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Application of Quantum Genetic ANNs in Transformer Dissolved Gas-in-oil Analysis
GAO Jun, HE Junjia

(College of Electrical and Electronics Engineering, Huazhong University of Science and Technology,
Wuhan 430074, Hubei Province, China)

ABSTRACT: Conventional artificial neural networks (ANNs)
still have problems of easy plunging into local minimum, slow
convergence rate and bad generalization capacity. For solving
these problems, a quantum genetic algorithm was used to
obtain initial weight value and bias values of ANNs. The
quantum state and quantum gate operation of the quantum
algorithm could improve the optimization performance as well
as the quality of the initial values effectively, which laid a
foundation for global optimum approximation in the later
algorithm. After then, Levenberg-Marquardt algorithm, a fast
algorithm, was adopted to get the optimal solution by
optimizing the weight value and the threshold of the multilayer
feedforward ANNs. By doing that, the problem of local
minimum convergence in the networks training was solved.
Before evaluation or judging, gas concentration and gas
generation speed were used to judge whether transformer fault,
and the dissolved gas-in-oil data of normal transformers and
fault transformer was used by individual ANNs, the former
given transformer health level and the latter given transformer
fault type. In this way, the complexity of the net was decreased
prominently and the effect of training and applying were
improved. The proposal algorithm is used to evaluate and
diagnose on-site transformer based on dissolved gas-in-oil data,

and the accuracy is higher than 95%.

KEY WORDS: power transformer; dissolved gas-in-oil
analysis; quantum algorithm ; genetic algorithm; artificial

neural networks (ANNs); Levenberg-Marquardt algorithm
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RT 0.9, HINZAUEAE 1 000~10 000 Z [H] ) 2
A EE AR ZEFEAR B AT Pk, T DL R 2 28 BN R
WS R, HMELLRSR, RIS BEAR U2 ) 213 Hh s it
AR T B AE A IR B o HH ] 2(c)RT I,
1R HE R E AR A M 28 I 25 T 541 G 48R 22 584
0, BRI LF RS T, i Mg U i R AL T
RN, R B2 e 2 ok ) B A
M5 B, VIZRI an RS Z P2 ook H 3G 021 AT
AHH B MR 2R 0, (HIRI W28 FUBHR Kz 1k
Re e, XA NG AL 12 WiEe ) T
Feo i 2T W, ASCHES EF e H LR
1358k 5 3 B L R M YD 46 R )5, Levenberg-
Marquardt 5P SRk BRAR I R B T oK
L 49 UG HIRTF A AR . NSRRI SIoH
BEKT, 12 3 R A e 28 W 2 b, ARSCRVRIR
Tio 2 P2 . R RIS G SN H A
MG E T 1 i KW v 2979 VA S K s T R
B = Al o H 23 4R 105 F1080, 2% il ki
ZE 3 fross

HH 10° 1
Fro 1

0 4000 3000

AL
(2) BEHLIEE A HHE o4 e 2%
1 10° 1
i 1
107
0 2 000 4000 6 000

[ Ezies
(b) BEALFRESATHME A SR 22 00 2%
3 2 MERIINZIER
Fig. 3 Training of the two ANNs
P A K, T 2 AMPREE R 2% 3 sl A
7922 A 5 806 AU SL TR 2 H Aw, HIXZLL
WAz A e IR AR IR, IR AR J5 S8 10 S ohoke



o

5 30 39 SR T IR N2 I ZXAE AR A R R U R I Y 125

2RI

TCBEAEAS 4 AP ) 251 i D0 5 A e 1)
AR, RTRE, A XA,
4.2 KETHASEER

AW T HL T RAE IR IEAT B AR T 4% i
e 217 A, P IEE R 120 41, MR 97
Yo WBAEA, (R 14.4%, TPl dholy
16.5%- it l 26.8 % JRAIEBECHL Y 4.1%. A
RECE Y 14.4% FIREICE Y 23.8%. DL L EdE
KRAEAFEARN GRS . BRANE NG VP Ab, IR 184T
(178 i 28 Bl e 400 2 A AR 25 R DA B K
ROV, WO IR PR AR A e o i B A I R R,
LUK W e 22 0 268 i HE AR TR IE A o E T I 25
B /I, BB A9 W R A% A A )
fEA N 8 2RI 1R 25 KR AR, ANRRIR U
S SPREA BRI S S R, SRR T2
WO 2 & B M 2 B () o i 2 AN Pl 2 o
AR 1, PR 2 WA TR 28R i
A, BRAMESEEL T = LR RN A5 ) i R A 25
%%, WK 3 P,

%3 SELEERSE RIS EEREE

Tab. 3 Evaluation and diagnosis correct number of
the tri-ratio method and ANNs

. VEAL S E R3O
i i
EXEA: ] — 78
A7 o) e v A 102 84
REALAE 95 82
AL ENE 106 85
ASCEE 115 94

e S EVEA R A A R A A T S 2 T

H2 3 AI 0L, ARSCTE. Rk BN
RIS A SRR AL 1) 9 48156 185 1) 120 41 AR IR
WHGE, A IEMTES T 1150 1024 95, 106 1,
ARCTTVER R I o T (R I L, A SRV
RI= HAR L 004 3 19 BlS Iz, sk 3 4
M2 A 134 14 A1 12 M2 Wi, Ay
I ORAT el o SLIRPR s = OBV R X K
SE/R 7R & U S e SO s\ LU T R AT T g
K%, SESWEmrEE LA RN SE; 543 4
PRI 45 5 BRI A BRIRC S, X 4 S 30T M 4%
ZACRE ) 2 iz ALRE ) Z R B AR VAL A2 W (N
FHYROR 2 o T AR SC 1) Bt A% P 8 I 48 Al R
Z I SRR A HI 28 LA /NI, s BE A 30057 2] 2l
A R A A R SR T R S S, 2 AkRe Ty,

TEALAZ TP RE AT .

IERELL EVNZRTE I 4 AN 48505 2 AN B3 (1) 0
AR AR e S REAEAT PEAL, ORI BRI DAl 45 2R
WHNZE 4. 5 PR,

R4 THETESHPRRSIAAIRILN K

Tab. 4 Dissolved gas-in-oil volume fraction of

non-failure transformers 107
FEA Pu, Pen, Pe,g Py, Pe,n,
14 5.47 6.35 1.92 1.32 0.1
2% 16 7 0 115.5 0
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Tab. 5 Evaluation result of the four ANNs
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FEA Pu, Pen, Pe,ng Pen, Pen,
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