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Anomaly Identification of Switchgear Insulation Condition Based on Mean-shift Clustering
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(1. Qingyuan Power Supply Bureau of Guangdong Power Grid Inc. , Qingyuan 511500, Guangdong ,
China;2. School of Electrical Engineering , Shanghai University of
Electrical Power ,Shanghai 200090, China)

Abstract: Aiming at the on-site live detection data of switchgear, a mean-shift clustering algorithm based on
multi-dimensional feature quantity was proposed to identify the abnormal partial discharge of switchgear. The
switchgear partial discharge detection data which include dispersion, average distance percentage, concentration and
maximum volatility were used to quantify the insulation of switchgear to construct multi-dimensional feature
database. The insulation condition of the switchgear was divided by mean-shift clustering algorithm which can
automatically search for the offset, and the abnormal point was determined by the membership function of the cluster
labels to realize the abnormal detection of the switchgear insulation condition. The feasibility of the algorithm was
verified by the live detection data, which can provide a certain theoretical basis for the switchgear evaluation of the
switchgear.
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Fig.1 ~ Detection of partial discharge mechanism
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Tab.1 Classical online detection abnormal data
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Fig.2 Diagram of mean-shift cluster
2 ATRIHIBBARGITRIERAKX S
iy &Y
21 FEEMEBGRA RIS

DT AE T S AE T
TG A 118 4 R A I 5 F 9 6 A A 1)
TEV 875 A g (EAG T 5 DL K TEV FIEE 7 (75 5t
{Ho BCTE TEV DL RS Y i (0 22 1
T = (T — T /To® (1)
S®) = (S0 = S¥)/So®) (2)
A Tol S TEV IR A S i (i=1,2, -+, 6) I
S E(R=1,2, - ,n) B IF AR R IIE ; T A
TEV B35 548 TV N TEV B 58 i 22 1 5 Sol Hy
T ) R AEARS DU AR 5 Sy A 75 1T S (B SU) ke
7 ()R B 25 2
2.1.2 {2 M FETT s AL
R T v IR B B A B R R T R 1
B 1 ) B —— S5 K SR ANRE N, AR 3
X 22 1 | ASEST 0, (A S AR i e 4ok T
F RN
TH' = T + |INT (min { TH, T, T (3)
SH" =S + [INT (min { ${,85",--+.S¢"))| - (4)

2.1.1

2 INT (min (799,757, T57Y) S 4 5 TEV i 22
A e/ MEL Y HURE BREC INT (min { S19,857,-++.57})
Ay 2T P i 22 e ) B/ DML AR IR pRER
AT TE A TS R S R R 25 i
TWSH,
2,13 BHE
S HRE RE A B W T DA JR) ¥ I P A 0 5 4
ARSI B0, 2351 6 A A5 B TEV I P A
T 22 R B HORERE . TEV B BHUE N R 200K
k 1 N k k)
D(T):\/m_lz(Tf()—T()) (5)
A m B A AR T 0 TEV IR {E I 25 65
T K32 6 FF S BT K 5 45000 i 25 45t R 4 06
DY T RAE TEV SIS i 25 2 64 Y B o
[ri) 2, P ) R T U R X
k) — 1 N k Q)
Dg,_/m_lz(si()_s(,) (6)
2+ S AR R O 22 45t 5 ST R 1 5 T AT
ARG DN SO i 22 et A4 s DY) R T R AE M
RGN 8B O 2 2 O S UL
2.1.4 CFHEEEE L
SRR S 1 23 L A% B TSGR B A AR D K
S rh G R AR R S R L S R
T3 LA 7 T SR 4 2 K I K0 di e A B ) A
&R SR

: | R
AP = ?%;ZWW—TW (7)

. 1 1 -
A = E%;;ww—sw (8)

A AW R TF AR TEV A 0 B0 O 22 B 1Y 71
FRBE 73 Fb s AL Ry I G A R 75 A 0 5080 i 22 1
IR r= = =
2.1.5 fEE

AR T AT LS R A T B e Y A O
I 6 A 1) RS A R Y (B R AR
() HE ARG B o AR B X AT B ) B e
A7 55 5 O] 5 8080 i HE 67 B A O, T AOAS
A R BN R | 38 3 O T DLk
G A Y 3 AR 5 ¥4 T8 F Al R I L, S A
R B R R A ™ L A
T
szﬂhd{Tﬁwzlﬂ;nm}+ﬂh{Tﬁ%=llgnm}
! 2

(9)
65



wAEF 2022F F£52K H104

PR 5 L TR R R T R AR B R F i A

_ Med {SM1i=1,2,--,n )+ Mo { S i=1,2,--,n}

F®
s 2

(10)

K Med (Tl = 1.2, 0V HIZ G FF AR TEV I
{E 1 P E ;s Mo (T li = 1.2,+n ) O i 5 JF XA
TEV W& {E A T 7 50 Med { SPli= 1.2, n y MK &
T S AE R P W A 1 TP AR s Mo { Sli = 12,0 ) 2y
G FF AR S R ) AR
2.1.6 ERUEHE

T KU B R BE A 1 b T S AR Jmy R B 19 i
TSN L, DX B0 1) B 25 FE T, I W A X
B 5, R TR

max‘ T® — Tf("’

M = - (11)
max| S - S
M® = # (12)

KA T, T R kB TIPS RPN I 2 05 1
TEV H B 0w 25 1 5 My S 1 AR TEV A6 0 45 48 i
221 I B R % 5 S0, S R E kB TF AT 2
PRS00 S 7 P 7 S (i 25 8 s M) S T S AR R
G DS i 25 2 1) B R 8%
22 SZHEFEEIERE
AR (5)~3(12) 45 6 TF AR FRAE B 1Y
LS IR TP M A4 22 4R AE B0 e ] S o
R=[D, D, A, A, F, F, M, M,]

Fva Tz 00 Tig r,
Fox Tap  *°° Tag r,

= e (13)
Ty T °t Ths T

S R NI A 19 2 A A B s (i=1,2,
oo k) B B T S RS A 50 AR
ATF XM 8 AHHE .
o J A B 5 G O AT 2-s core BRIEAL L T R B
MR 2 22 5
3 ATHMEMEHBRENBLEIREF

R ik

H (8 TR T KR R T BT AR B
F 42 5 4 00K A5 5 G0 BT AL B A X R,
F T i 2 37 46 26 9 T 5 e PP D SR
3 5 T O B B T N (R S, AR
JE I A R T T IR 20 1 o 2 T A
Ll

S48 9 d 4 2 ) RYP O REAS £ (i=1
66

2, k) AR N S, I 4EER X 35, H: mean-shift [i1]
wE AL
1

Mh=22('i—r)
fes

Horb e AR BRI W) AR SR A vh i, A
e L RIS
rt'=M +r' (15)

i [T g 24 R XN BT 19 1] i, oK mean-
shift [a] i, W )RR BE B ) i R,
X} F mean-shift B {555 50k | 8 55 H 2 1 A
PR B I A T AT 5, O LU RS Y A8
B LG AL, BRSO 1k,

£ mean-shift 535 T 5| A pR BT 15 Bl 5
A5 1 A B 1 04 B B A ], G i % 2 %o 129 1 O 7
) 2 1Y DTRR AL AN ] o PR 1A vy 30 A% o B i Ak
ML , i r A% B R A

C, & r—r,
=— ) KIl——IF
S(r) nhd; N

o C o i KO R h A5
XFE(16) 2K T, TR 8 BER R A
2C, -r

(14)

(16)

J(r)= 5 e =) KT ()
Lg(r)=-K'(r),X(17) AT LR N
fv)=;ﬁ;§gm';”wmew (18)
Hrp
M, (r)=] grig(ll%llz) M Zg(u%u% -
(19)

F(19) 2 T A ok R ) B {ELER RS [

TER FHBME TR RISTENS R IR 125
S5 I o GtR 25 95 AT JBE 25 1) I R AR A
AABITEOLT , B —BREA SR — AL B
AL TFA2a 1T T BT AR £

A T A 248 Z IR S hR 25 AL 75 B S 2
2RI BRI AR SCR AN E 3 BT s B R R A
% R4 —
@I -------- N N/
ﬁ 1 |
i ! !
i | |
® ! !
# : :
25 5(1) 75 100

FREPIREAS S SREA 5 1L /%
K3 fEbrERIRE
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Tab.2  The switchgear insulation condition cluster centers

with mean-shift clustering algorithm

eSSl Dy Dy Ay Ag
1 -0.123 0.181 -0.360 ~0.345
2 -0.469 0.197 -0.551 -0.674
3 4.634 1.394 1.483 1.882
4 -0.251 -0.229 -0.323 -0.359
5 8.815 5.243 1.008 1.514
6 4.568 0.294 2912 2917
7 -0.304 4.060 -0.854 -1.090
8 -0.304 0.019 -0.620 -0.446
9 -0.556 -1.081 -0.201 -0.203
25 F, F M, My
1 -0.167 -0.079 -0.327 -0.322
2 2.025 6.746 -0.622 ~0.844
3 0.288 -0.309 0.410 0.670
4 6.973 4.655 0.593 0.976
5 -0.040 -0.416 0.166 0.352
6 -0.638 -0.496 -1.001 -2.254
7 -0.040 -0.656 2.501 2.259
8 6.568 1.184 0.876 1.562
9 10.346 0.480 1.843 2.104
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Tab.3  The number of sample points under different

clusters with mean-shift cluster
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Fig.5 Switchgear insulation condition anomaly identification results with mean-shift cluster
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Tab.4  State evaluation accuracy of K—means

clustering under different clusters

FHK TR /% FHIK TR /%
K=2 78.26 K=6 78.93
K=3 74.25 K=7 78.93
K=4 75.59 K=8 79.26
K=5 78.26 K=9 78.93
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Tab.5 The switchgear insulation condition cluster centers

with K-means clustering algorithm

el D, Dy Ay Aq
1 -0.311 -0.329 0.834 -0.428
2 2.674 2.585 0.053 0.357
3 -0.333 -0.303 -0.417 -0.167
4 -0.621 -0.844 0.130 -0.421
5 0.976 1.404 -0.019 0.394
6 -0.381 -0.374 0.299 1.405
7 -0.049 -0.059 -0.467 -0.048
8 -0.312 -0.403 -0.698 -0.725

eS| F, Fy M, M,
1 -0.103 -0.134 0.241 -0.380
2 -0.429 -0.033 0.137 -0.318
3 -0.057 -0.267 -1.824 2.309
4 -0.921 -0.469 0.198 -0.551
5 0.356 -0.340 -0.380 -0.366
6 0.266 -0.156 -0.380 -0.405
7 ~1.244 5.007 0.316 1.364
8 0.311 -0.003 0.602 -0.313
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