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WE: AT IR AARE S TF X (gas insulated switchgear, GIS)&X & w79 T, #B T —F& Tt RmE
i# R R F F s T HL(Mel frequency cestrum coefficient-one class support vector machlne, MFCC-OCSVM) 7= M »t A7k
AL 44 1735 78 3% ¥ 7T (bidirectional gate recurrent unit BiGRU) A&in s Ak, 44, AALTF %ﬂr % E'!’J MFCC #t & 4
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technique, SMOTE)# 47 # S A3, &5, B )ﬂ BT e 4E 4 69 BIGRU AR 34T 5 LR 5], VA SE SR % Ao
3% M) 404 % %5 (gas insulated switchgear, GIS) HBl, RET20ERRATLTHRYMMEG ZFHA, 5 EAHER5EHE
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Voiceprint Recognition Algorithm for GIS Anomalous Conditions Based on
Improved MFCC-OCSVM and Bayesian Optimized BiGRU

ZHUANG Xiaoliang], LI Qiankunl, LIU Zigangz, ZHANG Luliangz, JI Tianyaoz, ZHANG Changhong3
(1. EHV Power Transmission Company,CSG, Guangzhou 510663, China; 2. School of Electric Power Engineering, South
China University of Technology, Guangzhou 510640, China; 3. Electric Power Research Institute of EHV Power Transmission
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Abstract: To accurately identify abnormal conditions in gas insulated switchgear (GIS) equipment, a voiceprint recognition algorithm
is proposed based on weighted Mel frequency cestrum coefficient-one class support vector machine (MFCC-OCSVM) and Bayesian
optimized bidirectional gate recurrent unit (BiGRU). Firstly, weighted extractions of voiceprint data are performed using MFCC
based on the F-statistic, highlighting important features and reducing the influence of noise. Subsequently, OCSVM is utilized to
detect anomalies and remove anomalous values from the weighted features to improve data quality. To address the issue of sample
imbalance, synthetic minority over-sampling technique (SMOTE) is employed to balance voiceprint samples. Finally, voiceprint
recognition is carried out using a BIGRU model based on Bayesian optimization. Taking a certain GIS equipment as an example,
sound samples from 20 different operating conditions are collected and compared with various classical classification models. The
results demonstrate that the proposed algorithm achieves the highest average recognition accuracy of 92. 8%, resulting in improve-
ments of 30. 1%, 14.7% and 11. 5% compared to adaptive boosting, Naive Bayes, and linear discriminate analysis, respectively.
Ablation study further assesses and validates the practical effects and performance impacts of each process in the proposed algorithm.
Research results provide an efficient technical approach for voiceprint recognition of anomalous conditions in GIS.

Key words: gas insulated switchgear (GIS) equipment; Mel frequency cestrum coefficient (MFCC); one-class support vector

machine (OCSVM); bidirectional gate recurrent unit (BiGRU); voiceprint recognition; Bayesian optimization
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Tab. 1 Various working conditions of GIS equipment
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Fig. 4 Results of feature vectors of GIS acoustic signals

extracted using weighted MFCC

OCSVM [ HAKSHR &l : B2 VT 10% 1
FEARGEA R S8, T R B0 0.1 19 42 1) 5 oR 250
¥io AT ] #i4L OCSVM Hy[aMaLth B Al F PCA [
Aepi R, B2 MECCHHIER S 2 2 423 [alrpr, 4n
K5 R, Hirh Ak kRl PC1 AT PC2 43 IS 3R M4k 5
(55— R RS — R sy, T A I il 1 A5 b
TECH (=1, 1), Bl SR 1 R8s SO,
AT — 1 W27 1] BB 5 i s sl B A
2.4 SMOTE #ZA ¥

TEI R S8 W s B 22 5 7 SRR ATy SR T s
FEARSEA Pk ik . Pk, #ak SMOTE A4 i &
BCFEAR BT DABG I DB B R A B, R s AL X D
BB BIPERE, DI 1 7 SO 3 ) oA 2
ERErE, AU SMOTE 14 R FE SIS A [ 3,
BEALFR 15k 42, B AP0 k=5, HEARIMET S
RRFFOEE IR 2 R



36 7 FRL P AR %19 &
Jik AR MFCCHSAE H(PCARE2E) 1.00 BOksE, BTEARTS H E B TR BIMERG R
. ‘0.75 B e LT BiGRU #5812 58 &K 25 i),
_ RS AR E U ST BERY(E . X f14% BiGRU
5000 0.5 2R BCR (1~4) | 442 19 20 T £ (1~100)
iif ) dropout % (0~0. 5) , HHARFRK /N (0~24) %5, Wi
g ° s Tt bR
5000 Coso S b G MR AT S BN R 3 PR, %
IO N R IR B0 3 2 28 SURAE At 2 iR, IR A 1&
~10000 ) I (adaptive moment, Adam) {310 4k %5 0 LA
~10 000 OPCIF/EI{OEOOO 20000 -100 WIZH
@ oCSVMSH M #3 BGRUBEEBSH
[ RS F5 AL MF C CHEAIF{EL(PC A& 4E) i Tab.3 Hyperparameters of BiGRU
B FLRME
10000 0.8 =2 2
ST60 55 1 B2 Al 2 T AL 26
e 0.6 585 2 AR W 24 T8 30
£ AR 6
§ 0.4 Dropout 0.1
-5000 UlERIE S 50
0-2 B 0. 001
~10000 2 3 RO 0.1
~10000 0 10000 20000 0 TEE R 10
PCIFEH
(b) OCSVM 5 #  J5
E5 @it PCALLEER OCSVMEHTRE AMEENM 3 HRHW

R MFCC 51 E

Fig. 5 Comparison of weighted MFCC feature maps before and

after anomaly detection using OCSVM by PCA
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Tab.2 Numbers of voiceprint of each type before and after
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Tab. 4 Overall accuracies of various classification algorithms on

recognizing voiceprint signals from different operating conditions
of GIS
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Tab.5 Specific hyperparameters and total model parameter

results for neural network models
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2STve | QR 2 STve | G ST i ¢ 28

CNN 2 26 35 0.2 26 504
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BiGRU 2 26 30 0.1 24 764
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Fig. 6 Confusion matrix for the recognition results of different
operating conditions in GIS
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Tab.6 Accuracies of BiGRU in recognizing different operating
conditions of GIS equipment

TGS 0 1 2 3 4
R 1% 100 94.7 100 93.3 96
TG 5 6 7 8 9
HET R/ % 95.3 50 100 58 87.3
TG 10 11 12 13 14
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T Gis 15 16 17 18 19
R 1% 100 90.7 100 100 99.3
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Tab.7 Results of ablation tests
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