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Research on fault diagnosis of valve cooling equipment based
on Fisher ratio and improved LSSVM algorithm
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Abstract: In order to improve the accuracy and classification speed of fault diagnosis of valve cooling equipment in converter station, a
fusion feature algorithm based on Fisher ratio criterion and a fault classification model based on particle swarm optimization least squares
support vector machine are proposed. Firstly, the static parameters and dynamic first-order difference parameters of Mel cepstrum
coefficient and inverse Mel cepstrum coefficient are extracted as fault feature quantities respectively, and all the high and low frequency
information of valve cooling equipment fault is obtained. Then, Fisher ratio criterion is used to fuse the fault features of valve cooling
equipment twice, so as to reduce the repeated data and interference signal caused by direct superposition signal. The 1x13 dimensional
Fisher ratio data is selected as the fusion feature of the noise signal of the valve cooling equipment. Secondly, in order to improve the
accuracy and classification speed of LSSVM algorithm fault identification, the PSO algorithm is used to optimize the kernel function
bandwidth and penalty factor of LSSVM algorithm, and the optimal solution of the two parameters is obtained, and the LSSVM valve
cooling equipment fault classification model is established. Finally, the main pump between the valve cooling equipment is taken as an
example, and different feature fusion algorithms and fault identification methods are used for comparative analysis. The results of the
example verify that the proposed method can quickly and accurately identify the fault signals of the valve cooling equipment at different
frequencies, and the accuracy of fault identification can reach 96. 67%.

Keywords: valve cooling equipment; Fisher ratio, PSO-LSSVM; fusion feature; fault diagnosis

Wik H . 2024-05-16  Received Date: 2024-05-16
w BL AT H A BHE O H (242102241030) BEH)



- 110 - LSRR R e o

38 &

0 35l

il

Y e PR 80 D 3 R L I A R R 0 P S LR R e )
SR, v 1 i o A5 A H50 IR 1 o R4 o ) A
WSO HCR 23 A0, FHLAZERHG 0 IR ) I TAETREE,
PREETTERERITT SRS AT, Ve A — L Bk, —
7 TR 2338 A 12 A7 B o iy, S L i R TR
F4) BRI BOOU #5532, 3 BN T 492 [0 18 28 400 2K S R
SIR 3 5 — 7 20 EAREE R 7 HE R Sl R A | 3
M TE RO PRI PR v o 0 4 1) %o R v e A as AT AR
AT IERGHRRR R GG W B H 18T B A L,

AL SR IO R 080 A A PR A I ) SRR TY, LR
SRR ZR AR PR B PR BE B A e A 5 O 1
AT U e 2H AR LR TIOR3 AR A M AR R (Ml
frequency cepstrum coefficient, MFCC ) 3% #ff /K 18] i &
#(inverted mel frequency cepstrum coefficient, IMFCC)
85 RIHUFRRAAR R oA AN IR , BT AL 2 G R AR
fE BRI, MFCC AT i BRI BE B ke B 3t 3R R 4K T
IMFCC A48 WU 45 Bt A S Bl R AIE R R S SRVR 2
— IR PR SR LA RAE R A B R A< 15 B Y
AROTE . ST 2 e 2 i -IR-F 7 {5 5 A9 TR & R AR
SRR R R 70 AT AR A5 A S B A Ak B L AR
FHAE S WATURAR 25 ) 32 2Ry, MR 40 2 A 73 70 B S B 3k
IRERAEA MRS A G SR AE S i, SR 3 ) 0 5Bk
K BUR E-E 55 10 LPC 5 MFCC FHE#A TR, OF
BUE 1% 75 vk AT LA e RE A RS S IR R S
HR[ 4 JREEET Mel BT 2R B B RRE APl o 15
ST ISR A Gammatone SRR E R B0 5 — 4k
FE GFCC, FHESF 3 ZEHFAESEAT A N IAL Rl 5, LA
TIMIT K8k % Hh )3 5 AR A S 50, e 7 %07 iA 1E 4
T 1SRN 4 VA SR A AT R SCHIR 2-4 ) R Fl 28
R EAEDHE T 30, 2 S BUF RS R I ZRFERT

AT 24 2 v 4 D

FT, — R IR IE S 0 h AN TR 434 30 ok
43I Fisher HUAFEIAIR] 43t 2 o) ) [X 43 4
T5 3R VA R AR 2 B A TR g3 % R A STk, SC
BR L5 ] 1P D o 32 R S 030 1 25 A o F X U
FRAFRAS TTRRFEE , AR A0 DT K 32 Fr) 55 55 X0 2% 4 RFAE
R EAT AL, 45 2 TR EE U5 A R T 0 MFCC
FHIEZ 5, DU TH 75 SO 9 IE B R, SCHEk[ 6 ] R ]
Fisher [ it {4 AN FRHIE S EO LA 18 X 4368 77 911l Bk 5T
R ELAR AR AE S, M 2 R RAR IR FUN B A | £
THZRPRAE R SR U R 5

ITAE 3k, B F #5415 (particle swarm optimization,
PSO) B CARALTE Tk O 76 v U 3 12 W A 31

FH AU, & ALY AR R REAE RR IR T A
LI 1) FL T R R AR R A . S
ROV H HORL 7 BE O A 22 55 di 00 191 8 1 di /DN H0 ik
F( particle swarm optimization-multipoint optimal minimum
entropy deconvolution adjusted, PSO-MOMEDA ) ) J5 ¥,
PEPCT F5 SRR LR AR B E AR S SRR,
LG8 77 M, PSO-MOMEDA AT L HE AN 4 14 8 B ik
BERFAEAS 50 SCHR[ 10 ] St 1 — b ik TR0 7 RF Sk 1Y
JCEF A HAR AL B I B 2 A S O vk s BT
BT ERRL A 0 X 52 0 50 AT U A R R R T
58 BRI R PR S 25 AR SCR R4, AL
Moy 1AL R ARG E 5 SCHR[ 11 ] 38 1 —Fh 56 ks
FHEEMAL R E S &2 M4 (deep belief network, DBN)
PR AR B v 8 0 T 512 , 07 L4 SR SR WA R A
FETAE G2 19 DBN ft 28 [0 28 AT BT g 1) J00 0 4 B 5 SC
R 12 ] B2 1 — ikl T BE PR ASOR C 24 (i 530 12 R e 0 f) bz
TR AR LS & 0 ) R S o K 7 vk | 45

RUNZ LRI AL G ) BRI 0. 36% B 1K 2]
0.05%, SCHK[ 10-12] 3L PSO B3 /E o 41 iy T 00 HS
B T7 k, OF R B B B B IR T PSO S IE R AL

B/ 32 FF 1a] & ML (least square support vector
machines, LSSVM ) [RH BAT L M40 & B8 ) A R 471 &
BEPE A BB 2 Wr b WA B 7 R N AT e, X
BRL 1342 T —Fh T LSSVM 14 B e i 75 12, i i
LSSVM Sk AT RGEPHN, SRAFER 45 52 Wit DIl b
JEROAETHSEAL  SCER 14 ] 2 1 —FhBE T LSSVM iR 2243
RN F) A0 8 1 o e FRR S A T Tk SBR[ 15 ] S il
Pt s 28 R g B2 IR A AT A ) A, 3 ) — R A
T oM 5 OSSO0 AR S U0 AL LSSVM Y 78 T 4%
RIS W, SRR, T4 Y A 28 T Al 12 A
U T2 W R HERf %, SCHR 161 R PSO-
LSSVM 432450 ST X i 8 ) 2 L2k L AL 7 B
R ) HERR IR, L5 5A 100%

SR SZ B 1RV B A8 e AP AL A e 12 T HR AR [ ) 2%
FIKE MFCC H1 IMFCC P RMRHIESR BT 5 B A, BUOR
Xof v AR A 5 AR, T LA 2 v R 5 Wl TR0 ) e
T E B2 S B8 Ve R FLIR L, AR T i 3k 1
P Sk, BET I, $2 ) — AL T Fisher FoofE ] 19 25
P 31 7 o S IR 7 A5 5 MFCC S 40R1 IMFCC 28K
e RE R PRAE U ER B AT D0 T e s 2 R) e Ak o
A ), J A PN EE I . R, 48T LSSVM
SR AFAE S TR R AR %o A 0 L TR ) T R 5 1 1Y (1]
BT PSO Ak LSSVM FIE B | A B S ps
v B 3 28 PN RV 8 TR S 2 S 401 SAE 1 BT A
71 T AR B v B A 7E AN [ R A S 5 5, H



5113

FETF Fisher Ho 5Ptk TSSVM Bk (1 1RV 5 25 8 e 12 W T 5% 111 -

FEHRE R R L
1 BREmMARTEEENRH

1.1 MFCC JRIZ R 45EIREX

M 7R 8 U A e — PR B8 N BRI [R]85 5 1
JRREEANIR] | e B 2 7 A B S DRI 4%, 430 S TH AR
EE PR, S5 M 2R U8 I 2 21 76 AN [R) A1 %6 B e 32 A
], A A T A 1 A5 B, 3 FH AR TE Tl HLAS e
PR R B0 SR P 45 v A R DR D e AL o v
WHEA SRS ZEESCH, G5 EESN
MFCC HFiE

MFCC FREAR i B AT LT A

1) fiikb £

FEAFEHOINE WA e 3 A~k f 8 i ik 2
AT DA JEAR AR 5 N ) 5 22 () 9 R A S i | Hevp
ToUIN SRR P (T A S R AR S I, ke
S S R W AR AR B, R HRAIE 7 35 15 5 1 F
Wi E S AT WAL B 454 Ve ik & R
BURRAE % B 25 ms WK 10 ms WAL RSB LA 75 35 15
ST AU K R S A S S B A 3R [ B
HUSCH 7 rh o BRAC R B v M 0,46, LI 5 K/ Moy
1103, HeRBan= (1) Fios

2mm

W(m)=(1-%x) —x + cos( I,

) ,Ism<sM

(1)
W (m) DI R« S R R B, M DU
IR
2) IiRE &L RS A AR B A 41
K m e I R A FET AR 4 75 3 AT AE 5 45
TERE L, KO RE 18 A M R DA LU I, PR U
AR NTE 1 PR

1.0
0.9
08
0.7

£0.6

0.5 &

Eoy [ \ \
03 \
02 \
0.1 \

10 1

0 05 5 20 25 30 35 40
$i% Mz <10

U |7\ 3 € i )
Fig. 1 Structure of Mel filter banks
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Table 1 Valve cooling equipment main pump fusion characteristic data
HEEL Vi V2 V3 V4 V5 V6 V7 (=S
N1 2.890 571 3.087 585 =5.720 294 -6.052 654 =7.462 571 =7.303 975 =7.423 040 1
N2 3.077 088 3.040 182 —-5.246 184 -5.307 997 3.723 291 3. 639 466 1.477 002 1
N3 —=5.740 740 -5.583 773 2.991 180 3.328 018 5.439 618 5.577 002 —8.398 602 1
N4 -5.320 059 =5.272 439 3. 106 795 3.037 722 3.782 844 3.645 044 —3.859 897 2
N5 2.755 742 2.966 222 =5.737 643 —-6.057 808 =7.503 916 —-8. 113 858 -2.725 624 2
N6 2.876 815 2.853 781 1.765 245 1.728 230 -3.089 022 —-2.930 686 —-5. 854 886 2
N7 -3.515 183 -3.514 567 5.25 1801 5.231 681 1. 613 289 1. 848 708 —6. 878 855 3
N8 -1.017 554 -0.975 087 -2.165 219 -2.121 079 -2.714 138 -2. 698 866 2.010 057 3
N9 -1.107 747 —-1.203 266 2.506 472 2.610 438 4. 488 976 4.242 244 1. 199 193 3
E1344 V8 V9 V10 Vil V12 Vi3 V14 (e
N1 -8.001 274 —-2.890 770 —-2.969 449 0.671 136 0.727 918 -3.195 935 —3.435 404 1
N2 1.457 157 -3.876 372 —4.044 937 —-2.544 607 —-2.599 532 1. 823 677 1.760 928 1
N3 -8.951 033 -3. 668 024 -3.638 032 —-6. 641 832 —6. 853 694 1. 449 869 1. 683 015 1
N4 —-3.987 461 —-2.583 061 —-2.581 461 1. 868 728 1. 812 944 1.704 959 1. 86 9513 2
N5 —-2.803 732 0.338 935 0. 378 680 -3.407 695 -3. 663 558 —-5.487 018 —-6. 037 303 2
N6 -6.087 774  —-11.203 934  -11.006 350 —-2.862 655 —-3.301 634 0. 657 007 0. 497 438 2
N7 =7.199 893 -3.917 837 -3.947 017 1. 546 002 1. 686 939 —2.457 402 -2.168 761 3
N8 2.112 748 1.402 570 1.744 768 —4.758 188 -5.212 598 —1.933 459 —2.494 421 3
N9 1.032 203 -2.871 018 —-2. 650 835 -4. 699 563 -4.221 683 -4.326 811 —3.743 590 3




5113

FETF Fisher Ho 5Ptk TSSVM Bk (1 1RV 5 25 8 e 12 W T 5% 115 -

4 BHIMEHRERI TS

4.1 MEEZSHEEXEATR
ShORT T v 15 ) S AR Rl D 12 A B R T v
PEATRS L, PEADE IS WrOR 73 IR 3 PRk Rl &
D7 AR R T L AT AL S AR B 6 Fh S
Jik, sk 2 P,
xR2 AESHFAERE T EMPREE
Table 2 Different parameter feature fusion methods

and identification algorithms

Fisher [lLElA  Fisher [t Fisher Lt
FEESHRL G T ik MFCC FI s [ii%s
IMFCC IMFCC MFCC
$UI PSO-LSSVM ik | I \Y
Bk SVM &3k I v Vi

4.2 Fisher kB S EE XL R
TEHURI Y15 #5 F] 2 AR A FRAE £ 21 4U8e A
i PSO-LSSVM S i I 25 45, 9 2l % 1 S il 4 | i1
SEE R R TR A B AT 5 A1 25, 4 PSO R ALE 15
F| LSSVM HIZHh 8=0.5,y=189.43 i EisWi ik 1 |
I, V) PSO B35 I i 28 5 e R B %1 8 o,

95
L a—
90 | !
!
!
85 I
= i
2 i
g0 r -
i Hik1
- ——— Bk I
L I
» . HiLkV
70 : ; : : ;
0 20 40 60 80 100

HAAREL
K8 S AN EIRFIE R PSO 38 1 i £
Fig. 8 PSO fitness curve fused with different features

M E 8 ANFBE LR PSO LR E T LIE Bk 1
B E R 2D, HA P AD Bk Bt 25 1R, LR
PSO-LSSVM B3k i iR ik i, MFCC Al IMFCC 4#1iE
il B A 1 B R T AL RS MFCC R AIE 2 B0 sk il
IMFCC F#AESE P RD R
4.3 HWEIHRERITLE ST

KA 2 Y 6 R B HER 0 R A 1 A% ] 2
BB ATAIRASTEATHER , 1 30 4L IR RHE B8 HE iR 25 5
9 Fiw , BRI ANk 3 s,

333 3
3
22333
333 3
33 3
1 5 333
333
2 2 22 1
3, A 331,, 3
1 4 22221 122333223223
1 1 AW/ g V3l1,,
/2 2 1 212 12 3333333333
1 2 2 .22 2 2 2
1,1 11/,11 2 94
31411311 Uin 34957, 2 9 3
1111 11,1 1911 2333333333
111111134
I T11111 172222222222 .
111111111 333333333
111111 1112222222222

T P XN T 2 ARUCR 735 (i ik 13 T Bk
BRIV RV R VE E 12 3 FERZSS R B Hh 2 g 2R
Hor e 1 ARERBEE TS A R IE#RE BT 2 ORI
INAEH N FA RO, B0 3 AR BN A R AR
I NCKE RPN R RS EAE S

Fig.9 Fault identification results of different algorithms

R3 FAEAEEMEIRANBETL

Table 3 Different parameter feature fusion methods

and identification algorithms (%)
PUNES Bk Bk Bkl BNV A%V BV
HAKEE  96.60 80.00 83.33 73.33  76.67  70.00

FH I 9 FiEe 3 AT LAE HY  BRAE il A S U 2 A R A
PSO-LSSVM 5332 A 1R 3 B - UppRG BE e 1 T SVM 53
B DS s, 9 96. 67% , HiAt B p iR kS i H4 4%
T 90%, A 1L, Fisher [t fill & MFCC F1 IMFCC % ¥ L
IMFCC 3583 MFPCC Sk R BIRS E  o %F R A3k A
B VAl AL, MECC %2650 3 Ve 4% 45 18] 3 22 & A= K4t
ik B YR SRR A R ME R, IMFCC X 2578 2 i) v L 4% 1)
IR AR R SR A A
5 & 8

B X it 7 i R VA T 5% 1A I 12 W L R A 0 20 3 A
R TR R, A S DA I A I 48 B2 438 R i s 32 TS 8L £ 4
Wi B & . R Fisher HCRlE MFCC Fl IMFCC 1Y
I V2 1 A R R R A R U 35 M e MFCC R IMFCC 28
SR ALEE A AEAE B AEECIME [ L, IR PSO B3k %
LSSVM S35 17 B, £ /5 LSSVM B8 12 Ay o 1 5 1 5
. SRR DUEBOE BRI A 1 B A
ARG AL 75 B 5 5 H I I BEALE 5 B
AR, B AT 6 Pl B2 WA B R A7 X FL 256, 25 51
FW , Fisher LA 1E8 2 J5 A0 R4 HE S 506 A PSO-
LSSVM {12 WA 74 1) 12 Wt 1E 4 258 R 23 S B %o L e
ik B2 WA Y | 15 34 3R T



<116 -

LSRR R e o

38 &

ARICAE W& LA I8 7 5 {75 P I BERL{R -5 441

AR | 2P RV I i A T MR BT AR X B B %, I 5
HIFTOR 3 T T AT £ A2 2 W 1 5 AT R O U

b

| R e WV B A A2 W 7 U ) T P R

AR,
S 3k

(1]

(2]

[3]

[4]

(5]

[6]

(7]

XM, SROFTE, RFEAE S 4 i R i o R R ST i
R R 580 (1], B TH AR,
2022, 37(13) : 3431-3440.

LIUP, GUO Y Y, WU Z H, et al.

experimental study on corona characteristics of large size

Simulation and

typical electrodes used in UHV converter station [ J].
Transactions of China Electrotechnical Society, 2022,
37(13) : 3431-3440.

SRR BT 2 IR B Rl B 1Y e R DB B 4 Sl A LA
FARAIE AR B AR S HUMGL B2 B F 58 [ D). 3R« L
AR ,2023.

ZHANG ZH M. Research on defect feature information
extraction and mechanical fault diagnosis of high voltage
circuit breaker operating mechanism based on multi-source
data fusion [ D]. Jinan; Shandong University, 2023.

XU Q H, WANG M J, XU CH L, et al. Speaker
recognition based on long short-term memory networks[ C].
2020 IEEE 5th International Conference on Signal and
Image Processing (ICSIP). TEEE, 2020. 318-322.
B, Jete, AR, fF. MR IR T Z4EERS
HYE & v R vk [T]. s R RS 2R (B AR
RR), 2021, 43(4) ; 671-680.

LUO SY, LONG H, SHAO Y B, et al. Voice activity
detection method based on multi-feature fusion in noise
environment[ J]. Journal of Yunnan University: Natural
Sciences Edition, 2021,43(4) : 671-680.

TR, MEE, B0, % FE TR 5Tk E X
AL Mel {8135 A J]. 2R, 2021, 40(3)
408-414.

WANG J SH, GUO Q W, WU S, et al. Improvement of
weighted Mel cepstrum based on relative contribution of
feature [ J ]. Acoustic Technology, 2021, 40 ( 3):
408-414.

XEEVL 5K AE VR, 55, B2 T R HIA R AR 2 R RL
BRFE R 5 7 2k [T, MK &8 3 B8 T, 2022,
39(1). 111-118.

LIU H J, ZHANG H, WANG Q, et al. A cluster-based
method for identifying the feature of particle size for
[T]
Engineering, 2022, 39(1); 111-118.

ZHONG G, YU W, WANG J, et al. Event-triggered

sliding  mode

spacecraft  remnant Spacecraft  Environment

observer based on particle swarm

[8]

(9]

[10]

(11]

[12]

[13]

[14]

optimization for fault detection of the doubly fed induction
systems [ J ]. Ambient
Intelligence Human Computing, 2023, 14, 2585-2599.

SAAD N H, EL-SATTAR A A, MANSOUR A E-A M.

Improved particle swarm optimization for photovoltaic

generator for wind power

system connected to the grid with low voltage ride through
capability[ J]. Renewable Energy, 2016, 85. 181-194.
SEIRIR  WRHAL RS | 2. B 4242 5| AL BB R e Bt
R B 7E L M D7 35 [T ], v 00 55 (A0~ 41
2023,37(11) :109-118.

PENG L L, CHEN X Q, ZHENG SH B, et al. Sparse
online monitoring method for fault characteristics of
(1]

and Instrumentation

Journal of
2023,

traction motor bearings in trains
Electronic Measurement
37 (11): 109-118.

e 10 G CIRE I 1 2 I S o VAR b [ i K= i
FBG Y Bt 1 52 4 f6 R OF 5 (1], BLA X 2% 4R,
2022,43(1) ;2-10.

SUN SH ZH, XIANG Y, DANG X Y, et al. Research on
FBG flow and temperature composite sensing based on
[J].
Journal of Scientific Instrument, 2022,43(1) :2-10.
ZREW] L RR B, TWER. 25T PSO-DBN #ii & M 45 1
SERFEIY At B [T ], B R GRS R,
2020,48(8) :149-154.

LI ZH M, LIANG C X, WANG M SH. Short-term power

generation output prediction based on a PSO-DBN neural

particle swarm decoupling algorithm Chinese

network [ J ]. Power System Protection and Control ,2020,
48(8) :149-154.

223 BTG PSO-PRCM ST 1 ) KA 5+
WAL [T]. A RGP S5, 2021,49(18)
161-166.

LI Q. Power big data anomaly detection method based on
an improved PSO-PFCM clustering algorithm[ J]. Power
System Protection and Control,2021,49(18) :161-166.
TR, A, B0, 5% T LSSVM i) Rk
R R SRR Ok O L)), s T
2, 2022, 43(1) . 133-140.

WANG D F, LI Q X, HUANG Y, et al. Research on the
covert attack method of pressurizer pressure control
system in nuclear power plant based on LSSVM []J].
Nuclear Power Engineering, 2022, 43(1) . 133-140.
EME, TR B R R TR/ TR ] A LR 22 A
AR S i A RROIR S A T 2 (0], L
A, 2022, 46(2); 613-623.

WANG P, ZHANG J A, CHENG Z. State of health
estimation of li-ion battery based on least squares support

vector machine error compensation model [ J ]. Power



5113

FETF Fisher Ho 5Ptk TSSVM Bk (1 1RV 5 25 8 e 12 W T 5% S 117

[15]

[16]

[17]

(18]

[19]

(20]

[21]

System Technology, 2022, 46(2) . 613-623.

Wroe, AR, T KPCA-IPOA-LSSVM )75 Hi 28 i 34
B2 W[ J/0L]. BT LUK 1-11[ 2024-11-15].
http ://kns. net/kcms/detail/44. 1643.  TK.
20240627. 1608. 009. himl.

CHEN Y, ZHOU L J. Transformer electrothermal fault
diagnosis based on KPCA-IPOA-LSSVM [ J/OL]. China
Southern Power Grid Technology, 1-11[ 2024-11-15].
http : //kns. net/kems/detail/44. 1643.  TK.
20240627. 1608. 009. html.

REH, B30, HEAE, % 3T PSO-LSSVM ) 7k 74 [7l
A EHLBHURRR RS FESUN [ T]. Rl T R
#z, 2019, 39(8) ; 2426-2435,25.

SONG X W, ZHAO J W, DONG F, et al
demagnetization fault recognition of permanent magnet
synchronous linear motor based on PSO-LSSVM [ ] ].
Proceedings of the CSEE, 2019, 39(8) . 2426-2435,25.
ZEARIN SRR, 20N, AF. B TR RS IR B
AEE L] BT R, 2022,45(5) .
62-67.

LI CH K, GUO J M, LI J, et al. Environmental sound

recognition method based on spectral shift module [ J].

cnki.

cnki.

Local

Electronic Measurement Technology, 2022, 45 (5).
62-67.

WENBO K, WEIPING L. Based on STM32 of CNN
speech keyword command recognition system [ J ].
Instrumentation, 2023,10(01) :17-22.

SKRETHT, KRR, R, A5, flG s AR BRI B AL
1 22 R N LR & G AR BN [ /0L AR = 5K
&, 1-12 [ 2024-11-15 . http://kns. cnki. net/kcms/
detail/11. 5602. TP. 20240826. 1113. 002. html.

ZHANG Y M, ZHANG X, GAO M, et al. Multi-layer
perceptron speech emotion recognition based on dynamic
convolution and attention mechanism [ J/OL]. Computer
Science and Exploration, 1-12 [ 2024-11-15]. http://
kns. cnki. net/kems/detail/11. 5602. TP. 20240826.
1113. 002. html.

KRS 2 HEWE, )0, 45, Fil 5 MFCC I IMFCC 4$4E
AR B A R )] BN TR, 2022,
45(8): 6-12.

ZHAL'Y J, PENG Y N, YANG X, et al. Power plant
equipment sound recognition algorithm fusing MFCC and
IMFCC features [ J .
2022, 45(8): 6-12.

AR, T . HF DBN-MPA-LSSVM 1 JC 44 4 i
L BRI ST [T ], W 5 A AR AR 4, 2022,

Modern Electronics Technique,

36(9) .37-44.

LIN J T, WANG SH. Research on fault diagnosis of
jointless track circuit based on DBN-MPA-LSSVM[ J].
Journal of Electronic Measurement and Instrumentation
2022,36 (9) .37-44.

BJTRE L METE, R B, S5 T IR L A XU A
P [ 35 B (R 22 B PR AP T 22 [0 ] i RGP S 4
il ,2022,50(6) ;:117-124.

HUANG F N, MEI Y, ZHOU ], et al. Adaptive threshold

differential protection scheme for wind power access to

[22]

power grid based on positive sequence current[J]. Power
System Protection and Control, 2022,50 (6) ;117-124.
fal 345, #5555, 3T PSO-LSSVM i i L 7
MRS IR BE TN [J]. A TR AR, 2019 (1) ¢
31-35.

HE B L., HUANG Y, YE T, et al. Prediction of high-
voltage power cable joint temperature based on PSO-
LSSVM [ J]. Power Engineering Technology, 2019 (1) .
31-35.

EE &I

[23]

FWW, 2007 4F T VLI K 24 4R A2

A 20, 2010 AR TR 2 BRI A4
ot J PR A B2 W SN HL ) S RE
< Jel5e CHER 70l Fe R 2 ) TR,

ﬁ\/ TG i RGE I B

E-mail ;308658703@ (q. com

Li Li received her B. Sc. degree from Jiangsu Normal

University in 2007, M. Sc. degree from Hohai University in

2010, respectively. Now she is an engineer in Quanzhou

Electric Power Skills Research Institute ( Fujian Electric Power

Vocational and Technical College ) of Fujian Electric Power

Co. , Lid. Her main research interests include power system and

its automation.

KA (Gl {514 , 2004 4R T 0L
IR ZEBFAR A 240, 2015 45 F 3] i K2
ARAHE AL, BB Tlk K~ f AR
B TREFBERIBER , W57 0] Jy i <
FORSHLIN 5 RIS T
E-mail: 2004074@ zzuli. edu. cn

Zhang Zhiyan ( Corresponding author) received her M. Sc.
degree from Northeast Electric Power University in 2004, Ph. D.
degree from Hohai University in 2015, respectively. Now she is
an associate professor of the School of Electrical Information
Engineering of Zhengzhou University of Light Industry. Her main
research interests include state detection and fault diagnosis of

electrical equipment.



