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ABSTRACT: Partial discharge (PD) caused by GIS internal
insulation defects has complicated and highly dispersed
characteristics, susceptible to operation environment.
Traditional methods of PD pattern recognition based on
statistical characteristics are strongly subjective in feature
extraction, easy to lose some characteristic information and
have low recognition rate of free metal particle. Therefore, a
PD recognition method based on deep belief nets (DBN) is
proposed that can automatically capture PD spectrum
high-order characteristics, avoiding subjective influence in
feature extraction. Also, this method can recognize type flaws
of free mental particle with recognition time far less than those
of support vector machine (SVM) and back propagation neural

networks (BPNN), and therefore has practical values.

KEY WORDS: GIS; PD; deep belief nets; pattern recognition;

recognition accuracy
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SR AL, HL 3% (gas insulated switchgear, GIS)H:
B G H AN e fae e m . TS SRR A,
BT ok iz R, SRIMLEER . B
RIS AT RS, GIS WA AN Rl dkk 4
TELE 1) 8 Toh 466 S0 P /2 15 e 48 2 WA B 1) 32 PR 3R o

o P L 1R DRI B 7% L (partial discharge,
PD)EA K, PD BERAL LW FEEIRK, 12
ALV % 48 R ) B B E B, GIS ke
e P2, ANESEET 5 KK PD BA
AFRIRRIVE A, 0B 22 23847 I IR A 482 1)
fo FEREWREARR . FHAFRAZERETH PD
FEAENER I ZE e, GBI PD {E S A AVREE 2
Hr, BT AN BRIE R, YRR S A GRS,
S R IEAEIR, SR s, Sl e A B
st R ARl 2

WAMEEXT GIS B4 PD BECIR AN 7 K&
7 TAE, Hd BP 4 M %% (back propagation
neural networks, BPNN)ISZ#F [ &= ML (support
vector machine, SVM)f53| 1 72N H. {H BPNN
TENGR AR BERL G 5 BN R B a AL g B B DA
T WAT SH3oK A8 5 28 A 1) o 5 4 gt w1 il O
SVM {H B RIS SR SCRe Al &, ORI
R S m BYAERERTHE, m RFEASE, BHE
iz BN A AR A B 3G K SURI2E T . PD FFESE
BOEH RS IEE . 2 TR AR AR R ARV
AU B B B L, (5
ZRME, FHEORBIRBER, JTHAEX HHeR
TOREBRREAFE R N BREE 2] Z R R & 28 B
AT HIRHES 2T 6877, B EEdE T H 3% 2]
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RIS S, B THRRERE A ONIEB =0, B
2006 FHE 2 J51E RS AR B ANE 2500 S5 1R 2 4
SRR T R RS, (EOK R 2 S B
PD AR B FEAR A, R W TS PRi sl
B VEFH SRR B ) B M A T GIS &4 PD
IR, ST — PRI TR BE BAE W 4% 1) R B8
BRI 7

ASLEEE GIS WA 7 28 I 5 w12 W 1 3 A
HR, RIS T GIS W& W 4 2R A2 G
=41 PD 155, JF3RIL T RER L HEE, H
TS PD KIEEEEE, R ZIRPUR 2% 21
RIS B {5 2% (deep belief nets, DBN), i8I Fiita) 2
IR 28 IS FRLEICHE Hh B 2 S RHIES S, SEBIBOR R
BRI H—J51, NS E R 8 NGy
fEE, HIN SVM A BP #iZe f 24 7 K25 BEAT IR,
B AR R 5 A0 T DBN AU AR R 3 T X L,
25 BB 7% DBN A T PD A 20 IR 4Tk s 7 4
N =R
1 ZIRBRESH

B /X 24 % Hl(Boltzmann machine, BM)#CR T4
THE S, BRI TR E R AR R
%, PR AT LA T8 £ I B AR AN T A (1)
PG EAE 3. BM RIZET 554 AT LB
(visible unit)F &5 5. 76 (hidden unit), AN [F]75 f[8] 8
HBUEFR L FITTZ A AH M . BARBUR 22 S 1A
Ao R 2 6e /1, ABJZR R JZ N HITE %
BRERERE A, WIZRIADRE, THREE M, IRMEE
W35 BM Fran oAt

52 PR 3% /R 2% 2 Ml (restricted Boltzmann machine,
RBM)/ZX BM ff—Fhedt 2", gl 1 pr
N, BRI ILEMEEE, MEsoeyLg,
— M I 0y 1 3 RN AR BOE A 2 Fh
K&, WRORSHREREMEBR IHENRE. 5
BM X il & RBM [F]— 2 N 5L e AH BTG IESE .
Rlt, 4] DL AR T E R, & FEiE RS
AT [FIEE, BRGEEARASHE R, B E BT
RS MAFAIL, TS T IHE R 4k

h hy hs hs hy,

Fig.1 Structure of RBM model

—NE 0 ANRILETE v=[vi, var s v Fl m
AR TC h=[hy, ho, ..., h,]f] RBM, BEEREE
EW,h,0)=—h"wyv—c'v—b"h=

Zk:ckvk —ijhj —Zk:wjkvkhj (1)
J J

0={W,a,b} 2
A v AFTIEES @ DNRTTHPIRE: by NG
8 ARTEIORA s wy 9T T § SRR TE
2 IGEBRE S M a, by 4 BT LG | R
BTG E IR B RBM FRR A HE 26 Il A T 0 43 A7

T v B RESHRER R

e—E(v,h)

p(v,h)= . 3)
z= ZGXp[—E(v, ] 4)
h,y

A 2= Y explE(v. )] M B, A2
h,v

THIVER . P WA TR E R, &R 5 TT
ARSI RPN R, 5 7 AR o ias
IER N

plh; =11V) = fiamoia(b; + ;ijhk) (5)

PO ) =TT Py ) (©)

e WOEBREL figmoia /¥ Sigmoid A, FIEH N
y=(1+e™) e HBBIREFHER, [FFEAT L E H
55 AN BTSN ROE RN

P, =1h) = fiamoia(@; + Zwijhj) (7)

PR =TTP01h) ®)
WHHEAREE A
S={' v v} 9)

Sy SRR TS W60 g AT )
IR
£O)=T [P0 (10)

i=1

3 Tt [ [ P ) ASREONR, I 4 %

i=1

AL, B logx BRI R A, log(d)
i S LO)PIm KSR, A

logL(Q):logﬁP(vi):ilogP(vi) (11)
NIZE—A> RBM, THEAXTT RBM S}

HAVRIIBIL . 207 — DN vor SEL O TRBEEN

0 OE(v,h OE(v,h
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00
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A FAALH 1 BEIREME DA p(h|vy) T

—aEégh) BN, 5 2 TR poh) B

% KO T4 58 10 RBM, 45 1 M1

AUV E RS R, (HSREE 2 TN v AL A )
Fra mTREVERUE, HAGHH RHRECR, BRAEH
PATEAE]. NI — 8, Hinton KB T HEL
J¥ (contrastive divergence, CD)&E%EY, AT SZHi X 4
2 AN T ) — Rl AU T

X LGRS AR T — AN 2 ) RBM, R4
AT MR 53 A1 HEAT 75 A1 U R AT (Gibbs sampling), &
Sl vo 1N AT WZWILERPIRZS o AL AT B R
HER:

PO P(h‘\vl)éhl
Hor, —20M gy 20Ty g ) 2 R I
p(h V) Rl p(h™ v BT RFR R . KRS S
BRI, AR IR By R R R TE SR R R I L
BUF T o BIRXE B AT AT (0 57 REFTIB 1Y) CD-1
Tk, FIEARHIIREAE A k i B ETE CD-k J7ik s

5XoF o B R B R B B i e Ak T

&EOgh):_hﬂ% 13)
6wjk ’
FREFET CD-1 REEAGHHAIRERE A AT LS &
2 [-log p0) -
= p(h; vy + pChy Vv (14)

AR CD-1 728 RBM 28
B
2 REEEME

HIEEEMNSEHZE RBM SI09 R &
W R, 1 2 o — AN 3 R E 4
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DBN ¥ W45 g — L E kA EE, X —)2
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% |, J&JZ RBM YIZR5E UG FIBRBUE RSN T
—JZ RBM Wi, &EA&d4 s E &g m
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MIRIRAS LA B b E NI B S 5, MG 1 bR
K, RFIRREE Tk, FHME 23107 500 M 45 240
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Fig.2 Structure of DBN model
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AL, AIALE BT AT AR RA — 4 Ak
HJE 360 4EM A ARG S, BB ik
WESH w ARE S a). by, FHEBUZE 1 GEK
KR A o] W2 B AE B . A RFERIZ 07
%, WEEGEUZ 2 Rel KR A RGEZ 1 RHIES
B, ZEm E3 G BeE EE K m T RIE, HETE
It 1o B TV 1 24 (R ARPAE ) 2
3 XWwIt5HEXRE
3.1 Xt

AT T 4 PSR, XL GIS N 4 K
DL Ty S 7Y £ R s, R4 5%t i P B R (TR AR N
FERRE) A E R BCE A R (RTFR P 2RER )
Y2 TR & JBmT5 R F R (TR FR M SR ) R4
ZF WA B R (FRIAR G JSHRBR) . BREEAE AL
Bl 3 Frw, BERKERAEA mm, #ERSA
1x2 mm® B 2x2 mm®, & 20~50 1.

53 PR — FhEk AR L B T GIS AL
A, FEFE L 0.1~0.4 MPa ) SFe SR 4T PD 5256,
SZIG IR 4 Fion. T1 RS S ERIET4, B
KA 380 Vi T2 AR T AR5 AR K 2%
(YDTCW-1000/2x500); C1/C2 J A4y k4
(TAWF-1000/600), R NFHME 10 kQ 1) TATRLS IR
PP HLFH(GR1000-1/6), SR BR i) 1 it A A= i 28 1N )
FLER L INUEER AT N TekDPO7104, H B
%N 1 GHz, SRKAERN 20 GS/s, FAAERIEN
48 MB; Hf#il(ultra high frequency, UHF)Y{%E3% K
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R ELE 120 DMEEA, HAPIZRREA 40 A, Pt
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2) T EIIZGERE, HRIIZE 14 RBM M
%, Bl 360 M1 ULJE HICH 100 ASBEERJE 5L I0H ik
) RBM WM 44544, KA CD-1 Hi%, 1% RBM ik
FIFE RS

3) ¥ L2821 RBM K2 ook S1ERN
N2 RBM WAl WWERKWIGEMANE, H5 2) [F
FEMN 7, BER EEHART 2 /> RBM 1)
FRERE.

4 RIEHHT B GRS RE, Kb 3 A
RBM P24 Je 432 % DBN %%, % 4 285k
BEAT YRS, KRR AE 9 H b i AE, SRR
R, MEUR R, RS S, H
22, 3. 4) KD, HEEM 40 MNMIGREEARR
Pl

5) R, S 80 MINRFEAXT DBN
BEATIAR,  Goih & 2R Eh fa IR HE R, BT iR
iR
4.2 ETGit454E) PD 1271

A —J7 H$EE PRPD i G iHFFE R, H SVM
Iy RAF BP M 255t PD #EATAE IR EI, FAE
DBN M &8RRI A b . A S ISR [25] 5 1
FEEL PRPD % B M A4 K 1 A7 A R AHE S SR HY
& K, W IE 572 B AR O FIAH SRS . 4t 8
AR = .

BP 2 0 2 i — P SLT N R4 I 2847 A fr
TERIMLAS 22 ) vk, H AR SAFIIREAR
Jei s FH B 2 21 J7 20 48 HRRUE A i 22 384T K
IR, 2428850 H 2 1R 2V 7 F/NT B bRiR 22
SERCIZR, AF H br ) &5 % H 1 = (8] 228 S T g
N, SEBUAE R .

2 FE R E ML (support vector machine, SVM), i
T AR 2RV SR N\ B R 4 B e 4R A ), 7R A
7% ) e e R g ) ) B BOR R AT 4, %
YRR AT BT E N . SVM A HE TR 4G
o RS B /M SRl B IIRLES 7 ST HER, REFEAIRFE A
AP PRI G

SVM HE R IR R B0 WA 2 i sk
Sigmoid % BEAN = i E M AR EL 3, EE R
TEME — NS, MR 2 A 2 M SRR E
e, SR EONE . KRESLEREH,
SVM 4328 25% SR FH w0428 1) 264 pR B0 )1 5 SR
HWE BT, H, A SVM 42K gk iz
EE I AT

AL TG EXT 4 RALGERFEEATIRA, S REA
BHLE KA, BIASCRI A 3 4~ SVM 402548,

¥ SVM —0p KA h K SVM WY 732K 85 . ud it
FAEE, R MER BRI SR T R, R
IR IR, BISE IR N SREREE AL AR 3 Ffask
Bea A |, PRI P SBRIA IR T 2 Fh a2t
B, oa R I 2 FRRAAZRE .
5 RANERKSH
5.1 W REELAR

ARSI RIREL 2 Rl G T, SRR A M 4%
BEAT IR, INZRBECH 100 2. 55 1 PR A0 EE
FESERT MR S B AT I B N 2k, AR5 AT I
BN 25 2 PR AL SR in S5 H L B E )
TIEEAN SR IIZREE R Eant&l 6 s

40 1
.30
é
¥
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Fig. 6 Comparison of convergence performance

HHIE 6 AW, 28 1 FhIZR I iR a6 R0 £ 1%
FN30% A, IIZk 70 5 M 25 2 Hdin Tl
WA IR EEIT T 0. 55 2 A 0T 46 R
TR ARG T 40%, YIZR 50 PSR, U RS
BHETEE T 10%, (HBEhEERAREIR. HEESE
BP #2541 4a 2 KL i B, DBN ilid i
WIS R S &S EE, WAL 42 5
BEa N 3 e DG il LN ) T S sl
5.2 DBNIRFREE

TRV % (confusion matrix) X FRE R FERE, ©
MR ATRREAR R HSE DR, B FR AR T
I, BT KA RERIE IR . IRIERERE i 4T
J ANRIRI] i AR 2R j IS, DBN iR
G5 R ARIE R IR 1 .

HIZR 1 TR, PSR R U 1 2 ZORIE,
T <6 AR ORE (47 B ATL A I R T 3 o Jm 0 T L 1 B
BUME, SRR A EE R A 2R IR A 5 R
#&1 DBNIRFIREER

Tab. 1  Confusion matrix of DBN %
TRVE L His N H 45 P His G H#: M
i N 98.9 0.0 0.0 0.0
il P 1.1 94.7 13 6.4
it G 0.0 1.0 98.7 0.4
Hit M 0.0 43 0.0 932
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PO M ZRERIEAN G 2EER0E, b M BB IE A P
FEGRBEAH ELTR] 1R R B IC ™ . AT 4.3%[H) P Sk
BB IR M RERIE,  6.4% 0 M ISHRIERE IR A
P JSHRIE, ARRFESE AR T M e 1R 0] HE
Ho 4 RERFET, N BREEAHAD 3 SREkiERIE
KERENK, HHMERFRILE T 98.9%.
5.3 RAERERSIRAEE LR

AIESEIT 8 DMEEHRHIERE, FIH SVM M
BPNN 2 FJ7 5% GIS I 4 At AL SR E KA 4T
TR BRIRCR IR 2 o,

*2 RAERER

Tab.2 Comparison of recognition performance

— U ERD

DBN SVM BPNN
N KGRI 98.9 98.2 90.3
P KB 94.7 88.2 84.1
G KBk 98.7 87.2 86.4
M kB 93.2 90.0 87.3
PSRN 96.4 90.9 87.0
FHE /s 55.7 89.2 109.3

3 Rk, DBN @R B e R, IAF T
96.4%; SVM I, BRI AR 2N 90.9%; BPNN
e, JBARIRER AU 87.0%. FHXT SVM A
BPNN 2 #7792, DBN 7792 AR R BIHERG R 2 il 12
BT 5.5%K19.4%. DBN Xf N. P. G. M 4 357
R IR AV AR R 20 ) A 98.9% 94.7%. 98.7%F1
93.2%, L SVM M1 BPNN i % S Bl R il v
R EE, WK 7 s,

12.3
12 11.5
10.6 BPNN
& 8.6 =
5 o :
g 6.5
= 59 55
X 4 32
SV
05
0
N2 Pk G¥E  ME B
T 2T

E7 HAEMRERRESE

Fig.7 Improvement of recognition accuracy value

T N JE6REE PD 15 5 IE A7 AR 70 A1 22 57
B, LB SR 1 P 2REhFa a1
MEFE AR . DBN 8 H 8 WHE b2 SRR
B S T ANIRRRRHE R M, JRRE R
$€ PRPD i P IAT (55, X P SRERIE B 1
BRILF] T 94.7%, HXS SVM F1 BPNN R 7572,
bR T 6.5%F1 10.6%, % T4 501 =¥ i A
BT B A A e

BAVUIIERE, DBN J79FHIN S, #EI 55.7 55

SVM FIIt &, #ERF 89.2's; BPNN Al K, #E
i 109.3 s. DBN W25 TG Bl 2R Bk ) L
BB, NS AT R PR ifh v, (4
I UM, A6 MBS 2 B B R /b B AR e
BICE, AEFE T R

6 it

EFXAE G I T G RHAE ) PD BRI 5 7%
TEFRFIE R IR MR % E B & R ok 25 1Y
SRBE AR AR AR B RSCR R AR ) 8, AR SR
T GIS &N 4 I AI GBI, BRI B M
8 T4 SR ka2 1) PD AR, I 5L %07
R BOR AT LR, 1B H DUR 4k

1) DBN 1Rk 2 5 oo v] LAl 8 n] 202 £iod &
LR B AR D, PE TR T i B8 B R AL AR J1IRE
ik &, W NEEE o s ) AR & . AHEEEE T
GiiPEFE Y SVM AT BPNN 5232,  RURR BIvER %
SRR T 5.5%A0 9.4%.

2) DBN fE B I B, f LB ke
XS HOHAT R AF U, o TR R e
PhE - 5 BN Rl f e A e R AR AT S0 3ok 18 55 )
W, AR ELFE TS RIE R SVM AT BPNN 5%, 17
B TE) 20 AR R T 38% A1 49%

3) DBN £ &2 (A2 i 26 HAT 0 S R 2
SIREST, AT LA BB (R gu A A, 15 R E R R,
fiff e T AR AIE B 2 U B R R AE A4S R R 1 )
B, [, B 4 ok S B R v Al R
mE] 97.4%, LT RIHRFIER SVM Al BPNN
B, RNZIEERE PR R S e T 6.5%
F110.6%.
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