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Fault diagnosis of air circuit breaker based on IOOA
optimized GRU-GASF-RP-ViT

Li Bin Wang Zhipeng Wang Xingzhi
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Abstract: As an important protection equipment in distribution system, the fault diagnosis of universal circuit breaker (ACB) is very
important for the stable operation of power system. However, the traditional single-modal model cannot fully describe the characteristics
of the data when extracting features, resulting in a decrease in the accuracy of fault diagnosis. To solve this problem, this paper proposes
an improved osprey algorithm to optimize the gated recurrent unit-graham angle and field-recurrence plot-vision transformer ( GRU-GASF-
RP-ViT) universal circuit breaker fault diagnosis model. The model combines one-dimensional signal and two-dimensional image features
to describe the characteristics of the data more comprehensively from the perspective of time series and space. The accuracy of fault
classification and recognition is improved. Firstly, the one-dimensional vibration signal is converted into two sets of two-dimensional
images by GASF and RP respectively. Then, the two-branch ViT is used to effectively learn the spatial and local features of the two sets
of two-dimensional images. The other branch captures the dynamic changes and trends in the one-dimensional time series signal through
the GRU, and realizes the parallel combination of GRU and the new two-branch ViT. For the hyperparameters that are difficult to
determine in the model. The improved osprey algorithm is introduced to optimize the parameters to make the model more reasonable.
Finally, a circuit breaker fault simulation experiment platform is built. By comparing with the other four models, the accuracy rate has
increased by 3.3%~13.3%, it is verified that the proposed model has higher diagnostic accuracy.
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Table 2 Comparison of the optimization results of different algorithm test functions
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Table 4 Diagnostic accuracy of each model
under different SNR (%)
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Table 5 Comparison of the performance of the models

ut WS S R 9%
GRU-VIT 75.7
PSO-GRU-VIT 84.3
SSA-GRU-VIT 87.7
DBA-GRU-VIT 89.3
00A-GRU-VIT 91.7
100A-GRU-VIT 98.3

2R I 1 TOOA-GRU-VIT #5570 A H At 35 A1 Ak
KA AT R T 6. 6% ~22. 6%, % Tz
WHAT 4511 55, YA 236 1) 2 TH 38 o 25 7 S B o P R A o
G ETS: 20 = e DR 1 7 B2 RO S B A N
RIFE ACB MUBRK 2 T b A e o 1 3 Ll 7 A
L
5.6 HEEIXTEL

SR TR AR IR AS SCARE 4l R 12 A TR ) P R A
Sl 3 A B RIS U A Y L b 3 41 SOTA A Y
AMDC-CNN"*! Res2Net'™ MMFNet'?" it 17 % [, A
PRITAS 8 — 20tk 150 A8 A R S 5 3T, 15 30RTR
BT TR Y FE R a1 13 T, 3 BG4 28 S 34 v
KK 14 iR,

I3 HT I8 14 K8 AT %0, GASF-GRU-ViT , RP-GRU-ViT
FL PG TE AR ALK — 2 B Y A5 5 A A KRR BT
FHIEFE T R AN 56 4, S 3UE AT 7 S0 R AE 42 B A7
FEistls ., 1 D-GRU 2B B AU F 1 )3 {5 55 e A, A ik
FFH e MG e ) 7= A 1 £ & 5 B, NI R 2R A5 5 b
P 2R AE , RIUARXS 3022, ILAh, 5 25 W = a2 ks 7Y
(SOTA) AH L, AR SCASE A [R] A 2 B0 i BH S A 3, oo i %
4% % It AMDC-CNN , Res2Net Fil MMFNet & i1 5.0% .
1. 6% 3. 3%, L5 R VE, B S AR AL 7E R AE 32 B S S
Bl D5 TR B B B AR Y, 7E ACB SIS W b A% 2 1 i
R
6 & &

AR SCER X T 58 2T 2 R 2 IR SRR I Y )
A, AN HT M b B T —FR 3L T 100A fE1E Y GASF-RP-
GRU-VIiT ZRL8 /&2 W77k, I s i 1 5 fig =X i
BRI S W A, % 98 T D EIR B A 5
fE5 GASF RP PHFP GRS TR L&, 2208 T 1548
B R PERE . [RIAS ST XSS AR f g 1353
5| A T00A XA GRU BAICEL “F ) % MSA JZ2 5%
S TR, E— 2B 82T T 28R, IR H K
AL S IGF-F |, 5 4% GE MRS O T N 2 W B R AR
Lo MERRRARTE 3. 3% ~ 13. 3%, i /2 7 RE X 07 2 ik e



C 74 . B

5 A8 2 4R 55 39 &

I 20 0 o 0 0 [} 10 l 20 o o 0 o o 100% l 17 0 3 0 [] o 85.0%
18.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 16.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 142% 0.0% 2.5% 0.0% 0.0% 0.0% 15.0%
ol o 20 [ [ o 0 21,0 18 0 2 0 ] %00 9] 0 18 0 2 0 0 0.0%
0.0% 16.7% 0.0% 0.0% 0.0% 0.0% 0.0% 15.0% 0.0% 1.7% 0.0% 0.0% 10.0% 0.0% 15.0% 0.0% 1.7% 0.0% 0.0% 10.0%
3 0 0 18 0 3 o E 3 0 0 19 0 1 0 95.0% E 3 | 0 16 ) 1 0 80.0%
0.0% 0.0% 15.0% 0.0% 2.5% 0.0% *K = 0.0% 0.0% 158% 0.0% 0.8% 0.0% 5.0% *K = 2.5% 0.0% 13.3% 0.0% 0.8% 0.0% 20.0%
0 0 0 19 0 0 m 2 o 18 o o 90.0% m [} 2 0 18 0
0.0% 0.0% 0.0% 15.8% 0.0% 0.0% E 4 0.0% 1.7% 0.0% 15.0% 0.0% 0.0% 10.0% E 4 0.0% 1.7% 0.0% 15.0% 0.0%

FUERTR M

0 0 0 18 0 o [ 1 0 18 3 80,09 0 0 1 0 16
5| vow | oow | 17 00% | 150% | 0.0% S| oow | oow | osw | oow | wew | 28 [ 00n S| oow | oo% 08% | 00% | 133%
o 0 0 0 o 20 100% 0 0 0 0 3 17 | 8507 0 0 o 0 3 R
6| oo% | ovw | oow | oow | vow | 67w [ oo 6| oon | 00w | oom | oow | 2% | w2 | 0% 6 oow | oo% | oow | oo | 2s% | 142%
100% | 100% | 900% | 100% 7% | 100% 100 00% | 800% 90.0% 85.0% 800% | 900% | 800% | ss0% | 850%
0.0% 0.0% 10.0% 0.0% 3% 0.0% i 0.0 5.0% 10.0% | 20.0% 10.0% 15.0% 20.0% 100% | 200% | 150% | 150%
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
T 2] T tH 25 T 5 251
(a) GASF-GRU-Vi T %] (b) RP-GRU-Vi T &L (c) ID-GRUARZEL
(a) GASF-GRU-ViT model (b) RP-GRU-ViT model (c) 1D-GRU model
20 0 0 0 0 0 100% 2 Y 0 o 0 i (U 20 0 ) ) 0 0 00%
1| 167% oo | oo% | oow | oow | oow | oow 1| 167% | oo% | oo% | oox | oo% | oo | oox 1 [Pz | oo | oo | oo | oo% | oox | oo
0 20 1 0 1 1 87.0% ] 20 0 o o 0 100% 0 19 0 o o 1 5.0
2| oo ter% | oo | oow | vew | oew | 10w 2| oo% | 6% | oo% | oo% | oow | oow [ oo 2| oo% | 1% | ao% | oo% | oow | osw | so

0 0 18 (] 0 (] 100%
3| oow | oo% | 150% | oo% | oo% | oo | o

(%}

0 0 0 0
00% | 00% | 167% | 00% [ 00% | 00%

0 20 [ 0 0
00% | 167% | 00% | 00% | 00% | 00%

w
o
ge

0 18 2 0
00% | 00% | 150% | 17% | 0.0%

) 9
00% | 00% | 00% | 150% [ 17% | 00% | 100%

[ 18 0 2 90.0%
00% | 00% | 150% | 00% | 17% [ 100%

FSRPTR IR
o~
FSEPT R
i~

HATR 5]
-

5| oo% | oon | oow | 1w | maw | oow H | || e | o i 5 ||tk | ome | i oo TEER LS| Lo
6| o g% o g% [ z‘s% 0. ;% 0 g% 151 :% 6 D-:% 0. g% o. g% 0. g% O-g"/n 152-;% ‘008 6 o.g% u.;% n.g% 1;% o.:% 141;%

100% | coo% | soo% | sso% | esow | sasm 100% | 100% | 100% 6 | s00% | 100% | a6 100% | 950% | 100% | %00% | 100% | sso% | esew

00% | 100% | 100% 67% 00% | 00% | 00% | 100% | 100% | 00% | 33% 00% | 50% | 00% | 100% | 0.0% | 150% | 0%

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
B 251 T s 250 T s 250
(d) AMDC-CNNAR 24 (&) Res2Nets ! (f) MMFNetf
(d) AMDC-CNN model (e) Res2Net model (f) MMFNet model

K13 A5 BORINAAS 5
Fig. 13 Test results of each model

O ARz VR [ HofiAe R

1007 98 3
95.8 o5 267
& 95y 933
g 90.0
;@90-
@
85.0
R g5+ .
o
=
80-
75
§ & 5§ g £ o3
A g & & 8 o
* & & < § &

E 14 HBERIAER R

Fig. 14 Comparison of accuracy of each model

BIPUINEOR , (HT 28 2, Z IR T A L ke B Y
LARPEEOR ARG BRI UGS TT i 20 B, % fih Sk
BEIh A AL R I W AT E— PR AR TR il
AR IR 5F 2 W BRSBTS AR

LS

St

[ 1] XERE, 240is, ARRIR, S5 JETHLE L8 1Y T

Wi AU PRI D L )], A TR 24, 2023,
38(S1): 222-230.
LIUYK, LIHY, LINTR, et al. Measurement method
of mechanical properties of high voltage circuit breakers
based on machine vision [ J]. Journal of Electrical
Technology, 2023,38 (S1) . 222-230.

[2] LUY, LI'Y. A novel fault diagnosis method for circuit
breakers based on optimized affinity propagation
clustering[ J |. International Journal of Electrical Power
& Energy Systems, 2020, 118. 105651.

[3] ZHANGHY, XIEYZ, YITQ, et al. Fault detection
for high-voltage circuit breakers based on time-Frequency
analysis of switching transient E-fields [ J ]. IEEE
Transactions on Instrumentation and Measurement, 2020,
69(4) . 1620-1631.

(4] I, wHfE, R4, %. T VMD fl KFCM-SVM
PR o RS BT S e P IR IR S B RS W Tk (0], R
#%, 2024, 60(8) ; 53-62.

MA L, HUO Y J, WU Y, et al. A combined acoustic-



12 3

IEF T00A 4k GRU-GASF-RP-ViT 17 BE R W7 % fa i b 12 Wt - 75 -

(5]

[6]

(7]

[8]

(9]

[10]

[11]

vibration fault diagnosis method for high-voltage circuit
breakers based on VMD and KFCM-SVM [ J]. High-
Voltage Electrical Appliances, 2024, 60 (8) . 53-62.
WY, VRkAE SKIESE, 4F. 5T IDBO-DHKELM (1
= PRI 2t 2 W [ J/0L . L TR A2 4R, 1
12[2025-11-06].

FAN X M, XU H H, ZHANG S SH, et al. Research on
fault diagnosis of high-voltage circuit breakers based on
IDBO-DHKELM [ J/OL ].
Technology, 1-12[ 2025-11-06] .
KRB, X%, , . 3T VMD-1DCNN-
GRU E’Jiﬂi%ﬁ&l&fx‘ﬂfﬁ[]] iﬁ‘ﬁ“”ﬂi(fn BB
M), 2025,43 (1) 34-42.
SONG J B, LIU J L, YAN R X,
diagnosis based on VMD-1DCNN-GRU [ J]. Journal of
2025,

Journal of Electrical

et al. Bearing fault

Jilin University ( Information Science Edition ),
43 (1) 34-42.

BRI, ARaE, wlitith, 55, BT /0N kA IR R AR
22 245 1 B % A B a2 B e B (0] iR 3l bl
2020, 39(10) ; 198-205.

YAN R W, LIN CH, GAO SH X, et al. Fault diagnosis
and analysis of circuit breakers based on wavelet time-
frequency diagram and convolutional neural network [ J].
Vibration and Shock, 2020, 39 (10) . 198-205.
NS, sRIELE ESROT, S AR T IES R G
MTL-SEResNet AWl e fie B2 PAG [ )] A0
254k, 2022, 43(6) ; 162-173.

SUN SH G, ZHANG T T, WANG J Q,
of circuit breaker fault degree based on continuous
wavelet transform and MTL-SERESNet [ J . Instruments
Journal, 2022,43 (6) . 162-173.

FLSE, MARL - R H, AR, 45 LT SO-PAA-GAF
H1 AdaBoost 1% 2T B FEWT S A OB I2 T[] H
NERGRY G, 2024, 52(3) : 152-160.

SI J K, TUSONGJIANG K R, FAN X,
diagnosis of high voltage circuit breaker based on SO-
PAA-GAF and AdaBoost integrated learning [ J]. Power
System Protection and Control, 2024, 52(3); 152-160.
BTN, TR, s, AF BT EMDPWVD
PG AN VIT 9 4% 19 78 S il R B RESL B2 T[],
WRsh 5hdi, 2024, 43(11) . 246-254.

FANHW, MANG, MAJT,
diagnosis of rolling bearings based on EMDPWVD time-
frequency image and improved ViT network [ J J.

Vibration and Shock, 2024,43 (11) ; 246-254.

et al. Evaluation

Fault

et al.

et al. Intelligent fault

A5k, AT, 5T GAF-CNN A9 5 [ HL S 51 5 2
WEELT ). HL I 5 AR 2 i, 2022, 36 (1)
188-195.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

LI B, YAN J Y. Research on arc recognition method
based on GAF-CNN [ ] ].
Measurement and Instrumentation,
188-195.

T, REM, AR, % RTZEIERFS 48
JAA i AT ECA-ConvNeXt 9 [R] 25 HL L =5 BELA i e
BEis W [J]. WO R 2% 4, 2024, 39 (20):
6397-6408.

DING W, SONG J C, LU S L,
contact fault diagnosis of PMSM based on multi-channel
signal and ECA-
ConvNeXt [ J]. Journal of Electrical Technology, 2024,
39 (20) : 6397-6408.

DOSOVITSKIY A, BEYER L, KOLESNIKOV A, et al.
An image is worth 16x16 words:
scale [ J]. ArXiv
2010. 11929, 2021.

Te¥r, FAF, B, % BT WK DenseNet-ViT
A 25 R A% 2 > (R A HILIL ik B2 B [ ]
LTI S ARSI, 2024,38 (1) 40-47.

QIAO Q, WANG H J, MA K et al.. Gas turbine rotor

fault diagnosis based on improved DenseNet-Vit joint

Journal of Electronic

2022, 36 (1)

et al. High-resistance

two-dimensional recursive fusion

Transformers for image

recognition at preprint  arXiv;

network and transfer learning [ J]. Journal of Electronic
2024, 38 (11)

Measurement and Instrumentation,

40-47.

X 4ewk, #EOEE, 4. Rl R A
Transformer BIFAGRBIL[J]. BTFHEE A, 2023,

46(23) . 50-55.

LIU H Y, HUANG C, JIN H J. Attention-enhanced
algorithm [ J ].
Electronic Measurement Technology, 2023, 46 (23):
50-55.

ZHAO Z, HAO K, LIU X, et al. MCANet: Hierarchical

cross-fusion lightweight transformer based on multi-

visual Transformer image retrieval

ConvHead attention for object detection[ J]. Image and
Vision Computing, 2023, 136 104715.

OZANICH E, GERSTOFT P, NIU H. A feedforward
neural network for direction-of-arrival estimation[ J]. The
Journal of the Acoustical Society of America, 2020,
147(3) : 2035-2048.

MENARY S, KASKI S, FREITAS A. Transformer
normalisation layers and the independence of semantic
[J].  ArXiv 2406.
17837, 2024.

DEHGHANI M, MONTAZERI Z, TROJOVSKA E, et al.

Coati optimization algorithm: A new bio-inspired metaheuristic

subspaces preprint  arXiv:

algorithm for solving optimization problems[J]. Knowledge-

Based Systems, 2023, 259. 110011.



- 76 -

LSRR R e o

39 &

[20]

[21]

(22]

[23]

[24]

[25]

[26]

(27]

W, UK. 2R LA I BE S R[]
S T AR, 2024, 43(9) : 59-68.

HUANG Z J, DAI Y Q. Multi-strategy fusion zebra
L]
Measurement Technology, 2024, 43 (9) . 59-68.
YAO L, YANG J, YUAN P,

swarm

optimization  algorithm Foreign  Electronic

et al. Multi-strategy
Global

Biomimetics,

improved sand cat optimization ;
optimization and feature selection [ J ].
2023, 8(6) : 492.

INEESG, B e, Wi, 55, JETIRSN-f ) BURHE
SIS Wk s 2 MERIZ W], AR R
i, 2024, 45(1) ; 46-59.

SUN SH G, YANG F L, CHEN J, et al.

diagnosis of circuit breakers based on vibration-current

Multi-fault

wide-area characteristics and soft sharing mechanism [ J].
Chinese Journal of Scientific Instrument, 2024, 45 (1) .
46-59.

FU Y, ZHOU K, ZHU G, et al. A partial discharge
signal separation method applicable for various sensors
based on time-frequency feature extraction of t-SNE[ J].
IEEE Transactions on Instrumentation and Measurement
2024, 73. 1-9.

SR, XS, E#E, %, 3T FBSE-ESEWT (15 %
WIS WT 7 [T]. B 5 AR R, 2025,
39 (4) . 234-246.

ZHANG R, LIU T T, WANG Y, et al. Gear Fault
Diagnosis Method based on FBSE-ESEWT [ J]. Journal
of Electronic Measurement and Instrumentation, 2025,
39(4) . 234-246.

WANG D, LI'Y, JIA L, et al. Novel three-stage feature
fusion method of multimodal data for bearing fault
diagnosis[ J]. TEEE Transactions on Instrumentation and
Measurement, 2021, 70, 1-10.

MOU Z, HAN X, FU B, et al. Fault diagnosis method of
the USV based on improved Res2Net multiscale feature
fusion[ J ]. IEEE Sensors Journal, 2024, 24 (15):
24892-24904.

ZHANG Y, FENG K, MA H, et al. MMFNet:

i 1

Multisensor data and multiscale feature fusion model for

intelligent cross-domain machinery fault diagnosis [ J].

IEEE Transactions on Instrumentation and Measurement ,
2022, 71 1-11.
fEEE T

25, 43 W 7E 2003 42006 4F 1 2012
ETILT TREAR R ERAG 7 e At
AL 2 A, ORI T TR R Rl
B, W IET5 1) g VL ik AR SN
BRER SR RER MEA
E-mail ; 25992816@ qq. com

Li Bin received his B. Sc. degree, M. Sc. degree, and
Ph. D. degree from Liaoning Technical University in 2003, 2006
and 2012, respectively. Now he is an associate professor in
interests

Liaoning Technical University. His main research

include electrical contact theory and application, intelligent
appliances and smart grid technology.

FREME G R ) 2023 AFFILT T
PRI A 2 o, BN T TR
PARKEBLWFTE A, W57 0] g v 3
il BRE S R RE R A% R BEFRL AR
E-mail ; 321363244@ qq. com

Wang Zhipeng ( Corresponding author )
received his B. Sc. degree from Liaoning Technical University in

2023. Now he is a M. Sc.

University. His main research interests include electrical contact

candidate in Liaoning Technical

theory and application, intelligent appliances and smart grid

technology.

FEZ,2023 4TI T TR A RS
PAFE 2B, NI T LB KA
WFFELE, T WE 5T 7 1] O o 4 floh B8 % g
B RER AR SR BEHLEAR
E-mail ; 1361200328@ qq. com

Wang Xingzhi received his B. Sc. degree

from Liaoning Technical University in 2023. Now he is a M. Sc.
candidate in Liaoning Technical University. His main research

interests include electrical contact theory and application,

intelligent appliances and smart grid technology.



