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Abstract: In order to realize the intelligent evaluation of power transformer insulation status an evaluation method for oil — pa—

per insulation of transformer is proposed based on kernel principal component analysis and random forest algorithm. Recovery

voltage method ( RVM) is to study insulation aging status of power transformer. In order to overcome the limitations of single

classifier random forest ( RF) is introduced to get classifier groups. The randomness of training samples and feature selection

can avoid the problem of overfitting. The differences are small among classifiers built with features when there are few features

available. The original samples are analyzed by using kernel principle component analysis ( KPCA) so as to increase the num—

ber of features. Then random forests are constructed to get classifier groups in high dimensional kernel space. Finally the vot—

ing results show that the differences among classifier groups are improved effectively by KPCA. And results of the state diag—

nosis based on KPCA and random forests have a higher accuracy.

Key words: power transformer; oil — paper insulation; recovery voltage method; classifier groups; ensemble learning; kernel

principle component analysis

(51567002 50767001) ; method RVM)
(2014A010106026) ;
( (031600KK52160004)

( recovery voltage

+29 .



41 2 Vol.41 No.2
2018 4 Sichuan Electric Power Technology Apr. 2018
RVM
2
8
3 ,
o 4
° Ly, t, <I,
9
o 5 o 1 2
[} 6 7 o
s L
v s\ () L
1
AY o %
K
%MMS’%%‘
. |
7
“ Lt
gl Tt R ] HAStIR ]
2
o 1.2
o Urmp N
t(tdom N Srmax
10
Urmp
Urmp = maX( Urm‘dx( t() ) ( 1)
1 . tn ’ Urmax °©
tcdom
1.1

30



( naive bayes NB) .
chine SVM) |
( neural networks NN) .

N S

( support vector ma—

41 2 Vol.41 No.2
2018 4 Sichuan Electric Power Technology Apr. 2018
tcdnm = argmax( Urmax( tn) ) ( 2) '
Srmax °
2)
13
du
_ I r o
S e = max(lim 1) (3)
u, o
2
3 o
i . A
e <FeER> | <Tea> H

I I

( decision tree DT) . ( i \) e \:) 3 .(,\, o \) "
—r ™ - — #l
*&—l %%
#
ﬁﬁ%%%m%%%ﬁﬁ%%%m%%%———aﬁ
3
3
14

15

x,eR" (k=1 m)

e 3] e



«32

41 2 Vol.41 No.2
2018 4 Sichuan Electric Power Technology Apr. 2018
A x) 10 130°C .
C 3 1
nra =K, (5) 500 D2
'K K(x, %) =0(x,*x);a v= 250 ~ 500
Yia0(x) o ;3 250
Sia0(x) =0 K e
K =K-I1K-KI, +1KI, ( RFC) -BP
1 (6) C . BP
()= 3 3 9
K 1~
(7) X 3. FCM m=2 c=3,
o v 330
V=v+0(X) =3,_aK(x x) (7) .
RFC
4 92.2% BP.FCM
6.6% 16.7% - RFC
1) .
X 1 BP.FCM RFC
2) z — score
m, m, ms BP FCM RFC
4 — score 1 0.53 385 0.11 1 2 1 1
X’:(x—,u) /s (8) 2 0.29 41.1 0.12 1 1 1 1
X’ " 5 X 3 0.55 35.8 0.15 1 1 2 2
i 4 0.70 24.3 0.18 2 3 2 2
3) X 5 0.83 21.5 0.17 2 3 3 3
6 1.20 21.6 2.10 3 3 3 3
ESAN : :
K=K(x" x,) =exp( = ) (9) | m, FCM
o 0.1 2 . 3 my BP
2) FCM . 4 m,
<105 FCM . 5 my
BP 2 . RFC
5) ’
5



41 2 Vol.41 No.2
2018 4 Sichuan Electric Power Technology Apr. 2018
5% ° J . 2014 40(2) : 489 -
BP.FCM  RFC 496.
73% 69% 87% . 3 10 Tapan K Saha Prithwiraj Purkait Frank Muller. Deri—

RFC

BP  FCM

1)
2)
3)
1
. 2010 36(4) : 842
- 848.
2
J. 2016 44
(24) 1170 - 175.
3
J . 2011 37(1) : 136 -
142.
4
J . 2015 30( 12) :307 - 313.
5
J. 2015 36(9):
2083 —2090.
6
J. 2017 38(1):190 —
197.
7
J. 2011 26(3) 32 -37.
8
J. 2010 36( 12): 2984 —
2989.
9

11

13

14

15

16

17

ving an Equivalent Circuit of Transformers Insulation for
Understanding the Dielectric Response Measurements

J . IEEE Transactions on Power Delivery 2005 20
(1):149 —-157.

J . ( ) 2010 49
(3):333 -338.

2016 36(3) : 604 —614.

J. 2017 41(8):
2593 —2597.
J. 2010 27( 12) :
163 - 166.
J. 2010
36(7) 1 1725 - 1729.
J.

2010 29( 11) :226 —229.

D . : 2013.

(1977)

(1965) .

(1986)

(1984)

(1988)

(1987)

(1988)

(1982)

( 12018 - 01 -06)

e 33 .



