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Hierarchical fault detection model of vehicle terminal based on fuzzy logic
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Shanghai 200093, China)

[ Abstract] In order to find vehicle terminal faults and improve device detection efficiency, a hierarchy fault detection model based
on fuzzy logic is proposed. In this model, the vehicle terminal faults are detected according to the cumulative change law between the
evidence, phenomenon and fault, in which the evidence refers to the abnormality or loss of sensing data and the phenomenon refers
to the abnormal working condition of vehicles or equipments. First of all, the cumulative degree of evidence is calculated by counting
the number of several kinds of evidences. Then, the association weight is set for the cumulative degree of evidence, and the rule
matching and phenomenon derivation are realized combined with fuzzy logic. Finally, the rules are dynamically modified according
to the phenomenon feedback. The process of several phenomena realizing fault derivation and rule correction is the same as the
above. According to the theoretical analysis and practical results, it is verified that the proposed model can effectively detect the
vehicle terminal fault.
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Fig. 1 Overall structure of layered fault detection model
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Tab. 8 Results of threshold interval modification of evidence —
phenomenon knowledge base
) J
12
1 2 3 4 5 6
1 0.39 0.09 0.00 0.17 0.00 0.00
0.49 0.25 0.13 0.41 0.10 0.10
2 0.12 0.16 0.21 0.08 0.00 0.00
0.30 0.38 0.43 0.24 0.10 0.10
3 0.00 0.00 0.28 0.00 0.18 0.21
0.10 0.10 0.48 0.10 0.30 0.37
4 0.00 0.00 0.17 0.00 0.28 0.17
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Fig. 9 Phenomenon—fault rule No.1 for threshold interval &1‘1
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Fig. 10 Phenomenon—fault rule No.1 for threshold interval &1‘2
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Tab. 10 Comparative results for related evaluation indicators of

evidence—phenomenon knowledge base %
U PC (%) RC (%) AVG(BR)
Yy 69.7 67.3 11.4
82.5 75.0
Y, 71.8 72.6 12.8
88.5 67.6
Y, 75.6 67.2 7.5
81.9 69.1
Y, 82.4 72.5 8.4
90.1 63.4
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Tab. 9 Results of threshold interval modification of phenomenon-— Tab. 11 Comparative results for related evaluation indicators of
fault knowledge base phenomenon—fault knowledge base %
) J [ PC RC AVG(BR)
13
1 2 3 4 Z, 74.8 71.9 12.5
1 0.21 0.56 0.00 0.00 83.2 735
0.43 0.72 0.10 0.10 22 68.0 60.7 14.1
2 0.06 0.17 0.14 0.22 77.6 64.0
0.24 0.35 0.36 0.46 Z 76.2 80.3 6.4
3 0.00 0.00 0.23 0.48 81.1 78.8
0.10 0.10 0.41 0.66 HRAE 10 FI 11 P8 T A4 ML) 58 {1 DX 8], 73

FRHE 40 & 8431 300 H T B, 45 64

il Rg B2e I AU Ry B e SO SIL R EoE T4



5 4 1]

WRIH , 2. B TASURIAE A A 7 04 i S i A A 25 77

PEAE I G T34 SR 2R 208 85% 1 69%
B SP-FAT 2 VSR I 4R 2R 8190 11 72% |5 HUAB IE
HITF RS R (R T A R i R 2
K 75% 1 70% , SB35 25 U RN 4R 240 R 73% 11
72%) B IEFT G P-4 AR A, T A e R
WK RES UL R AT SEME A4 T

4 LERIB

ARSCE L e 18] A B 3 T R UE S S BLIE
i SR TTBEVHE s MRS SR i B OGR4 A
R B S BRI D 55 B A 5 IR B Sk B 2
A AILIN]  B EL DX ] o o R A Sl B 5 4 1
MU R R, AR A A | IR A e 2 ] Y
SO, S AR A i A I, B AR s AT i
FEHANBHE IE S8, 7 A Btk T A& B R )
RWOR . AE RIS IEEE R ATIAT 03 IR R 4R 5T,
AL e R R T A, MU 5 5 e e ) A

[1] %% J&T FP-Growth ML 1 RGER BTN L[ T]. #ikS
FJ,2020,19(10) :152-155.

[2] YIN Lei, LIU Jianwei, YANG Pu. Interval observer—based fault
detection for UAVs formation with actuator faults[ C]//2019 CAA
Symposium on Fault Detection, Supervision and Safety for
Technical Processes ( SAFEPROCESS ). Xiamen, China: dblp,
2019:901-905.

[ 3] FANG Dikai, PENG Tao, YANG Chao, et al. Random—Sampling—
Based performance evaluation method of fault detection and
diagnosis for railway traction system[ C]// 2019 CAA Symposium
on Fault Detection, Supervision and Safety for Technical Processes
(SAFEPROCESS) . Xiamen, China:dblp,2019.570-574.

[4] LIU Zhuo, HOUARI A, MACHMOUM M, et al. A second order
filter — based fault detection method for five — phase permanent
magnet synchronous generators [ C ]//IECON 2020 The 46"
Annual Conference of the IEEE Industrial Electronics Society.
Singapore ; IEEE, 2020 .4827-4832.

[5] WANG Jian, HU Ya. The vehicle terminal based on GPRS &
CDMA communication [ C ]//2015 IEEE 12" Intl Conf on
Ubiquitous Intelligence and Computing and 2015 IEEE 12 Intl
Conf on Autonomic and Trusted Computing and 2015 IEEE 15™
Intl Conf on Scalable Computing and Communications and Its
Associated Workshops ( UIC — ATC - ScalCom ). Beijing: IEEE,

2015:1657-1660.

[6] YAHYAOUI A, ABDELLATIF T, YANGUI S, et al. Read—IoT;
Reliable event and anomaly detection framework for the internet of
things[ J]. IEEE Access,2021,9:24168-24186.

[7] ZENG Wenjie, JIANG Qingpeng, LIU Yinuo, et al. A multi—
level fuzzy switching control method based on fuzzy multi—model
and its application for PWR core power control [ J]. Progress in
Nuclear Energy,2021,138.1-12.

[8]DAWOOD R M S, PILLAI G, AL-GREER M. Fuzzy logic based
scheme for directional earth fault detection and classification[ C]//
2018 53" International Universities Power Engineering Conference
(UPEC). Glasgow ;IEEE,2018:1-6.

[9] PENG Hong, WANG Jun, MING Jun, et al. Fault diagnosis of
power systems using intuitionistic fuzzy spiking neural P systems
[J]. IEEE Transactions on Smart Grid,2018,9(5) :4777-4784.

[10] WU Yingjian, WANG Jinglin, CAO Liang. A fault diagnosis
method of rotating machinery based on multi—scale fuzzy entropy
[C1//2020 11" International Conference on Prognostics and
System Health Management ( PHM - 2020 Jinan ). Jinan, China:
IEEE,2020:466-470.

(11230 R, B0, 45, 6T T-S #0H) FTA (IR R 2 87
Tk WEsE[ 7], i TR, 2018,25(09) : 1703-1708.

[ 12] BERNARDES H, TONELLI-NETO M, MINUSSI C R. Fault
classification in power distribution systems using multiresolution
analysis and a fuzzy - ARTMAP neural network analysis and a
fuzzy — ARTMAP neural network [ J ]. IEEE Latin America
Transactions,2021,19(11) ;1824-1831.

[13] FANG Yukun, CHENG Chaoyi, DONG Zhen, et al. A fault
diagnosis framework for autonomous vehicles based on hybrid data
analysis methods combined with fuzzy PID control[ C]//2020 3™
International Conference on Unmanned Systems (ICUS). Harbin,
China. IEEE,2020.281-286.

[ 14 ] SRIVATAVA 1, MOHARIR A K, YADAM G. Learning
interpretable rules contributing to maximal fuel rate flow
consumption in an aircraft using rule based algorithms[ C]//2020
IEEE International Conference for Innovation in Technology
(INOCON) . Bangalore, India:IEEE,2020.1-8.

[15] WANG N, ZHANG F, SHI D. Intelligent EMC management
fabric based on knowledge base and machine learning[ C]//2018
International Applied Computational Electromagnetics Society
Symposium ( ACES). Denver, CO, USA:IEEE,2018.1-2.

[16]XAUE. BHE I SBR[ M]. K& &M% L,
1989.38-42.

[17]PEKTOR O, WALEK B, MARTINIK I. Extending the Takagi—
Sugeno hierarchical expert system for the system for evaluating
competencies [ C ]//2019 20" International Carpathian Control
Conference (ICCC). Changchun, China:IEEE,2019.1-5.



