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Nonlinear Adaptive Control of Welding Mobile
Robot for Tracking Smooth Curved Path

Young Gyu Kim

Dept. of Intelligent Mechanical Eng., College of Eng.,
Pukyong National University

Abstract

Today, the automatic welding system is deeply needed for
improvement in quality, productivity and labor conditions. Generally,
a two-wheeled mobile robot is used for the automatic welding
system. The welding mobile robot(WMR) must be controlled for the
automatic welding work. There are some problems to control the
mobile welding robot as follows. First, the motion control must be
done in view of keeping constant welding velocity and tracking
precise target welding path even whether the WMR follows the
straight line or curved line. Second, to get good welding line, the
welding velocity must be constant or at least in a limited range
during welding process. Third, position of WMR must be controlled
to satisfy the limited length of the torch shder. Forth, the torch
slider must be controlled for the end  effect of the welding

electrode(welding point) to take on the track of the reference



welding path. Fifth, good tracking is required for the development of
welding techniques. Finally, hardware and software to implement
this welding techniques must be developed.

In this thesis, a simple nonlinear controller and a nonlinear
adaptive controller for two-wheeled welding mobile robot to track a
smooth curved welding path are proposed. The mobile robot is
considered in terms of dynamics model in Cartesian coordinates with
unknown parameters of robot’s mass, moment of inertia, wheel
radius and distance between the rear wheel and the center of mobile
platform. The system is designed to have three degrees of freedom:
two wheels and one torch slider for faster tracking due to the
nonholonomic constraint. To obtain the controllers, the tracking
errors are defined, and control laws are derived using backstepping
technique based on Lyapunov function to guarantee that the errors
converge to zero asymptotically. In this adaptive controller, the
partially unknown parameters are estimated using update laws in
adaptive control scheme. To implement experiment, a rotary type of
sensor with potentiometer is used to measure tracking errors. The
control system 1s based on PIC18F452. The simulation and
experimental results are shown to verify the good performance of
the control law. Two adaptive controllers proposed by T. H Bui are
introduced. Simulation and experimental results between the proposed
two controllers in this thesis and two adaptive controllers proposed
by Bui are compared. The effectiveness of our two controllers is

verified by the comparison.
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Fig. 1 Scheme for deriving WMR kinematic equations



22 5334 2493 (Kinematic modeling)
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Fig. 2 WMR configuration



ol R Y o] A= duksle HFEAZA thS o] T h
g=1z y ¢ " (2-1)
A7NA (z,y)E SHo) 2R FA9 Cartesian FEA oY o= £H

o) 2R A Zolch
R FHEFE e o] Hown

T_ | :'Ecosgb + é;sinqﬁ]
| ¢ |

zZ= (v W

| =Jn (2-2)

A mned glol HATGn ARRT & 2Re TEu

g.;cosqﬁ — isimj) =0

or (2-3)
A(q)g=0

7]

A(g) = 1—sing cos¢ 0 (2-4)
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equation) o533 #tl



2| jcosg 0

g= y = |sing 0 1 = §(q)z (2-5)
. 0 1
¢
A(9)S,(q9) =0 (2-6)
7] A,

S(a)= A(q) 2 null Aol
T oEEA Y AEEe o, wAlel 9] #AA L o3 2ot

L= e = A -7

0:17]}\_]y wnwu}lw—t‘ }’]'"?— :[L%B]'ﬂgl §]7§_ Z}%EOIW, b'E %Xd Ol%i
o) FAA T FERAs ol AT, 1 kA Aol

z [cos¢ 0}‘1ﬁ
g= y = |sing 0,0 = S(g)z= S5(q)n (2-8)
L o 1)
!Qﬁ!
A(q)S(q) =0 (2-9)
Cr ro
§cosgb 7cos¢}
I ro.
S(q) :lism(b Esm(p (2-10)
I _
2b 2
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(2% )0l e},
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2.3 593924 wzdg(Dynamic modeling)
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_12_



2 Zo g ukg 9 DC 2E 9 A9 #AHRHE, mbi= w79
DC 2He sa4e] pARNET} olEwRe FAL At 54
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1 . .
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1 2‘[“’, "y "o 1 Iw 12
=_ — - 5 z~ 5} I 5.2

K=gm(m+ =)z +9) + 5 (I+ 525)é (2-20)
+ mc%(@cosd) — :.Esinqﬁ)

4714 = gpolct

(2-21)

AZIM ¢ FaTA FHE, Fie 234 3, ap= 4 2-49 &4
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_i N m.y
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Step 1. +&3H3 ZdS o] &g g vAdF Aoj7] A

(Simple nonlinear kinemetic controller design)

PlobF s §E vest 2o) Aue,
1 1 1
L/;:§€12+—2— 2+§33220 (3_4)

Vigl =842 A(3-3)& ol &std b3 2o

Vl = €6+ 62é2 + egeg
= e (—v+ (ea+ )w+ vcosey) (3-5)
+ ey (— eqw+ v,siney) + ey (w,— w)
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— v+ lw+ vcose; =— ke, (a)
— 3 vsine =— ke, (b) (3-6)
w,— w=— kyey (¢)

HE-6) L2 thga 22 AojF o] dojxint
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(a) — v=vwcose+ lw,+ ke,

(3-7
(b) +(c) > w= w,+ vsine,+ ke, + ke,

2(3-6)& 2(3-5 st HEol 4 ¥

o
tlo
M
ol
32
o

V= kie? — kye? — kyel < 0 (3-8)
A7), ky, k9t ke de] AFEo.
$EHA ndg o] g3 da ujAHE o))

st v, w, g Z+7 BF 7P FHEE9

ngﬁ}‘ﬁ_ v= ,Url} w = wdo] K]'

v, = v,cos e+ lw, + ke,

‘ (3-9)
w; = w,+vsine; + kqeg + k:;@s

4D % @GDERE, F FEHAY
gt

i)

_ L . -
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Step 2. 5834 2AS o]& W HAHAF Aojs] AA

(Simple nonlinear dynamic controller design)

vE §lERR T AU, vE BE M Aojuse

o
-

al

AzeHes e 42 PO YT AR oJdF

=

4e HAs) AN, v, wE A Ao exzA gt o] HejFrh
- (3-10)

v = }:cos¢ + g;/sinqﬁ (3-11)

SHolE2 R Yy A (2-23)7 3-1DEYE v wel =3

T e 2ol fEdA

v = ;icosqb — 'xsimbg;b + .g)sinqb + é/cos¢$
= (* —%singb + blucosgb] cos¢p — a.r:singﬁq'b
+ (% cos¢ + blulsinqﬁ]singb + éjcosqbg'b
= %sinécosd) + byucos®u — zsingd (3-12)

— —%cosgbsinqﬁ + byu,sing + ycosoo

= byu; — (..rsinqﬁ — y(os¢)¢

= by

Note : (isz’nqb — éjcosgb ) = 0(nonholonomic)
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(3-13)

A(3-10), (3-12), (3-13)C.2RE] v, we] L3trE e o] T3
A},

v=v— v;= bu, — vy

. (3-14)
w=w-— u'ld: byu, — dvd
435 3 (3-10% AH8aE, thg Aol Fra
VI = el(~ Uy — ;’ + l(wd%— z~u) + v,cos 63)
+ ey(vsine) + e w, — w,— ;‘)
= e{— v, + lw, + v,cose;) + ey(v,8iney) (3-15)

+ eg(w, — wy) — ve, 72’(63 — el)

=— kel — kyes — kyed —vey — w(ey— ¢)

A@15% FF o g e

NEe PobFuwi P2 4o @k

3 (3-16)
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V2 = ‘/}1 + Vo b ww
w— kel — kpes — kyed + ;’(;)* e) + 'ZU(;U' e; + ee) (3-17)
=— kief — kyey’ — kye + ;(51711 ~ vy er)

+ '1’(52”2— wy— ey + el)

AG-1NE o= A& dEshd AG-197F 34 Ay

byuy — 1;(1‘“ 6 =7 v
_ o (e 4) (3-18)
bu,— w,— e;+ el =— c,w
Vo= =— kie? — kyel — ksel — cjv? — cow? < 0 (3-19)

4(3-18)2 Aelshel, FHeA S5 Aol H (3-2000] AojT,

= — clv: v, + €
1
- . (3-20)
— W+ w,+ ey — gl
Uy = bz
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Step3. ¥4 @ A& Ao|7] AA

(Nonlinear adaptive controller design)

T,'mrb)17} U]X‘Cﬂ 76-1"?* = /31:—:7"771, /32:

’I"o o
3 1e gkel

A Bl 8,58 FARY std O el A& Ao

AA7E 288t

V3 = 1/1 + _l_(:l72 + ;UZ) + _l_bll i% + IbZ i2

2 27, 2y, W2

ol t}.

__24__
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; Lot = b bl ~ =
Vi=Vi+ove+ ww+ |'yll ﬁl/gl‘f' | byl ¥
1

=—kief — kyes — kyef — ve; — w( —el) + 'U(blu1 — U-i)

- . b b,
+ w(byuy, — wy) — | 1| /3131

Ao
—_— klel‘2 _ k'ze‘zQ o ]{3632 — ve,— 'w(e3— ell)

+U(—“‘—+b1u1 (1)

: : b, bl ~
— =+ b2u2—w()_|_7__|_/31%3] | b,

2ﬁ2
/32 By

ke® — kel — kel + v(— e + == — v,) +;)(‘ — +——-)
B B4
tu — (e~ ell)"i_iii—ll.)d
/32

~ Uy Uy I bll ~ X ‘ bzl - A
tw(= =+ )~ ——=—535 —
( /32 /3,2 ) " 171 v, 2212

== ke’ — ke — el + U(* e T N m)

/3
il 2 w}
3,

+vub(

By
3 o
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2 2 g2, Uy .
=—kie] — ey — ke +v(— e+ ——v,)

(‘31
+’:U—(€3 ell)+72fwd
/”/32
3 " ] . (3-23)
+ L (— yusign(b )= — 3))
’Yl 71
3, b.
p el o sign (b))
72 /3.2

V,<0% A7) 9I5te], 28 A o) 2 (adaptive control law)g T}

2ol Ay
(— e — U,l*}-—lil") = 01;)
By
(— (es— ¢l) JF&‘ wd) =— Cz;U
3,
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Table 1. Initial values for the simulation and experiment

Parameters Values Unit
x, 0.28 m
Xy 0.270 m
Yr 04 m
Yw 0.396 m
$r 15 deg.
Pu 0 rad/s
v 0 m/s
) 0 rad/s
! 0.24 m
b 0.105 m
r 0.025 m
d 0 m
m, 8.5 kg

my, 0.3 kg
L 0.2081 kgm’
I, 0 kgm2
L, 4.96 x10™ kgm®
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