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ABSTRACT

A control scheme is being presented for the trajectory tracking of a nonholonomic kinematic model of

mobile robots. As a kinematic model of mobile robots is nonlinear in nature, therefore, it is controlling

is always being a difficult task. Thus, a control hybrid scheme comprises of fuzzy logic and PID

(Proportional Integral Derivative) is being proposed, in which adaptive gains of PID controller is being

tuned by a fuzzy logic controller. Moreover, the effectiveness of this innovative technique is also proved

using the simulations by adding model uncertainties and external disturbances in the system. Besides,

the fuzzy logic control system is also being compared by the proposed control system. Resultsattained

shows that the fuzzy based PID controller drivesimproved results than fuzzy logic controller.
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1. INTRODUCTION

n recent era, WMR (Wheeled Mobile Robot) has

gained attention of the robotic community as it is

uitable for a variety of applications including
transportation, security and exploration. WMR can be
divided into holonomic and non holonomic robot with
respect to their mechanical design. Robots whose
controllable degree of freedom is equivalent to number of
controllable inputs is known as holonomic robot [1].
Whereas, non holonomic robots comprise of less number
of controllable inputs, as compare to holonomic robot
causing restriction in mobility, therefore it is considered as

more challenging problem [2]. Therefore, many researchers

have worked in this field and proposed various controllers
that includes fuzzy logic [3], adaptive feedback [4], back-
stepping [5], feedback linearization [6], neural network [7],

sliding mode control [8] and many more.

Trajectory tracking can be done by taking information
either from leader robot or reference path. When a robot
takes a reference path from leader robot this phenomena
is called multi-robot formation control [9-10]. Whereas, if
the trajectory is being inputted then the phenomena is
called trajectory tracking [11]. Most of the proposed
schemes for trajectory tracking shows theoretical

approaches using computer simulations by neglecting
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disturbances and model uncertainties in the Practical
aspects [12-14]. The neglecting of disturbances and model
uncertainties leads to poor transient and steady state
characteristics. In this paper, an innovative and
computationally effective approach is proposed for WMR
trajectory tracking by using the feedback and feedforward

controllers.

The purpose of this paper is to provide an innovative
controller technique for the feedback controller of the
kinematic model of mobile robot. This innovative
technique is a hybrid technique comprising of fuzzy Logic
and PID known as fuzzy PID controller (F-PID). Moreover,
in this technique fuzzy logic is being used as gains tuner
of PID. Whereas, Feed forward controller is being
designed taking feed forward mechanism from [15].
Indeed, feed forward control mechanism requires reference

trajectory.

The remaining organization of the paper is described as:
Section 2 elaborates the system model of WMR. Section
3 presents the designing of control model. Section 4 shows
the simulation result and covers the area of discussion.

Finally, paper is concluded in Section 5.
2. SYSTEM MODELLING

The kinematic model of two wheel differential derive

shown in Fig. 1 can be written as [16]:

()] [cosg(t) o0 S t
Ol

£(t)=s(¢Mth=0

Where x(t) and y(t) are translations and @(t) is the
orientation of the robot at time t,v(t) defines the linear
velocity, angular velocity is being shown by w(t), S()
represent Jacobian matrix that transforms input velocities

to robotic velocities, d(t)=[d, (t)d,(t)]" are the disturbances

produce by random noise and model uncertainties, defined

as:
supd;(t) <e vt 0,i=12

and finally, {(t) is a configuration vector defined as:

SO =[x(®) y(O o] @)

The time varying reference trajectory is being followed

by kinematic control design, which is defined as:

CO=[x0y,® O] A

To bring orientation and position errorto zero kinematic
control is being designed as t—oc. Therefore, the
trajectory tracking error of the mobile robot § (t) is defined

as follows:

_ e (t)] [ cosglt) sing(t) o x (t-x(t))
LO)=TO O]-v(t)=| &, (t)| =| ~sing(t) cosglt) 0 ye(t-y(t))| (4)
t

e,(t) 0 0 1 4(t)-40)

Where T(0(t)) is the transformation matrix use to make
orientation error, independent of ¢(t) The derivative of

Equation (1) gives the trajectory tracking error as:

vA

0

FIG. 1. NONHOLONOMIC KINEMATIC MODEL OF MOBILE
ROBOT DESIGN
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Where v (1) is reference linear and w (t) reference angular
velocity defined as [17]:

JORAVRAVAY, ©

3. CONTROLLER DESIGN

Controller design v(t) is further divided into two parts
that include feed-forward controller and feedback

controller. The generalized controller can be written as:

VO 31 o s A

Where V, (t) and W (1) is feed backward linear and angular
velocities, respectively and V (t) and W (1) is the

feedforward linear and angular velocities.

3.1 Feedforward Controller

Reference trajectory and error propagation mechanism is
used to generate the feedforward velocities. The given
expression defines how the feedforward control action is

being generated [15].

oL e

Here v (t) and w(t) are the feed forward linear and angular

velocities respectively.

3.2 Feedback Controller

In this section, the kinematic feedback controller based
on Fuzzy PID is discussed. The kinematic controller is
designed using PID mechanism and the gains of PID
controller are adaptively tuned by using fuzzy logic. This
hybrid controller is being designed for each input for fine
tuning. The proposed scheme is being discussed in detail

block diagram shown in Fig. 2.

Fig. 2 comprises of transformation block T, which is used
to make orientation error independent and the proposed
controller algorithm shown in Equation (4). The inputs
of fuzzy logic controllers are positioned and orientation
errors along with their derivatives. The range of the input
error signals is defined for range -1 to 1 and their
linguistic levels are defined as PB (Positive Big), PS
(Positive Small), Centre, NS (Negative Small), and NB
(Negative Big). Figs. 3-4 shows the input triangular MFs
(Membership Functions).

The control decision is being made with the help of if-
then rule bases shown in Tables 1-3 for K, K, and K

respectively.

The outputs of fuzzy controllers are Fuzzy proportional
gain (F,), Fuzzy Integral gain (F, ) and Fuzzy differential
gain (F ). Whereas, their linguistic levels are assigned
as ZE (Zero), PS and PB, and that are being normalized
between the ranges of 0-1. The outputs of fuzzy logic
controllers are transformed to a crisp output by de-

fuzzification. Figs. 5-7 shows the output triangular MFs.

The results obtained from fuzzy logic is used as an
adaptive gain for the PID controller. Moreover, the output

of the fuzzy PID controller is given as:

Xepp(D) = Xpp(t) T Xp () +x(0) )
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Where,

XFP(t): fp(ex’ % ijex(t)
" (t):f(e dije}e B
Fl | X2 dt IO X

d d
XFD(t): fD(exa%)GDex—(t)

(10)

Where G, is Proportional gain, G, is Integrator gain and
G, is derivative gain are the respectively of the PID

controller. The values of G,, G, and G are being tuned

and,

de de de
Fe=fole,—2||F, =F|e,—= [;Fp = ol 6, —= 11
KP P( X dtj Kl I( X dt) KD D( X dt) ( )

Finally, overall equation for the F-PID of nonholonomic

kinematic model of mobile robot is written as:

de, (t)

m (12)

T
XFPID(t): Fep 'Gpey(t)+ Fai Gy (I)ey(t)+ Feo Gp

witht=0,1,2,3 ...

Similarly,

de, (t)

.
yFPID(t): FKP'Gpey(t)+ Fa Gy (j;ey(t)+ Feo-Gp

' ' ] dt
manually whereas, fine tuning of the system is being de, (t) (13)
T e,t
performedby F,F, andF, . fepin(t) = Fp G pe¢(t)+ Fi Gy £e¢ (t)+ Feo G gt
v i
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FIG. 2. BLOCK DIAGRAM OF OVERALL SYSTEM USING FUZZY BASED PID CONTROLLER
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4. SIMULATIONS RESULTS AND TABLE 1. IF-THEN FUZZY LOGIC RULE BASE FOR K,
DISCUSSION (SSZB NB NS , bs B
The control scheme for Nonholonomic Mobile Robot NB ZE PS PS PS ZE
Trajectory Tracking using Fuzzy PID controller is being NS PS PS PM PS PS
projected. Simulink is being used for the simulation of the z PM PS PM PM PM
proposed model which is being compared by the PS PM PM PM PS PL
conventional fuzzy logic controller. The lemniscate curve PB PL PM PM PS PL

trajectory is used as input for the simulation of the system.

. . . . . TABLE 2. IF-THEN FUZZY LOGIC RULE BASE FOR K
This curve trajectory is usedto avoid constant, linear and !

angular velocities. Moreover, the simulation is done in Error NB NS 7 PS PB
(de/dt)
the presence of external disturbances and model
NB ZE ZE ZE ZE ZE
uncertainties. Indeed, Fig. 8 explains the trajectory
) ) NS ZE PS PS PS ZE
tracking comparison between the fuzzy based PID
] . . . z PS PS PS PS PS
controller with the conventional fuzzy logic controller in
. Lo . PS PB PS PS PS PS
which external noise is also added to the system. Fig. 9
) PB PB PB PB PB PB
shows the external noise.
1 | I | | I 1 I I
NB NS V4 PS PB
1
0.5 7
0 I I I I I I I I I
-1 -08 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
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FIG. 3. INPUT TRIANGULAR MF OF ERROR (E)
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1
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FIG. 4. INPUT TRIANGULAR MF OF CHANGE IN ERROR (DE/DT)
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TABLE 3. IF-THEN FUZZY LOGIC RULE BASE FOR K

From the simulation results it’s being observed that the

(lsrr/zi) NB NS 7 PS PB proposed controller scheme is more effective than the
€
conventional fuzzy logic controller. Furthermore, Figs.
NB PS PB PB PB PB
10-12 shows the error plots of the all the co-
NS PS PS PS PS PB ) ]
ordinates,which shows that the proposed controller
z ZE PS PS PS PB ) ) )
comprises of better performance in regards of chattering,
PS ZE PS PS PS PS o
steady state response and settling time along x,y and ¢
PB ZE PB PB PB PS . . .
coordinate for the nonholonomic wheeled mobile robots.
T T T T T T T T
4E PS PM PL
1
0.5 .
0 1 1 1 1 1 1 1 1 |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Input Variable “Kp”

FIG. 5. OUTPUT TRIANGULAR MF OF PROPORTIONAL GAIN (K,)
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FIG. 7. OUTPUT TRIANGULAR MF OF DERIVATIVE GAIN (K,)
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5. CONCLUSION

In this paper, feed-back and feed-forward kinematic
controller for unicycle differential type mobile robot
trajectory tracking is presented. Feedforward control
velocities are calculated using error propagation
mechanism and reference velocities. The desired
feedforward control action is made using feedforward

control action with delayed velocity error. Moreover,

proposed fuzzy based PID controller is used to calculate
the feedback velocities. The performance of the Fuzzy
based PID controller is compared with Conventional Fuzzy
Controller. Simulated results demonstrate that the
proposed controller provides efficient result by tracking
precisely the given trajectory in comparison with
conventional fuzzy logic controller with zero steady state

€1T0T1.

Mehran University Research Journal of Engineering & Technology, Volume 35, No. 2, April, 2016 [p-ISSN: 0254-7821, e-ISSN: 2413-7219]

167



Nonholonomic Mobile Robot Trajectory Tracking using Hybrid Controller

0.7

Error

Error (X)

----- Fuzzy Logic
— Fuzzy Based PID

2.5 3 3.5 4 4.5 5
Time (seconds)
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