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Dead Reckoning Navigation System for Autonomous Mobile

Robot using Indirect Feedback Kalman Filter

%R H YA o F T
(Kyu-Cheol Park, Hak-Young Chung and Jang-Gyu Lee)

Abstract

 In this paper, a dead reckoning navigation system for differential drive mobile robots is presented.

The navigation system consists of two incremental encoders and a gyroscope. We have built a third order
polynomial function for compensating the nonlinear scale factor errors of the gyroscope. We utilize an indirect
Kalman filter that feeds back estimated errors to the main navigation system. Also, the observability of the filter
is analyzed in order to systematically evaluate the filter’'s performance. Experimental results show that the
proposed navigation system provides a reliable position and heading angle by mutually compensating the encoder
and the gyroscope errors. The proposed filter also reduces the computational burden and enhances the navigation
system'’s reliability. The observability analysis confirms the characteristics of inevitably unbounded position error

growth in dead reckoning navigation systems.

Keywords : mobile robot, navigation, gyroscope, encoder, Kalman filter
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Fig. 3. Gyroscope outputs according to the vari-
ation of the temperature.
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Fig. 4. Gyroscope outputs after temperature co-
mpensation.
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Fig. 5. Gyroscope outputs according to the vari-
ation of the true input angular rate inputs.

Dotted Line: Efror Curve
Solid Line: Estimated Error Curve 4

deg/sec

-90 -45 [o] 45 90
deg/sec
396 9Y AFTe] ote Aoj29 £ A
A%L A,
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Table 1. Characteristics of AUTOGYRO.

Description Specification
Input Rotation Rate +100°/sec
Bias Drift Fixed 18°/hour
Temperature
Scale Factor Linearity

< 0,
Constant Temp 0.5%
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Fig. 13Experimental results according to the
navigation system.
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Table 2. Position errors of the suggested navigation

system.
49 Atd FHA| L
Ao 9 X A (9 vl E)
1 0.1
2 0.05
3 0.01
4 0.02
5 0.3 J
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Fig. 14. Position and heading angle error vari-
ances of the navigation system.
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Fig. 15. Sensor error variances of the navigation

system.
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