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Research on fault tolerant control method for unmanned roller

HUANG Shu, XIE Hui, SONG Kang, CHEN Tao. QIANG Wei
(School of Mechanical Engineering, Tianjin University, Tianjin 300072, P. R. China)

Abstract: The high-precision path tracking control of unmanned rollers relies on the accurate measurement
of the vehicle’ s location information by sensors. However, in the harsh plateau dam environment, the
positioning sensors’ signals are prone to sudden changes and loss, which poses a great threat to the safety
and stability of the system. For this reason, a fault-tolerant control method based on signal compensation
by using self-learning model was proposed. First, according to the drift characteristics of the steering
system reflected in the operation of the unmanned roller, the complex hydraulic steering system was
simplified, and a linear steering model with flow loss parameter was constructed. Then, an online learning
algorithm was proposed for mainly learning the flow loss characteristics of the system. Finally, a cascaded
disturbance rejection controller was used to realize the path tracking control. Both simulation and real
vehicle experiments were carried out. The results show that the vehicle can continue high-precision running
within 40 s after the sensor fails. Compared with the cases of no fault-tolerant control and fault-tolerant
control without model self-learning, the running time is extended by 18.7 times and 2.7 times respectively,
which greatly improves the safety and efficiency of the system.
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Fig. 2 Hardware layout of unmanned roller
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Fig. 3 Kinematic model of unmanned roller
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Fig. 4 Schematic diagram of leakage in hydraulic cylinder
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Fig. 5 Feedback angle of steering wheel
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Fig. 6 Frame work of fault-tolerant control of unmanned roller
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Fig. 7 Horizontal and heading error
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Fig. 8 Off-line identification of model parameters
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4.2 ELHEIHIE
4.2.1 RARAZEHE LT 8 L3265 54

.....................

o)

11 KHEBRENEEELHF M

Fig. 11 Effect of joint angle bias on horizontal location

N T SRS BRSO BT AR D5 i B A AR L TN B AR SR ALAE GPS 3 A i AU R Y f A BRI 4 A

BORMWE 12 iR,

0061 gy
904 1 - - WkE)E
90.2
£ 900 P
ﬁ 89.8 | 5
g 89.6 - il
R I O B I |
892 L
89.0 |
88.8 ! . . , , .
0 5 10 15 20 25 30
B E]/s
(a) GPSHCREE AT AL M1 &%
Lo - — BREEET
o B
10
£
W 08
%’E 0.6 F
&

0.0 ! ]

725.60 e T
- W
725.55 |
725.50 |
72545 Syl
725.40 : : : ' ' '
o 5 10 15 20 25 30
B[] /s

(b) GPSHUEFTE b 1 A A7 &% B

10

15
Fi [l /s

(¢) GPSHBR Y J& B B iR 22 % Lh

Bl 12 GPSESAEFHBER THRFREEZHUR
Fig. 12 Path tracking control effect without GPS’s updating

Kl 12 2 GPS B {5 5 A HUHT R 00 T A9 B A BER 2 H8CR B . INIET 12 T LR L 78 GPS B2 H Bk
B 5 o L 0.1 m A D kS BE s AT R BB 4 X BE IE a8 172 2.2 s, BU R G AU 0 T BIE ML GPS

BRI R AL



24 TR K FFHK % 45 &

4.2.2 BARFIHEALFTHREZHREIE

R T R UEAS Y [ 2 ) 0 P BUARCAN R S5 T N 28 B AR R HIL 43 B0 AT E R VR ML S AR AR, il SR
AW AR RO . AU R R R AR T S RO R A B AN B ) RS LB R K R E S 0.025, 38K
b WIEN O, REMERFESEL ¢ W R —0.025, 3 BAETFIRIEITA 30 s G E2 ., R WK 13 iR . B
AR I B AR IR A RO 5 i AR R A TC 2% S5 DL T, GPS W0 B i 11 % A28 R B 4 ) 00 2R 5 2 R AR 3R A
RUTC 2 MG DL T GPS MR J5 (1) B A% IR B 5 I ROR

1.4 [
L, | —— EnERmRE
- s
@i 1.0 b e s
§ 0.8
ﬁ 0.6
i§§ 0.4
0.2
0.0

0 20 40 60 80 100 120 140 160
B IE]/s
B13 EERAREEHSEMTEFIREBERTHNEERIREXLL

Fig. 13 Comparison of horizontal error between normal and fault-tolerant control without self-learning
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