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ABSTRACT: A Mecanum wheels mobile robot (MWMR) is consider being the most famous holonomic type of
the wheeled mobile robot (WMR). This robot is getting importance due to its applications in industries, healthcare
as well as in other sectors of service. The objective of this work is to design a novel hybrid controller for the
trajectory tracking of four mecanum wheeled mobile robot i.e.,(FMWMR). First, the kinematic and dynamic
models have been derived with tacking into account the effect of friction in the dynamic model. The new hybrid
control consists from Backstepping-Type2 fuzzy logic control- social spider optimization (BSC-T2FLC-SSO).
The backstepping controller (BSC) is used for computing the torque that exerted from each motor while type-2
fuzzy logic control (T2FLC) and social spider optimization (SSO) are used for computing the gains parameters of
BSC. MATLAB programing has been used for simulate the equations and for presenting the results of the torques
and the results of positioning error in (x,y) direction as well as orientation error. Circular trajectory tracking has
been selected to test the performance of the new hybrid controller. A comparative study between the results that
obtained from the new hybrid controller and the results from backstepping controller has been done. It was found
that the magnitudes of the errors in position and orientation of the robot from the new hybrid controller was less
than the magnitudes of the error in position and orientation that obtained from backstepping controller and this
comparative results showed the effective and robust of BSC-T2FLC-SSO.

KEYWORDS: Mecanum wheels robot, Backsteeping controller, Fuzzy logic, Social spider optimization.
INTRODUCTION

Mobile robots can be defined as automatic machines that can developed many activates such us navigation,
mapping as well as moving in determined space [1]. The classifications of the (WMR) depending on the type,
number and location of the wheels on the chassis of robot [2]. The most commonly WMR configurations are
differential drive, omnidirectional and bicycle drive. Omnidirectional robots characterized by high mobility as
well as maneuverability. Also omnidirectional robots characterized by their lateral movement that the
nonholonomic WMR cannot be achieved it [3]. There are many researches that studied and analysis the models
and tracking of the omnidirectional robots. In [4], the authors used backstepping controller with particle swarm
optimization for tracking control of non-holonomic WMR. They used different trajectories for testing the
proposed controller. In [5], LQR controller was used for trajectory tracking of FMWMR. The (R and Q) are
selected from experimental work.In [6], BSC was implemented for the trajectory of FMWMR and the magnitudes
of gain parameters are chosen by tray and error.

The authors selected circular path for testing the performance of the robot. In [7], the authors adopted PID- Type
1Fuzzy logic control based on kinematic model of FMWMR while in [8], robust adaptive sliding mode controller
for the FMWMR was presented. In [9], PID and LQR controllers are applied for the tracking of FMWMR. In
[10], the kinematics and typical actuator dynamics of a nonholonomic differential drive WMR are derived. Two
controllers which are the outer controller (kinematic controller) and the inner loop controller are investigated.
In[11], The tracking problem of the robot was investigated by using a simple time-varying controller. In [12],
linear feedback control was used with pole placement for the tracking control of non-holonomic WMR. The
objective of this work is to design a novel hybrid controller which is consist of BSC-T2FLC-SSO for the trajectory
tracking of FMWMR. MATLAB programing is used to simulate the equations as well as to present the results of
the torques as well as positions and orientation errors. The results from this new hybrid controller compared with
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the results that obtained from backstepping controller. The results showed the effective and accuracy of this new
hybrid controller.

KINEMATIC MODEL

Kinematics represents the motion of the objects without taking into account the forces that affected on them.
Omnidirectional WMR is consider to be holonomic robot with 3 degree of freedom in the plane motion. The main
purpose of using mecanum wheels is make the robot from moving in, lateral or sideways movement. Each wheel
having set of passive roller which is angled 45° about the circumference of the hub. The mecanum wheel is fixed
on the robot platform with local frame {R} and the parameters that are related to the robot can be defined as: (D)
is a point represents the centroid of the robot, (A;) is a point represents the center of the i-wheel, () is the angle
between the Xr and the point A, (&):- The angle between the wheel axis and the vector DA, (r):- the radius of the
wheel, (Q) is the angle between wheel plane and roller rotation axis and ( ) Rotation speed of the wheel and this
can be show in figure (1) as below:

Yr

& X

Figure 1. Mecanum wheel [1].

It is assumed that the kinematic model is derived for pure rolling i.e., (without slipping) condition. It can see that

the velocity of point (Aj) is equal to (r, qJ i) from figure (1) that is shown above while its magnitude equal to (
ry, cos,) @long roller axis. The translation velocities of the robot with respect to frame {R} are [X= Y= ] while (

9) is the rotational speed about (zr). The velocity of wheel center (Ai) with respect to roller contact axis direction
can be represented as:-

V, =xr 008 =~ (Z—(5+&)+(E-Q) |+ ygco8 (5 +8)+(E-Q)
2 2 2 2 2
Equation (1)
° T s
+1 0cos{5+ {(E —(0+&)+ (E —Q)ﬂ
After some forward substitution equation (1) will become as below:
[sin(s, +¢ +Q,)  —cos(5, +¢, +Q,) —lcos(S, +Q,]e RR_(6)e Po=r, y, c0sQ, Equation (2)

Where i=1,2,3,4 and (lso)is the velocity of the robot in the global coordinate and RRo(g) is the rotation matrix.
The robot velocity in global coordinate {O}as well as in the local coordinate {R} is described as:
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Xo XR
Po=]Y,|iPr=|Yg
o Or

It can convert the velocity representation from global to local frame as below:

Pr=RR_(0)eP,
The rotation matrix can be expressed as:

cosd sing 0
RRO: —sin@ cos@ O
0 0 1

The FMWMR is shown in figure (2) below:

Figure 2. WMR with four mecanum wheels.

Equation (3)

Equation (4).

Equation (2) can be applied for each wheel with tacking into account that the radius of each is equal as well as the
distance from each wheel to point (D) as show in figure (2) are equal so that, ri=r. After some forward calculations

it can obtain the equation of inverse kinematics as:

1784 all al2 al3 .
. cosd sing O Xo
v 1)/ a2l a22 a23 ) .
2l=—= e/ —sin@ cos@ O|e|y,
r /J|a3l a32 a33 .
Vs 0 0 1 o
. a4l a42 a43
Wa

Equation (5)

. . T
Where: a,, =a,, =a, =a,, =1 a,=a;=8a;,=a,=-18a,=a,=a;,=a,=-1a,=2a,=a,=2a,= V21sin (2_5)

Where §=tan~! (%) . The Jacobian matrix (H) can be defined as:

all al2 al3 .
cos@ sing O
a2l a22 a23 i
H = e —sin@ coséd O
a3l a32 a33
0 0 1
a4l a42 a43

The equation of forward kinematics can be obtained as below:
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30 ) (\Ej L W.z Equation (7)
o|— 7| A -
0o Ve

Va4

Where H*=(HTH)* HT is the pseudo inverse of H.
DYNAMIC MODEL

The dynamic model of the robot that shown in figure (2) is derived by Lagrange equation. It is consider that there
is an offset between the centroid of the robot i.e., (point D) and the center of gravity i.e. (point D). The velocities
of points (D) and (D’) relative to local frame {R} are determined as below:

cos® sind]| x. X. C0s 6 . Equation (8)
Ry, = o |=| "o - Ry, =R 9
Vo Lsin@ cose}[y‘oi [_ Y éin@]' Vo = "Wo P OKa X o0
RVD\ = (XO oS 8+ Y, sin 0+éd2j I +[—.Xo sin @+ y,, cos H—édlj Jr Equation (9)

Where (d;)and (dz )are the offset distances between D and D’. The kinetic energy (T) of the robot is computed as:

. 4 . 4 o2 .
T= ;|:th biVo + Ib6+zmwi(rl//i)z +z|wi Vi } Equation (10)
i=1 i=1

my: platform mass. mw:wheel mass. Ip: platform moment of inertia, I,,: wheel moment of inertia,
y": wheel rotational speed. The Lagrangian (L) can be expressed as L=T-U. (U) is the potential energy and its
equal to zero because the robot is consider to be a plane motion and that lets to make (L=T) . It is assumed that
lwi= lw2= lws= lwa=lw. The Lagrange equation can be expressed as:

d oL oL Equation (11)

) -

(= -F
dt5q, 2Q,

i=1,2,3. (@) and (F;) are represented the generalized coordinate and generalized torque/force respectively and
can be represented as:

The g-[e @ e -[x » of generalized (torque/force) evaluated as :
y Equation (12
F =i(7i*‘l'ﬁ 6(/./i q ( )
= aq;

(t) is the torque of each wheel and (tr) is the frictional torque. Both frictional torques and forces evaluated as
below:

r,=f*r Equation (13)
fi=u(m, +4m,)*g Equation (14)

Where (L) is the coefficient of friction and (g) is the gravitational acceleration. The frictional forces can be written
as:

J=U.senv) Equation (15)
The parameter ( % ) that is found in equation (12) is evaluated from equation (5). The dynamic equation of motion
of the robot expressed as:
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M(@)q+C(q.q)q+BTSf=1B"¢ Equation (16)
:

Where:- [M] is the inertia matrix, [C] is the Coriolis and centripetal matrix, [f] is the frictional matrix,[B] is input
transformation matrix. After some forward calculations, the representation of each matrix is shown below:

7 spp) 0 00 f

' f

|7 L 5= 0 son(y,) 0. 0 o

I3 0 0 sp(y,) O f

. f

i 0 0 0 so(y,) )
00 mbé(dlcow—dzsine) m, m, m,
C=/0 0 mbé(dlsin9+d2coso9) M=m,, m,, my,
00 0 m,, m, m,

Where:

I
m11=m22=4(mw+r—vzv +m,, my,=m;,=0
m, =m,, =m,(d;sin@+d, cosd), m,, =m,, =m,(—d, cosé+d, sin )

I .
m33:mb(d12+d22)+|b +8(mw+—V2V)IZS|n2(%—§)
r
_(—cose+sin9) (—cos @ —sin §) —ﬁlsin(%—é)
(—cos@—sin@)  (cos @ —sin @) —ﬁlsin(%—é)

(cosf@—sin@)  (cos@+sind) —+/21sin (%_5)

(cos@+sin@) (—cos@+sin@) —+/21sin (%75)

CONTROLLER DESIGN

In this paper, a new hybrid controller consist of BSC-T2FLC-SSO is implemented. The backstepping control is
applied on the nonlinear acceleration equation to evaluate the controlled torques (t) while T2FLC and SSO are
used to evaluate the optimal gains parameters.

Backstepping Controller

Recall to equation (16) it can make the acceleration in one side and the other parameters on the other as shown
below:-
H:M*l[% B'r-Cq—B'S f} Equation (17)

The state vector of generalized coordinate can be written as below:
o]

Based on backstepping controller, It is considered that () is to be a subsystem and let (X‘Jis equal to (u1) where
(uq) is represent the virtual input. The equation of the tracking error can be written as:

—

X—imx'1 X'Z]T“[q' q'T _F" y @ x
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ex XO XO,d
& =X, -0y = e, 1= Yo |~| You Equation (18).
e, 0 o,

The qq(t)=[ Xo.a(t) , Yo.a(t) , 4] is the desired tracking of the robot. The differentiating of equation (18) can be
represented as:

e, =X,-0,=ui- g, Equation (19). Now the Lyapunov function is considering for checking the stability as:
V=la'Ke Equation (19)

Where F = g**symmetric and positive. The equation (20) is derivative with respect of time and it can obtain:

° 1 1 ) ) .
vlzzelT Kle1+5elT K,e1=¢] K e =e] K, (u-q,) Equation (20)

For making the system stable, it can choose u;=(Q, -e1 and it can obtain:

Vi=—g, K, e <0 Equation (21)

It can see from equation (22) that the system asymptotically stable. Anew error must be introduced as:
e, = X2 —U, Equation (23). The derivative of equation (23) can be written as below:

81 = X, -0y = Xz-Qy +ui-Ur=ez-e; Equation (24)

éz =M _l[% BT T—CE]— B'S f}— Q4 *(e2-e1) Equation (25)

After that, Lyapunov function is used for checking the stability and that can see as below:

1 - 1 7 1 -
V, =V, +Ee2 K, e, ZEel K, e +Ee2 K,e,

Equation (26)

- 3x3
K, e R™ s positive definite and symmetric.

The derivative of equation (26) becomes as below:

T T . .
V, =¢ Kig +e, K,&, —¢ K, (e,-¢)+e, Kz[(e2 —e)+M ‘1(% B"7-Cq-B'Sf)-q| Equation (27)
The computed torque equation can be represented as:
r=rB(8"B)* MHM 1[—cd— B S f}—§+ (6, —e)—e, - K;'K, elﬂ Equation (28)

After substitute equation (28) into equation (27) it can be obtained:

V.=—e Ke —el K,e, <0 Equation (29)

It can see from equation (29) that the system is negatively definite and that lead the system to be asymptotically
stable. The magnitudes of K1 and Kz are computed by using Type2- Fuzzy logic i.e.(T2FLC) as well as social
spider optimization i.e.(SSO) and that will be represented in the next sections.
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Type-2 Fuzzy Logic Controller (T2FLC)

In this work, A Type-2 Fuzzy Logic i.e. (T2FLC) is adopted to compute the parameters of the controller gain (K1)
i.e. (K1,K2,Ksz). A T2FLC has been applied in many control process because of its capability for uncertainty
handling. The T2FLC is introduce as an extension theorem of type-1 fuzzy control i.e.(T1FLC) by Zadeh in
1975[13]. The T2FLC can be discriminative by membership functions(MFs) in which the (MFs) grade is a set
between [0,1]. The (MFs) of (T2FLC) are 3-dimienstions as well as a foot point of uncertainty (FOU) is included.
An extra degree of freedom was provided by (FOU) for handling the uncertainty.

The Simulink diagram of the torque controller is shown as:

_— e
]
|
]
‘_

Figure 3. Simulink diagram of trajectory tracking

It can be seen from figure (3) that is maintained above there are two subsystems. The subsystem that is in green
color including the equation of the desired tracking. While the subsystem in the blue color including the simulation
and the mathematical models of the T2FLC, BSC as well as the dynamic equation and that can be show as below:

+
—
|
ALsEREEILEL
1 .

|
'

|
-

Figure 4. Simulink diagram of the hybrid controller.

Each subsystem in the gray color includes two FLC blocks. One block for representing inner (MFs) and the other
for the outer (MFs). The output from each block is combined and multiplied by a scale factor equal to (0.5) to
achieve a "reducer-type" that is relating to T2FLC and that can be seen as below:

« )

Figure 5. Type-2 FLC representation in MATLAB.
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In this work, there are two inputs delivered to T2FLC which are (L) and (a). (L) is definined as the distance from
the actual to reference position while (o) defined as the deviation angle between the actual and the reference
position of the robot and that can see below:

YO | |

X Reference robot
%
PR |

£ Yo
Y e

“9 XD
I xe 0 % # Actual robot
Xo

Figure 6. Robot configuration with (L) and (o) parameters.

The values of (L) and (o) can be determined from the following formula as below:

a=tan"(e,/e,) Equation (30)

=./(e)? + (e,)? Equation (31)

The first input (L) has 4 triangle (MFs) for inner and outer (MFs) which are: Zero(Z), small (S), Medium(M) and
big(B) while the second input (o)) has 5 triangle (MFs) for inner and outer (MFs) which are: negative big (NB),

negative small (NS), zero(Z), positive small (PS) and positive big (PB). The (MFs) for each input can be seen as
below:

Membership function plots ouct poes 181 Mambarano tunction plote ===n .

Z ‘ s " ' 8 i 0 2 > B

/S \ 4
\ | ¢ b 4 ~ D74
RN 7 \ /7 X LN
/S - N\ / 4 > N\ 4’1 ) \

input variable "L~ rout varable "w”

() (b)
Figure 7. Outer (MFs) (a) for the input L and (b) for the input (o).

- Memnershn ium:hon pbts l.!enmrshp 1unctnn plols

VAVAY. § Y

nput variable "L" -npul variable "a"

(@) (b)
Figure 8. Inner (MFs) (a) for the input L and (b) for the input (a).

The output (K) has 3triangle (MFs) which are: small(S), medium(M) and big(B) and they illustrated as below:
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Membership function plots B e 181

h s

output variable “K1

Figure 9. MFs of the controller gain parameter.
The rules that are related to each output i.e. (gains) can be seen as below in tables 1,2,3:

Table 1. Rules of the gain parameter (Ky).

L J | NB NS Z PS PB
z S S S S S
S M M S M M
M B M M M B
B B B B B B
Table 2. Rules of the gain parameter (K>).
IT—— o|NB NS z PS PB
4 M M S M M
S S S S S S
M M M S M M
B B B B B B
Table 3. Rules of the gain parameter (Ks).
L d | NB NS Z PS PB
z B M S M B
S B M S M B
M B M S M B
B B M S M B

The formula that used to represent the strategy of the defuzzification is the centroid of area (COA) which is
computed as:

_Z[,uA(Z)-Zd(Z) Equation (32)

COA=2—
Jun(2) d(2)

Where (Z) is the quantity of output and pa (2) is the compiled MFs output. Now, the gain parameters (K1,K2,Ks)

are computed by using T2FLC but there values are normalized i.e.(there magnitudes are between [0-1]) so that ,

the output from each T2FLC are multiplied by a scale factor which is represented by a gain in MATLAB/ Simulink

and this think is referred in figure (5). The optimum vale of each scale factor is as well as the other gains

magnitudes i.e.(K4,Ks,Kg) are computed by using SSO and that will be illustrated in the next section.

Social Spider Optimization (SSO)

In this work, the SSO is adopted for computing the gains parameters of BSC which are (K4,Ks,Kg) as well as to
optimizing the outputs values from T2FLC. The SSO approach depending on the collaborative conduct of the
spiders. The SSO consist of two different spiders which are: Female as well as Male. Relay on gender, the behavior
of each individual is controlled by evolutionary methods which are simulate the behavior of the colony and that
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consider the main advantages of SSO over other optimizations algorithms such us particle swarms (PSO) and
artificial bee colony (ABC) which is prevent SSO from local minima and premature convergence. In this
algorithm, the number of female spiders (Nr) are between (65-90%) from the total number (N). The equation that
used for evaluating (Ny) is given as[14]:

N, = floor [(0.9—rand 0.25).N] Equation (33)

Where (rand) is a random number between [0.1]and floor is mapping from real to integer number.

The spiders male number computed as: M, =N —XN, . The equation that used for evaluating the weight of each
spider is written as:

W = J(s;) —worst, Equation (34)
best, —worst,

Where J(si) can be defined as the value of the fitness which obtained from the position of the spider (s;) with
respect to the objective function (Js). The range (R) of the mating operation in the SSO can be defined as the radius
that is relay on the search space size and it is evaluating as below:

n high _ low
r= Zi:l(pj P, Equation (35)
2n

o
i

Where PV and (P} are the lower and upper bond of the initial parameters.
RESULTS AND DISCUSSIONS

To demonstrate the effective and performance of the new hybrid controller design for the FMWMR, MATLAB
programing has been used to simulate the equations and review the results. In this work, a comparative study has
been done between the results that obtained from the new hybrid controller i.e.BSC-T2FLC-SSO and the results
of back-stepping controller. The parametric values of the robot can be seen in table (6) and are taken from [15] as
below:

Table 4. Robot Parameters [15].

Parameters Value (unit)
Mass of robot platform (my) 3.1 (Kg)

Mass of each wheel (my) 0.35 (Kg)
Mass moment of inertia of the platform | 0.032 (Kg m?)
(In)

Mass moment of inertia of each wheel | 6.25*10* (Kg m?)
(Iw)

Radius of each wheel (1) 0.05

The distance (h:) and (h,) 0.15 (m)
Coefficient of friction (u) 0.02

The offset distance (di , dp) 0.02 (m)

The distance (1) 0.25 (m)

In this simulation, a circular trajectory is considered for the FMWMR to be followed with robot constant angular
velocity (Wq =0.2 rad/s )and the radius of the circle equal to (0.5) m. The equations that has been used for the
desired tracking can be demonstrated as below:

Xa=0.5%c0s ( €24 *t) ;Ya=0.5%sin (@4 *t),

The robot started from the initial position which is represented the center of the circle i.e.q=[0,0,0]". In this section,
there are two cases are taking into account. The first case represents the results that obtained from BSC only while
the second case represents the results that obtained from BSC-T2FLC-SSO and that can be seen as below:

Case One
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In this case, it has been consider only the results that obtained from backstepping controller and that represented
as below:

Equation (28) that is maintained earlier is programing and simulated in MATLAB/Simulink. The values of the
gains i.e.(K; and Ky) are chosen by trial and error and the values of parameters equal to:

20 0 O 10 0 0 _
K,=|0 50 0| K,=|0 35 0 and the results are obtained as below:
0 0 100 0 0 9

05

04

03

02

01

Y (m)

0
01
02
03

04

e

Figure 10. Circular tracking.

From figure (10) that is maintained above , it can see that the tracking performance is good by means of the
proposed controller but there is some deviations from the desired tack due to the error between the desired and
actual tracking.

0.07 0.6
E 005 | E 05
5§ 0.03 § 04
b+ B
o 001 S 03
= =
-}
< -0.01 Y 02+
£ c
= .0.03 = 01
g 5
E 005 E o
0.07 010 1520 25 30 35 0
Time (sec) Time (sec)
7.00E-02
6.00E-02
5 5.00E-02
= 4.00£-02
g
3.00E-02
£
£ 2.00E-02
]
8 1.00€-02
0.00E+00
4] 5 10 15 20 25 30 35 40
1.00€-02
Time (sec)

Figure 11. (a) Error in x-direction, (b) Error in y-direction (c) Orientation error.

Figure (11) shows the errors of the trajectory tracking for the position and orientation of the FMWMR. It can see
that the magnitude of the error in x-direction i.e.(ex) is beginning from value (-0.06) m and after 5 seconds, the
magnitudes of the error became fluctuating between (0.1) and (-0.1) m and that continues until the final simulation
time i.e.,(40 second) while the magnitude of the error in y-direction i.e.(ey) is beginning from (0.5) m and reduced
after 5 seconds to (-0.035) m and from 5 to 40 seconds the magnitudes of the error are change between (-0.035to
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0.058) m and it is reached to (-0.044) m at the final simulation time while the maximum value of the orientation
error i.e.(ey) is equal to (0.062) rad/s at about the 5™ second and reduced to (-0.009) rad/s at about the 9™ second
and from the (10-40) seconds the magnitude of the error is approximately equal to zero.

1.5 1.5

1 4

-

o
n
o
n

40

Torque from M otorl (N.m)
©
v (=]
Torque from M otor 2
(N.m)

-
O
ok, 0o
(=

-
v

Time (sec) Time (sec)

(@) (b)

1.5
0.5 4+

05 01 4 10 20, 30 | lao

Torque from M otor 3
(N.m)
)
Torque from M otor 4
(N.m)

-1.5 |
Time (sec) Time (sec)

(© (d)
Figure 12. Magnitudes of the torque generated from each motor.

Figure (12) represents the torques that is generated from the FMWMR motors with some sharp spikes. The values
of the torques are occur between (1.2 to -0.72) N.m and this value are consider to be somewhat large and it is
consider to be undesirable.

Case Two:

In this case, it has been considering the results that obtained from BSC-T2FLC-SSO. The values of the parameters
gain (K1) that obtained from T2FLC which are (ki,kz,ks) which are optimized by SSO with a range (0-200) are

28.120 0 0
Ki=[ 0 32.3758 0
0 0 13.815
While the values of the (c parameters gain (Kz2) which are (ka,ks,ks) that obtained from SSO. The initial
values of the parameters are given in the range (0-100) while the optimum values (d) that obtained
from SSO are
23.428 0 0
K= 0 12.218 0
0 0 5.079

The numbers of spiders that are selected are (20) and the number of iterations that tacking into account are (50).
The objective function that is used in SSO can be expressed as:

Je=, Ilel.J + e_,.z

The results that obtained from this hybrid controller are shown as below:

Equation (36)
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Figure 13. Circular tracking.

It can see from figure (13) that is maintained above the actual tracking of FMWMR is approximately coincide
with the desired tracking and that indicates that the performance of the hybrid controller is very good and better
than the performance of back-stepping controller.
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Figure 14. (a) Error in x-direction, (b) Error in y-direction (c) Orientation error.

From Figure (14) it can see that the values of the errors until about 5 seconds are varying with time but with small
relatively values because the actual initial position of the robot is at g=[0 0 0]" and this (5 seconds) represent the
time that the robot requires for reaching the circle and at the period between (5-10) seconds the values of the errors
are reducible to a value so closed from zero i.e.,( 1.2*10"* m) and remain at this value until the end of the simulation
i.e.,(40 seconds) while in the case of back-stepping controller, the errors values are fluctuating between some
values which are considered to be larger than the error values of the hybrid controller and that indicates that the
new hybrid controller gives very little errors as compared with errors of back-stepping controller.
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Figure 15. Magnitudes of the torque generated from each motor.

From figure (15) it can show that the behavior of the torque that generated from each motor is smooth without
shark spikes with magnitudes between (0.4 to -0.32) N.m and that indicate the behavior of the torques are better
than the behavior that obtained from back-stepping controller as well as the magnitudes of the torques that
obtained from this new hybrid controller are less than the magnitudes that results from back-stepping.

CONCLUSIONS

The study of trajectory tracking of WMR is considered an important and interesting topic In this work a new
hybrid controller consist of backstepping-Type 2 fuzzy logic control- social spider optimization i.e.,(BSC-T2FLC-
SSO) is proposed for the trajectory tracking of FMWMR. First both kinematics and dynamic models have been
derived with tacking into account the effect of friction in the dynamic model. Backstepping controller has been
applied for the nonlinear acceleration equation to compute the magnitudes of the torque that are generated from
each motor of the robot. T2FLC has been used to compute the magnitudes the parameters of gain (K1) but the
output from fuzzy logic will be in normalized values i.e.,( the value is between [0-1] ) so that, SSO has been used
to de-normalizing the output values from T2FLC as well as to compute the optimum values of another gain
parameter which is (Kz2). MATLAB programing has been used to simulate the equations and for obtaining the
results. A comparison study between the new hybrid controller and backstepping controller has been adopted and
the results show that this new hybrid controller i.e.,(BSC-T2FLC-SSO) gives results better than the results that
obtained from backstepping controller because this hybrid controller minimized the tracking errors of the
FMWMR to a small values which are about (1.2*10) m as well as reducing the magnitudes of the torques that
generated from each motor which are between (-0.4 to 0.4) N.m and that lead to enhancement the performance
and stability of the robot.
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