%40 B 1) HAORMRZEERAREZER Vol. 40 No. 1
20254 1 H JOURNAL OF ELECTRIC POWER SCIENCE AND TECHNOLOGY Jan. 2025

51 FEE oA Mt H0 , 45 MM C TS 2 W A SO v AR AU BR 2 ST LT 1k (0] v 0B SR % 412,2025,40(1):245-255.

Citation: ZHANG Bide, HE Hengzhi, Shao Shuai, et al.Improved sand cat swarm optimization-based extreme learning machine method for MMC

submodule fault diagnosis[J]. Journal of Electric Power Science and Technology,2025,40(1):245-255.

MMC FHE R FE 12 W By B0t 7D IR B L 4L
WBR=ZE I A&

KPR AESLE W N HREL R )T

(1. PG R 2l R S o 15 B 2E B, DU AR 610039 ;2. [ R PU T 45 H J3 28 w1 R R 2028 71, 1T i #R 610041)

W OE N TSI L £ S 43 #8 (modular multilevel converter, MMC ) F A5 5 I 5648 AW 512 W , X6 vb 48 7
flifk (Sand Cat swarm optimization, SCSO ) 53k #5171 20 , $2 ) —Fb e itk v 4% #4854k (improved Sand Cat swarm op-
timization, ISCSO )3 ¥ i AL % PR 2% 2J #L (extreme learning machine, ELM) #2125 2% . % 75 32 F A Cubic 1R
il B S DB A8 2R R R A S TROATL 1 % U A A R 1 34N B B AT e i A AR, DR i Bk ) W SR A R AR .
& 7E MATLAB/SIMULINK ¥ 5 £ # £ He fb MMC B8 DL 458 Sl K5t i ¢ 47 B 20 05 45 8 A 22, i o fy
ISCSO-ELM 5 R [ Sy ik J5 (19 ELM B R 3E 17 5 12 WU s e . 25 5 3 81, T 48 07 1% B A 000 1S e i
W, 7E MMC #5592 Wt 75 TRE AT AT AT PE RO 8 | R 12 W 0 SR T 4

X OB O A s RO BRSO DA R O AL SR 1 s AR R A ST AL SRR 12 W
DOI:10.19781/j.issn.1673-9140.2025.01.026 I E 5 %S TM46 T EHS:1673-9140(2025)01-0245-11

Improved Sand Cat swarm optimization-based extreme learning machine
method for MMC submodule fault diagnosis

ZHANG Bide', HE Hengzhi', SHAO Shuai*, QIU Jie', MA Junmei', CHEN Guang'
(1.School of Electrical and Electronic Information, Xihua University, Chengdu 610039, China; 2.Ultra-High Voltage Branch,
State Grid Sichuan Electric Power Company, Chengdu 610041, China)

Abstract: To enhance the fault diagnosis of the switch tube of the modular multilevel converter (MMC) submodule, a
Sand Cat swarm optimization (SCSO) algorithm is improved. This improved SCSO (ISCSO) algorithm is employed to
optimize the fault diagnosis of an extreme learning machine (ELM). Cubic chaotic mapping, a spiral search method,
and a sparrow alert mechanism are used to improve the three stages of sand cat search, so as to enhance the convergence
speed and search capability of the algorithm. An MMC model is developed on the MATLAB/SIMULINK platform,
where the bridge arm circulation is used as the input when a fault occurs in the submodule. By comparing the fault
diagnosis performance of ISSO-ELM against ELM optimized by other algorithms, the results show that the proposed
method can effectively identify submodule faults. It shows feasibility and superiority in MMC fault diagnosis, offering
better fault diagnosis performance.

Key words: modular multilevel converter; open circuit fault of submodule; Sand Cat swarm optimization; extreme

learning machine; fault diagnosis
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Figure 1 MMC topology
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Table 6 Comparison of diagnostic methods

LWk ri %B{“ A
(F-measure) (Precision)  (Accuracy)/%
BP 0.840 96 0.881 57 84.862 4
LSTM 0.769 23 0.789 47 76.923 1
ELM 0.816 51 0.776 12 81.651 4
HHO-ELM 0.928 27 0.929 90 93.119 3
SSA-ELM 0.904 10 0.932 01 91.284 4
POA-ELM 0.899 60 0.912 17 89.908 3
SCSO-ELM 0.952 95 0.957 16 95.412 8
ISCSO-ELLM 0.972 26 0.973 12 97.2477
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