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Development of an Initial State Observer for
Self-localization of Mobile Vehicles: Theory and
Application to Position & Posture Control of a

Two-wheeled Mobile Robot*

Muneaki Higuchi

Abstract

Recently, much research on automatic control has been conducted for decreasing
production costs or improvingworker safety. To controlmobile vehicles, self-localization
is a key technology. The objective of the dissertation is to establish a sensible selflo-
calization method. First of all, I survey self-localization methods (Section 1), and
then review the extended Kalman filters (EKFs) for development of the sensor fusion
method for improving odometory (Section 2). Based on the review, EKFs have the
following problems: they require hard work for implementation and are weak against
modeling errors. Moreover, improved odometory does not have any errors except a
slide slip, so it is unreasonable to apply EKFs. To solve these problems, I propose a
new sensor fusion method using thé’ Initial State Observer (ISO)” (Section 3). In this
method, we define global coordinate ¥; where we want to achieve the current loca-
tion, and local coordinate X; is defined by the initial state of the vehicle. ISO estimates
the relation between X and Xy from dead reckoning and star reckoning, then the pro-
posed method fuses obtained data by coordinate transformation. The proposed method
is easier to implement than EKF because ISO can be designed by the common digi-

tal low pass filter design method. Moreover, the proposed method has advantages on

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0661021, March 16, 2008.
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calculation costs. In section 4, I confirm the effectiveness of the proposed method and
compare with EKF by computer simulations. The results show ISO achieves equiva-
lent estimation performance to EKF, and calculation costs of ISO is smaller than EKF.
In section 5, I conducted experiments using two-wheeled mobile robot, and compare
ISO with EKF. In this section, the estimation performance of ISO is confirmed as same
as computer simulation. Moreover, ISO performs better than EKF on the robustness

for variation of environments.
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Fig. 1.1 State of a robot on R
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Fig. 1.2 Powered Wheel Steering.
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Fig. 1.3 Trajectory of drawing a circle.
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Fig. 1.5 Trajectry of moving in parallel.
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Fig. 3.5 Effects of the initial state observer.
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Table 4.1 Simulated condition.

Simulation No 1 2 3
(v[m/sec], w[rad/sec]) || (10.0,1.0) | (20.0,5.0) | (10.0,0.0)
(ky,ky.ko) (0.0007,0.0007,0.0007)
Simulation No 4 5 6
(v[m/sec], w[rad/sec]) || (10.0,1.0) | (20.0,5.0) | (10.0,0.0)
(ky.ky.ko) (0.01,0.01,0.005)
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Fig. 4.5 Estimation Errors of the 0.(Simulation No.4,No.5,No.6)
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Table 4.2 L, Norm of errors

Simulation No. 1 2 3
L>Norm of the error of the distance || 0.3654 | 0.3527 | 0.3817
L>Norm of the error of the 6 0.0085 | 0.0085 | 0.0085
Simulation No. 4 5 6
LrNorm of the error of the distance || 0.0958 | 0.0960 | 0.0958
L,Norm of the error of the 0 0.0032 | 0.0032 | 0.0032
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Xg = Xxg + Nu(?)
Vg =yg +Ny(2)

O = 6, +No (1)
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Table 4.3 Simulated condition.

Simulation No 7 8 9
(v[m/sec], w[rad/sec]) || (10.0,1.0) | (20.0,5.0) | (10.0,0.0)
(kyx.ky,kg) (0.0007,0.0007,0.0007)
Simulation No 10 11 12
(v[m/sec], w[rad/sec]) || (10.0,1.0) | (20.0,5.0) | (10.0,0.0)
(ky.ky.ko) (0.01,0.01,0.005)
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Table 4.4 L, Norm of errors

Simulation No. 7 8 9
LrNorm of the error of the distance || 0.3658 | 0.3538 | 0.3959
LrNorm of the error of the 6 0.0084 | 0.0084 | 0.0084
Simulation No. 10 11 12
L>Norm of the error of the distance || 0.1138 | 0.1097 | 0.1946
L>Norm of the error of the 0 0.0061 | 0.0061 | 0.0061
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Table 4.5 Computational Cost
CPU Pentium M 1.4GHz | Centrino Duo 1.5 GHz | Athron 64 X2 5600+

EKF [msec] 29.321 4.851 1.298
ISO[msec] 2.361 1.601 0.370
ISO/EKF 12.4 3.0 35
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D0000000000000000000000000000000 (X,Y0,6,) =
(0.0lm],0.0[m],00[radp) O OO OOOOOOMO 0.5[m/sec] 0 00O OO 0.3[rad/sec]
D00000000000000000000000000000000000
D000D00000000000 0.001[secl0000000D0O00O0DOOODOO
0 (6f,07,05) =(0.03,0.03,0.001)00000000000000000000
00000000000 0000000000000000300000000
00000000000 (Ax,Ay,A8)=(0.3,0.3,0.01)0 00000000000
0oad
00003300000000000 x,yd0000 100[Hz] 0000 —35[dB]0
0060000 100Hz]ODOO —40[dB]0 0000000000000 DOO0
000000000000 000000000000

K = diag(0.01,0.01), kg =0.005
(£50.0+ $ob.0+ Oo.0) = (0.000,0.000, 0.0000)
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Table 4.6 L, Norm of Estimated Error
X y 0
Extended Kalman Filter(EKF) || 0.0733 | 0.0708 | 0.0065
Proposed Method(ISO) 0.0738 | 0.0701 | 0.0064
ISO/EKF 1.01 0.99 0.99
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Fig. 5.2 Khepera2.

Table 5.1 Control PC Spec.

CPU Intel Pentium 4 2.40GHz
Main Memory 1.00GB
oS Mlcrosoft Windows XP Sp. 2
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Oy +
Tgn = 7; L (5.1)
Tgn = Prot Pra ;ﬁ L (5.2)
— -1 ﬁr,n - ﬁlm )
X, = tan —_— (5.3)
& (ar,n - al,n
(5.4)
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Table 5.2 Mean Error and Variance
x[cm]  y[cm] 0 [rad]

Average Error | —0.1716 0.015433 0.017922
Error Variance | 0.00133 0.000201 0.000986
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0D000000000000000000000000000000000
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K = diag(0.005,0.005), kg = 0.001
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Fig. 5.6 Comparison of estimation of 6.

Table 5.3 Measurement and Estimation at the End

EKF ISO
Measurement Estimation Difference || Measurement Estimation Difference
x [cm] -0.33 -0.18 -0.15 0.21 0.30 -0.09
y [cm] -0.39 -0.08 -0.31 -0.39 -0.11 -0.28
0 [rad] -0.1845 -0.2482 -0.0848 -0.0192 -0.0807 -0.0041
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Table B.1 Parameter values of inputs
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