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Decentralized Control Design for Welding Mobile Manipulator
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This paper presents a decentralized motion control method of welding mobile manipulators
which use for welding in many industrial fields. Major requirements of welding robots are
accuracy, robust, and reliability so that they can substitute for the welders in hazardous and
worse environment. To do this, the manipulator has to take the torch tracking along a welding
trajectory with a constant velocity and a constant heading angle, and the mobile-platform has
to move to avoid the singularities of the manipulator. In this paper, we develop a kinematic
model of the mobile-platform and the manipulator as two separate subsystems. With the idea
that the manipulator can avoid the singularities by keeping its initial configuration in the
welding process, the redundancy problem of system is solved by introducing the platform
mobility to realize this idea. Two controllers for the mobile-platform and the manipulator were
designed, respectively, and the relationships between two controllers are the velocities of two
subsystems. Control laws are obtained based on the Lyapunov function to ensure the
asymptotical stability of the system. The simulation and experimental results show the
effectiveness of the proposed controllers.
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Subscripts

1,2, 3! Index of the joint 1, 2, 3

E, P Index of the end-effector and the center
point of the mobile-platform

Superscripts
0, 1 ! Index of the world coordinates system and
the local coordinate system

1. Introduction

Nowadays, welding robots become widely used
in tasks which are harmful and dangerous for
the welders. When a welding mobile robot moves
along a welding trajectory, its sensors detect the
errors, and its controller controls the torch so
that it tracks correctly to a welding point on the
welding trajectory i.c., the errors converge to zero.
There are many types of welding robots such as
wheeled mobile robots with slider, gantry mani-
pulators, tracked manipulators, compound mani-
pulators, and wheeled mobile manipulators. This
paper deals with the wheeled mobile manipulator
because it has a large working area. Traditional
applications of manipulators involve accompli-
shing tasks within fixed workspaces. The station-
ary of the platform determines a static area within
which the task must be structured so that the
manipulator can execute the task efficiently. The
effective workspace can be augmented by placing
the manipulator on a mobile-platform.

In this study, we consider a mobile manipulator
that consists of a three-linked manipulator mo-
unted at the center point of a two~wheeled mo-
bile-platform. We assume that the mobile-plat-
form and the manipulator move at low speed
because the welding velocity is just about 7.5
mm/s hence we ignore the inertia and the slip-
ping between the wheels and the floor, so we
only consider the kinematic representation for
the mobile manipulator. We consider a mobile
manipulator task, that is, the end-effector of the
mobile manipulator tracks along a reference tra-
jectory with a constant velocity and a constant
heading angle. This manipulator moves in a hor-
izontal plane, therefore, we apply the motion law
of rigid body in a plane to define the velocity of

the end-effector with respect to the world frame.
The velocity of the end-effector (also the velocity
of torch) must keep up the welding velocity in the
whole welding process.

The mobile manipulator is a topic that has
been studied by many researchers in recent years.
Yoo et al.(2001) developed a control algorithm
for a three-linked welding mobile manipulator
like the one in this study based on the La-
grange’s equations of motion. They used laser
range sensors to guide the mobile-platform, and a
vision sensor to guide the end-effector of the
manipulator. Seraji (1995) developed a simple
on-line coordinated control of mobile robot,
and the redundancy problem is solved by in-
troducing a set of user-specified additional task
during the end-effector motion. He defined a
scalar cost function and minimized it to have no
singularity. Yamamoto and Yun (1994) develop-
ed a control algorithm for the mobile-platform so
that the manipulator is always positioned at the
preferred configurations measured by its mani-
pulability to avoid the singularity. Jeon et al.
(2002) applied the two-wheeled mobile robot
with a torch slider for welding automation. They
proposed a seam-tracking and motion control of
the welding mobile robot for lattice-type welding.
Bui et al.(2003) proposed an adaptive tracking
control method base on the Lyapunov function to
enhance the tracking properties of a two wheeled
welding mobile robot.

The wheeled mobile-platform is subject to
nonholonomic constraints while the manipulator
is usually unconstrained, hence we choose the
mobile manipulator to perform the welding task
because it has faster response than the wheeled
mobile-platform with the torch fixed or slider.
The mobile manipulator has five DOF-three
DOF of manipulator and two DOF of mobile-
platform-whereas the welding task requires only
three DOF. Hence, the mobile manipulator is a
kinematic redundant system. To solve this prob-
lem, we added two constraints that are linear
and rotational velocities of mobile-platform.
This means that the mobile-platform motion is
not a free motion but it is a constrained motion.
The target of two constraints is to avoid the
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singularity of the manipulator by keeping the
initial configuration of manipulator,

In this paper we develop a kinematic represen-
tation for the mobile manipulator in which the
mobile manipulator is treated as two separate
subsystems rather than treating as a single entity
in the method of Seraji (1995). A decentralized
motion control method is developed to control
this complicated system. Every subsystem has one
controller and the relations among the controllers
are the velocities of subsystems. This method is
more flexible than the centralized motion control
method that uses a single controller to control
entire system because the controllers are inde-
pendent. Therefore it is simple and easy to design
them. We propose two controllers, one for the
manipulator and another for the mobile-plat-
form, based on the Lyapunov control function to
enhance the tracking properties of the mobile
manipulator.

The mobile-manipulator prototype is shown in
Fig. 1. We use three DC motors to drive three
revolute joints of the manipulator, and two DC
motors to drive two wheels of the mobile-plat-
form. The torch mounted on the third-link of the
manipulator and the touch sensor also mounted
on the third-link, but its position is above the
torch. The touch sensor touches and rolls along a
steel wall to detect the tracking errors.

Finally, the simulation results on computer and
the experimental results are presented to show the
effectiveness of the proposed method.

Torch

Mobile |Slarf0nn

Fig. 1 The mobile-manipulator prototype

2. Kinematic Equations

2.1 Kinematic equations of the manipulator

We consider a three-linked manipulator as in
Fig. 2. We attach a Cartesian coordinate frame at
the center point of the mobile-platform. Because
this frame is fixed to the mobile-platform and
moves in the world frame therefore this frame is
called the local frame.

Let us denote ' Ve=["%z V& 'dz]7 is the ve-
locity vector of the end-effector with respect to
the local frame and §=[8: 62 5] 7 is the angular
velocity vector of the joint angle. The velocity
vector of the end-effector with respect to the local
frame is determined as

IVE=]9 (1)
where

—L3Sims=LoSu—L1S1  —LsSims—LaSe — L3S
J=| LiCystLeCot LG LaCistLiCi  LsCuas
| 1 I

S1=Sin(ﬁ1); S1z=Sin(l91+52); 8123=Sin(61+02+ 63)
C1=COS(91); C122C08(51+(92); Clzs=COS<<91+3z‘|'93)

Let us denote * Ve=[%z *vz °¢z]7 is the velocity
vector of the end-effector with respect to the

Fig. 2 Scheme for deriving the mobile manipulator

kinematic equations
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world frame. This velocity can be obtained from
the motion equation of a rigid body in a plane as
follows

Ve ="Vp+"Wp X"Rot ‘ps+°Rot, ' Vi (2)

where °Ve=[xr yr 0]7 is the linear velocity
vector of the mobile-platform with respect to the
world frame, *W,=[0 0 wr]T is the rotational
velocity vector of the mobile-platform with re-
spect to the world frame, 'pe=[L1S1+ L2Si2+ L3
Sies LiCi+LyCiot LsCizs 1] T is the position
vector of the end-effector with respect to the local
frame and the rotation transform matrix from the
local frame to the world frame is given by

cos ¢p —sin ¢p 0
°Rothi=|singr cos ¢r O
0 0 1

2.2 Kinematic equations of the mobile-plat-
form

We consider a two-wheeled mobile-platform
as in Fig. 2. When the mobile-platform moves in
the horizontal plane, it obtains the linear velocity
Up, and the angular velocity w,. The relationship
between vp, wp and the angular velocities of the
two driving wheels is given by

|i(£)rwi|=|:l/7’ b/v || vs 3)
ww] |1/7v —b/7 || we

where wrny, ww are the angular velocities of the
right and left wheels.

3. Controllers Design

3.1 Controller design for the manipulator

We assume that the wheels roll and avoid
slipping. The coordinate relations of the mobile
manipulator with the reference welding path are
shown in Fig. 3. Our objective is to design con-
troller so that the end-effector which has the
coordinates E(xz vr ¢5) tracks to the reference
point R{xr y& ¢r). We define the tracking error
vector Ex=[e1 e es]” as follows

e cos ¢r Sin dr 0| xr—xs
€2 |=| —sin ¢z cos ¢e 0] ye—yr (4)
€3 0 0 1 ¢R_¢E

g XR
Fig. 3 Scheme for deriving the error equations of
manipulator

Let us denote

cos ¢r Sin ¢z 0
A=| —sin ¢ cos ¢ 0
0 0 1

B=[xR—xE Yr—VE ¢R’_¢E]T
We can re-express Eq. (4) as follows:
E:=AB (5)

We will design a controller to achieve ¢;— 0
when {— 00, and hence the end-effector tracks
to its reference point R.The derivative of Eq. (4)
is given by

éx —sin ¢z cos ¢r 0| xp—x&
ez |=we| —cos ¢ —sin ¢ O|| ye—ye
€4 0 0 Ol dr— =

(6)

cos ¢ singg 0| Zr—Xk
+| —sin ¢z cos ¢r 0| yr— =
0 0 1| dr—¢=
Let us denote Ve=[%r vr $z]7 is the velocity
vector of the welding reference point and

—sin ¢z cos ¢z O
C=| —cos ¢z —sin gz 0
0 0 0

Now, we re-express Eq. (6) as follows

Er=wrC B+A(Vz—"V) (7)
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The Lyapunov function is chosen as
Vo=t g+t gl (8)
2 2 2
and its derivative is

Vo=€1é1+€2éz+63é3 (9)

To achieve the negative of Vy the following
equation must be satisfied

Er=—K E; (10)

where K=diag(f, ko, ks) with ki, ks, ks are the
positive values.

We substitute Egs. (1), (2), (10) into Eq. (7),
we obtain Eq. (11) as follows

-K EEZCUEC B+A(VR_(0VP+0WP

X°Rot 1pE+0R0t1] 6)) (1

The errors e, ez, es converge to zero when the
angular velocity vector of the joint satisfies the
control law as

0=J"°Rot " (A7 (weC B+ K Er)

1
+ Va—"Vp—"We X°Rot ‘&) (12)

Eq. (12) is the controller for the manipulator,
and it can be re-expressed as

b= | (1)}253e3—1)pC12+(€zk2‘61wE) G
=

LS —(ehtewet Lot eslbetwe))) S )—mP (13a)

. | —Ur (Llszae9+L253e3) +UP(L1C1+LZCQ)

02=—— + (0)561*82}22) (Llng‘]’LzCa) ( 1 3b>
Ll ZSZ
- (L1512+Lzsz> (Laes(k3‘|' CI)E) +L3(I)x+elk1+€2(05>
fim | ( (ews+het Ll opt et or))) Sza)
LS + (esh—e105) Cust UrSne,— vp G {(13¢)

+ (0)R+ea(k3+a)5))

where Sae,=sin(&+ +es) and Sze,=sin(h+
63) .

3.2 Controller design for the mobile-plat-
form

The task of the mobile-platform is to move to
avoid the singularity of the configuration of the
manipulator. We propose a simple algorithm for
the mobile-platform to avoid the singularity by
keeping its initial configuration in the whole
welding process.

Initial configuration
of the manipulator

X

Fig. 4 Scheme for deriving the kinematic equations
of mobile-platform

We choose the initial configuration of the
manipulator as in Fig. 4. Let us denote a point
M (xy, yu, #u) which is a fixed point with
respect to the local frame. This point coincides
with the point E of the end-effector at beginning.

In order to keep the configuration of the mani-
pulator goes away from the singularity, the mo-
bile-platform has to move so that the point M
tracks to the point E. Consequently, the initial
configuration of the manipulator is maintained in
the whole welding process, and the singularity is
not appeared.

From Fig. 4, we get the geometric relations as

xu=xr—D sin ¢r
yu=yp+D cos ¢p (14)
du=dp
Hence, we have

AmM=7Uvp COS ¢P—D(1)p CcoSs (ﬁp
Vu=1vp sin ¢p — Dwp sin $p (15)
Pu=¢p
Our objective is to design controller so that the
point M (xm., yu, ¢u) tracks to the end-effector

E(xz y& ¢&). We define the tracking errors [z es
es] T as follows
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N cos ¢u Sindu O|f Xe—2xu
es|=| —sin ¢M COS ¢M 0 VYE— VM (16>
& 0 0 1|| pe—du

Differentiate Eq. (16) and substitute Eq. (14)
and (15) into (16) we have

N Ve COS €5 —1 e+D v
és|=|vesines|+| O — &4 |: P} (17)
. P

€s WE 0 —1

The chosen Lyapunov function and its derivative
are given as

1 o 1 5 1-—coses
Vo 3 e+ 3 €5+"—Wk5 (18)
Vo=€4é4+ esés‘l'%see €s (19)

Vs=es(vp+ Dwp~+ve cOS e5)
i 20
+%ﬁ(—mp+wls+ksesvls> ( )

An obvious way to achieve negative of ¥V, is to

choose (vp, wp) as

vp=D (CUE+/€5€52)E + ks sin 86)
+vE cos es— kies

wp=wg+ ksesve+ ks Sin €5 (22)

where ks, ks are ks positive values.
4. Measurement of the Errors

4.1 Measurement of the errors e, e, €

In order to measure the tracking error com-
ponents ey, €;, es, we propose a simple measure-
ment scheme using potentiometers as in Fig. 6.
Two rollers are placed at points Oz and Oz .We
need two sensors for measuring the errors, that
is, one linear sensor for measuring o, and one
rotating sensor for measuring the angle between
the torch and the tangent line of the wall at the
welding point.

From Fig. 6, we have the relation as follows

er=7r sin e;
ex=d+7|cos es] (23)
es=2£ (0,05, O\E) —1/2

where 7 is the radius of the roller, d is the length

V20

otentiometer

Fig. 5 The touch sensor used in experiment

Reference e

1
\/\felding path
Rixpyy) Vg

o\

Torch

Fig. 6 Scheme of measuring the errors e, e, €z

which is measured by the linear potentiometer,
and es; is the angle which is measured by the
rotating potentiometer. In Fig. 6, the welding
path is a line ; if the welding path is a curve then
Eq.(23) is also valid if we choose the distance O,
(s enough small, and the radius of the welding
path enough large.

4.2 Measurement of the errors e, e, €
From Fig. 4, the errors es, @5, and e can be
calculated as

es='xp—'xy=L1cos &+ L:cos(6i+ &)
+Lscos {6+ G+ &)

es=1yE=1yM=L1 sin G+L» sin(6’1+ 62)

. (24)
+Lssin(8+ &+ &) —D

ee:1¢E“‘%= (491+ G+ 63) '"%

The joint angles 6, ¢ and & can be determined
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Mohile platform 1
Controller t
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@Dy W

I
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i Controller

From sensors

{6, 6: 6,
From sensors

Fig. 7 Schematic diagram of applied method

from the rotary potentiometers which are assem-
bled at the joints of the manipulator.

Fig. 7 shows the schematic diagram of kine-
matic system of the mobile-manipulator. The
tracking errors ey, e; and e¢; derive from the touch
sensor (see Section 4.1), and the angle values
derive from the rotary potentiometers. There are
two controllers for two subsystems (hidden-line
rectangular), and the relation between them are
the velocities of two subsystems.

5. Simulation Results
and Discussion

In this section, some simulation results are
presented to demonstrate the effectiveness of the
control algorithm developed for mobile mani-
pulator. Table 1 shows the parameters and the
initial values for the welding wheeled mobile
manipulator system used in this simulation.

The reference welding path is chosen as in Fig.
8. From the simulation results, as in Fig. 9, we
can find that the end-effector of the manipulator
tracks to the welding point, and moves on the

(1.3914,1.5121)  (1.9914,1.5121)

(1.1792,1.4243)

12l 09671.1.2121 R=03

N NOY ) R=03
E os}
g R=03
£ 06|
3
041 (0.8792.0.7)
02t
oL (02804) (©.579204)
02

[V o

0 05 | s
Length (m)
Fig. 8 Reference welding path

Table 1 The numerical values and initial values for simulation

Parameters Values Units Parameters Values Units
b 0.105 M xe (t=0) 0.275 m
R 0.025 m g (¢=0) 0.395 m
L, 02 m ¢e (£=0) —15 deg.
L, 0.2 m 6 (t=0) 135 deg.
Ls 0.2 m ¢2 (£=0) —90 deg.
3} 1 - & (+=0) 45 deg.
ke 1.3 - ks 1 —
ks 1.8 - ks 5000 -
Ur 0.0075 m/s ks 1 -
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reference welding trajectory with a constant ve-
locity. We also find that, the mobile manipulator
moves to keep the initial configuration of the
manipulator.

In this simulation, the controller for the mani-
pulator is given by Eq. (12). For the mobile-
platform, we use Eqs. (21), (22) as its controller.

Fig. 10 shows that, from the initial error values
er=4 mm, ;=6 mm ; ea=15f’, the errors e, ez,

1.6
14 r
Manipulat
w2 b anipulator
I ¥ Reference welding D
z trajectory
~ 08 .
£
2
K] 06 Mobite platform
04 r
0.2 F .
Mobile platform
ot //"“lrajemory
0.2 1
: . ) : L

Length (m)

Fig. 9 The mobile manipulator tracks along the
welding path

16

4 4

;2 ; &M} ]
g l(; ‘.‘ - o 5(Y) E
': . -
3 A PR 77 /7 3

6 (';‘ J k

4 FY i

3

2N\ R 4

0 L

25 5 10 15

Time(s)
Fig. 10 The tracking errors ei1, €, ¢; at beginning

e fmm)
es(mm)

eﬁ(deg )

0 5 10 1
Time(s) 5

Fig. 11 The tracking errors es, es, ¢; at beginning

e3 converge to zero after about 2.5 seconds. Fig.
11 shows the errors of the mobile-platform con-
troller. This controller controls the mobile-plat-
form to keep the initial configuration of the
manipulator, therefore, the errors es, es, e con-
verge to zero more slowly than the tracking errors
e1, e, es. The errors ey es @5, however, do not
need a fast convergence because they do not
influence the quality of the welding path. In Fig.
12, we can see that the end-effector tracks to
welding reference point when the errors exist. Fig.
13 shows the velocity of the end-effector attained

041
0.405 / Welding reference trajectory
0.4 Ao =
0395 | \
End-effector’s trajectory
0.39
End-effector

0.385

0275 028 0285 029 0295 03 0305
Fig. 12 Trajectory of the end-effector and its refer-
ence at beginning

S -

———

Welding reference point’s velocity

— = - End-effector’s velocity

Velocity(mm/s)

0 5 10 15

Time(s)
Fig. 13 The velocities of welding reference point and
the end-effector at beginning

JOO e oo o o o e o i i, e A
80 - -
60
40
20 - . Joint 1 angle -

0 - —— — = Joint2 angle
~20
.40

Angle values (degrees)

0 50 100 150 200 250 300 350
Time (5)

Fig. 14 The angle values of three revolute joints
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=3

Joint 1 angular velocity

Joint 2 angular velocity

Joint 3 angular velocity

sscsasesrrses

Angular velocity (rpm)
S bhbowasown
¢
]

8
-10
0 5 Timew 1 5
Fig. 15 The angular velocities of three revolute
joints of manipulator at beginning
03
025 ¢ ]
Translational velocity (m/s)
02
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=
3 0.1 J
0.08 .
P o Sy S—— ]
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Fig. 16 The velocities of the mobile-platform
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—
tn
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Time(s)

(¥

Angular velocity (rpni)
>
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'
W

Fig. 17 The angular velocities of two wheels of the
mobile-platform

the welding reference point velocity that is 7.5
mm/s when the errors equal to zero. The angle
values of three revolute joints are given in Fig. 14.
Fig. 15 shows the angular velocities of three
joints. Fig. 16 shows the velocities of the mo-
bile-platform and Fig. 17 shows the angular ve-
locities of left and right wheels of the mobile-
platform.

6. The Experimental Results

6.1 he configuration of the control system
The DSP-PIC based control system was de-

veloped for the mobile manipulator which can
implement a complicated control law. The control
system was modularized as function to perform
special control.

The control system is based on the integra-
tion of two levels of controllers : device controller
and master controller. The former is based on
six PICI6F877 microprocessors of which one
PIC16F877 has a function as interface between
the two levels, and the others are left-wheel con-
troller, right-wheel controller, joint-1 controller,
joint-2 controller and joint-3 controller to drive
the wheels and the joints, respectively ; the latter
is based on TMS320C32 DSP processor which
renders the control law and sends command to
the device controller. The device controllers are
DC motor drivers that perform indirectly servo
control using one encoder. The two A/D ports
on master controller are connected to the two
potentiometers for sensing the errors, as men-
tioned in section 4.1, and the three others are
connected to measure the angle of the link need-
ed for the controller. The interface controller
links to the servo controllers via I2C com-
munication, and the interface controller, in turn,
links to the master controller via RS232 com-
munication. The entire configuration of the con-
trol system is shown in Fig. 18.

For operation, the master controller receives
signals from sensors to achieve the errors by Eq.
(23), the control law Eq. (12) and Egs. (21),
(22) are rendered based on the errors for the
sampling time of 100 ms, and the velocity com-
mands are sent to the five servo controllers, re-
spectively. The parameters of the system, such as
controller’s constants, are set by display and
keypad.

6.2 Experimental results

A welding mobile manipulator prototype has
constructed to check the simulation results on
computer. We use 5 DC motors (15W/24V) to
drive 3 revolute joints and 2 wheels. Every DC
motor has the encoder to measure its angular
velocity, and every revolute joint has the rotary
potentiometer to measure its joint angle value.
Table 2 shows the parameters and the initial
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values of the welding wheeled mobile mani-
pulator used in this experiment.

In practice, the welding mobile manipulator
can weld with the unknown trajectory in advance.
The end-effector tracks to the welding trajectory
by using the errors from the touch sensor. How-
ever, in order to compare with the simulation
results the welding path in this experiment is
chosen similar with the welding path in Fig.8.

765

The tracking errors of the manipulator e;, ¢z, e;
and the tracking errors of the mobile-platform ey,
es, e are recorded. They are shown from Fig. 20
to Fig. 25.

From the experiment result, we find that the
tracking errors vibrate around their simulation
values. These disturbances are consequence of
several causes such as the backlash of the gear, the
rough of the steel wall, disturbances from the

Table 2 The parameters and initial values in experiment

Parameters Values Units Parameters Values Units
b 0.105 m xr—xg (£=0) 0.005 m
r 0.025 m ye—ys (£=0) 0.005 m
L 0.2 m pr— e (£=0) —15 deg.
L» 0.2 m 6, (t=0) 135 deg.
Ls 0.2 m & (£=0) —90 deg.
Ry 1 - 6 (+=0) 45 deg.
ke 1.3 — I’A 1 —
ks 1.8 — ks 5000 —
Ur 0.0075 m/s ke 1 -
Sensors
a1 (1), Angular Potiometer
Display and Master Controller | | ADC (2). Linear Potiometer
KeyPad DSP TMS320C32 B
RS232 Comm,
Sampling time: Device Controller
100ms PIC16F877
* Display and KeyPad
| Joint_I Controller
Lefi_Wheel Controllet | T} PICIGF877 == ¢ PoL.
e b PICI6F877 “ Motor 1
Enc
Motor
Display and KeyPad
e T“““’ play Y
Comm.
| Joint_2 Controller
™ piciersT ncC
Enc
{ Right_‘Wheel Controfler] _ 1B vpowr 2
PICI6F877 il
* Nl]())ctor Enc i——»
r————-’ Display and KeyPad
EE——
_o} Joint_3 Controller
g PICI6F877

<-~1 Enc

DC Pot.
Motor 3

Fig. 18 The configuration of the control system
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electronic circuit etc. However, these vibrations
have small amplitude, and they are not influenced
enough to the welding process.

From the simulation and experimental results,
we can conclude that the controllers can be ap-

plied for a welding mobile manipulator to weld a
smooth curved path in the horizontal plane.

Fig. 19 The welding mobile manipulator is tracking
along the welding path in experiment
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7. Conclusions

This paper introduced the decentralized motion
control method for the welding mobile mani-
pulator. The controllers based on the Lyapunov
control function to enhance the tracking stable
properties of the mobile manipulator. The kine-
matic equations, which are constructed for each
subsystem, are simpler than the kinematic equa-
tions for entire system. Two independent con-
trollers are proposed to control two subsystems,
and the relations between them are the velocities
of subsystems of the previous sampling time. A
simple path planning for the mobile-platform is
proposed to avoid the singularity for the mani-
pulator’s configuration. The tracking errors of
the end-effector can be measured by two simple
sensors to derive the controller for the mani-
pulator. The hardware, which is used to control
the DC motors, are also designed to carry-out the
experiment. The simulation results show that the
controllers can be used for the mobile manipula-
tors control with good performance. The experi-
ment have been done with the mobile manipula-
tor prototype to compare with the simulation
results on computer. The experimental results
also prove the effectiveness of the proposed con-
trollers.
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