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Backstepping controller with force estimator applied for mobile

robot

Abstract. In this paper, we present the concept of nonlinear control technique for trajectory tracking problem of mobile robot type unicycle. the design
of the proposed controller is combines a backstepping controller and the force estimator method. The main aim of this study is to design a robust
control law in the presence of disturbances using the backstepping with estimation of the forces. The approach consists to estimate the perturbation
using an adaptive controller, the effectiveness of the proposed approach is demonstrated through simulation and experimental results.

Streszczenie.

W niniejszym artykule przedstawiamy koncepcje techniki sterowania nieliniowego dla problemu $ ledzeniatrajektorii w monocyklu

typu robota mobilnego. Konstrukcja proponowanego sterownika taczy w sobie kontroler backstepping i metode estymatora sity. Gtdwnym celem tego
badania jest zaprojektowanie solidnego prawa sterowania w obecnos ckaktdcen z ykorzystujac backstepping z oszacowaniem sit. Podejs cigoolega na
oszacowaniu perturbacji za pomoca adaptacyjnego kontrolera, skutecznos ‘@roponowanego podejs ciaostata zademonstrowana za pomoca symulacji
i wynikéw eksperymentalnych. (Backstepping kontroler z estymatorem sity zastosowany dla robota mobilnego)

Keywords: Backstepping control, Mobile robot, estimator force
Stowa kluczowe: Kontrola Backstepping, robot mobilny, sita estymatora

Introduction

These days, a number of robot used for a simple repeat
work such as an assembly, coating or welding as well for
hazardous industrial fields have been coming to our homes.
The last years have been increasingly rapid advances
in the field of trajectory tracking of mobile robot, recent
developments in this fields have heightened the need of the
design a robust control. In order to design controllers for
robots, researchers inevitably need models of how the robot
actually behave, Many models have been developed for the
mobile robot, one of the most common models out is the
model of a differential drive mobile robot, it is used in various
applications as nuclear power environments with high levels
of radiation [1], surveillance [2]
In [3],[4] the proposed control laws is based on the kinemat-
ics of the mobile robot. However, in the real experimental, it
is important to study the robot dynamics as in [5],[6]. Some
motion controllers have been proposed in the field of trajec-
tory tracking, in [7], a control law with an adaptive controller
based on the robot dynamics is proposed to estimate the
parameters, which are directly related to physical parameters
of the robot dynamics, real experimental were reported on
a Pioneer 3-DX mobile robot. The control problem of WMR
(Wheeled Mobile Robot) with uncertain/unknown mass
center is studied in [8], ignoring either input saturation,
slipping/skidding uncertainties, actuator failures, or output
constraints, the method is validated numerically by simulation
and experimental results.
In [9] a robust output tracking controller of unicycle type
mobile robot is proposed using a backstepping technique,
the stability of the system is analyzed using the Lyapunov
theory. Nonlinear PI controller is added in [10], to eliminate
the tracking errors and the disturbances, the proposed
approach is not tested in the case of the disturbances.
This paper first gives the model of the Wheeled Mobile
Robot (kinematics and dynamics) and proposes technique of
a control for dynamic model (Backstepping), this model was
developed and described by De La Cruz Celso in [11], using
the Newton-Euler formalism. The main aim of this study is
the synthesis of stabilizing control laws in the presence of
disturbances using the combination backstepping controller
and the force estimator. The difficulty of control is mainly
due to its complex dynamics, nonlinear multi variable and
especially in its operation, therefore, the control strategy is
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based on the decomposition of the original system into two
subsystems: the first concerns the position control and the
second is the control of the linear and angular velocities.

The remaining part of the paper proceeds as follows: In
Section 2 the kinematics and dynamics representation of the
Wheeled Mobile Robot is presented. In Section 3 the design
of the robust controller for tracking control is developed.
Then, in the section 4, the findings of the research is
analyzed and discussed, focusing on the effectiveness of
used approach. Finally, Section 5 concludes this paper.

Model of Wheeled Mobile Robot

In this paper, the model of wheeled mobile robot devel-
oped by Celso De La Cruz in [11] is used, one advantage of
this model is that its input signals are the linear and angu-
lar velocities, with are used in the commercial mobile robot,
the model is represented in the figure 1 where u and w are,
respectively, the linear and angular velocities, 1 is the robot
orientation, G is the point of required to track a trajectory, ¢
and d are distances.
The kinematics and dynamics model can be written in form:

z wcos(v) — awsin(v)
7 usin(y) + aw cos(v))
b= :
. a3z, 2
U Sw® = Jtu
w — L — Ly
(1) o (o2
0 0
0 0 u
+]1 0 0 ( S )
%Ozl 0 ref
0 %062

Where the parameters o, ao, oz, g, a5 and ag of the dy-
namic model are defined in [11].

Design of Backstepping-Force Estimator Controller

The control structure is constituted of: The position
controller for the linear translation, backstepping controller to
generate the control laws and the estimator force to estimate
the perturbations.
The block diagram of the backstepping controller with an es-
timator applied for the dynamic part of the model is shown in



Fig. 1. Model of Wheeled Mobile Robot.

Figure 2.
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Fig. 2. Backstepping controller with an estimator
developed in [10] as:
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Where ¢, = x4 — x and ¢, = yq — y the current are po-
sition errors, h(x,y) and hg(xq,yq) are the current and the
desired coordinates.

The development and stability analysis of the kinematic con-
troller is detailed in [9].

Backstepping with estimator

The design of the proposed controller is combines a back-
stepping controller and the force estimator approach in the
presence of disturbances, the dynamic equation of the sys-
tem (3) can be written as:

U= 2%y -
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W= Lruw azw—i—

Uref
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At the first step, the dynamic error is given in [10] as :

Elu = Upef — U = élu = uref — U
Elw = Wref —W = €lw = Wref — W

(4)

And the Lyapunov function can be selected as

1 1
(5) V(Elu) = 56%1” V(Slw) = 58%44.1
Now, lts derivative
(6) V(et) = 1ué1u, V(Eww) = C1ufiw

Where, the virtual controls load input can be defined as :

7) u;i = uref + Kiy€iu
UZJ = wref + Klwslw

At the next step, the new errors given by:

(8) { E2u :uref _1.14+K1u51u

E2w = wref —w+ Klwglw

To reject load disturbance, the related terms of f is added in
the Lyapunov candidate functions as follows:

©) V(etu, €2u0) = (3, + €3, + ﬂ%f?)
V(€1w7€2w) = %(g%w =+ 5%w + ifﬂ)
The addition of this new term of f can be eliminated the dy-

namic error of the added force f.
Where Ky, Ky, B, and B, are positifs design parameters.

and f is the error between f and f

(10) f=r—1f

The time derivative of the Lyapunov candidate functions (9)
can be written as

{ V(Elu,EQu) = (eluélu + EQuéQu + ﬁ%ff)

(11) . rars
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According to the theorem of Lyapunov, we introduce
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The estimation value can be obtained by solving the following

(15) Eow =

(16) f = -E2u

Finally, the control inputs of the linear and angular velocities
a can be designed as

[ a1 (Trep + (Kiu + Kou)eou

(1= K en) — £

(17)
m
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(18) Uy =
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Results and Discussions

In this section, Arduino wheeled mobile robot was used
to validate the developed control and to show the perfor-
mance of the proposed approach.

Fig. 3. Arduino robot mobile.

Mechatronics architecture

Approach Running on PC

Wireless Network

Arduino Yun

|

uP ATmega32u4

J' PIM,

PWM,

Power

Eletronics E
7
I Encoder's

Right Left Signals
Wheel Wheel

Power
E Eletronics
I
Encoder's .

Signals

Fig. 4. Mechatronics architecture of the mobile robot

The mechatronics architecture of the control system (see
Figure 4) consists of: a) Arduino robot mobile with proces-
sors ATmega32u4, its was equipped by two wheels witch are
driven by motors having rated torque 20 mN m at 3000 rpm
and equipped with incremental encoder counting Nc= 600
pulses/turn for the information of point h, see Figure 4; b)
Arduino Yun mounted on the robot to communicate the PC
with the robot through a using Wireless network; c) a com-
puter with high-performance processors cards.

Experimental research

To implement the control structure, we used
Matlab/Simulink®,  the experiences were performed
with initial configuration (2.0,3.0), the desired trajectory
is circle trajectory, the following parameters are taken as:
Klu = 120, Kgu = 75, Klw = 14, K2w = 2, m = 1.50]{39,
p = 1.225. The posture robot was provided by encoders.

To demonstrate the effectiveness of the proposed approach,
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at the Time 1" = 50 sec, a external disturbance is add to
the system, several tests was applied to the Arduino mobile
robot.

The plan (z,y) of the trajectory is represented in the figure
Fig. 5 by simulation, the robot track the circle, which was
confirmed the good reference tracking. the distance error
is show in the figure Fig. 5, its can see the effect of the
external perturbation a the time T' = 50 sec. The error
converge towards to zero value as see in figure Fig. 6 The
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Fig. 6. Distance error.

results obtained by simulation in the figure Fig. 7 is show the
good performances of the robust control,and we can see the
change of the linear and angular velocities in the moment for
this change in the trajectory (50 s). The above mentioned
results demonstrate that the robust control is accomplished
with precision using the designed control system. The
outputs of the backstepping controller with estimator force
are represented in the figure Fig. 8, the external disturbance
is estimated online. Moreover, force estimated f converge to
the unknown force f, and the error f converge to zero and
we can see the effect of the disturbances in the control laws
and the power velocities (see Figure Fig. 9).

Conclusion

In this paper, a backstepping-Force estimator controller
was designed and proposed for wheeled mobile robot Ar-
duino, the estimator force part is add to estimate online the
external disturbance witch can be applied to the system.
Mechatronics architecture is proposed to validate the control
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Fig. 8. Control laws.

laws in real implementation. For users, augmented reality
interface was developed for planning and execution the tra-
jectories of the robot.

In the near future, we will essentially to tested other approach
as sliding mode control (SMC) mode. We can also integrate
obstacle avoidance methods with a reference trajectory and
the remote control as in [12].
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