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Fig.1 Topology structure of MMC inverter
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s Jridk:

A/ % Pr/ % R/ % F o/ %

nacro

1 XHk[8]-mRVM 7648  81.73 73.35 74.78
2 k[ 8]-SVM 9330  92.99 92.49 92.70
3 k(9] 85.25 8643 83.56 84.66
4 SCHk[ 10] 9274  92.82 91.81 91.95
5 K Ti ik 99.00  99.07 99.25 99.16
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Table 2 Comparison of results among different

deep learning networks

% B2 WNET S / % -
-2 -1 +1 +2 +3
DNN 99.07 89.88 96.13 99.53 100.0 419069
CNN 99.75 97.02  99.82 100.00 100.0 42141
DSCNN 98.68 84.28 89.07 9642 99.6 10971

SE-DSCNN  99.98 99.97 100.00 100.00 100.0 12255
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Fault diagnosis method for switches in MMC based on SE-DSCNN

ZENG Zhaorong, HE Yigang
(School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China)

Abstract:In order to realize the fault diagnosis for switches in MMC (Modular Multilevel Converter),a SE-
DSCNN (Depthwise Separable Convolutional Neural Network based on Squeeze-and-Excitation) module is
proposed. The network directly uses the original capacitance voltage data without any feature extraction algo-
rithm, and can automatically extract the deep features hidden in the original data. It highlights representa-
tive features through the combination of SE module, then reduces the calculation of network through DSC
(Depthwise Separable Convolution). A sliding time window is used to segment and normalize the data that
is then fed into the optimal model trained in advance, and then the model outputs the prediction label.
Compared with other manual feature extraction methods and deep learning methods, the results show that
the amount of model parameters is reduced by about 70.92% compared to the standard CNN(Convolutional
Neural Network) that has the same number of convolutional layers. The classification accuracy on the exis-
ting sample fragments and the diagnosis accuracy between different fault periods for the proposed method
are both 99 % and above. The time required to diagnose a single sample fragment is about 0.34 ms. It
can not only distinguish the coupling characteristics of early failures,but also realize accurate,reliable, effi-
cient and fast fault diagnosis.

Key words: MMC;switch failure ; squeeze-and-excitation module; depthwise separable convolutional neural net-

work ; fault diagnosis



MR A

L1+ T T T 1
5@)\% |,:'1 | I I l l ‘ xH e]Rlxs:z

war R [T eer=

v
i 2 [ E E'- _V’ c RS2 . : %
¢ . : . : o¢
% ‘ PeR | e E
¥ ; it
p— By r.-n.. F e RMG

(a) DSC (b) SE #&1k
Al DSC #1 SE R REE
Fig.Al Illustration of DSC and SE module

I [l il
[T AT 3T 2T [ [+2[+3[+[+5]... |
il ¥
%gﬁl FR%E 0
%g FR%E:0
‘Tr\\x —

Ilf}g; PR o AN
ﬁqu FREZEL e 4N
feg2)

s

B A2 BIESBERGEREREE
Fig.A2 Illustration of data segmentation and label setting
& Al MMC WHERESH
Table A1 Parameters of MMC circuit

ZH Bl ZH HE
PR TR 3 TR 47mF
NER/RIILENES 3kv M LI 5mH
A 50 Hz | BUEf#kH  5Q

BT 1kHz | #E k& 10 mH

R il EE 0.9




1400

Ucy

1150

1400

1150

1400

1150

F 1) i £ ik
Oms
2ms
4ms

6ms

8ms

10ms
12ms
14ms
16ms

18ms
700 700
0 5000 10000 0 5000 10000 0 5000 10000
Kl o
(2) L8 SM, 1S, #pE
1200 il 1200 Hes 1200 Hes
1050 1050' 1050\

= W B i B

Oms

2ms

4ms

6ms

8ms

10ms

12ms

14ms

16ms

18ms

700 700
0 5000 10000 0 5000 10000 0 5000 10000
Kl o
(b) LB SM, S, BfE
E A3 10 fhispE & £ BB AN S R
Fig.A3 Capacitor voltage waveforms under ten kinds of fault occurrence time
% A2 SE-DSCNN HIZEHa5 %
Table A2 Parameters of SE-DSCNN structure
B CHIERED PEE RN BN SR KA (BERED PEE KN WK SEE

LIPS (2 000,6) 0 DSC Z (BN+ ReLU) 64 13 (223,64) 2784

DSC JZ (BN+ReLU) 16 13 (2 000,16) 254 MaxPooling JZ (75,64) 0

MaxPooling 2 3 (667,16) 0 AveragePooling 2 8 (9,64) 0

DSC JZ (BN+ReLU) 32 13 (667,32) 880 Flatten /2 576 0
SE i Bk 23, r=8  (667,32) 836 Dense /Z (Softmax) 13 13 7501
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Table A3 Parameter settings of four diagnostic methods
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Fig.A5 Standardized confusion matrix of different diagnostic methods

%= A4 DNNHIZHSH
Table A4 Parameters of DNN structure

FA GRS e %0 Mol Mk SHE

Nz (2 000,6) 0
Dense JZ (ReLU) 64 (2000,64) 448
Dense JZ (ReLU) 32 (2 000,32) 2080
Dense JZ (ReLU) 16 (2 000,16) 528
Flatten 2 320 000 0
Dense Z (Softmax) 13 13 416 013

%= A5 CNN HIZE#IS#
Table A5  Parameters of CNN structure

ESItCT V) BHE/ZRE BN WHkh SHE

N (2 000,6) 0
Conv £ (ReLU) 16 13 (2 000,16) 1264
MaxPooling /2 3 (667,16) 0
Conv 2 (ReLU) 32 13 (667,32) 6688
MaxPooling /2 3 (223,32) 0
Conv & (ReLU) 64 13 (22364) 26688
MaxPooling 2 3 (75,64) 0
AveragePooling /2 8 (9,64) 0

Flatten 2 576 0

Dense JZ (Softmax) 13 13 7501
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Table A6 Parameters of DSCNN structure

R GRITEREO R B N S80E
N Z (2 000,6) 0
DSC & (ReLU) 16 13 (2000,16) 190
MaxPooling 2 3 (667,16) 0
DSC 2 (ReLW) 32 13 (667,32) 752
MaxPooling /2 3 (223,32) 0
DSC  (ReLU) 64 13 (22364) 2528
MaxPooling /2 3 (75,64) 0
AveragePooling /2 8 (9,64) 0
Flatten 2 576 0
Dense Jz (Softmax) 13 13 7501

®AT A MMEEREREIN 2 2 ERHER

Table A7  Accuracy of four networks between different periods

&I IR HER % /%
o2
0 9 8 7 -6 5 -4 -3 2 -1+ 42 43  +4 45 +6 +7  +8
DNN 100 100 100 100 100 100 100 100 97.68 7637 96.13 9953 100 100 100 100 100 100
CNN 100 100 100 100 100 100 100 100 97.62 8215 99.82 100 100 100 100 100 100 100
DSCNN 100 100 100 100 100 100 100 100 96.75 71.08 89.07 9642 99.60 100 100 100 100 100
SE-DSCNN 100 100 100 100 100 100 100 100 9647 9018 100 100 100 100 100 100 100 100
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