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Abstract - This paper presents the sensitivity analysis of the leasst
gsuares velocity estimation of an omnidirectional mobile robot using a
regular polygonal array of optical mice. First, the velocity kinematics
from a mobile robot to an array of optical mice is derived as an
overdetermined linear system. Then, for a given set of optical mouse
readings, the least squares velocity estimation of a mobile robot is
obtained as the simple average. Finally, the sensitivity analysis of the
proposed least squares velocity estimation to imprecise installation is
made.

1. INTRODUCTION

There have been several attempts to employ the optical mice for the
localization of a mobile robot [1-6]. In fact, the optical mouse is an
inexpensive but high performance device with sophisticated image
processing engine. The velocity estimation of a mobile robot using a set
of optical mice can overcome the lmitations of typical sensors: wheel
shippage in encoders, the line of sight in ultrasonic sensors, and heavy
computation in cameras.

For the localization of an omnidirectional mobile robot on the plane,
two or more optical mice are required . Most of previous research [1-5]
use two optical mice. However, few attempt has been made to use more
than two optical mice except [6). In this paper, we present the
sensitivity analysis of the least squares velocity estimation of a mobile
robot using a regular polygonal array of optical mice.
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<Fig. 1> A regular triangular array of optical mice with
N=3.

2. VELOCITY ESTIMATION

Assume that N optical mice are installed at the vertices,
P, i=1,--, N, of a regular polygon that is centered at the center,
0,, of a mobile robot traveling on the xy plane. Fig. 1 shows an

example of a regular triangular array of optical mice with N=3, The

position vector, p;={p, #,1, i=1,- N, from O, to P,
can be expressed as
p; = [ﬁﬂ - rcos(e-i-(i——l)x%g—} a

rein {0+ (i— 1)><%VTL}

where O represents the heading angle of a mobile robot with the
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forwarding direction aligned with p;, and 7 represents the distal

distance of each optical mouse. For a regular polygonal arrangement of
optical mice, it holds that

N N
zalpiz = ;lpiy =40

regardless of the heading angle ©.
Let vy=[ v, 2,]" and w, be the linear velocity and the
angular velocity at the center O, of a mobile robot, respectively. And,

2

et v,={v, vyl i=1,- N, be the linear velocity at the

vertex P, which corresponds to the velocity readings of the i o

optical mouse. The velocity mapping from a mobile robot to an array of
optical mice can be represented as

A x = 6 (3)
where
7. y
x'= |v, | € R™ @
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Vix
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0 1 pNx
From {3), the least squares velocity estimation can be obtained by
x =B 6 6
where
B = ( AtA )-1 At = RBXZN (8)

Finally, for given velocity readings of N optical mice, the linear and
angular velocity estimates of a mobile robot can be obtained as

N
Ve = N 20
1 &
Uy =,_ﬁ'= Uy )]
1 N
wy = ‘ﬁ,;xw."

where



w; : .
-];[— sin{6+—(i;1\}m}><vi,+ cos{6+—(i_—ND'2£}xv,»y]

(10)

which represents the angular velocity experienced by the 7 th optical

mouse.
3. SENSITIVITY ANALYSIS
In practice, it may be rather difficult to install optical flow sensoré in
an exact regular polygonal array symmetric with respect to the center of
a mobile robot without installation error. Let us examine the sensitivity
of the velocity estimation based on (9) to imprecise installation of optical
flow  sensors. Suppose that the position error  vector,
6p;, i=1,-,m, of the i " optical flow sensor is described by

11)
= (o
where. 6p, and 8p,, represent the deviation from the vertex of a
regular polygon due to imprecise installation.

In the presence of installation error, the velocity kinematics, given by
(8), can be expressed as

(A+86A ) x+86x )= 6 (12)
where
X 811,,, 1
§x svy| = R (13
Sw,
and
0 0 —8p,
0 0 689,
0 0 —szy
0 0 6py
5A = " le pws (14)
0 0 —6py
0 0 G&py

While (14) represents the perturbation on A owing to imprecise
installation, (13) represents the resultmg error in velocity estimation of a
mobile robot.

Premultiplying (12) by ( A + §A ) we have
(A'+ A" A+8A X x+6x) =
( A'+ 8A7) O
Assuming that the installation error and the resulting estimation error
are small enough, we have

(15)

A SA = 0,, (16)
and
(GA'A+ A’5A )b6x =~ 0, an
Under the assumption of (16) and (17), from (15), we obtain
Ps5x+68P x = 6A' © a8)
where :
NO O
P=A'A=|0NOD (19)
0 0 N/
5P = A" A + A SA (20)
N
0 0 —gﬁb;y
N
= 0 0 ;1517(:

N N N
~ 2005 2,50s 2% 2 (Dubbit p350,)

From (18), the effect on the least squares velocity estimate owing to
imprecise installation of optical flow sensors can be approximated by

§x =~ 6x, + 8xg4 @1

where
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- PSP x

x

&x (22)

P 'sA'e (23)

Finally, for a given set of optical mouse velocity readings and the
resulting velocity estimates, the errors in least squares velocity
estimation caused by imprecise installation can be obtained as

%o

§x,= -5t ﬁ&pk
1 N N N :
7\,’;{{ begﬁﬁiy_ Uby.ZlSpiz_ Zwb‘;(l’ixsi’iz‘*' D;ySﬁ;y)}
(24)
0
§xg = 0 (25)

N
ﬁr_z ;1( — 06+ v,8p1,)

4. CONCLUSION

In this paper, we presented the sensitivity analysis of the least
squares velocity estimation of an omnidirectional mobile robot using a
regular polygonal array of optical mice. First, the velocity kinematics
from a mobile robot to an array of optical mice was derived as an
overdetermined system. Then, for a given set of optical mouse readings,
the least squares velocity estimate of a mobile robot was obtained as the
simple average. Finally, the sensitivity of the proposed least squares
velocity estimation to imprecise installation was analyzed.
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