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Decentralized Control Design for Welding Mobile Manipulator 

Tan Tung Phan*, Tan Lam Chung, Manh Dung Ngo, 
Hak Kyeong Kim, Sang Bong Kim 
Department of Mechanical Engineering, 

College of Engineering, Pukyong National University, 
San 100, Yongdang-Dong, Nam-Gu, Pusan 608-739, Korea 

This paper presents a decentralized motion control method of welding mobile manipulators 
which use for welding m many industrial fields Major requirements of welding robots are 
accuracy, robust, and reliability so that they can substitute for the welders m hazardous and 
worse enviionment To do this, the manipulator has to take the torch trackmg along a welding 
trajectory with a constant velocity and a constant heading angle, and the mobile-platform has 
to move to avoid the smgularities 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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Nomenclature 
b 

e 
} 
k 
L. 
'PE 

r 
"Rob 

Distance between driving wheel and sym
metry axis 
Tracking error 
Jacobian matrix 
Positive constant 
Length of t"' link 
Position vectoi of the end-effector with 
respect to the local frame 

. Radius of the wheel 
Rotation transform matrix from the local 
frame to the world fiame 
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VE '• Velocity vector of the end-effector with 
respect to the world frame 

^ VE Velocity vector of the end-effector with 
respect to the local frame 

° Vp Velocity vector of the center point of the 
mo bile-platform with respect to the world 
frame 

{X- Y) The world coordinate system 
ix-y) The local coordinate system 

Greeks 
dt Angle value of i"' revolute joint 
d. Angular velocity of z*'' revolute joint 
COiw, 0)ru! • Angular velocities of left and right 

wheels 
"wp • Rotational velocity of the local frame, i e 

the rotational velocity of the mobile-plat
form 
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Subscripts 

i, 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 cooidmates system and 
the local cooidinate system 

1. Introduction 

Nowadays, welding robots become widely u^ed 

m tasks which are harmful and dangerous foi 

the welders When a welding mobile robot moves 

along a welding trajectoiy, its sensors detect the 

errors, and its controllei controls the torch so 

tliat Jl tr^icks correctly to a welding point on the 

welding trajectory i e , the cirors converge to zero 

There are many types ol welding robots such as 

wheeled mobile robots with slidei, gantry mani

pulators, tiacked manipulatois, 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 manipulatois involve accompli

shing tasks within fixed woikspaces The station

ary of the platform deteimines a static atea 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-platfotm 

In this study, we considei a mobile manipulator 

that consists of a thiee-linked manipulator mo

unted at the center point of a two-wheeled mo

bile-platform We assume that the mobile-plat-

foim and the manipulator move at low speed 

because the welding velocity is just about 7 5 

mm/s hence we ignore the meitta and the sljp-

pmg between the wheels and the floor, so we 

only consider the kinematic representation for 

the mobile manipulatoi We considei 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, theiefore, we apply the motion law 

of rigid body in a plane lo define the velocity of 
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the end-effectot with respect to the wot Id frame 

The velocity of the end-effectot (also the velocity 

of torch) must keep up the welding velocity in the 

whole welding process 

The mobile manipulatoi is a topic that has 

been studied by many researchers in recent ycais 

Yoo et al (2001) developed a control algouthm 

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 sensois to guide the mobile-platfoim, and a 

vision sensor to guide the end-effector of the 

manipulator Scraji (1995) developed a simple 

on-line coordinated control of mobile robot, 

and the redundancy problem is solved by in-

tioducmg a set of uset-specified additional task 

during the end-effector motion He defined a 

scalar cost function and minimized it to have no 

singulaiity Yamamoto and Yun (1994) develop

ed a control algonthm for the mobile-platfoim so 

that the manipulatoi is always positioned at the 

pieferred configurations measured by its mani-

pulability to avoid the singularity Jeon et al 

(2002) applied the two-wheeled mobile robot 

with a toich slider for welding automation They 

proposed a seam bracking and motion control of 

the welding mobile robot foi latfice-type welding 

Bui et al (20031 pioposed an adaptive tracking 

control method base on the Lyapunov function to 

enhance the tracking ptopeities of a two wheeled 

welding mobile lobot 

The wheeled mobile-platfoim is subject to 

nonholonomic constraints while the manipulator 

IS usually unconstrained, hence we choose the 

mobile manipulatoi to perform the welding task 

because it has faster lesponse than the wheeled 

mobile-platfoim with the toich fixed or slider 

The mobile manipulatoi has five DOF-three 

DOh of manipulator and two DOF of mobile-

platfoim-whereas the welding task requires only 

three DOF Hence, the mobile manipulator is a 

kinematic redundant system To solve this piob-

lem, we added two constraints that are linear 

and rotational velocities of mobile-platform 

This means that the mobile-plalfoim motion is 

not a free motion but it is a constiained motion 

The taiget of two constraints is to avoid the 
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singuUirity of ihe manipuliitor by keeping the 

initial conf'iguratioi) 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 

thern. 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 nuibile-maniptilator 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 oi' the mobile-plat

form. The torch mounted on the third-link of the 

manipulator and the touch sensor also mounted 

on the tliird-link, but its position is above the 

torch. The toiich 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. 

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 llxed to the mobile-plaifonn and 

moves in the world frame therefore this tVame is 

called the local frame. 

Let us denote ^VE=[^XE 'VE ^<J>E_^ is the ve

locity vector of the end-effector with respect to 

the local frame and 8=\_d] di d'!,_^ 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 

'14=/^ ! | i 

where 

1= 
^•3^135 i^l^VL hiJm 

1 1 

Si=sin'M-; 5i2=sin'ft-i-ft : Sua^sin ft-rft-ft 

C,=cosifti; Cn=cosift^ft^: Cm=CQS di^di^Bi 

Lei us denote " V'ir = [°.V£ ">•/• ''(if_ ^ is the velocity-
vector of the end-effector with respect to the 

Fig. 1 The mohile-manipulator prototype 

Fig. 2 Scheme for deri\ing the mobile manipulator 
kinematic equations 
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world tVame. This velocity can be obtained from 

Ihc motion equal ion of a rigid body in a plane as 

follows 

°VE=°Vr+''Wpy.''Roh 'PE+'ROU'VE (2) 

where ''Vp = [xp yp OY is the linear velocity 

vector of the mobile-platform with respect to the 

world frame, ''PFp = [0 0 Wr]'^ is the rotational 

velocity vector of the mobile-platform with re

spect to the world frame, ^pE~[LiSi + L2S\z+ Ls 

Sm LiCi+LzCu + LaCiii l ] ' " 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 

''Roti= 

cos ff>p —sin tjip 0 

sill 4>p cos i^p 0 

0 0 1 

2.2 Kinematic equations of the mobile-plat

form 

We consider a two-wheeled mobi le-pla t form 

as in Fig, 2. When the mobi le-pla t form moves in 

the horizontal plane, it obtains the linear velocity 

Vp, and the angular velocity wp. The relation.ship 

between t'p, (Dp and the angular velocities of the 

two driving wheels is given by 

(tJrm\_ \lr b/r I'll 

(oim\ VU r —bir\\_(Dp 
(3) 

where ojrm, (OiOt 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 reUilions of the mobile 

manipulator with the reference welding path arc 

shown in Fig. 3. Our objective is to design con

troller so that the end-effector which has the 

coordinates EixE VE ^if) tracks lo the reference 

point Rixp ys 4>!i) • We define the tracking error 

vector i ?£=[e i d es\^ as follows 

cos <1>E sm4>E 0 

—sin <pE cos (̂ F 0 

0 0 1 

XR-

ys-

<pE-

-XE 

-VE 

-^E 

(4) 

Yi^ 

.Vf 

X 
XE •% 

Fig. 3 Scheme for deriving the error equations of 

manipulator 

COS tj)E s in î £ 0 

—sin 0£ cos '̂ jT 0 

0 0 I 

Lei us denote 

A = 

B = [XR — XE VE — VE <P!I-4>EY 

We can re-express Eq. (41 as follows : 

EE=A B (5) 

We will design a controller to achieve ff,-—-0 

when :̂  —> oo, and hence the end-effector tracks 

to its reference point ff.The derivative of Eq. (4) 

is given by 

-OJE 

+ 

—sin <f)E cos it>E 0 

— cos 0£ —sin (!>£ 0 

0 0 0 

cos ij)E s i n ?i£ 0 

—sin (jiE cos ^E 0 

0 0 I 

XR—XE 

ys—y'E 

4>R — 4>R 

XR—XE 

yR—yE 

^R — <f>E 

(6) 

Let us denote VR=[XS ya <l)iiY' is the velocity 

vector of the welding reference point and 

C= 

—sin !f>E cos <1>E 0 

— cos 4>E —sin rl)E 0 

0 0 0 

Now, we re-express Eq, (6) as foUov^s 

EE = OJECB + A[VP-''VE) {!) 
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The Lyapiinov function is chosen as 

Vo^Y ^ ' + ^ ^̂ '" el 

and its dei'ivalive is 

(8) 

(9) 

To achieve the negative of V^i the following 

equation must be satisfied 

EE -KEE ;io) 

where /v=diag{A'i, fe, k^) with Ai, h, A3 are the 

positive values. 

We substitute Eqs. (I) , (2), (10) into Eq. (7), 

we obtain Eq. (I I) as follows 

-K EE = mEC B+A{V!,-{'Vi.+''Wi. 

x''Roti'pE+''I?ohJ 6)) 
(11) 

The errors ei, €2, 63 converge to zero when the 

angular velocity vector of the joint satisfies the 

control law as 

=/-' "Rotf'iA-HwEC B + K EE) 
(12) 

Eq. (12) is the controller for the nianipiilaior. 
and it can be rc-expressed as 

I /i'iS3(,-['pCi!+(ezfe-eifflf)Ca 

USi \-[2-tk[+mi:-^U{<i>i^&i{k+<i)i]'^)Si 
-IDF ( 1 3 a J 

UL2S2 

-vsiLiSisi.+LiSit^+iiFiLiCi+UCn'i 

+(iaEe\-etk) (I1CH3+L2C3) 

-(LiSii+Ls&KLsSslfc+ind+isffls+ft^i+eiEtij) 

13b) 

iaSj \ + (62^- eia)£) Qs + i>sSiie.,-tipCi I (13c) 

+ (a)*+e3(feiw£)) 

where 523e,=sin(f t+A + fig) and 5'3e3=sin(ft + 

ez). 

3.2 Controller design for the mobile plat

form 

The task of tlic mobile-platform is to move to 

avoid the singularity of the configuration of the 

manipniator. We propose a simple algorithm for 

the mobile-platform to avoid the singularity by 

keeping its initial configuration in the whole 

welding process. 

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

We choose the initial configuratioii of the 

manipulator as in Fig. 4, Let us denote a point 

M(XM. VM- <PIK'I which is a fixed point with 

respect to the local frame. This point coincides 

with the point E of the end-efTector ai 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 Fie. 4. we set the aeometric relations as 

Xii=xp — D sin </>!• 

yM^yp + Dcc& 4>P (14) 

Hence, we have 

XM=VP COS 4>p~E)ajF cce ?ip 

yu^Vp sin fjip—Dcop sin 4>p 
4'ii ~ <i>p 

(15) 

Our objective is to design controller so that the 

point M{XM. yM. 4>--j'> tracks to the end-efftctor 

E{XE VE 0e). We define the tracking eirors [g; e^ 

ee] ^ as follows 

Copyright (C) 2005 NuriMedia Co., Ltd. 
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COS 4>M s in 4'M 0 

—sin 0Af cos 4iM 0 

0 0 1 

-v^-

VK-

<^E-

-XM 

-yM 

-<pM_ 

(16) 

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

VE cos es 
Vs. s i n £6 

COE 

+ 
-\ 

U 
0 

e^+D 
— £4 

- 1 

VF 

\_a)f\ 
(17) 

The chosen Lyapunov function and its derivative 

are given as 

T/ 1 2 I ' 3 1 1 — c o s SG 
yo = y d + y e 5 + ^ 

T> • I • I s i n ee . 

Vs = e-i (i'p + -Dcwp + i'£ cos ee) 

I s i n gG / I I , > 

(18) 

(19) 

(20) 

An obvious way to achieve negative of Vu is to 

choose {vp, Q)p) as 

(21) 

(22) 

up^D{.a)E + k^e5VE + ktiSm. es) 

+ VE COS 66—^464 

CDi> = COE + k5er,VE-\-k^ s in (?6 

where kn, ks are Ae positive values. 

4. Measurement of the Errors 

4.1 Measurement of the errors Ci, Cz, Ca 

In order to measure the tracking error com
ponents Si, ^2. ^3. we propose a simple measure
ment scheme using potentiometers as in Fig. 6. 
Two rollers are placed at points O2 and Oi. .We 
need two sensors for measuring the errors, that 
is, one linear sensor for measuring d, and one 
rotating sensor for measuring the angle between 
the torch and the tangent line of the wall at tlie 
welding point. 

From Fig. 6, we have the relation as follows 

ei= ?' s i n £3 

e2=d+r\cos esl (23) 

e3=Z(Oi02 , (\E)-KI1 

where r is the radius of the roller, t / is the length 

Fig. 5 The touch sensor used in experuiient 

Reference 
welding path 

Roller 

V 

Torch 

Fig. 6 Scheme of measuring the errors e\, £2, 63 

which is measured by the linear potentiometer, 
and £3 is the angle which is measured by the 
rotating polenliomeier. 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 O2 

O3 cnoLigh small, and the radius of the welding 
path enough large. 

4.2 Measurement of the errors £4, es, es 

From Fig. 4, the errors e.i, £'5, and ee can be 

calculated as 

ei='xE — 'xM=Li COS Qi+Li cos{ft+ft) 

+L3C0s(6'i + 6t+ft) 

e5='>'jr = 'vM=Li sin Qi + h-i sin( ft + ft) (24) 

e 6 = ' ^ j . - y = ( ( 9 , + ( •K_ 

1. 

The joint angles ^1, ft and (h can be determined 

Copyright (C) 2005 NuriMedia Co., Ltd. 
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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 eu et and d 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-lme 

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 

16 

1 4 

I 2 

] 

08 

0 6 

OJ 

02 

(1 

-0 2 

(I 3yi4,l 5121) (19^14,15121) 

(1 1792,1 42«) 

(0W)71,1 212U 

(0 8792,1) 

IDSmfil) 

(0 28 04) (0 5792,04) 

0 5 1 15 2 
length (in) 

Fig, 8 Reference welding path 

Table 1 The numerical values and mitial values for simulation 

Parameters 

b 

R 

U 
Lt 

U 
h 
h 
k 
VR 

Values 

0 105 

0 025 

0 2 

0 2 

0 2 

1 

13 

18 

0 0075 

Units 

M 

m 

m 

m 

m 

-

-

-

m/s 

Parameters 

XE {t=0) 

VE {t=0) 

0£ (^=0) 

d, it^o) 
02 (/ = 0) 

03 ( ?=0) 

ki 

ks 

ke. 

Values 

0 275 

0 395 

- ! 5 

135 

- 9 0 

45 

i 

5000 

1 

Units 

m 

m 

deg 

deg 

deg 

deg 

-

-

-
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reference weldmg trajectoiy 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 matii-

puldtor IS given by Eq (12) Foi the mobile-

platform, we use Eqs (21), (22) as Its controller 

Fig 10 shows that, from the initial error values 

e i=4mm, £2=6 mm , £3= 15°, the eirors ei, 62, 

1 6 

I 4 

I 2 

i 

S OS 

q 06 

0 4 

0 2 

0 

Reference \\eldini: 

Mobile plillfonn 

0 0 5 

Lenmh (inj 

Fig. 9 The mobile manipulator tracks along the 

welding path 

'0 5 10 15 

Fig, 10 The Hacking errors c'l, €2, Bi at beginning 

Sz 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-

foim to keep the initial configuration of the 

manipulator, therefore, the criors 64, e^, ei con

verge to zero more slowly than the tiacking eirors 

SI, 02, 03 The errors £4 Ss ea, however, do not 

need a fast convergence because they do not 

influence the quality of the weldmg 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 40S 

0 4 

0 395 

0 39 

0 S85 

Welding leteiente lriijeclor> 

bnd-ellcctor i truji;Uor>' 

Eiid-cffcctor 

0 27'̂  0 28 n2XS ()2y 0 205 0 3 0 305 

Fig, 12 Trajectory of the end-effector and its refer

ence at beginning 

14 

13 

? '-
I 11 

V 
> 9 

_ Welduio letcrcncc poinl s velouty 

, _ Fnd-cffi?cror s VCIOLIIJ 

Tiinds) 

Fig, 13 The velocities of welding reference point and 

the end^effector at beginning 

1 mK(s) 

100 

so 

5 20 

g 0 

-40 

-60 

Fig. 11 The Hacking errors a , es, Se at beginning 
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Fig. 14 The angle vabies of thiee revolute joints 
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Joiiii 1 :inuulLir velot'iiy 

_ ^ ^ ^ Ji>irr 2 ;injiul;ir vjlof itj' 

^..^,,,,, . Juiiii 3 angularvtflLK;iiy 

Fig. 15 Tlie lingular velocities oT three revoluie 
joims of miinipuUitor at beginiiini; 

U.3 

0.25 

l<,2 

•S n. i > 
n.iw 

Trunshilitiniil vekiv'ily l nl/";) 

— — — - RiiiiiLiniwI VfjMity (rad/s) 

0 p = 

-0,(15 

=W^ - b r T 
I) 5(1 11)0 150 200 

Tiiiicfsl 

Fig. 16 The velocities of the mobile-platform 

1" • 

I 
— 

Left \vhei;hin^:ubr 
vcl(.h.'ir>' 

Righl whei^l anmilar 
velocity" 

^ 

-

. 
100 ISO 2011 

Tiiui^'sl 

Fig. 17 The aogLiltif velocities of two wheels of the 
mtjbile-pUitfoim 

the welding reference point velocity that is 7.5 

mrrt/s when the errors equal to zero. The angle 

values of three revolute joitits are given in Fig. 14. 

Fig. 15 shows the angular velocities of three 

joints. Fig. 16 shows ihe velocities of the mo

bile-platform and Fig. 17 shows the angular ve

locities of left and righl wheels of the mobile-

platform. 

6. The Experimental Results 

6.1 he configuration of tlie 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 controi. 

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 PIC16F877 microprocessors of which one 

P1C16F877 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 lo dri\e 

the wheels and the joints, respectively ; the latter 

is based on TMS.330CJ2 DSP processor which 

renders the control law and sends command to 

the device controller. The device controllers are 

DC motor drivers that perform indirectly ser\o 

control using one encoder. The two A ' D ports 

on master controller are connected lo 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 12C com

munication, and the interface controller, in turn, 

links to the master controller \ia 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 Eqs. 21 . 

(22) are rendered based on the errors for the 

sampling lime of 100 ms, and the velocity com

mands are sent lo the five ser\'o 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 revoluie 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. 

Tabic 2 shows the parameters and the initial 
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values oi the welding wheeled mobile mani

pulator used ill this experiment. 

In practice, the welding mobile manipulator 

can weld with the unknown Irajeclory in advance. 

The end-elTeclor tracks to the welding trajectory 

by using the errors Irom ihe touch sensor. How

ever, in order to compare wilh (he simulation 

results the welding path in this experiment is 

chosen siniilar wilh the welding path in Fig.8. 

The tracking errors of the manipulator Si, d. €3 

and the tracking errors of the niobile-platlbrm et, 

es, t'r, 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 

rouijh of the sleel wall, disturbances from the 
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Fig. 18 The configuration of the control system 
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eieclronic circuit etc. However, these vibrations 

liave stnall ampli tude, and tliey are not influenced 

enough to tiie welding process. 

F rom llie simulation and experimental results, 

we can conclude that the controllers can be ap

plied for a welding mobile manipula tor to weld a 

smooth curved path in the horizontal plane. 

Fig. 19 The welding mobile manipulator is tracking 

along the welding path in experiment 

E \ p c n m « n l 3 t resilll 
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Fig. 22 The tracking error es from the simulation 

and experiment 
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Fig. 23 The tracking error e, from the simulation 

and experiment 

Fig. 20 The tracking error ei from the simulation 

and experiment 
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Fig, 24 The tracking error es from the simulation 

and experiment 
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Fig. 21 The tracking error 62 from the simulation Fig. 25 The tracking error ej from the simulation 

and experiment and experiment 

Copyright (C) 2005 NuriMedia Co., Ltd. 



Decentralized Control Design for Welding Mobile Manipulator Iffl 

7. Conclusions 

This paper intioduced the decentrahzed 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 arc constructed for each 

subsystem, ate simpler than the kinematic equa

tions for entire system Two mdependent 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 

pioposed to avoid the singularity for the mani

pulator's configuiation 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 contiol 

the DC motors, are also designed to cany-out the 

experiment The simulation lesults 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-

troUeis 
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