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Fault diagnosis of TPA and IAOA-BILSTM circuit
chips based on infrared

WANG Li,ZHU Meng,MA Jang-yan
(Airborne Electronic Systems Deep Maintenance Laboratory, College of Vocational Technology,

Civil Aviation University of China,Tianjin 300300, China)

Abstract : To improve the accuracy of circuit chip fault diagnosis, the efficiency of hyperparameter setting and the effi-
ciency of feature extraction,an improved arithmetic optimization algorithm (TAOA) based on temporal pattern atten-
tion mechanism (TPA) is proposed to optimize the bi-directional long and short-term memory network ( BiLSTM) for
circuit fault diagnosis. Firstly, IAOA is employed to search for the optimal hyperparameter combinations of BiLSTM to
improve the diagnostic accuracy of the model. Then TPA is used to extract important features and assign weights to en-
hance the model feature extraction capability. Finally, the infrared temperature data collected by the infrared camera is
inputted into the optimal diagnostic model to achieve circuit board chip fault diagnosis. The experiments are verified by
using 0 ~30 V adjustable regulated power supply circuit board. The results show that the model for circuit chip fault
diagnosis is as high as 98.27 % ,which can achieve high accuracy fault diagnosis for circuit board chips.
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Fig. 4 Convergence curve comparison Chart

(3)TAOA-BIiLSTM 15 Whei

TAOA-BILSTM i % 35 J 12 Wt A5 Y 4t 57 40 3%
e

1) WE TR N, IERI46 10 TAOA JERili 24k
JRIEBFE ARG BE LA SR 2R AR 4R i 24

2) FIH Tent JRIE S BEHLAE SORHEE , I LAHA)
IR E R ESE (4L, ¢,6 MBIGE, RFIHTE
FEASAAGE N AR, T AR 38 0 (S R R AL A A
e X, o

3) 35 A (2) AW R AL T 42 R R ik
Je R AR, JEAR IR (3) ~ (8) BT I A9 d5c B
(AR

4) VOB IS A FPE , e WG I R 1 d5 AR b
B SR O, 38 0 3 (R RAIG , R R AG , i
JE IR AT G AR

5) KRG ARG 7 E R B 2 R ARy BILSTM
AR 1) e L S U 5

FIH TAOA B b4k BILSTM A AU, /] L) 4 5
RICESEH G A, oA ie vl R s I 2
RO IR I ik 72 vp S5 DL R R AR R 12
1ERETT

HAL 0 R BRI WA R AR T A S R
3.3 TPA-BiLSTM 4 & # 2

BEXF BILSTM S RITE 2 Ko 2 Hy T it 2 il b Ay
AEFAAL , 5 BOE RS W TR A 238 AN vy 1) ) L, S S Dt
ARG A TPA JE ML, TPA AT DL 1)
BiLSTM = >J $RAE B0 A, A H) TR A2
P BRI 75 2 e B R AR DG 2R, DT 5 B0 v e B
B2 W



578 5 RS AN

554 %

Import and process data,
initialize AOA parameters

'

Randomly generate initial
population

'

Train BiLSTM,calculate the
fitness value,and determine
the optimal population
position

Update the population
position and check ifit
exceeds the boundary value
range

Replace the optimal
population position and
individual fitness value

Execute BiLSTM by optimal
heyerparameter

Output circuit chip fault
diagnosis results

End

B5  TAOA-BIiLSTM i FtiZs Wikt AL i ]
Fig. 5 TAOA BiLSTM fault diagnosis model flowchart

TPA-BIiLSTM 57 (1 SZ ¥t FR4n F .

1) & e A BB £ , BILSTM A1) F 3x 26 5 4%
PAF— PRSI H

2) R TPA 21 k >4 R 28 I 26 3o Uk e 0
BiLSTM 75 21| (1 BRObR A8 B (1) B4 T A 7R R AE L,
AN R

c
H;; = Zhi,(t—w—1+l) X €y (9)
=

AH, b= A, oy, b, diw B F 1K
JE 5 m B — BILSTM Hockn B EH W 4E % € =
£C,,C, -, C, Y NEBIAE MRS ; T FRNE

BB R

3) 0T ELW b, A HERFER AT
PPt g, SR 47 7 A — A U BIE o, , AR E
TR EAl B NRPIE AR, B A — 2l WP 2
PR 2 B -

SCHE b, ) = CHO'W,h,, (10)

o = sigmoid (fCH® h, ) (11)
2 (10) Fy A3 BR L, AT FEALE , HY J HE (55 i
AT, W, e R™" 55K (11) Jy sigmoid 3 REL,
FAUEIA—1E

4) M EATRAR AT IBGR AR 2 V, R T
PrA AT IR b, LG VR, RIS TS 1 -

V, = ZaiHiC (12)
i=1

5)TEXS b, FEATIZWIET , 725 19 24 2 ds et
[ FFAIXT h, WIZRG 2, BYZead v 2 P R I Ay
55t P2 JZAUE

b\, = Wh,, + WYV, (13)
A, W, e R, W, e R™"

6) i, 78 U 25 rh AS Wy b R S AR I AR 1k, iF
M B 2 RS B2, 4 2 Wk

HI, = W,'h',,, (14)
A, W, e R,
3.4 B W A 2

FET B =AY PR AR SCHR A K B2 AR TR
ALHE LAR LA #8 43« B2 BT B 55040 3 40 i A )=
TAOA ffifb BiLSTM )2 \TPA {3 3% J) )2 . &% #2 )2 Fil
Softmax i )2 o

FHET TPA (1) TAOA-BILSTM Hi, B85 il 12 W
TERIZERY A&l 6 7 o

| 4

Jemperature Data/ Alnput Layer \ TIAOA BiLSTM Layer ’ A

. . A Fully connected o L
\.._ Time Pattern Attention AN Clayer A utput ayer,

6 JET TPA fy IAOA-BiLSTM Hi it F i i 14 Wi U 4544 1]
Fig. 6 Structure diagram of IAOA BiL.STM circuit chip fault diagnosis model based on TPA

PR REBUL BEE B RAHLLoh i
F R B P R , 0 B A T U — Ak B

FHHEA TR 0 A e VAR A
PR 2 AR WAL . Jd i AOA #E47 42



e 54 4 No.d 2024

F H% FLTFLIAMA TPA 1 IAOA-BILSTM H 05 H i 12 i 579

SRR AR E A R, L 4R BILSTM [ 2% d 10 B 2
BAA

AR 3 R U R RRAE o R TUAL BT 1) R R
P AFEAL S5 BILSTM Hyr BILSTM $4-3)1| 4 42 sl
TR T Y B R A 1 R 40 ik A IR [ Y
LSTM 2% v, 5K 0 1) £5 405 15 8 PF 52 5 75 3 i B2
RAEF R A, b, b EIERIT R Z

R 4, ECE SRE, TPA T2 R
RS V, SRR 10 AT AT, 45 EE S
15 BT BeAB R AR LU, I s 3 F — 2.

RS G RHEm R 2R, REEEES
TPA JZ %t A HFAE 1] 4 5 Softmax JZ ARG FFAE ) £ iy
RSB S AL R, i JE O e o 2 e R 2
45
4 BRI RS A RIS W I K A
4.1 HERXREURER KA

SR SR 25 70 (InfraTec ) ImagelR ®) 5300 &
NLLINPGAL, R B S 0. 015 K (30 °C) , 73 HEe
320 x256, HENLIECE AT : windowsl1 &%, CPU
>}y i5 = 12400F, GPU & NVIDIA GeForce GTX 1650,
MATLAB2020a,16 GB 77, SCI07E 2R 2 3Rk T 3
17, = A

SR B A A i L U B AR P ) 0 ~30 Vo]
I DR F R B T2 P B SR P AL e, B AR LR
A, AT i L s, SRS DL 10 V.20 V., 30 V
= ol R R O T, 70 I AE 25 25,1020 Q0,330 kQ
TR ToL . 7 s T 5250 b i s
FTER PR 1Y I 15

BT S i R

Fig. 7 Experimental circuit grayscale image
42 ZHR%E
(1) B PR e
O T A A LT R A P T O I ]
7R A RIS o SR I R RN, R RE 2 T B

R A RE Bt P F T B R R R 2 (L, S ECE R
VR B A T o D3 A S L R S B
AN IR W% A K i T AR A A 25 25 it R T
SR A BT B SRR . D T BRI L A A
PR, ARSI B 1 27 MhifchE, WisE T UL U2 A
U3 A, B IR 1 R

K1 BB B A R

Tab. 1 Comparison table of circuit chip fault modes
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AR AR A (14 73 R BT
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(18)
Macro — F1 =

k5 HRMLEK
Tab. 5 Comparison of results
Model Ace/% Pre/ % Rec/% M-F1/%
BiLSTM 82.61 81.46 % 80.76 81.1
AOA-BIiLSTM 91.45 92.38 91.24 91.8
TAOA-BiLSTM 95.76 94. 65 95.89 95.27
ARSI 98.27 | 98.49 | 98.27 98.38
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