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Power transformer fault monitoring method based on differential evolution
algorithm

LI Meng
(State Grid Anhui Electric Power Co., Ltd., Huaibei Power Supply Company, Huaibei 235000, China)

Abstract: In order to ensure the safe operation of power system, a power transformer fault monitoring method
based on differential evolution algorithm is proposed. Through the deep mining of power transformer fault
characteristics, the monitoring accuracy is improved. Based on the transformer fault monitoring principle of CNN,
a new convolution layer is added between the pool layer and the full connection layer of CNN to build an improved
CNN. The random gradient descent algorithm with momentum factor is used to accelerate the training and improve
the power transformer fault monitoring model of CNN, improve the speed of CNN, reduce the vibration during
convergence, and obtain accurate classification results; The differential evolution algorithm is used to optimize
and improve the weight and threshold of CNN, improve the convergence speed of improved CNN, and realize
accurate fault monitoring of power transformer. Experiments show that this method can deeply mine the fault type
characteristics of power transformer; Fast convergence speed and high convergence accuracy; Monitoring power

transformer fault has good effect and high accuracy.
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Fig. 1 Improved CNN structure
(1) ZA. BRE SR
CNN R ERE B T EREHK, &
BT 7= A iy N\ 738 s i W Pt TRUIR O 3, 6 R
Z Rl sd o S 1) (5 4% 2 B N 2R AR, B R AT
BT A A T i i P AR B % R RRAE R AT A R
H1[9]°
HCNNEPEIEEERE, HaHay
g:;4+gxﬂm )
Kb, O h A FRAEM ST, H % 5 60 T 45|
B, jellinds XS AL, HIZERAE AT
EI- 1B, RABIAEREE, HRM L
B - LEP s Noh 5 AR AE _E 1% B
©, BN AR RO 3 2 i (i I E 81 — LB 1Y
B DA R S A B, B
EFIR,
i ER—LEMEEREE, H—thEL
PRBRLE 2% AR TR R T, [RIIRHE 2
SRl BRI R . RN — L B R 4R

4 =0~y /oy ¢ @



He T 7oy HEALTEIL AL ) A8 T i i e S 0 Uy %

Y =(y+p)x; ®3)
Ao, XY 5y B 2 09— (AL B R 45 R 5 )
BRI R s 1, 50,00 BIHE— L2 HBE
WEBIE SHRHEE s Sy, por B I/MAE 5%
8K,
TEARL LRI B, A T (LA B R I
iR, SRR RO B R Kk
¥ =/ (1)) =max(0.7]) @
Jey Bl ol 28 738 e 4 B B B T
SET0, SRR R 2 B A S
485 B i T 705 I 2 R R i A
B, L% 2B s T 58 B R
AR A RN, AR A I R 7 A
AT (R BRI, A 7 A A A R AT
T2 RTC A 8, WA A I 5 A I 11 24
B 5 AL A B f B (A 5 i
el 19 RE A8 PR R SE RS . AL 2RI Bk itb it
AW
XX, = max (7)) (5)
Ko, SARMCR KN X7 58 o 28 i 2 i
FRAEmLST, HiZmebt s -3 R m, 1<j,<n/s;
Y5 () 85 0 A i 28 T AE 54 2 T 25 e B o AIE
gt HERBTEIR, r |/, 5-5+1 7,5
(2) #5H9B: BRI
5 %/~ 4 Mg AR AR TS 28 e W B 1 48 B 76
15T 20 I 975 U 28 WP R AT 1 B, 04 5 4B A 7
LB RO RT IR , 0k 425 4 A S I I R AIE 8 A7 8 1
i«
(3) 4R
B BUE 5 i I B U AR TR % b ) (R
e B R AL 3k 4 T 5k A T B e
B AL AT A O, A A T B P
Fel 01 PR % 6 I U2 L5 46 T LR, o2 5
FUAR I B G4 2, % BB AT 6 k. IES
A A IR, AR

4

M:k

E = Ztab hl yab (6)

B
b=1

a

www.eage.com.cn

2 )

Theoretical Analysis |

A, ASGBORIAREAN K S RKIE t, %D
MR BOEFaMEAR v A DA R HAYE
a/MFEA A, BDIZ A E B A . 2 4R
(] =155 720 i EE B Ay SR FH e i © NN 28 5 ) 28
A PR M S5 2R

1.2 B35 R R bR s AR B 1)l 2k

FIHBEHLES B TR L (SGD with
Momentum, SGDM) i)i[Zk kit CNNHL J) 4% [t %
e P W AR Y, U2 50 B R R 2 5 i L o) 7
He @ WO P I o o 2T R A T A6 | R 0 728 s 23 i
PR AE ZH Y I 2R B N BE LI B, e 466 B 45 K0
PO Et T, FrBOIZRFEAR N 5 bl %
PR BEREATIRAL, HD

N,=N,—nv, (1)0EJoN, @)

b, =b,—n, (t)2E [ab, ®)

A, n ACNNEAE 2 25 v (t) Hvy(t) 5 it

B2, HETREuk-sE M,
IR AT

vy (t)=v, (t —1)xMomentum—70 E/d N, (9)

v, (¢)=v, (t —1)xMomentum—n0 E/d b, (10)
A, BEFFHMomentum#lik, HO<
Momentum<1,

i v (t) 5, (t), ZifEt 5t — 15y 5k
AV Bvt—-1)T5m—8, k2N, #C
Momentumjn A, BEHL T FET5 [ w] FILH 2 Bl 7
WE, S8l EREAEITRT, HAB
B AR, W Sk B B4R U7, BB AR A
Fe i 2 B 5 B S R, JE ik 4 R B L it
Ti e . AR S R AR IR T, AR H
B PR A AS DA B 5 1) T B, Tk £E B A Ao
AMomentum=sz B, JE K & Momentume g I
8L, BB,

1.3 DEEEXMLLBAN T E=RHIEENEE

DI 58 B Y BedE CNIN R 28 s 25 i e i 00 452
TUAE X B 78 s o A B g AT W R e, WD
75 s i i P 5 0 o Tl 2 52 BT AL P ]
BB R AR ME 52 WA . A (o 2 T 2o gk CNINAE I 2% it
P M T T g WS S5 sek R 5 g o 000 7 T 15 B 42

2022468 - |11



HigoH |

Theoretical Analysis

T, AR A (L S 1R (R I F DB SR 5 B AR
e, DAORAe & 3R oh I 46 1A T E i 0 728 F 2% i P Ja
MR o

DERER T ERAIFTHIER P —
Fh, iZB RS SR RE DY, M AIDER
P OUAL HL 7 s i e o M A Y ) L 25 BR A

1) G L ) A% H &% il P e 0SS 784 1) I s e
B, FANP 5Dy 5l i Fh B 45008 5 T 47 i s (R
Mo d, WAL RSB R EE I H (O R .
H(0)= {0, by -+ b |11 R e B WS, 0 () 0 9 T £ fff
22 A A R R RE, BLZRRRE AR A e, Mo
SRR =[ B h b RER L A TR
HIA A o B 230
h,=h, .. (1-rand )+randh, (11)
KA, Nymax A JHELE IR ZS A LAY B hy i A
T % MranddifiRBEHLE T, Horand €[0,1]f% 4k
SEAR R

2) A, MACHIE BErm s, BHETE
GHUPBHEE, 78 i & At Tk, AN

v =S +hSM—hSM  i=1,2,---, NP

Kb, EHEGRMEANN =ANZFANKA
(SRS S i ik, % w6 At AT 4R 3k B, L
r#r,# 7 i Gl JHAMEE R, HMe[0,2]
FONC ﬂﬂa‘(h,i—hf;)ﬂ’a%ﬁﬂﬁiﬁﬁ%ﬁ, K5y
=8

3) RN, PEEFIEA T 2 AR A AR
U FARDY, o R BT 2 X R, PR A

randb <CR B j=rand, ult=von

(12)

. (13)
randb >CREj #rand

K, i=1LNPj=1-,D, 0~1ZAMIIEEL
Firandbfifiik ; 22 X 1 HCRfik, HCRe[0,1],
28 PR A JL BB % C R B A 18k i 18 e 1Y,
1~ DAy &% Hrandbfitiif , HiZBETEE
W, Fu 5y R A X ) RS R &
randb R iEu’ fEV T N B DR B A e

4) HARAAOGER, WA (14) WA &
AR B T, A

12 | C 20202415 EeH

GH _1.G
ug; =h;

f(u,-G+])<f(h,-G) RO =&
f(ui(}ﬂ ) >f(hi0) hiGH _ hiG

Ao, uC I R R B S (0 ik s o iE
o g BB S (B Wk

S (4 v ) 25 s 7 B O T B e —
B R AR 5 T, UK - 1A e 1 02 75 R B R
6T 52 fR A 1R e AL S, R Sk BIDER %
HhL, 708 I % i B W 0 B R P £

FEL ) 25 s 9 i B o 4 b i i B 15 Pl
B, AR 32 i 3 25 T DER b i CNNF
L )25 I % B M B TR | 3K I PR ) 25 I % 1196
B AR &5, i e Bl 7 0 B S, 4%
n#L,

(14)

F1 WERD
Tab. 1 Fault codes
WS P PR R i i
I I #4 LT 0001
rh i F MT 0010
Fe e A HT 0100
KRB LE 0011
f RETRCHR HE 0101
J R TR PE 1100

2 ZaO

RS UEASSC T 200 v ) 48 s 6 e P A W 00 2
R, DA G ) oA (9 47 v 78 Hs % e e W 0 5
HOSRYE, ZSR] AR RN R H A A

Ry 96 VIE e it C NN | g 78 s 2% 1) e Pt 4R AIE
FEBCA R, SRR % R N D R e R R
A BOHE S Y o A AP b R A S R, 2 it
CNNFEA [ B 1 UL T 3R HRAY HL ) 728 s 2% A
BERpE S A &5 R, a2 ~ ESPR., g AR g
3788 s 5 i B 2 TR Kb 45 SR AN TR TR AR AR

MBI 20, D He & Ik 3 15 5 ol
FRAEM RS, KoMEs. HE3~ESAF
R M I CNNR B RLE , e 78
Je g% iR R R AE BE T 4540, HBMREEP T
PR A, R 2 Y A DX 4 W B S PRI, SRR
B, Bledt CNINEL A A 5 1 1€ 88 42 4 R 00 78 1 25 ke
FERHERIRE D .



He T 7oy HEALTEIL AL ) A8 T i i e S 0 Uy %

""" R s IR

Do (R

i SR
e g A N
A- # %‘-AA_
‘AA‘-
A

2 FIRBHRESHEN T

Fig. 2 Characteristic distribution of original data set
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Fig. 5 Output characteristic results of convolution layer 3
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Fig. 6 Comparison of square sum of error in power transformer

fault monitoring
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