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Fault diagnosis of analog circuit based on IHHO-BP neural network
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2. School of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China)

Abstract: The improved Harris Hawks optimization algorithm (THHO) is proposed to solve the problem that analog circuit fault
diagnosis is difficult due to multiple fault types, unstable fault states and redundant fault data. THHO optimized back propagation ( BP)
neural network to realize fault feature selection and diagnosis of analog circuits. Firstly, the nonlinear adaptive factor, Cauchy variation
and stochastic difference perturbation are introduced into the Harris Hawks optimization algorithm to improve the convergence speed and
accuracy. Secondly, IHHO is used to select the characteristics of the single fault and the combined fault simulation data of the analog
circuit to complete the data preprocessing. Finally, IHHO-BP algorithm is used to train and test the preprocessed fault data to realize the
fault diagnosis of analog circuits. The diagnostic results show that the proposed method improves the diagnostic accuracy by 5.5%
compared with other algorithms.
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Fig. 1 Comparison of nonlinear adaptive factor iteration curve
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Fig.3 Neural network structure diagram
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Fig.4 Fault diagnosis flow chart
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Fig. 8 Comparison of diagnostic results
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Table 5 Comparison of fault diagnosis results of Sallen key bandpass filter circuit

WSS % WIS/ %
B LWL LWk : . L : g

~ ~ ~ Kt A HAbE ~ ENIA LG
BP 91. 31 93.62 80. 00 84. 69
GA-BP 93.75 95. 84 87.75 90. 08
Sallen key PSO-BP Fo~F 93.38 95. 67 Fo~F 83.50 89. 34

A U P o : ' ror ' '
HHO-BP 94.37 96. 83 89.22 92.19
IHHO-BP 96. 69 98.33 92.50 95.77
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Fig. 9 CSTV low pass filter circuit schematic diagram

0 1 S T 08 A BB, B 10 R

Fy R AR R, KFHRFRIE 50% i E i 28,
F o IR0 Ry /NTHRFRIE 50% i<k, F o (1
RIS €, .C, R, B /NTFARFRAE 50% ik b il
2k, HE 10 iTLAIE T Sallen key #5183 I HL
CSTV A5 38 38 9% LI IE 3 TARARAS 5 0 28 (R Bebh 2 %



. 246 - S 1[I I IV = 3

38 &

IO B4y i S o £ DX B B R, A, P FL B A R AT ] A
BV 2L 45 i X L R A 194 i A 50— i o 2 ) K
HE— U T A SRS WL B

R 6 CSTV {REIRHN BB R
Table 6 Type of CSTV low pass filter circuit fault

L S T B T LIS A
Fy EH# e —
F, ¢ 20 nF [31 nF 40 nF]
F, c, 20 nF [1.0 nF 10 nF]
Fy c, 1 20 nF [31 nF 40 nF]
F, C, 20 nF [1.0 nF 10 nF]
Fy Ry 1 10 kQ [16 kQ 25 kQ]
Fg Ryl 10 kQ [0.5kQ 5 kQ]
F, R, 1 10 kQ [16 kQ 25 kQ]
Fy R, 10 kO [0.5kQ 5 kQ]
Fy R 1 10 kQ [16 kQ 25 kQ]
Flo Rs ! 10 kQ [0.5kQ 5 kQ]
Rlc | [0.5kQ 5 kQ]
Fyy 10 kQ 20 nF
[1.0 nF 10 nF]
] R TC T [16 kQ 25 kQ]
Fiy 10 k€ 20 nF
[31 nF 40 nF]
Ry 1Cy 1 16 kQ 25 kQ
Fis v 10 kQ 20 nF [ ]
[31 nF 40 nF]
) Ryl Cyl [0.5kQ 5 kQ]
['14 10 kQ 20 I’IF
[1.0 nF 10 nF]
[2.5kQ 7 kQ]
. 10 kQ 20 nF
Fs Rslc lc, ! [5.0 nF 14 nF]
20 nF

[5.0 nF 14 nF]
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Fig. 10  Contrast the output voltage curve of the

normal and fault state of the circuit
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Table 7 Comparison of fault diagnosis results of CSTV low pass filter circuit

B4 BWOE B WK % L R %
ENTT oL ERTN T
BP 90. 15 92.31 79. 37 83. 44
CSTV GA-BP 94. 62 96. 69 83.75 89. 06
e PSO-BP Fo~Fy 93.77 96. 56 Fi,~Fs 83.33 87.56
I o HHO-BP 94. 33 95.75 88. 84 92. 31
IHHO-BP 97.58 98. 61 91.49 94. 85
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