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Abstract

A redundant sensor system, which consists of two incremental encoders and a gyro sensor, has
been proposed for the estimation of the posture of mobile robots. A hardware system was built
for estimating the heading angle change of the mobile robot from outputs of the gyro sensor. The
proposed hardware system of the gyro sensor produced an accurate estimate for the heading angle
change of the robot. A sensor data fusion algorithm has been developed to find the optimal
estimates of the heading angle change based on the stochastic measurement equations of our
readundant sensor system. The maximum likelihood estimation method is applied to combine the
noisy measurement data from both encoders and gyro sensor. The proposed fusion algorithm
demonstrated a satisfactory performance, showing significantly reduced estimation error compar-

ed to the conventional method, in various navigation experiments.
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Table 1 Effects of sampling frequency on the gyro sensor performance

True Rotation Gyro measurement (sampling frequency)

Angle 50 Hz 100 Hz 500 Hz 1000 Hz
10.90° 11.02° 11.01° 10.9¢4° 10.94°
17.75° 17.61° 17.62° 17.64 17.64°
26.98° 27.16° 27.15° 27.09° 27.09°
34.28° 34.28 34.30° 34.27 34.2%°
46.93° 47.28° 47.19° 47.19° 47.18°
58.71° 58.45° 58.57° 58.58° 58.58°
60.91° 60.76° 60.89° 60.93° 60.92°
67.50° 67.28° 67.24° 67.29° 67.29°
82.00° 82.44° 82.00° 82.01° 82.00°
90.62° 90.49° 90.56 90.56 90.58°
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Table 2 Error covariance of sensor noise

GYRO SENSOR
SENSOR TYPE LEFT ENCODER RIGHT ENCODER
Cw CCw
COVARIANCE 1.333 1.333 24800 20100
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Table 3 Average and standard deviation of estimation error for straight motion
ESTIMATION ERROR ESTIMATION ERROR
OF FUSION ALGORITHM OF DEAD RECKONING
X Y 17 X Y 4
AVERAGE 1.48 12.8 1.33 1.79 20.0 2.16
STANDARD 0.31 9.49 1.33 0.33 10.2 1.19
DEVIATION

(UNIT : X-&-Y ERROR=cm, §-ERROR=DEGREE)
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Fig. 14 Commanded trajectory of the mobile robot
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Fig. 15 Position estimation of the robot following
predermined guidepath

100
AVERAGE =
1536 VERAGE = 55 %
sot 5 7005 —
A &
60l 50.47 - v 537 %382

ERROR REDUCTION RATIO ( %)
8
T

o

0

» RN

1 3 4 5 6 7
OBSERVED POINTS
(A) REDUCTION OF POSITION ERROR
100
< oo ses
2 7
Sl mre A 5028
8 44.52 43,59 ;r
i
i Z
oy 20 |- /
g Z
& Z
. :
1 2 3 4 5 3] 7
OBSERVED POINTS

(B) REDUCTION OF HEADING ANGLE

Fig. 16 Reduction Ratio of Estimation Errors Along

the Guidepath
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