 GHz radar measuring up to a distance of 150 m and a CCD video camera measuring up to a
distance of 60-70 m [14].

I1. ASSISTANCE SYSTEM FOR KEEPING TRAFFIC LANE

The lane keeping assist system keeps the car's trajectory as close to the middle of the lane as possible by operating
the steering [13, 15]. The objective of the system is to keep close to the zero value both the deviation at the lateral
distance e; and the deviation at the angle of rotation e; (fig. 1).
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Fig. 1 Route plan and restrictions imposed on the lane keeping assistance system

The mathematical description of the model in the case of the unknowns e; and e; in fig. 1 is:
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where the distance from the center of gravity to the front axle a and to the rear axle b is shown; the sum of the two
distances is the wheelbase A. In addition, the following were noted: J; - the moment of inertia of the vehicle, C_ and

C’ the lateral stiffness of a front and rear tire, 6 - the steering angle of the wheel, which is influenced by the angle of

rotation of the steering wheel dy, w, - yaw rate, m - mass of the vehicle, vy - longitudinal speed.

The lane keeping system uses, in this process, a camera that measures the deviation at the lateral distance and
the relative deviation of the car's turning angle relative to the middle of the lane. The camera also measures the
curvature of the lane; in plan, the curvature p represents the inverse of the radius of curvature / turn R. The calculation
of the curvature is performed using the trajectory theory for the double change of the traffic lanes. To simulate the
operation of the lane keeping system, the Simulink model in fig. 2 is used, using the Matlab program.
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Fig. 2. Scheme for modeling and simulating the lane keeping assistance system [18]

The model on the axles, known in the literature as the bicycle model, is used to describe the lateral dynamics
of the car. For this model, the longitudinal speed is considered constant, being the one imposed by the driver or by the
traffic conditions in order to avoid collisions in the column [12, 18].

Fig. 3 and fig. 4 show the results obtained in the case of simulating lane keeping assistance at a longitudinal
speed of 60 km/h and a predictive control algorithm by model, in this case the mathematical model (1).
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Fig. 3a and fig. 3b show that both the deviation at the lateral distance and the deviation at the yaw angle tend

to zero, which means that the car keeps its trajectory, based on the calculated curvature (fig. 4d).
In addition, fig. 3a shows that the maximum deviations at the lateral distance are 26.4 cm on one side and 30.9

cm on the other side of the center line of the lane.
Fig. 3b also shows that the maximum deviations of the yaw angle are 3.0 degrees (in trigonometric direction)

and -4.6 degrees (clockwise), respectively.

Traffic lane keeping assistance system,
predictive control by model, longitudinal speed 60 km/h
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Fig. 3 Results obtained from the modeling of the lane keeping assistance system

Traffic lane keeping assistance system,
predictive control by model, longitudinal speed 60 km/h
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Fig. 4 Results obtained from the modeling of the lane keeping assistance system

111.DOUBLE CHANGE OF TRAFFIC LANE

The double change of the traffic lane represents the route for verifying the functioning of the electronic stability control

system certified 1SO 3888-2, route shown in fig. 5 [1, 10].
It is used to test the ability of cars to avoid fixed or mobile obstacles. In this test, the driver performs the

following maneuvers: accelerates to the required speed; releases the accelerator pedal; turns to follow the route on the
left lane; turns to return to the right lane.
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The test is considered successful if the driver and the car can perform the maneuver without hitting any of the
cones located on the route that represent the limits of the lanes; these cones stand out at the bottom of fig. 5, which is

the image of the tests performed with the VVolkswagen Touareg 3.6 V6 FSI.

7:32m F° % the trajectory

/', o / of the vehicle

15.24m 18.29m 18.29m 15.24m

Fig. 5 Double lane change way according to 1ISO 3888-2

To simulate this test, use the Matlab software and the Simulink toolbox [8, 11, 18].
Thus, fig. 6 shows the diagram in Simulink for a car performing the double lane change over maneuver

according to the diagram in fig. 5.
The application contains a block for the driver that generates the execution of the turn, acceleration and

braking necessary to ensure the tracking of the required route (fig. 7).
As can be seen from the diagram shown in fig. 7, in this case a predictive model of the driver's action is used.

The controllers generate the engine torque, gearbox and ABS brake controls.

The car block contains the engine, controllers and 4-wheel body.
The graphical display block allows the graphical visualization of the functional parameters during the

execution of the maneuver.
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Fig. 7 Modeling and simulation of the driver's action [18]
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Using the modeling diagrams in fig. 6 and fig. 7, the graphs with the variables shown in fig. 8 - fig. 11 are
obtained. From these graphs it is found that the moment of starting the execution of the maneuver to change the lane is
t ~9s, for example from rotation of the steering wheel, as well as from the analysis of the graph of lateral
acceleration and yaw angle or yaw rate.

The graph in fig. 8d shows the existence of a direct non-linear dependence between the angle of rotation of the
steering wheel &, and the lateral acceleration of the vehicle ay; therefore, when the steering wheel angle increases, the
lateral acceleration/deceleration of the vehicle also increases.
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Double lane change, some related functional variables
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Fig. 8 Steering wheel angle, lateral acceleration and longitudinal speed

The graph in fig. 9c shows the same aspect mentioned above. Therefore, when the steering wheel angle

increases, the yaw rate of the vehicle w, also increases.
The negative and positive values of the yaw angle confirm a double change, in both directions, of the traffic

lane.

Fig. 9d shows the process of changing gears in the gearbox of the car.

Double lane change, some related functional variables
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Fig. 9 Variations specific to the yaw motion and gears in the gearbox

Fig. 10 shows the values of the longitudinal distance and the lateral distance traveled by the car, as well as its

trajectory.
Fig. 10b shows that at the end of the double lane change operation, the lateral distance returns to zero.
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Double lane change, some related functional variables
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Fig. 10 Longitudinal distance, lateral distance and trajectory of the vehicle
From the analysis of the graph in fig. 11 it is found that the car has successfully passed the test of the double

change of the traffic lane, its trajectory being within the desired limits and is close to the imposed trajectory between
the two limits.
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Fig. 11 The trajectories of the car at the double change of the lane
IVV.CONCLUSION

Changing the lane is an important process, especially in congested traffic, as a wrong operation by the driver during this
time can cause serious road accidents.

The lane keeping system must use, in this process, a chamber that measures the deviation at the lateral
distance and the relative deviation of the turning angle of the car relative to the middle or a marginal side of the traffic
lane.

The double change of the traffic lane represents the route of verifying the functioning of the electronic stability
control system according to ISO 3888-2 certificate; in this respect, it should be noted that the electronic control
algorithm of the ESC / ESP system with which the vehicle is equipped is of great importance [7, 17].

For the ESC to fulfill its role, the vehicle must be equipped with transducers for measuring longitudinal
acceleration, lateral acceleration, yaw rate, wheel speed, steering angle and braking pressure.

In addition, on the basis of what is presented in the paper, it is important to establish the minimum safety
distance that ensures the avoidance of road accidents.
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