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Fig.1 Design structure of EFPI sensor probe
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Fig.2 Principle of EFPI detection system
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Fig.3 GIS partial discharge detection test platform
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Fig.4 Partial discharge model of insulation defect in GIS
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Fig.5 Optical fiber feedthrough and its installation
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Fig.6 Ultrasonic signal waveforms of partial discharge
models of different insulation defects

B Y ) T L A 25 S O, R B R
AR TR ESBERIC S GBI TS R T e
23 BEESHIESHER

SRy HIS TR HL 7 A PR P A FLA I A | B K E A



& AH) ALK 152

Z U AR A, PRI HE LASR AL SE r 0 1 — 4k 5t
T PR AT R B SO e TPl
SR SRR LB 1 J5 3, B A P R 5 1 i
FEARFAE , BRSOk Mt A TR RHE S E R I

BRI A5 S0 TIRZ IR E SR e ik
WS S S8 BT T, Fpgkmf(a) T, , i@ {5
Vi BERE ELARFSTHEL C, 000 7 P s AR R E
WL S TR 1) S 7S £ 5 28 LabVIEW £ 77 2
FAESEUG , WE BURE 2 B8 1, T I 26/
RS RIAR HU

LT R]

CEVES

FREEI[A]

B7 BREFERAESHARFESH
Fig.7 Different characteristic parameters of
single ultrasonic pulse signal
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Fig.8 Flow chart of PNN pattern recognition

(1) R kg R . SRR AR A )
A PNN I 25 R B R B, 250 R 3 R
EH AR

(2) PNN 24 'E . 7F PNN gt i rh o
Ji& 24 Spread WEH N 2, IS TE AR BT AN,
P25 T RE A o) i A ) 22t T 7 s 1) DX [ 7™ A M i

(3) PNN @ K& il %k, 7€ PNN G4 I
SR B R A X I A AS R A ) A AT A
A TENZR5E WG B U ZRAE AR R A7 [ A0 ik, o Of
PNN i3 %k

(4) PNN G, AR IIZREF 9 PNN I A
ASFAE 1] S AT I, IR U0 45 AR 5 I R A %
IO FL SR 28 B AT X B, FT AR T PNN [ 3R 0 1E
R
3.2 SVMIiRZIAFE

SCHR I BE T Matlab SF- 5 (1) LIBSVM T HAf 52
B SVM (R R AEER AN E 9 B .

WAZH | [ERaE| [RIEFA j‘“ﬂ e
TR [l e, g B | IIZRhEA *%?%‘E;ié
SEMAER | | AR WZESVM U‘té S

B9 SVM R FERE
Fig.9 Flow chart of SVM pattern recognition
(1) Fkr g R . T SVM Il 2k ek XX
L3k e K ) A R i AKS 3, X Re AR RE AR 1] B A RS
XTI,
(2) BeRBORI S S E . IR ] B R



153 SRS 48 5T EFPTAZRGER Y GIS JRy i o iR 5

KVES SVM RR P I A% pR 45, FnT3E i N AR 77 XA
DI ZE 2 [V RRAE ) s 2o PR v] e i I, K g S5k
WER 1, e ZHOE R 2,608 T SYM BRI L&
RE 1 LA KA N 972 1L RE

(3) SVM #EAIGIE Sl . #E SVM A ] 3
T ZRi s AR A ACRE 2 A 2 IR AR R AE 1]
L IFRAZ R g S8 c SEGTIRE . UG
LG X U 5 R AR R A7 Il 3K, i P DI R4 R X
SVM R AN ZRR R

(4) SVM BRI . A FHIIZRAT 1Y) SVM A5 7Y
Yo IR AR R AIE [ B R A 704K, 3% F LIBSVM (1% 95
T PR BT B2 Y SVM ARSI TE B %
3.3 RBILERLLBHHT

SCHVER R 4 B2 R B AL, — A O 0 SR
T 300 B 75%4 4 Ry B R AR A, AR DL SRR
FEICT 300 4LRFAE ], 4 BT B T RRAE S 5080
J&, BEHL 200 B} 50x4 41 HR¢AE [a] &4 A 53 51 % PNN
FSVM #4711 %5, 7565 3430 0 T 100 R 25 x4
MR A AL R . R PNN ) 3 A AR 14
BIRCR TN/ 2818 2 & 10 Jis, B SVM A it
FEATUSCR A iR 22 i 11 Fi7R o

4 o0 ALA AN 2 i
1t
iﬁ\ 3t PAMBAIRA A ?\_‘
K2t o= a o
KR
siiem
[P H b5 2851

0 20 40 60 80 100 0 20 40 60 80 100

D FE AR S 5 DR FEA G 5
(a) PNNiit (b) PNNil
FEARGY SRR FEA Y HeiR 22

10 PNN#iRANHRENLKIRE
Fig.10 Pattern recognition effect diagram and
classification error diagram of PNN

glommizn 1
F bR 23
OI
B3l A Aem— m
1§ g5
5 %1
N R
,2 -
=, s

0 20 40 60 80 100 0 20 40 60 80 100

R FEA G 5 R FEAR G 5
(a) SVMIIt (b) SVMIli
G NASFES ENASSTS S

E 11 SVMEXIRAMRENLIRE
Fig.11 Pattern recognition effect diagram and
classification error diagram of SVM

MIET 10 P 11 Al 0, 72 dy EFPT B A 22 48
SR P 5 SRR 2 B A Ak Al B, SVM 3%
AR SUNROCR 2T PNN B33, 3R 1 4300191
2 R R SR R AN [] 248 2 Bl o st P AR S )
WO 155 BB TR 23

%1 PNNL5 SVMiRSIEmE

Table 1 Recognition accuracy of
PNN and SVM %
JCEZEEL PNN BBIIERR  SVM 51 ERR
I3 HE 100 100
S IR RURLTI H 76 88
B 88 100
T 84 92

M T B AT LIS

(1) 2 i P BT 1 S 2430 31 3 1E i 35 7
85%LA | ,SVM B3 1) 7 B3R 1 1E i 23K 5] 95%
BT PNN 539,

(2) e L B TR IE W 2R A 2 Fh L R HRE
IR E 100% , AT WLHARRAE S50 Hoth 3 Fhoik s
KEHH K,

(3) BRI HL 5 W T 5 P 2 ) A A AR R R 3
Z RS, t T X 2 28 Jm Sk L R R A S
PRI FRE S BUR AL

(4) 4 Ja URL L U0 TE B AR ALK
T4 BBk e B 37 P 1032 Bl 5 Rl A R AR L
HUE R ZAE, & BURRAE 2 508 TR L, AT S 200
SR BRI

4 it

SO T R GIS P EBA [ 5 F85 Hia, 1)
SIS B AR A NS T 4 T ALY SRy
BB ARY, F ] EFPT 75 A4 J 85 ) 4 A [ 28 2 )
TR A R R (5, &5 A IR R E X R S
YK AT TRFES BRI, 343 0 A PNN B3
VAN SVM B AN [l e 28 B EAT 1 R ), &5
W

(1) BeithlfER) EFPL AL B il Xf GIS g
Ui 4% Ja UKL BRI AT TED 4 b LY f 246 25 e i 15 1Y
7 A T R P AT ARG DN G DN B )
BICFSAEZE A R T 5 SRR AE S 8 B R 5 2R
SEFE T

(2) TERCHE A 55 5L b, v DUREUS ) 1
THIFIR] T, FRZ2 0] T, WA V.., BERE B RS TTER
C 3% 5 AR ko e R AE S5, FRE S B0 LIAR
U3 5 AN [) 246 5% Sk B TSR B 75 15 5 R R L, A )



& AH) ALK 154

T XA 2RI T H0 51

(3) IZRfE MR B R R 4r, SRRk
£ 85% L) _F - EA %, H SVM B UBIRCR
BT PNN, X TARZER A Jm ikl , Sk BA
ANT] A TR 591 T A 238« 2 s PR RO I B R e,
& UKL i L PR T 2 A A1, A PR R S U TR
Z AR B 2 WA B R IZ W .
SE 3k
(1] oM, RN, 28, 55, IBIT4MT GIS JRils i s
PEAL AT ], P E AL T AR244%,2019,39(4) :1231-1241.
SONG Hui, DAI Jiejie, LI Zhe, et al. An assessment method of
partial discharge severity for GIS in service[ ] ]. Proceedings of
the CSEE,2019,39(4) ;1231-1241.
JAWe B SR TR S RS RO 7R IR TE GTS A
A P R (T R R ,2019,55(11) :54-58.
ZHOU Bo,HU Yufei, YANG Xinchun, et al. Application of ul-

[2

[}

trahigh frequency and ultrasonic method in the live detection of
GIS equipment [ J]. High Voltage Apparatus, 2019,55 (1)
54-58.

(3] o, b, 8155 , 25, GIS PR IE R B2 32 W7 43 47 54

ARBFFELT]. il 5455 ,2019,56(24) :86-91.
HE Ninghui,ZHU Hongbo,ZHOU Xiu, et al. Research on GIS
internal defect detection and diagnosis analysis technology[ J].
Electrical Measurement & Instrumentation, 2019, 56 (24 ) . 86-
91.

[4] LI X,WANG Z X,WANG X H,et al. Chromatic processing for
feature extraction of PD-induced UHF signals in GIS[ J]. Global
Energy Interconnection,2020,3(5) :494-503.

[5] EM,RESE, 855, %. BT CLAHE ¥458 1Y GIS Jay it bk v

FEAUN S T]. SRR SOAR ,2021,47(11) :3836-3844.

WANG Hui,SONG Simeng, QIAN Yong, et al. Recognition algo-

rithm of GIS partial discharge phase resolved pulse sequence

based on CLAHE enhancement[ J]. High Voltage Engineering,

2021,47(11) :3836-3844.

WRARBI, VRIRAT, 25006 , 45 BT R 5 20 2 BB 1Y GIS

JrrER i E AR B AE SR IO VA [T ] Wi R HAR , 2021, 47

(1):287-295.

CHEN Jiming, XU Chenhang, LI Peng,et al. Feature extraction

—
=)}
—

method for partial discharge pattern in GIS based on time-fre-
quency analysis and fractal theory[ J]. High Voltage Engineer-
ing,2021,47(1) :287-295.
(7] #4208, E &, % BTHABEZHEMAR CIS 7
R A I SR [T ], M AR E R, 2014, 29 (10)
334-340.
LYU Fangcheng,JIN Hu, WANG Zijian, et al. GIS partial dis-
charge detection and recognition based on the kernel combina-
tion and multiple feature fusion method [ J ]. Transactions of
China Electrotechnical Society,2014,29(10) :334-340.
A WY, XIEAE, 2. BB R A A I B AR I
FE[J]. B EH A ,2015,41(8) :2583-2601.
LI Junhao,HAN Xutao,LIU Zehui,et al. Review on partial dis-

—
oo
[l

charge measurement techno logy of electrical equipment [ J].
High Voliage Engineering,2015,41(8) :2583-2601.

(9] BT, K. LT B A e 1 GIS 4 R [ 2 BRI [T ]
HLIN 548 ,2014,51(14) :22-26.
LYU Fangcheng,ZHANG Bo. A ultrasonic detection based GIS
insulating defect types recognition[ J]. Electrical Measurement
& Instrumentation,2014,51(14) :22-26.

[10] KRB T OGER FP AL R 1AL IR 2% Jm BOE 7 J7 I D5
[D]. dbat. At 1ok, 2018.

SONG Shu. Research on partial discharge location method of
transformer based on optical fiber FP sensor [ D ]. Beijing:
North China Electric Power University ,2018.

[11] GAO C F,YU L,XU Y, et al. Partial discharge localization in-
side transformer windings via fiber-optic acoustic sensor array
[J]. IEEE Transactions on Power Delivery, 2019,34 (4) .
1251-1260.

(12] EAf, B4, RaEdp, 25 1T ep 5 S i A I ) Fabry-

Perot JuZF A E L AR [T]. R HL R A, 2014,40(3)
814-821.
WANG Wei, WANG Zan, WU Yankun, et al. Fabry-Perot
optical fiber ultrasonic sensing technology for detection of
partial discharge in the oil [ J]. High Voltage Engineering,
2014,40(3) .814-821.

[13] YU B,KIM D W,DENG J,et al. Fiber Fabry-Perot sensors for
detection of partial discharges in power transformers[J]. Ap-
plied Optics,2003,42(16) :3241-3250.

[14] EAm ALK, Bl &, 45 JE T F-P OBl 2 1

ML 2 W 24 4 vh R B SRR (1] s el
7% ,2018,54(4) :152-158.
WANG Yangchao, DU Jiazhen, GAO Chaofei, et al. Study on
partial discharge pattern recognition in oil based on F-P fiber
optic ultrasonic sensor and probabilistic neural network [ J].
High Voltage Apparatus,2018,54(4) :152-158.

[15] KOCH H,MINISANDRAM V,FICHEUX A, et al. Gas lisula-
ted substations[ M ]. Chichester, United Kingdom: John Wiley
& Sons Ltd,2014:400-457.

[16] WANG W,WU Y K,HE D X, et al. Method of EFPI fiber sen-
sor in partial discharge detection[ C]//2012 International Con-
ference on Computer Distributed Control and Intelligent Envi-
ronmental Monitoring. Zhangjiajie, China. 1EEE, 2012 407-
410.

[17] WANG X D,LI B Q,ROMAN H T, et al. Acousto-optical PD
detection for transformers [ J ]. IEEE Transactions on Power
Delivery,2006,21(3) :1068-1073.

(18] Whefisi, W35, BAEW], 46, EFPL LT 7 {4 s I HOv
TE SR TG I B £33 [T ] v FL TR B8R, 2020, 46 (6)
1855-1866.
YAO Weigiang, SI Wenrong, LYU Jiaming, et al. Review on
EFPI fiber-based ultrasonic sensors and its potentially partial
discharge detection application[ J]. High Voltage Engineering,
2020,46(6) :1855-1866.

(19] ENS, £, T8, 5. HT EFPL LS 0L ML K51 1 2%



155

SRS 48 5T EFPTAZRGER Y GIS JRy i o iR 5

[20

AT SR O ) P ELAAAT LT ] B 5432, 2019,56(20)
24-30,96.

WANG Peng, WANG Wei, YU Lei,et al. Simulation analysis of
PD direction finding based on stereo ultrasonic array sensor of
EFPI[ J]. Electrical Measurement & Instrumentation,2019,56
(20) :24-30,96.

] R, R, 254 5 GIS Ve st JR B i v 2 B S WA

Ik B BB AE AR R R (1] S EHOR, 2018, 44
(8) :2479-2485.
TANG Zhiguo, TANG Mingze, LI Jinzhong, et al. Discussion on
the resemblance of different partial discharges and accuracy of
PD pattern recognition of GIS equipment[ J]. High Voltage
Engineering,2018,44(8) :2479-2485.

[21] HEIR. A2 AR RO P 5 S5 RIS R S A RO TA 5T

[D]. dbnt: AL Jy k2 ,2013.

CUI Le. Methods for AE feature extraction algorithm of partial
discharge in oil-immerged power transformer [ D ].
North China Electric Power University ,2013.

TANG J,JIN M,ZENG F P et al. Assessment of PD severity in

Beijing :

[

gas-insulated switchgear with an SSAE[ J]. IET Science , Mea-

surement & Technology,2017,11(4) :423-430.

(23] i, KB . IR B 5 3 R THE——MATLAB £R
SEELIM. 4 R dbst: BT Tl i R, 2019.
YANG Shuying,ZHENG Qingchun. Pattern recognition and in-
telligent computing-MATLAB technology implementation[ M ].
4th ed. Beijing: Electronic Industry Press,2019.

[24] Jaa s SIS AN TR RE (T MATLAB) [M]. Jtat:
TR At , 2018.
ZHOU Runjing. Pattern recognition and artificial intelligence
(based on MATLAB) [ M ].
Press,2018.

Beijing: Tsinghua University

AR (1996) , 93 W AE B, 5 7 )
F AT 2 2 A 2 T D 5 B 2 T (E-mail
1213446733@ qq.com) ;

BB (1996) , 55, A 1, W B AR I, AN
o A R AEL I S RS T LA

Pt (1997) 58 B 7R, OF5E J7 16
AR S AR I S RS T

Partial discharge pattern recognition in GIS based on EFPI sensor
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Abstract ; The exirinsic Fabry-Perot interferometer ( EFPT) optical fiber ultrasonic sensor can be used for the detection and

pattern recognition of the partial discharge ultrasonic signal inside the gas-insulated switchgear ( GIS). Compared with the

traditional piezoelectric sensor,it has many advantages such as high sensitivity and strong anti-interference ability. Based on

this, four typical partial discharge models of tip, metal particles, suspension and quay are set in the GIS cavity filled with 0.4

MPa SF¢ gas. The EFPI sensor is used to detect the discharge ultrasonic signal. The waveform characteristics of a single

ultrasonic pulse signal are extracted to form a characteristic parameter database,and the probabilistic neural network ( PNN)

algorithm and the support vector machine (SVM) algorithm are respectively used for pattern recognition. The recognition results

of the two algorithms are compared and analyzed. The ultrasonic signals detected by the EFPI sensor have outstanding features.

Based on the extraction of feature parameters,the two pattern recognition algorithms can achieve an average recognition rate of
over 85% ,and the recognition rate of SVM is higher than that of PNN.
Keywords : gas-insulated switchgear ( GIS) ;partial discharge ; pattern recognition ; extrinsic Fabry-Perot interferometer ( EFPI)

sensor ; probabilistic neural network (PNN) ;support vector machine (SVM)
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