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Fault Detection in Wheeled Mobile Robots
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1. Introduction do =[x,Y,,6,,6,]"where X =[x,y,¢]" are the
In recent years, wheeled mobile robots are widely Cartesian coordinate of P and the robot’s orientation
used in industries such as manufacturing, medical, with reference to O-xy frame. q=[6,,6,]" are the

healthcare industries. Because most of them are
designed to act autonomously, any fault can cause
serious damages not only for robot system but also
for working environments. Especially, when mobile

angular displacements of right and left wheels.
The motion model including kinematics and
dynamics of mobile robot [5]:

robots become common household items, human do =S(00)4
being can be injured because of robot faults. Hence, M, (d)do + Vo (Ao, Go)80 +Fo () + 78
to increase the safety and reliability of mobile robots, _n. AT

e / =Bt—AT(q,)A
fault detection is needed to be considered. oL

2. Modeling of Mobile robot where §=[d,,6,]" = [ellez]T are the angular

The following notation is used in this paper: I velocities of two wheels. M(q,) is the symmetric

Moment of inertia of the mobile platform about P, ; positive definite inertia matrix, V,(q,.q,) is the
Im: Moment of inertia of wheel about its diameter; l: centripetal and Coriolis matrix, Fy(d,) is the vector
Moment of inertia of wheel about its rotation axle; o § . )
m.: Mass of the mobile platform without wheels; m,,;: of friction force, o is a unknown disturbances
Mass of each wheel; O-xy: The world coordinates including uncertainty in dynamics, B is the input
system; P-XY: The coordinate system fixed to mobile transformation matrix, t is the torque input vector,

platform; P;: Center of mass of WMR without

T - -
wheels; d : Distance from P to P.; b: Distance from and A" (qo) is the vector of constraint forces.

each wheel to P; rg: Radius of right wheel; r_ : [rq r i
Radius of left wheel; 7‘3054) 30034)
A
y risin«p r—Lsinq)
| 2 2
S(qO) - rR rR
2b 2b
1 0
0 1

By eliminating the constraint matrix, we get the
resulting dynamic model:
M(a)d +V(4)d + F(@) +tg =1

where
2
r Ief,
l,, +(mb® +1)—R~- mb? —1)-RL
Xy M| ( )4b2 ( )4b22
Flg 1. Mobile Robot (me _ |) MRl | +(mb2 + I)r_R
The configuration of the WMR can be described 4p? w 4b?

by five generalized coordinates:
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m.drgr, - .
—RL (rpyd, — 1 G5)
V@@= mAEjbr r
C—?L(rthqz —1R47)
4b

F(@) =S (do)Fo (Go). 1 = (I +med?) +2(1,, +m,,b?)
m=m¢+2m,,
3. Fault detection scheme

In the presence of fault, the WMR dynamic
model can be represented as:

G =M(@) " (t~V(@)a-F(@) - t4) + Bt -Tw(a,4,7)

The fault function is represented by the
term B(t—T)w(q,q,7) , where w(q,q,t) is a vector
which represents the fault in WMR,
B(t—T) represents the time profile of the fault, and T
is the time of occurrence of the fault.

The modeling uncertainty is  bounded:
M(q) 1 (F(q) + 14) <m Wheren aknown constant.

Let x =q(t)" .
rewritten as

X =M(q) " (t = V(§)d - F(G) - 74) + B(t - T)w(a,4,7)

The estimated model is considered:

X=M(a) ™ (x - V(@)d) + A(X - x)

The error dynamic equation:

é=AX-x)-M(a) " (F(@) - t4) +B(t - T)w(.4,7)

where e = X — x is the error dynamics.

Since, the fault output is zero when t < T, thus we
intend to derive an upper bound for ||e|| during the
time interval (0, T). We have the residual e given by

t
e =exp(At)e(0) + Iexp(A(t ~))M(@) *(F(@) - t4)dr
0
Therefore, the threshold bound can be chosen as
t
€] < exp(Ab]e(Ty)| + _[exp(A(t ~ M@ nde
0

Fault detection scheme: The decision on the
occurrence of fault is made when at least one of the
residual e exceeds its corresponding threshold bound
em-

The dynamic model can be

4. Simulation results

The WMR parameters are used for our
simulation: I, = 0.85(Kgm?); I, = 0.0061(Kgm?); I, =
0.012(Kgm?); m, = 29(Kg); m,, = 3.54(Kg); d =
0.053(m); b = 0.149(m); rg = 0.08(m); r_ =0.08(m).

The exact values of F(q) are unknown. However,
they are assumed to be bounded by:

[F(@) +14|<0.05
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We consider a fault which occurs at T = 10s and
results 2kg loss in mass of platform. Fig.2. shows the
fault is successfully detected at T, = 10. 1s.
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Fig. 2. Fault detection(Threshold-dotted line and
dashed line, residual-solid line)
Conclusion

This paper presents a fault detection scheme for

wheeled mobile robot. A nonlinear observer is de

signed based on the mobile robot dynamic model.

The fault is detected when at least one of the r

esiduals exceeds its corresponding threshold.
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