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Research on open-circuit fault diagnosis of inverters based on multi-modal
three-branch heterogeneous fusion

LIU Wei', WANG Lan', YI Guanqun®
(1. School of Electrical and Information Engineering, Northeast Petroleum University, Daqing 163318, China;
2. State Grid Information & Telecommunication Group Co., Ltd., Beijing 102211, China)

Abstract: A three-branch heterogeneous fusion diagnostic method based on GAF-RP-LSTM-Transformer is proposed for
inverter open-circuit faults. First, the output current signals are processed to extract localized fault characteristics through
complementary ensemble empirical mode decomposition and phase randomization techniques (CEEMD-PRT). Then, the
one-dimensional temporal signals are converted into two-dimensional images via Gramian angular field (GAF) and
recurrence plot (RP) transformations, effectively leveraging global trend features (GAF) and nonlinear dynamic
characteristics (RP) embedded in the temporal sequences. To overcome the limitations of conventional one-dimensional
feature extraction in spatial correlation representation, a long short-term memory (LSTM) network is employed to capture
dynamic temporal features, while a dual-branch GAF-RP-Transformer model extracts spatial features from the
two-dimensional images. To enable multidimensional fusion of temporal and spatial characteristics, a novel heterogeneous
feature fusion module is proposed, leveraging the complementarity of multi-modal images to enhance the model’s ability
to capture subtle fault differences. Experimental results demonstrate that the proposed model achieves a classification
accuracy of 99.3% on the test sets, significantly outperforming comparative models while maintaining high diagnostic
accuracy under varying noise conditions. In particular, under 30 dB and 20 dB noise levels, the accuracy degradation
remains small, indicating strong robustness. Simulation results validate the effectiveness and superiority of the GAF-RP-
LSTM-Transformer three-branch heterogeneous fusion framework in inverter fault diagnosis.
This work is supported by the National Natural Science Foundation of China (No. 62473096).

Key words: inverter open-circuit fault diagnosis; multi-modal three-branch heterogeneous fusion model; CEEMD-PRT
algorithm; heterogeneous feature fusion

HEEWH: BRAABFELTAR K8 (62473096)



-72- B 2GR 54

0 38

TE “XB” HREEIREN T, B RGUE D R ]
AREIREAL, K. JBREENLE LB RS WA
SHENH RN I AR O %, HsAT RS B
FL R A R 1 5 sh A AT A U AR A% 3 B
e 0, 45 S W e 5 R B e R B R ] R B H
TR Ko R RS, R S B R S &
BRI o 214 TS0 I P 0 5 48 W 2 AR A
7 T 4 i s DR B i 1k 88 2 W R ATy B iR A iF 72 ),
LG MU T T AR (insulated  gate bipolar  transistor,
IGBT)#s R B 2R 52 B AR 7, i 9 300 738 4 i
Fen R A o SN I AT RS AT B R ) R
B eI SRR R B, TR R G FE R
DR RIF 52 000 A8 5 T B W B AR, o6 O B 7 e D
M5B RGEisiT BAREERE X

TEISAR SRR IS W, FZERAR A AHEE
SANFR, LA ) BRSO ek, IR
S SR O SO R SCER[11 3R 2R T F & .
1E AL 22 301 46 A7 #2844 (convolutional neural
network, CNN)SEHL R 732, i 73 #r i AR & 40 b
SRR AR IR S 2 SR 12] Rk & g% Bk
(genetic algorithm, GA) . B #f & 7% (ant colony
optimization, ACO)5 % [F] /% #% (back propagation, BP)
W&, gG b B A8 3 (fast Fourier transform,
FFT)$R MR ARFAE: SCHER[131R /N i 5 &
TR MG R S 5. BTk AT —
A5 SHRFESEEL, AR — . A A FFAE Rl
HARMFIR .

RRFHRHE RIS RE T, a2 gI A
FIEAAL SR SCHER[1418 S 2230835 77 fi# (empirical
mode decomposition, EMD)¥ — 415 5 5 ok — 4
W, 46 4G4 M 4% (two  dimensional
convolutional neural network, 2D-CNN)#EA T2 87;
BR[1STMIFH FET FALE S fOAE Fa i it A 2D-CNN
PEHURFE. 2R, BA 7 ERIR T8 — 1, R
Re A A& I 7 sh A RHE S 2 B EHR 1) B AME
#, FEEREE LRI AL

IR, PAEE P %0/ Transformer
USR] JLK B B AR AR L e 7, 76 AR & AL PR
(natural language processing, NLP). 15 & 1R 7 A& i H 5
HURL 5 (computer vision, V)AL HIR . £
SRR FAT B E R S, W AT A 2 U
&R HE AR I T Transformer 5 2 32 2% 7+
PRS2 () BIp [R) A T AE W12 W 0 v R 78 7 R R

RVHEH GAF-RP-LSTM-Transformer = 3¢ %
SRR G AT o B P B A RIE(LSTM 3Ci%). 4
Jey B REE(GAF-Transformer 32 ) 5 26 50 114
FEAIE(RP-Transformer 322K BE Rl G, TR MR — IS
S 22 o AN[R) SR I I 5 5 2 R AR AT G SR
BT RHMER S, TRES R4 AN L B
G B E RN FEOC WAL MR % 7ESR R
by AR — M AE B R R R A R, e
AN RIS [PV RFAE HEAT 1x 1 45 A5 AH 36 Ak £ S T 5 A
BAREE, H4EHFEZEIVRNESTCNE, ik
KBERHIE . X PG 7 NI 1AL G T R,
AT MR OGRS B, e AR TS W e
H&EEME. WA s S WAL 1 Sk B AR
1 TR AREPERRE ST

1.1 HWiEE R TERIE

AT YRR AR S A T B, R =
MRS INE Y, Hh s 6 4> IGBT JF k& T,
L LCL Ry ip & 0k 30048 4 HY 10 A2 it L AT
TEBALER, A Y PR IR SE O BN T REOL T, LCL
REPE WA HA PERBOR RAf . BV~ e AL
R AR PO R A 2 2 LR 4 4
S5 1 PR

T, T, T,
7. 3.0
Loi, R

1,

T. T
y : 5 Uey | Uey, ”i
T 7C
m4§q4§q TTTE

B 1 =R TRAINE R E
Fig. 1 Schematic diagram of three-phase inverter topology
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Table 1 Fault types of inverter
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iy El 0] IGBT1, IGBT4 8
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. IGBTI, IGBT5 12
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Fig. 2 CEEMD-PRT decomposition diagram
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