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Abstract
Target tracking is a crucial function for an autonomous mobile
robot navigating in unknown environments. This paper presents a
mobile robot target tracking approach based on artificial
intelligence techniques. The proposed controller calculates both
the mobile robot linear and angular velocities from the distance
and angle that separate it to the moving target. The controller was
designed using fuzzy logics theory and then, a genetic algorithm
was applied to optimize the scaling factors of the fuzzy logic
controller for better accuracy and smoothness of the robot
trajectory. Simulation results illustrate that the proposed
controller leads to good performances in terms of computational
time and tracking errors convergence.
Keywords: Mobile robot, Target tracking, Fuzzy logic
controller, Genetic algorithm.

1. Introduction

An autonomous mobile robot is a programmable and multi-
tasks mechanical device, capable to navigate freely or
execute different functions such as obstacles avoidance,
target tracking ...etc.

The last few decades have witnessed ambitious research
efforts in the areas of mobile robotics, due to their wide
range of use in different fields like military and industrial
applications. These research works aim to improve their
operational capabilities of navigation and interaction with
its surrounding work environments through the different
kinds of sensors.

Target tracking is one of the basic and an interesting
function for a mobile robot, and researchers have worked
to propose different control approaches to improve target
tracking performances. Several control approaches like
PID controllers [1], non linear controllers based Lyapunov
stability analysis [2] and sliding mode control [3] have
been developed to make the mobile robot track easily a
moving target. However, these approaches have showed
some problems, due to the complexity of the mobile robot
surrounding environment to be modeled or to the
simplification assumptions taken for the elaboration of the
mathematical model of the robot and control law.
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To overcome these drawbacks and the need to exhibit
robust performances while operating in highly uncertain
and dynamic environments, artificial intelligence
approaches have been attracting considerable research
interest in recent years. Different techniques such as
reinforcement learning [4], neural networks [5], fuzzy
logics [6] [7] and genetic algorithms [8] have been applied
to synthesize control laws enabling the mobile robot to
follow a moving target freely. Artificial potential field
approaches [9] [10] have been also developed to solve the
problem of mobile robots target tracking.

The intelligent control does not require knowing exactly
the mathematical model of the mobile robot or its
surrounding work space, since it uses human reasoning and
decision making in spite of uncertainty and imprecise
information provided by the different perception sensors
such as cameras, ultrasonic and infrared sensors.

A fuzzy logic controller is a control strategy whose
decisions are made by using a fuzzy inference system,
which is a rule-based or knowledge-based system
containing a collection of fuzzy if-then rules based on
human experts. It utilizes heuristic knowledge to develop
perception-action for mobile robots to achieve different
tasks (target tracking, obstacle avoidance, path tracking).
Furthermore, fuzzy logic controllers’ methodology is very
helpful because it deals with uncertainties in real word.

For more robustness and effectiveness of FLCs, many
researchers have explored the use of genetic algorithms to
tune FLC in order to optimize its different parameters
(termsets, rules, scaling factors) [11] [12]. The basic
concepts of GA were developed by Holland [13], and
subsequently in several researches work [14]. Genetic
algorithms are a robust optimization technique because
they ensure a gradual increasing of a good solution. Thus,
GA does not need gradient or any prior information of the
search space which is usually not available for the designer.
Therefore, GA has lower chance to converge into local
minima because they operate over a population of points.
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Hence, the use of genetic algorithms is more suitable for

this kind of situations.

In this paper, a control approach for target tracking by a
mobile robot is presented, based on fuzzy logics and
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Roughly speaking, to achieve the target tracking
objectives, the main idea is to design an intelligent
controller enabling the robot to move freely such that it
maintains a desired distance to the target and steer in order

optimized with a genetic algorithm for more efficiency and
effectiveness. The paper is organized as follows. A general
description of the system model and problem formulation
are given in section 2. The adopted fuzzy logic controller
is presented in section 3. Section 4 describes the genetic
algorithm used to tune the FLC. To validate the proposed
approach, simulation results are discussed in section 5.
Conclusion and future works are given in section 6.

2. Model System and Problem Formulation

The objective of this paper is to make an autonomous
mobile robot track a moving target. To realize that, we
shall assume that:

- The target and the robot move on the same plane in the
absence of obstacles.
- The target moves along an unknown trajectory and its

position is denoted as Or (X7, ¥r) )
- The robot has the kinematics of a unicycle. It is described
by the following equations:

x =V cosé

y=Vsing (1)

0=w

where (X, Y) are the robot coordinates in the world frame
XQY, @ is its orientation with respect to the same frame,

and V and W are the robot linear and angular velocities.

- The robot is subject to non-holonomic constraint:
yCcosO—xsind =0 3

The linear and angular positions of the mobile robot to the

target to be tracked are denoted as D and & , respectively
and can be written by the following equations:

a=0-p
ﬂ =tan* (u) (3)
X —X

T

D =(x =X)? + (¥ - y)?

to point the target’s direction.
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Fig. 1 Schematic model of a mobile robot tracking a target.

3. Design of the Fuzzy Logic Controller

The fundamental objective is to synthesize a robust control
law able to force the mobile robot to follow a moving

target as closely as possible.

We define the distance and angle errors and the change in
angle error variables to mathematically formulate the

control objective as follows:
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Fig. 2 FLC block diagram
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It’s clear that to achieve the control objective, it suffices to
make the tracking errors tend to zero. Thus, two fuzzy
logic Takagi-Sugeno controllers of order zeros have been
designed: distance controller TSD and angle controller
TSA.

3.1 Distance controller TSD

This controller aims to keep a desired distance
D, between the mobile robot and the target when it
navigates in its work space. The control input variables are
chosen as the distance and angle errors €, and €, . The

linear velocity of the mobile robot V is defined as the
output of TSD, so we can write:

V =K, TSD(K e,,K"e,) )
€p : ___________
Ca - IBIEN “

1

I

Fig. 3 Distance controller architecture

The inputs/output linguistic variables are defined as:

e, :{N,ZE,PS,PM,PB}
e, :{NB,NM, NS, ZE, PS,PM, PB}
Vv :{N,ZE,PS,PM, PB}

Triangular distributions in [-1, 1] interval were chosen as
membership functions for the scaled inputs €5 and€_ and
singletons for V .

Table 1 shows the rules’ base of TSD. For example, if the

errors are big, it means that the robot is so far from the
target, so it should be much faster to reduce the distance

toD, .

Table 1: TSD Rules’ Base

Linear Distance Error

Velocity N ZE | PS PM PB

NB N PS | PM PB PB
> | NM N ZE PS PM PB
@ | NS| N |[ZE| PS [ PM | PB
(an ZE N ZE PS PM PB
g PS N ZE PS PM PB
= PM N ZE PS PM PB

PB N PS | PM PB PB
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3.2 Angle controller TSA

This controller aims to point the mobile robot in the
moving target’s direction, which means reduce the angle
error to zero. It has two input variables; the angle error

e, and the change of error Ae, . It returns the angular
velocity of the mobile robot W, so we can write:

w=K,TSD(K'e,,K"Ae,) (6)
e, ~~opmTmEmmmmmTTE
K' g Rule g w
) Base %"
Aea % Fuzzy §' KW
K” Inference B}

Fig. 4 Angle controller architecture

The inputs/output linguistic variables are defined as:

e, :{NB,NM, NS, ZE, PS,PM, PB}
Ae, :{NB,NM, NS, ZE, PS,PM, PB}
w:{NB,NM, NS, ZE, PS, PM , PB}

Table 2: TSA Rules’ Base

Angular Angle Error
Velocity NB [NM [ NS | ZE | PS | PM | PB

PB | ZE | NS | NB | NB | NB | NB | NB
PM | PS | ZE | NS [ NM | NM | NB | NB
PS | PB | PS | ZE | NS | NS | NM | NM
ZE | PB |PM | PS | ZE | NS | NM | NB
NS | PB | PM | PS PS | ZE | NS | NB
NM | PB | PB|PM|PM| PS | ZE | NS

10443 uj abuey)d

NB | PB | PB | PB | PB | PB PS | ZE

Triangular distributions in [-1, 1] interval were chosen as
membership functions for the scaled inputs €, and Ae, and

singletons for W . The rules’ base of the controller TSA is
depicted in Table 2.

Note that the inputs’ scaling factors of the two fuzzy logic
controllers (K,K', K") will be optimized with the genetic

algorithm. The outputs’ scaling factors (Kv ) KW) are not

optimized because they do not affect the controllers’
performances. This appears to be due to the scaling down
of the linear velocity to not exceed the maximal velocity of
the mobile robot.
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4. The adopted Genetic Algorithm

In this part, a genetic algorithm is applied to tune the FLCs
inputs scaling factors in order to guarantee a fast and
smooth robot trajectory by reducing computational time
and control errors.

A fitness function is used as a convergence criterion to
satisfy to measure the best values of the FLCs inputs’

scaling factors. The fitness function J is chosen as:

1 € 2, G y2
et el ™

where €, (1) and €, (1) are the tracking errors at the initial
positions of the robot and the target.

Once the genetic representation of the population and the
fitness function are defined, the genetic algorithm proceeds
to initialize a population of solutions, which is usually
generated randomly and then try to improve it through
repetitive application of operators of selection, mutation
and crossover.

Fig. 5 shows the fitness function evolution according to the
number of generation of the genetic algorithm.

The steps involved in the proposed genetic algorithm are
summarized with the following steps:

Step 1: Generate an initial random population of
individuals for a fixed size according to the variation range
of each scaling factor.

Step 2:
population.

Evaluate the fitness of each individual in the

Step 3: Select fittest individuals of the population for
reproduction.

Step 4: Breed new individuals through reproduction,
crossover and mutation operators.

Step 5:
achieved.

Repeat step 2 until the convergence criterion is

Once the genetic algorithm is completed, it will return
three parameters corresponding to the inputs’ scaling
factors of the two designed fuzzy logic controllers TSD
and TSA; which are the best population found during the
execution of GA.
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Fig. 5 Fitness Function’s Evolution

The population’s size and generations’ number are the
most significant parameters of GA since they have direct
influence on the convergence of the GA to the optimal
solution. Table 3 and 4 show the genetic algorithm results
for different size of population and generations’ number.

Table 3: GA’s Results with Population Size S=30

Generations K K' K" J
50 3.8844 | 0.6251 | 0.3247 | 2.1605
100 3.7341 | 0.6287 | 0.3389 | 2.1615
150 3.9797 | 0.6208 | 0.3219 | 2.1625
Table 4: GA’s Results with Generations G=50
Pop;lzaetlon K K' K" 3
10 3.7493 | 0.6212 | 0.4950 | 2.1851
30 3.8844 | 0.6251 | 0.3247 | 2.1605
50 3.4694 | 0.6333 | 0.4043 | 2.1702

5. The Simulation Results and Discussions

To perceive the effectiveness of the control scheme
proposed in this paper, we have simulated both the fuzzy
logic controller and its optimization with the genetic
algorithm using Matlab 7.0 ; when the mobile robot pursue
a target moving along a circular path during the interval
time [0, 55s], then a straight line path for the interval [55s,
90s]. The target’s trajectory can be described by the
following equations:
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The initial positions of the mobile robot and target are Y/ T
given by (-1, 1) and (5.5, 2.5) respectively. The linear 3 D sl
velocity of the target is set to be 0.2 m/s. The desired ~ 5 j A
values of the distance and angle from the robot to the g .,:j_,\—\ """
targetare settobe D, =0.2mandery =0. > 1 R e
0 h “aa memee- FLC-GA | |
g,
The simulation results are depicted in Fig. 6 to Fig. 10. 1 —
The trajectories of the target and the robot applying the 5 e
two designed control laws are plotted in Fig. 6. Fig. 7 and
Fig. 8 show the variation of the tracking errors during the 35 0 5 4 6 8
motion of the target and the robot. Fig. 9 and Fig. 10 show X (m)
the evolution of the mobile robot’s linear and angular
velocities. Fig. 6 Robot and Target Trajectories
Table 4 presents the time of convergence of the tracking ;
errors for both FLC and FLC-GA controllers. S FLC
6k ===~ FLC-GA |.
~ i
Table 5: Time of Convergence of the Two Controllers E 5 ‘-‘
Convergence Distance Angle § [
time (s) Error Error = 4
w i
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FLC 156 325 St
c -
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FLC-GA 10 15 © 23
& ¥
i
gl
)
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From Fig. 6, it can be observed that the robot track easily 05 10 20 30 20 50 60 70 80 90
the moving target and catches up with it as well the Time(s)
tracking errors tend to zero.
Fig. 7 Distance Error Evolution
In term of robot’s velocities, the robot moves forward with 80
. g r r
high speeds and evolve to stabilize then around the target’s e FLC
velocities as the tracking errors are converging to maintain 60§ —mm= FLC-GA
the control’s objectives (Fig. 7 to Fig. 10). 'g? i
£ a0y
(=] .
In the other hand, in term of comparison between the two 3 % :‘
controllers’ performances, it’s obvious that the FLC-GA 5 0% L
controller is much better than the FLC controller. In fact, S, (AN N
the trajectory of the mobile robot under FLC-GA is much 'ﬂvJ “ / il
smoother and shorter than that under FLC, which presents > 20 i i
deviations in its trajectory before it matches with that of P i
the target. The FLC’s outputs exhibit fluctuations at 40 =
various time instants with high magnitudes than those of V
the FLC-GA. As shown in Table 5, the FLC-GA is much 60,10 20 30 40 S0 80 70 80 90
effective than FLC in term of the speed of convergence of

. Time(s)
the tracking errors.

Fig. 8 Angle Error Evolution
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Fig. 10 Robot’s Angular Velocity

We have also tested the target tracking under different
outputs’ scaling factors (K, , K, ). The target and robot
trajectories are depicted in Fig.11.

Table 5: Outputs’ scaling factors
Casel | Case2 | Case3

(1.3,3) | (2,35) | (25,4)

Case 4
(3,4.5)

(Kv, Ky)

The trajectory of the robot under the different cases are
almost the same and catches up the target at the same point
within the convergence time; which can be explained by
the saturation block added in the output of the TSD
controller to scale down the linear velocity when it exceeds
0.7 m/s. Thus, the optimization of these factors is not
necessary since they don’t affect the controllers’
performances.
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@ ! LA 6. Conclusions
o I\" . -
2 ! i i This paper addresses the problem of the tracking of
T 0t R e moving target along an unknown trajectory by a mobile
= ,-’,.f’ 7— robot. The proposed approach aims to design an
o ] i intelligent controller based on fuzzy logic techniques and
o improved by a genetic algorithm.
=~ 50
8 The principal role of artificial intelligence techniques is
>S5 - ape . -
o their ability to design robust controllers with good
< performances in spite of the lack of information about the
100 mobile robot or its surrounding environment models. Two

fuzzy logic controllers based on Takagi-Sugeno model and
have been adopted  to determine the mobile robot’s
velocities to fulfill the control objectives. A genetic
algorithm has been also implemented to improve the FLC
by optimizing its inputs scaling factors for better efficiency
and effectiveness.

The provided simulation results show that the proposed
approach acts successfully and enable the robot to track the
moving target easily with good performances in term of
convergence time and accuracy. The use of a genetic
algorithm to tune the inputs’ scaling parameters of the FL.C
makes the robot’s trajectory and the controllers’ outputs
much smoother and reduces considerably the convergence
time and the tracking errors.

Further works may be directed to extend the result in an
environment containing obstacles and considering the
target velocities in the design of the control law.
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