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Autonomous Navigation Algorithm Development with Extended
Kalman Filter and Sliding Mode Control
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Abstract

In this paper, Authors develop and verify the algorithm for enhancing the performance of Unmanned vehicle's
Autonomous navigation, and also propose the method of establishing much more precise Navigation locus.

Unmanned vehicle has a destination, however orientation is not notified, which make it find the future
orientation itself. Extended Kalman Filter make it access to the desirable direction, which coupled with INS
and GPS is proposed in this paper. Sliding mode control could overcome the side slip and lateral minor
movement of the vehicle. The test result would shows the effectiveness of Extended kalman filter and Slide
mode control for the navigation.

Key words : unmanned vehicle, extended kalman filter, sliding mode control, autonomous navigation

Nomenclature &, : relationship matrix of X, and X,
@ : thickness of boundary layer
P o yaw dw, , dw,, dw, : bias of the gyro sensor
0 pitch x,, x; : receiver clock's phase and frequency bias

¢ : roll .
x, . state variable vector at ¢, [nx1]
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. given white noise of process, [nx1]
: controller input
: given white noise of measurement, [nx1]
: relationship matrix of the state and measurement
at t;, [mxn]
: measurement noise covariance

: process noise covariance
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Fig. 1. Side view of inertial navigation system
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Table 1. Scenario for the unmanned vehicle
movement
Time[sec. ] Movement Velocity | Acceleration
0~10 stop 0 m/sec 0
10~20 acceleration increase 0.1 m/sec2
20~120 uniform velocity 1 m/sec 0
120~130 deceleration decrease 0.1 m/sec2
130~ stop 0 m/sec 0
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Fig. 6. The improved navigation result of the EKF
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Table 2 Nominal Vehicle parameters for controller

Symbol Unit Value Description
m kg 800 mass
Iz kgm?2 1200 Inertia of Yaw
distance of front axle
a m 0.4
from c.g.
distance of front axle
b m 0.4
from c.g.
Symbol Value Symbol Value
al -10.12 a5 0.028
a2 1260 ab -0.05
a3 1040 a7 0.39
a4 1.987 a8 -0.44
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