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Abstract: This paper proposes an adaptive control method of partially known system and shows its application result to
control for two-wheeled WMR. The controlled system is stable in the sense of Lyapunov stability. To design a tracking
controller for welding path reference, an error configuration is defined and the controller is designed to drive the error to zero
as fast as desired. Moments of inertia of system are considered to be unknown system parameters. Their values are
estimated using update laws in adaptive control scheme. The effectiveness of the proposed controller is shown through

simulation results,

1. Introduction

A mobile robot is one of the well-known systems with
non-holonomic constrains. There are many works on tracking
control method for mobile robot in literatures{1-7}. Sarkar{6]
proposed a nonlinear feedbac that guarantees input-output
stability and Lagrange stability for the overall system.
Fierro[5] developed a combined kinematic/torque control law
using back-stepping approach. Both of these papers did not
consider to the system parameter uncertainties, which always
exist in mobile robot control problem. Fukaol4} dealt with
adaptive tracking control of two-wheeled mobile robot
considering the model with unknown parameters in its
kinematic part of overall systern. An adaptive law was
proposed for updating the error of unknown parameters,
Applying the two-wheeled mobile robot for welding
automation have been studied by Jeon[1-3] and KamlZ]. Jeon
proposed a seam tracking and motion control of WMR for
lattice type welding. Kam proposed a control algorithm for
straight welding based on try and error each step time.
Both of controliers proposed by Jeon and Kam have been
successfully applied for the real systems. Yet there are still
some problems: the controllers are complex and loss of
generality when is applied for general smooth path tracking.
This paper proposes an adaptive control of partially known
system and shows its application result to control for
two-wheeled WMR. The controlled system is stable in the
sense of Lyapunov stability. To design a tracking controller
for welding path reference, an error configuration is defined
and the controller is designed to drive the error to zero as
fast as desired.

Moments of inertia of system are considered to be unknown
system parameters, Their values are estimated using update
laws in adaptive control scheme.

2. Adaptive Control of Partially Known System

We discuss the following class of nonlinear systems that
consists of two subsystems:

2 = AO+g(dn n
4y = ek + Ku @
where £& R", pueR™ feR" geR™"™ 4, 4, are

diagonal matrices containing unknown parameters &y;, 0y
respectively, and dy,d,, h, k€ R™™ ™. Moreover, (7 is
invertible and 6,,>0. The §&-subsystem represents the

known part of the system and the #»-subsystem is the
unknown part of the system because of including unknown

parameters 8;; and 85, . All the functions in the system are
assumed to know.

Theorem 2.1 The following controller stabilizes the system
(1)-(2) and attains £ —0,.

u=k (D[ -Kn—a)—g (& e+ Dia— Ty i(n)a] @
with the update laws:
By = ni(ni — a)d; 4
’ézi = ey~ a;) glhﬁ(’)) 7; (5)
where K, €R™", K,&R™™ are positive definite diagonal
matrices, 7y, 727 0,i=1~m are adaptive gains, Z\i 21\2

are the estimation values of unknown parameters 4; 4, and

the stabilizing function « satisfies:
glna = —K &~H& ®
3. Model of Two-Wheeled Welding Mobile Robot

The WMR coordinate used in this paper is shown in Fig. 1
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Fig 1 WMR coordinate
There are three controlled motions in this model: two driving
wheels and one torch-carrying slider.

The non-holonomic mohile robot platform can be expressed
in the following equations[4]:

a= Sav n
M@y + Va, @v= Blgr ®
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The welding point W dvnamics can be expressed as follows!

x:,,, cos¢ — Icos¢ - lsing
v | = { sing — lsinqﬁh ”] + | lcosg (@
# 0 1 @ 0

A point R(x,,y,) moving with the constant velocity of v,
in the reference path has the coordinates and the heading
angle ¢, satisfies the following equation:

X, = v,008¢,, ¥,=v,.sind,, ¢ =, (10)
where w, is the rate of change of v, direction.

Our purpose is to design a controller for the welding point W
to track the reference point with a constant velocity. We

define the tracking errors e = [e;, e, e;17as shown in
Fig. 1. We will design a controller to achieve e; >0 when

t 0 and hence the welding point tracks its reference path.
The dynamics of errors can be expressed as follows:

9:1 vy Cos €3 —1 e+1
e =|uv,sines— 1| +] 0 —e { ”] an
é5 @, (S A

The relationship between v, @ and w,,,, @y, is!

uz{‘:)v;]= 5_1[5] 12
r r

Using Eaq. (12}, Eq. (8) can be rewritten in the form:

L 1 _a ] :
gm+ 1. 951+ e [v]

r B __rgy_ b
2m+ rI“‘ 2b1 ,»Iu'

+~2%mcdw[_}l :g][:] =[§:w] 13)

4. Application to Control of WMR

4.1 Control input for Kinematic Model
Kinematic model considers velocities v, @ as control inputs.

[vj =[] = [ Hw,+hkye;)+ v,cose; + ke (14)
w a, w, + kyey

with the control law for the torch:
! = y,siney + kye, (15)

4.2 Adaptive Control

Dynamic model considers the torques, r,,, Ts, acting on the
driving wheels as control inputs. The control inputs:

Tpe = % [—ky(v—a) —kp(w—ay) — (1+1)e; + &
+ 8 e+ Bpa, — Gro(bo—0)]
T = ‘é” [—ky(v—a) + kp(w—ay) — (1 1)e,— e;
+Bhay - Bhay— Brwlbw+ )]
(16)
where a follows Eq. (14) and

o= —kyv+ [kyley+ 1)+ kyl+ v, sine;lo+ lw,
+ kypw, e, + kv, cose; + v, by e3sineg (17)
a = &, + kylw, — @)

The update laws:

)

O = mlv—a)a 18)
P .

On = mlo—a)a

b= ~rol(v-a)be ~ (0= a)v)

5. Simulation results
Table 1 The numerical values for simulation

Paras Values Units | Paras Values Units

b 0.105 m d 0.01 m

r 0025 m me 169 kg
e 0.3 kg I 0.2081 kgm’
I 3.75x107 kg’ | In 4.96x107% | ke’

Table 2 The initial values for simulation

Paras Values Units | Paras Values Units
Xr 0.280 m Vr 0.400 m

X 0.270 m Y 0.390 m

v 0 mm/s | w 0 rad/s

[ 4] deg ¢ 115 deg

1 015 m o |0 rad/’s
by =42, kp=8, kg=234, ky=1ky=10,

rmTrm=r=1.

The reference path is chosen as shown in Fig. 2. The
welding speed is 7.5 mm/s.

I'y (0.865,0.910)
(0.730,0854) & (10150910
o
(0.677,0.801) L
(0.865,0.719)
0.621,0.666 (08120,
(©621,0656) | o o1oy ¢ 666)
(0.430,0.591) (0.621,0.590)
(0.280,0.400) (0 430,0.400)

N

Fig 2 Reference welding path

The movement of WMR when it tracks its reference weld
path is given in Fig. 3. At beginning, the WMR adjusts its
position very fast to reduce the initial error. These tracking
errors can be seen in Fig. 4. After about 15 second, the
welding torch attaints its desired velocity as shown in Fig. 5.
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Fig. 3 WMR movement when tracking reference
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Fig. 4 Tracking errors at beginning
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Fig. 5 Velocities of welding point and WMR at beginning
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Fig. 6 Tracking errors at corner
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ig. 7 Velocities of welding point and WMR at corner

-+ T ™

05 10 15 20
Time (s)

Fig. 8 Torch slider velocity
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Fig 9 Torch length

From straight line to curved line, there is a sudden change
of w, (from zero to a constant). Therefore there are errors

as shown in Fig. 6 and the corresponding welding velocity is
shown in Fig. 7. Torch slider speed is given in Fig. 8 and
torch length is given in Fig. 9. As simulation results, the
proposed controller can attain good tracking performance.

6. Conclusion

An adaptive control of partially known system based on
Lyapunov control function is introduced and applied to
control for two-wheeled WMR to enhance the tracking
performances of MWR. The controlled system is stable in
the sense of Lyapunov stability. Moments of inertia of
system are considered to be unknown system parameters.
The simulation of a WMR with a smooth curved
reference-welding path has been done to show the
effectiveness of the proposed controller. It is shown that the
controller can be used for control of WMR with good
performances.
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