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Fault diagnosis of grid-connected inverters based on symmetric-point pattern and
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Abstract: To solve the difficulty in diagnosing open-circuit faults in same-arm double-switch and inner single-switch in
grid-connected neutral point clamped inverters, as well as the increased computational load and diagnosis time caused by
excessive detection signals, a fault diagnosis model combining symmetric-point pattern and enhanced convolutional
neural network (ECA-ConvNeXt) is proposed. First, the three-phase “midpoint voltages between upper and lower bridge
arms” are defined to distinguish same-arm dual-switch faults from inner single-switch open-circuit faults, while A-phase
current is used to diagnose other fault types. Then, four types of signals are fused into a single “snowflake diagram” using
the symmetric-point pattern, enriching data features while reducing computational complexity. Finally, dual-size
convolution kernels and an efficient cross-channel attention mechanism are introduced to improve the feature acquisition
and generalization ability of the ECA-ConvNeXt model. At the same time, the activation function and residual module
stacking are optimized to balance diagnosis accuracy and speed. Experiments show that the proposed method achieves a
diagnosis accuracy of 99.53% for 79 types of single- and double-switch open-circuit faults, including same-arm
double-switch and inner single-switch faults, with an average test time of 8.82 ms, effectively balancing accuracy and speed.
This work is supported by the National Natural Science Foundation of China (No. 52207102).
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Table 2 Ablation experimental results of ECA-ConvNeXt model

LR ZH/M FLOPs/M HEHLI [H]/ms KGR /Y%
SR 27.88 1452.00 8.998 95.72
JRAR A0 ) 45 U 28.02 1465.00 10.732 97.52
JRBERL + R F B + R RS 10.41 527.12 4.823 96.23
JRBERL + RS B + R R E M + ECA 10.42 528.06 6.864 99.56
JRBERL + R B + B RS MH+ECA+ReLU 10.42 528.05 6.136 99.56
SRR + RS B + HES B 1500 + ECA + ReLU + 2 fliE ) 5k 6.10 301.10 5.617 99.53
22 FATIR, ECA-ConvNeXti AU AE B itk i fE ] ECA-ConvNeXt % ,
I GRS BRI HEblockMES 2 & TN 100 g T ”
ECATER AU B B o 5 A R SE@ i 4 7K % _’\ 1
PO SR, ARTHBR RS, HAE SRR L < wll 15
"~ W= . \ < X
6T B SRR . TR ZR BRI TN ], 7545 g ] R -
UEBA T X e M i A AT T AT | ﬁﬁi 1
3.4 BECA-ConvNeXt B9iI%. ik R ¥ftL ”‘\“ & Grns
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ECA-ConvNeXt HIIZR&E R anE 13 fis, BEE
WRE R IR, GRS EEIAR] 100%, Pk
FEAKE] 0.0018, LOEFS L F] 99.62%, WiEi b
K3 0.0282. 23T 50 # YNGR B]— MNMINZRRUR K47
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Fig. 13 Training accuracy and loss
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Fig. 14 Confusion matrix for diagnosis results of

20 random fault types
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7 21.76 M, FLOPs R[% T 79.26%; 5 ResNet 34 Fll
L5t JU{AT4H 16(visual geometry group, VGG16)AH EL,
SRy MIPEAR 15.69 M A1 128.48 M, 7E FLOPs |43
WIRPE T 74.40%F1 94.11%. ECA- ConvNeXt —#&
FIYIZRIS TR N 10.89 s, WIARS [EA 8.82 ms, 5
ConvNeXt T. ResNet 34 1 VGG 16 fHEL, s
LR DN EE 3.81%. 227%M 14.12%. 5
ConvNeXt T 1 ResNet 34 #HLt, ECA-ConvNeXt ]
ST 340333 B TR) 45 53] PR AR 2.28 ms AT 2.49 ms. 7E ECA-
ConvNeXt fi 7 545 5 2F fh 25 [X 4% MobileNet V1 H]
SpEE A, B SR AH B MobileNet VI #7%, ECA-
ConvNeXt A IS N 7 2.81 M. FLOPs 341
194.4 M. VI ZRE ] RN 18] 73 B30 T 6.64 s A
433 ms, {H ECA-ConvNeXt H%Y {5 ks f& tb
MobileNet V1 #7555 4 20.99%.

# 3 TEIEE)SRAIR %R

Table 3 Training and testing results of different models

i 1]
ot ZHUM FLOPSM — ———— FiE/%
ks Wik/ms
SDP +
6.10 301.1 10.89 8.82 99.53
ECA-ConvNeXt
SDP +
27.86 1452.0 21.67 11.10 95.72
ConvNeXt T
SDP + ResNet 34 21.79 1176 11.89 11.31 97.26
SDP+ VGG 16  134.58 5112.0 28.53 7.86 85.41
SDP+
. 3.29 106.7 4.25 4.49 78.54
MobileNet V1

iR s34 2R B ECA-ConvNeXt A7 55 fii f&iviti
iﬁﬁ%ﬁ%ﬁﬁﬁ’]m#?ﬁﬁﬁﬁﬁ% M H ECA-
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Fig. 15 Visualization image of different model output feature
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A MobileNet V1 HAHRELRHEAIAEAEA [FIFE L
(FIZRANTR AR, 79 Pl 28 I RFIE A 58 X 4y
JF. X3 H] ECA-ConvNeXt 5 R 7F fik fsdd fiE #2 B
A AR SR .

3.5 S MM
3.5.1 Mg A

iﬁr“ﬁﬂrh E T R AR 5 2 e T,
WA 12 W7 g 2 e TR R AR R R AT REE R S R
HNT EME%% SDP Il ECA-ConvNeXt ] it f&E 12 7
R R B, SR 20 dB {51 L (signal-
to-noise ratio, SNR) =y 7 1 M 75 4 11 Zh 4 42 )
% . JF3H SNR 20 dB. 25 dB. 30 dB. 35 dB
A1 40 dB FIBEE HEATINRIT . 2 4 28 T AR [EE
Eb N 7S [ e 22 o) 2 A 8 () ik 4

x4 gRRY, EAFGEEELAM T, ECA-
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ConvNeXt F R [ f5 BE  fLT- ConvNeXt T A7 100F — o
ResNet 34 #7 . VGG 16 15 74 fl MobileNet V1 7, F ) sl 98.54
&4 SDP Rl ECA-ConvNeXt [ 55 7£ 20 dB.25 dB. 98 [ welisem o744
30 dB. 35 dB A1 40 dB 214 NI T BIRS L UG 244 o6.45 05209645
95%UA L. % SDP Fil ECA-ConvNeXt FIEAIAE | . - 9548
20 dB 4 1F F 9K RE Ee 25 dB I R F% T 1.40%, 25 dB = P "
FHEL 30 dB K5 T 4 0.88%, 30 dB AHEL 35 dB A5 /% %41 9,67 .67
% 1.08%, 35 dB AL 40 dB FEE R % 0.37%, X 9222
stk LK Bl 3T SDP fll ECA-ConvNeXt ff i i i2 W .l
TR S0p I 5 A — 5 KPR

*F 4 BETIRTARERAMRGE R O e % 3% % 4%
Table 4 Test results of different models under noise interference A R v

K%
40dB  35dB 30dB 25dB 20dB
SDP + ECA-ConvNeXt 9898  98.61  97.53  96.65 95.25

A

SDP + ConvNeXt T 94.14 9386 93.04 9247 91.08
SDP + ResNet 34 96.20 9592 9551 9386  92.24
SDP + VGG 16 83.54 82.12 81.01 78.48  74.53
SDP + MobileNet V1 74.96 73.04 7290 6946  64.59
2D + ECA-ConvNeXt  93.67 9342  93.10 9241 90.01
2D + ConvNeXt T 92.45 91.14 89.87 87.34  85.09

3.5.2 FF X He 38 Bl ik

SERRHFEREATH, AR A B DL R R
WESFREME, TR FERMBER AR, 3t
T 5210 3 A0 s P i HE AR M RSB 2 W v 1. TR
I, SO UE RIS TR Y 7 B R B 2 T B RE
SEHRLRIY AR 35 76 S b HL ) i) SIS AT L ZEHA T .

NP TR 3L T SDP Al ECA-ConvNeXt i [# 12
Witk B 7E HUR BB A R I B Rz AR /T, K
SCHEE R I BRI R T £2% £3%F1£4% 1) HL
WBhTE R, DUSHLSL b Y o orT B IR A (R H
DL MAREHE o AR EFNREE, I
A58 F e H — o R 30 B3 Bl R AT U 2, R
L NTE FAth e 5 26 AF R AT IRAE . F AR &
£ 5 Fn. B 16 JER T EANE R BEEE
R

x5 NZESRAMIAE

Table 5 Training set and corresponding test set
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Fig. 16 Test accuracy under different voltage fluctuation ranges
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Fig. 17 Influence of light intensity on fault detection signals
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Fig. 18 Confusion matrix for diagnosis results of

20 random fault types
4 i

E15F 5 NPC 0048 48 [0 B i, $2 4 1 —Fb
Mis% A

F£F SDP 1 ECA-ConvNeXt #5712 W 771 .
Him i IR IO UE T m A AR, E AR
wmr.

1) A=A0 “ B R A s (B E R A AR
FAE N IR A IS5, REREHERA X 40 AL & R
TR KPR R P N B A B P 1) 79 P B L LA %
B, e/ RIS W R R AR AR B, BRIR T R
G FetE FEA

2) fiH SDP #HATAbEE, ¥ 4 /M55 WL AR AL
. A NIk “CHIEEY NN, 5
2D H A d NSRRI B, ECA-ConvNeXt FE 7Y [k
Tt 5.29%, NS WAL T 5 E IREE S

3) it J5 i) ECA-ConvNeXt HERY, 7F 1 35 o}
FEEAR 2 B3R BRI AL BE 68 77 16 TR I BRI T X 48 &
F P, SRS WORE BE IR 99.53%, P XA ]
N 8.82ms, 5 ConvNeXt T #HAIFHELFEEIR S
3.81%, ~F¥JM LS [ gk 2> 2.28 ms, ZHFE K
21.76 M, FLOPs T [# 79.26%, Fei 1 ki 5 F B .
[ 7E 20 dB. 25 dB. 30 dB. 35 dB Al 40 dB I
KA TR B BN 95.25% 96.65% -
97.53%- 98.61%A11 98.98%; A[FIHLEI B
()T 350K5 FE A 96.84%; AN [EIG HR B FE 25 41 R P340
N 99.15%.

= A HREXRBIR IR
Table A1 Fault types and labels

st W2 R W2 st W2 R W RR 2 R W2

¥ 0 Sa2Sa3 16 Sa1Ss2 32 Sa3Se2 48 SgiSc2 64
Sai 1 Sa2Sas 17 Sa1Sss3 33 SasSp3 49 SpiScs 65
Sa 2 SasSas 18 S1Sp4 34 Sa3Sp4 50 SpiSca 66
Sas 3 Spi1Se2 19 SaiSci 35 SasSci 51 Sp2Sci 67
Sas 4 Sp1Se3 20 SaiSc2 36 SasSca 52 Sp2Sc2 68
Sgi 5 SB1SB4 21 Sai1Scs 37 Sa3Scs 53 SB2Sc3 69
Sg2 6 Sg2SB3 22 SaiScs 38 Sa3Sc4 54 Se2Scs 70
Sp3 7 Sp2Sp4 23 Sa2Spi 39 SasSpi 55 Se3Sci 71
Sga 8 Sp3SB4 24 Sa2Se2 40 Sa4Sp2 56 Se3Sc2 72
Sci 9 SciSc2 25 Sa2Sg3 41 SaaSp3 57 Se3Scs 73
Sca 10 SciScs 26 Sa2SBa 42 SA4Spa 58 Sg3Sc4 74
Sc3 11 SciSca 27 SaxSci 43 SasSci 59 Sp4aSci 75
Sca 12 Sc2Ses 28 Sa2Sc2 44 SasSca 60 Sp4Sc2 76

SaiSaz 13 ScaScq 29 Sa2Scs 45 SaaSc3 61 Sp4Scs 77

Sa1Sa3 14 Sc3Sca 30 Sa2Sca 46 Sa4Sc4 62 SpaSca 78

Sa1Sa4 15 Sa1SB1 31 Sa3SBi 47 SgiSci 63
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