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Abstract. Advanced driver assistance systems (ADAS) are important to prevent
road accidents, one of those are lane invasions. Nowadays optical and control
systems are applied in new cars to maintain vehicles centered in a lane,
nevertheless old vehicles cannot access to these new assistant systems. In this
paper we present a position steering wheel control (SWC) in a lane detection
prototype designed for its implementation in cars that do not have installed this
system. The proposed technique uses a self-tuning PID controller connected to a
DC motor for SWC that uses orientation of lines on the road. Lines are detected
by applying Sobel filter convolution and Hough transform, which are image
processing techniques that allow obtaining orientation. The PID controller is
automatically tuned since this assistant would be installed in different cars. GA
is used since it has shown good results parametrizing well known structured
problems without requiring mathematical models or techniques that demand
control experts. The main contributions of this research are a SCW alternative
capable of been installed in any old vehicle and the algorithm implemented for
using orientation as input data as the control reference with a self-tuning PID
controller.

Keywords: steering wheel control, genetic algorithm, advanced driver assistance
systems.

1 Introduction

In the car industry, one of the most important issues is user safety. In order to reduce
current accidents and protecting the life of drivers, researchers have been looking for
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driver assistants. The most advance of them evaluate the traffic situations, using sensors
or cameras, and support the driver to avoid damages [16].

The research for improving intelligent vehicles using advanced driver assistance
systems (ADAS), includes the lane departure warning (LDW) system, which alarms
the driver when the car is out of the line markings and apply the brakes to help him to
move the vehicle [23].

It took the tool of LDW to be applied in not manned vehicles to control the direction
and management across the real world to improve the vehicle interaction, for this reason
was important to guaranty a position steering wheel control (SWC), to modify the
vehicle trajectory closing the control loop in the LDW.

In this work, we propose an SWC based in orientation of lines on the road, where an
automatic PID controller is tuned by a Genetic Algorithm (GA) that adapts the
controller to any vehicle without deep knowledge in the mathematical background.

Self-tuning PID controller is required, because of the variation when changing
different vehicles, is here where de adaptability and evolution in a GA allows getting a
tuning method for any car [20].

The selection of a GA as tuning method it is the advantage that represents at the
moment to find results in an optimization problem, where the solution presents a
nonlinear behavior and in a multi-objective solution, gives a robustness method [20].

2 Related Works

In the last years, the LDW has been investigated, and some important contributions
explored the safety field in science, like the investigation in [15], reporting comparison
between the line detection system in a virtual video and a real video which proved that
the real video and the natural noise increase the effectiveness in detection.

In 2015 was report a comparison between two different ways of alarm in LDW, one
activating the breaker and the other modifying the steering wheel position, they
discussed that the difference in simulated experiments was no profitable [4], at the time
was propose the LDW using Hough transform, reporting a 3% of false alarm, reducing
the standard in that year [10]. In the following years the investigation focus in use of
different filters [16, 23, 14], the application of observers [7, 21] and effectiveness
evaluations [24], but in all cases, the application of LDW is just for alarm and to our
best knowledge is no suitable for non-manned vehicles, on the other hand, the SWC
patents describe the application and uses [1, 11, 13], where the application most
significant is in a truck where was consider velocity of reaction to avoid insures [12],
the review in [3], supports that non-manned vehicles have enough study with this
technique.

Other works focuses on testing different lines filtering or edge detection techniques,
as well as different types of line identification techniques [8, 13, 14], but only generates
an alert to the driver as an output.

Works such as [1, 3, 11], use automatic steering wheel control systems on vehicles,
but these are applied on modified vehicles and cannot be applied on other vehicles
without a modification.
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In this paper we have included a way that helps to optimize the control processes
with genetic algorithm, this is proposed because this technique has presented important
contributions in diverse areas [18], for example: reduction of electric circuits [6],
recovering of unknown parameters in oscillators [9], multi criteria decision taking [22],
and in the control area, has been show important results like the use of a genetic
algorithm for obtaining the PID parameters of a electrohydraulic servo control
system [2].

The research in [17], follows the optimization of Pl gains in a controller and
compares the differences between the results of a traditional genetic algorithm and a
proposed micro genetic algorithm.

3 Theoretical Framework

Control systems are used to maintain process conditions at their desired values by
manipulating certain process variables to adjust the interest variables [5]. Tuning
method is an indispensable step, when the controller is adjusted to have a required
behavior for the interest variable, there are several methods for adjusting the
conventional PID controller but in this paper the Ziegler and Nichols method will be
used, since it is one of the most popular tuning methods [19].

3.1 Ziegler and Nichols

Ziegler and Nichols proposed some tuning rules for PID controller based on an
experimental response, their main objective was to adjust the controllers without
knowledge of the mathematical representation of the systems [19]. The result was the
definition of two methods, in this case, it is explained the ultimate gain because it will
be compare with the results achieved with a GA.

3.2 Ultimate Gain

This method is used when the system presents a second or greater order response, in
that case the PID controller parameters are set for eliminating the integrative and
derivative effects, then the proportional gain is increased in order to generate a sustain
oscillation, at this point the value of gain is named critical gain, and de period that exists
in the oscillation is name critical period. Then the P, I and D gains are calculated as in
Table 1.

Table 1. Tuning values for ultimate gain method.

Controller k, T; Tq
P 05 K, o 0
PI 0.45 K., 05 P, 0
PID 06 K, 05P, 0125P,
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3.3 Digital Control

The control application is a studied science with too many branches, one of those is the
digital control, and it has a big impact at moment to use digital circuits in computing,
just hire the characteristics of this control need an indispensable a well defined sample
period to guaranty the constant function, because it does not matter if the system works
as fast as possible, the behavior is no continued [8].

The important advantages of digital control are the high flexibility and the capability
to control a greater number of systems and optimize the time and space that is consumed
by the controller, but it represents a higher price and is required special knowledge to
manipulate them [19]. A general block diagram of a digital control loop is shown in
Fig. 1, where is possible to see the transformation of the signals to be modified by a
digital controller.

110
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100

S/Hy
convertidor
A/D.

Computadora Convertidor Circuito de

digital. D/A. retencion. Actuadar. Planta.

Reloj.

Transductor.

Fig. 1. Digital control close loop [16].
3.4 Genetic Algorithm

Evolutionary algorithms are population-based metaheuristic  optimization
algorithms that use biology-inspired mechanisms, in order to refine a set of solution
candidates iteratively, the cycle of evolutionary algorithms follows the Darwin laws
that are described in Fig. 2 [25].

Initial population Evaluation Fitness

Crossover Selection

Fig. 2. Evolutionary Algorithms behavior.
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As is shown in Fig. 2, the operations in a genetic algorithm have a defined process,
first the initial population is random initialized for obtaining a high diversity of possible
solutions, the evaluation consists in the analysis of each individual by submitting it in
the process, in order to measure its quality for solving the problem. The fitness is the
assignation of a numerical value depending on the behavior presented. The selection is
a process where 2 individuals are selected according to its fitness and finally, the
crossover take that 2 individuals to generate new members combining their genes [25].

4 Methodology

The methodology explains how it is implemented the control to get important results
that could contribute measuring the differences between a conventional controller and
a GA tuning method to guaranty the control and its adaptation in different cars for the
SWC and the LDW systems.

4.1 Control

Ziegler and Nichols tuning control method is applied in the digital PID controller de-
scribed in equation 1:

_ T td(1-z")
U(2) = Kp [1 + ti (1 - z-1) + T ]’ @

which is represented as the transfer function for the GA like in equation 2:

U(z)_a+ b

E (2) - 1-2z-1

+c(1 -z, 2

where the auxiliary variables are described in equation 3:

_ KpT _ Kptd

a = Kp, b ti ' T

®)

The input signal is the error between reference angle and the position angle of the
motor, and the output is the duty cycle of a PWM that rotates the motor.

To determine the rotation direction of the motor, the sign of the output is used, if
negative then turns to the left and if positive it turns to the right. Then the absolute value
is used as duty for a PWM output.

Once the controller structure it is built, it is necessary to adjust the gains. For this
propose the Ziegler-Nichols method of critical gain for systems with sustained
oscillations was used. This method allows obtaining the gains k,,, 7; and z, for the PID
controller without knowing the model of the plant.

First, the integral and derivative part are eliminated, leaving a proportional
controller. The k,, gain of this controller is modified until the system oscillates steadily
as shown in Fig. 3.
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Fig. 3. System sustained oscillations.

The continual oscillation is achieved with a gain of 9.85, this value is the critical
gain, and the period of the oscillations is the critical period with a value of 0.55 seconds.

Now applying the Ziegler-Nichols tuning formulas to get the gains, there are 3
different alternatives: classic, with little overshoot and no overshoot at all like is shown
in Table 2.

Table 2. Ziegler and Nichols tuning results.

Controller ky T; Tq
PID classic 059K, 0.50P,. 0.125FP.,
PID controlled overshot  0.33K., 0.50P.. 0.33P.
PI1D no overshot 0.20K,. 0.50P, 0.33P,,

Once s k,, 7; and 7, are calculated, then are entered to the controller to verify its
result.

4.2 Genetic Algorithm

The Genetic Algorithm (GA), methodology implemented to the Control is the
following explained:
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To initialize the GA is necessary to give some important information, the values used
are show in Table 3.

Table 3. Initial Conditions.

Initial condition Value

Seed 3

Population size 20 individuals
Genes number 3

Alleles number 4
Tournament size 3

Generations 100

Mutation percentage 10%
Mutation numbers 600
Mutations per generation 6

Serial communication velocity 11500 bauds

Then using the data obtain with Ziegler and Nichols tune, was propose the restriction
to obtain the value for k,,, 7; and 7, variables avoiding making unstable the response,
those values are show in Table 4.

Table 4. PID values.

Gains
Kp Ti
Resolution 220 Resolution 2200
Max. Value  4.6546  Max. Value  0.46546
Min. Value 0.00454 Min. Value 0.000454

The initial population was randomly initialized; the individuals have a structure as
show in equation 4:

pobl(1,1) = {0100101101,1010101100,1101001010}. (4)

Objective function is generated following the algorithm 1 that describes the
experiments to realize for measuring the behavior of each individual.
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Data: pobl

Result: error

pobl = {0100101101, 1010101100, 1101001010};

fori=0;i<=4;i=14¢+1do

asali] = pobl[i];

eseli] = pobl|i + 5];

isi[i] = pobl[i 4+ 10];

end

fori=0;i<272;i=i+1do

int 50 = digital Read(22) sl = digital Read(24) s2 = digital Read(26)
53 = digital Read(28) s4 = digital Read(30) s5 = digital Read(32)
56 = digital Read(34);

s7 = digital Read(36) s8 = digital Read(38) s9 = digital Read(40)
s10 = digital Read(42) s11 = digital Read(44);

floaterror = (sOx 14+ s1 %24+ s2+4 4 s3 %8+ sd 16 4 s5 32 + s6 =
64 + 87+ 128 + 38 # 256 + 59 % 512 4 510 = 1024 + s11 * 2048) * .087;

it = (bxe) + ita;

td=cx (e —ea);

ul = (a*xe) + td + it;

end

Algorithm 1. Fitness evaluation algorithm.

With the evaluated individuals the proposed algorithm is applied with the well-
known conventional operations, Fig. 4 shows the tournament flow diagram that apply

for the selection process.

Pobl;
Tor=3;
i;

)

Torneo{i,:}=rand(pobl);

SortRows(Tor,3);
winer{1,:}=Tor{1,:};

winer{2,:}=Tor{2,:};

Fig. 4. Tournament flow diagram for selection process.

Research in Computing Science 147(2), 2018 16 ISSN 1870-4069



Steering Wheel Control in Lane Departure Warning System

For the crossover and mutation process the usual algorithm was applied having one
crossover point and a mutation in only one allele by gene.

The winner of all the process gives the parameters (P, I, D), which are implemented
in the PID controller.

5 Results

First was apply the classic PID controller and was plot the step response that appear in
Fig. 5, where de PID variable values was k,, = 5.815, 7; = 0.275 and 7, = 0.068 .
As it is shown the response have a continue oscillation approaching the reference value.
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Fig. 5. Step response classic PID tune.

Then the process for controller gains with no overshooting was applied in a similar
experiment to obtain the step response show in Fig. 6, in this case the establishment
time greater than in other cases but the oscillation do not disappear, in this case the PID
variable values are k,, = 1.97, 7; = 0.275 and 7, = 0.1815.

However, it was not possible to perform the tuning by this method, since the system
oscillated in all the cases. The overshooting case was omitted, because as is know if the
overshoot is increase the system oscillates. Unfortunately, the Ziegler-Nichols method
of critical earnings cannot present results for all control cases.
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Fig. 6. Step response no overshooting PID tune.

To prove the functionality, there are three height parameters predetermined as height
desired where the GA Control achieve this with the next voltage according to the set

point.

After the genetic algorithm tunes the PID parameters the obtained results for PID
control are given as k, = 38.34, t; = 0.6575 and 7, = 4.2725, showing a behavior
faster than the Ziegler and Nichols tune for all three cases, Fig. 7 shows the step
response where it has an overshooting bigger than other controllers but have no

oscillation approaching the reference.
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Fig. 7. PID response with GA tuning.
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To get this results the GA has an evolution represented by the optimization of the
population, Fig. 8 shows this performance for the tuning process, the best element on
the blue line have an evolution in the first generations and find the best local result, on
the other hand the diversity of the population disappears then of the 350 generations,
that prove that our algorithm has enough diversity and the result is not a lake
suboptimal.
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Fig. 8. GA population evolution.

6 Conclusion

This paper presents a comparison between PID controllers tuned with Ziegler and
Nichols method and a using a Genetic Algorithms in a SCW system that takes as input
the required orientation for the vehicle which is computed according to the detected
lines, this paper shows that it is possible to obtain a self-tuning PID controller with
better results than classical tuning techniques for a SWC assistant system.

The study of this control gives as a result information about the use of GA to tune a
PID controller, showing the comparison between a well-known method that is Ziegler
and Nichols tune, both have the capability to get a controller without knowledge about
the system but, de GA have a better performance.

The PID has the capability to evolve and tune by itself the gains, was important to
delimit the universe with the possible real values, to avoid get a lot of individuals that
do not present an important behavior in the system.

The experiments need more time to develop and use a bigger population in more
generations, to get a response with a better behavior.

In the future work, the controller will modify the reference of the warning get from
the LDW to make an autonomous decision in an ADAS, raising the security conduction
and performance. It is important to compare the actual control results with other
optimization metaheuristic like PSO algorithms to find which the most proper tuning
method is.
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