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. ¢+X¢g$*i%i¥ﬁ?£(particle swarm optimization algorithm, PSO) B3R F-H. 48 /1 £ & J F- 3k &S ok
T, 3B — AN IR KGR 8 E kT B RS H & (simulated annealing - adaptive particle swarm
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BMCRAMAL, B6 A RS A B FAAE A IF SR FOMCB I Z . AR MK R 2 AT 69 45 B 45 R R SA-APSO
Sk e RAR EAAR R LA AR T RAPSO. WL R A TEESE WALy It KERE
HAARPSO & 8 & 5 AT AR AT AR, 25 R AR T SA-APSO 09 LR 25 i b By 3R 2 A8 5 52 A 7 ik A 4% S AL
A R AL, B RAEE 24 R 2T 3.7 mm,
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SA-APSO Algorithm and Its Application in Ultrasonic Location of
Partial Discharge in Transformer Oil

XU Yanchun', WANG Quan', LI Zhenxing', LI Zhenhua', LYU Mi®

(1. Key Laboratory of Operation and Control of Cascade Hydropower Stations in Hubei Province , Three Gorges University, Hubei
Yichang 443002, China; 2. Texas A & M University, College of Electrical Engineering and Computer, Texas 75503, America)

Abstract: In allusion to the basic particle swarm optimization algorithm local search optimization ability is poor and
it is easy to premature convergence, an improved PSO, which integrate simulated annealing idea into the adaptive
particle swarm optimization algorithm, is proposed. It is named simulated annealing-adaptive particle swarm optimi-
zation algorithm (SA-APSO), based on the adaptive particle swarm optimization, it integrates the simulated anneal-
ing idea and accept the optimal value with certain probability. SA-APSO can effectively enhance the global searching
ability and overcome the premature convergence phenomenon. The simulation results show that the SA-APSO algo-
rithm is superior to the basic PSO in the accuracy and stability of the results. And its application in location of partial
discharge in transformer oil is calculated, the results with the basic PSO and adaptive particle swarm optimization
are compared. The results show that based on SA-APSO transformer oil partial discharge-ultrasonic positioning meth-
od can realize the accurate global localization and stable result, the synthetic error less than 3.7 mm.
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fili e T [ R oA OB K RUEE . ST R BEE 4R
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Table 1 Standard test function

A max f,(x,y) = 0.3 cos(3mx) — 0.3 cos(4my) - x> =" = 0.3 x,ye[-1,1]

min £, (x,y) = =20 exp(—0.2 /(x* +y*)/2) -

1 |x|<5.|y|<5
exp{[cos(2mx) + cos(2my)]/2} +20 +2.712 89
s max f3(x,y) = =(x" + y°) *{sin’[50(x” + )]+ 1.0} =5.12<x,y<5.12
- 2.0 : ; :
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Fig. 1 Three dimensional graphs of test function 1
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Fig. 2 Three dimensional graphs of test function 2
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Fig.3 Convergence curve of test function 2
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fift, BAT T B0 B 42 R STt , AR T 2 R kAR
TR T A VR E] (HOR AR E JE B T ORI,
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Table 2 Comparison of simulation results of test function
PRIEL AR LN (] i wARE SSE (] BifH Ty 2%
SA-APSO 0.240 035 0.240 035 0.240 035 0.000 000
S 0.240 034
PSO 0.240 035 0.174 351 0.217 351 0.041 614
. SA-APSO 0.000 000 0.000 000 0.000 000 0.000 000
S X, 0.000 000
PSO 0.000 762 2.260 471 0.413 061 1.102 317
SA-APSO 0.239 847 0.239 847 0.239 847 0.000 000
Y 0.230 000
PSO 0.234 369 0.169 231 0.229 461 0.039 100
SA-APSO 0.000 000 0.000 000 0.000 000 0.000 000
fa 0.000 000
PSO 0.001 100 0.020 100 0.039 100 0.021 900
SA-APSO 0.000 000 0.000 000 0.000 000 0.000 000
Ve %, 0.000 000
PSO 0.000 000 -0.030 100 0.014 500 0.021 700
SA-APSO 0.000 000 0.000 000 0.000 000 0.000 000
¥ 0.000 000
PSO 0.000 000 1.001 800 0.203 700 0.601 400
SA-APSO 0.000 000 -0.003 200 0.001 100 0.002 500
Js 0.000 000
PSO 0.000 000 -0.132 900 0.043 500 0.081 300
SA-APSO 0.000 000 -0.000 600 0.000 200 0.000 300
/s % 0.000 000
PSO 0.001 900 0.025 900 0.013 800 0.009 100
SA-APSO 0.000 000 0.000 000 0.000 000 0.000 000
¥ 0.000 000
PSO 0.000 000 -0.146 100 0.072 400 0.244 100

MRS T 8 TN ) A% R AR B T A R, OF R
AR A A8 BT I PR 0 BE FH T I A 315 5 SC[18]
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W AEAE s il rp A Rl I R 2 %, B Ak B 75 AR
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3 F B 22 % A7 7% (time difference of arrival
method , TDOAM) , K 72 Fis 45 #5480 Sy — A~ 5775 (1
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Fig. 4 Principle of partial discharge location
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Fig. 5 Schematic diagram of time delay estimation
based on TDOAM
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2

Jy.z0)=[(x _xi)z +(y_yi)2 +(z_zi)2]
[(o =) + (=3, +z=z)]" 07, =0
M T 05 R (2) Rt e R A, ook HKS wa i
DAL LM L 5 b o P Ak ) 82, SR B E B o Y i/
B,
e 28 JR TROUR 52 AT 1) B4 A R e b o SR — 5 24
TSR e Ak I
min D(x,y,z,v) =

(2)

n

;{Kx—x,-)z+(y—yi>2+<z—zi>2]‘“ - 3)
[(c—x) +(& -y +z-2z)]

0<x<x

1/2 2
- vTi]}

0<y<y
y ymdx (4)

0<:<:,,
1200m-s ' <v<1500m-s"

KT 20 « Vo ~ Zo 27N AL AR 25 Y

KFE ;5 0 N e el O P I 50=1,2,3, -+, no

4 ETFSA-APSO BIfE4L in) B K R

Xof i 3 N7 B J T o B A A R A T R Sk, R4
HTEESECN R m=40, AR n=1 000,
iR K B a =0.98, PSO 5 4 AL 0=0.6, 2% 2] A+
¢, =c,=2.05,

B A S ORI 2 = A A AR 2 R ok
fift E AP AE 3 ANEL, AL, 4% BEOR AR A | 4 45 Jk
i B AT BT 3 AN B 48 22, 4 3 3 S ) I8 D7 R R A TR
fitto 249K, KT 4 MG IRER AR I Z2 0 B 15 8., %A
PR A A . 51321 22189 237156 Eidh
1.2 4 0d ok 1 SC210, 56 3 4 ok 1 3 (22].

1)%5 Hﬁi( J._,[—J :1.2mx0.8m X1.0m,
SEBRRICIR AR KR P(0.5,0.4,0.4) m, &L AS AL bR
9 :5,(0.6,0.0,0.5) m.S,0.0,0.4,0.5) m.S0.6,0.4,
1.0) m & S4(1.2,0.4,0.5) m, B[] 250 . Lo i) [a] 7=
0.303 05 s, 7,=[0.364 22;0.434 48;0.505 08] s,
S, WAL RS, i=2,3,4.

) A AR (K 56 5): 5.0 m X 3.0 m X 4.0 m,
SEBR R R AR R A : P(4.5,2.6,3.7) m, &AE R GS AL bR
H9:8:1(2.5,0.0,2.0) m.S(2.5,1.5,4.0) m.S5.0, 1.5,
2.0) m % S4(2.5,3.0,2.0) m, Bif [A] S50 FEHERT ] T =
0.002 6 s,7,=[0.001 6;0.001 5;0.001 9] s, H S, N
FEAL R, i=2,3,4.

3)AE R # A A (K 58 57) : 1000 mm X 1 000 mm X
800 mm , SR JRy IR AL R Sk < P(610,320,350) mm, 45

s.t.

P IRES AR £ 5,(0,200,400) mm S0, 600,300) mm .
$5(300, 1000, 200) mm /% S,(600, 1 000, 500) mm, fif
] 28 . 7.=[363 1005 53] s, Her S, KL UEAL IR
1=2,3,4,

475 FE#R A6 PR (K 98 )« 1 000 mm X 1 000 mm X
800 mm , 5 B J5y il U AL bR b : P(610, 320, 350) mm,
AL BAS AR N £ $1(0, 510, 420) mm ., S,(300, 1 000,
600) mm.S(1 000,450,350) mm /% S.(840,0,450) mm,
IHEI 28 7, =[103;-166;-169] ws, Herr S, Jhy i
FERe%, 1=2,3,4,

BENBIEE RN FE3 4, B3 4P HENE
BB L ARG T SC[21], B AR B /S AL/ N

3 EO2EGERLEE

Table 3 Comparison of the results of 1 and 2 m

S SA-APSO  PSO [ERRIITAE RS
JORE ENER B TG

Bl Ak

x 0.5 0510133 0513956 0.513 628

1 y 04 0441697 0471435 0.489 461

04 0371412 0357911 0.382453

x 45 4457513 4391695 4.452133

2 y 26 2501795 2486524 2.505537

z 37 3716312 3.734169 3.712617
T3P IR NS IR AT AROR A S RISC21] A AR AR

6 i/ N
R4 HOI3AEMERLEE

Table 4 Comparison of the results of 3and4  mm

el sk %B/% SAlAPSO 1:50

JRT TR FEE 25 R RELVALES

x 610 609.776 2 604.417 3

3 y 320 318.0429 316.356 4

z 350 353.1815 355.6359

x 610 611.2502 594.541 3

4 y 320 318.429 6 405.583 2
z 350 352.894 7 759.021 4

LEEIREDHT  E LR B R 2ZEARH
Ar=J(, =) +(y, =y +E -2 (5)
KG) T : Pl,y,z) AR E 5 Plx,y,.z) M
B TS 5 RO AR AR
KA bR 25 2 (6) 1T
D.-D
D

HK(6)F : D HSE ; DN R
555 4% 58 L B R 22 1 DLEA
%5,

<|-100% ©6)

T, AR
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Table 5 Positioning error analysis
st i A
BN FENL IR
ARFR o R ZE/% 2.026 60 2.791 20
| ARy IR ZE1% 10.424 3 17.858 80
ARFR 2 [RR 1% 7.147 00 10.522 30
ZEERZE Ar/mm 5.156 15 8.402 93
AR & [RIR 1% 0.944 16 2.106 78
5 ABFR y [RIR 1% 3777 11 4364 46
AR 2 TR 22 1% 0.440 86 0.923 49
ZEA R 2 Ar/mm 10.82370  16.054 30
ARFR xR ZE/% 0.036 68 0.915 19
3 AR y IR 2E1% 0.611 59 1.138 62
Arbr 2 R /% 0.909 00 1.61025
AR Arfmm 3.741 96 8.729 58
AR 2 [RR 1% 0.204 95 253421
A AEHR y TR 2E/% 0.407 52 26.744 80
AR 2 (R 1% 0.82706  116.863 00
LEA 1R 22 Ar/mm 3.52256 41533400

ZEA Ml B 1Y R AR, S it
37 REFAE T, &S B 2548

DI N A bRiR 2 i sl R R G IR E KR
SA-APSO 553 2 S U R B T35 PSO, [R] e s 12
B RIE B ) W L= R e WAl oy Y W =Gl ey A

2)7E SA-APSO Bk v BLUE ML 4R iR 22 i K
(/T 3.7 mm, 25 A A5 8 7 1R 25 3230 1 0, T 2 TR
SRR 3 PSO B A 45 W A A (E
B 500 E SRS B, DRI, A 6 ARG B 1, SA-
APSO HIL TR,

5 4Z5ig

D3 T —Fb ek AR B B SA-APSO, 1%
BYETE H Al DR T RE A SRR 5 AR AR,
BE T RRERES, Ol T RAMRE iR
pSCIR

2) 22 W AE TN ok B 15 B 235 R R IR, 70 MR SIOKS i
FFRGE FE T SA-APSO AR fE T A PSO, 6B T %53
IR ERgc

3)KF SA—APSO L FH T 3K fiff A% Fe 25 i v Js 5 i
P, P4 2 O [ AL, 2 o7 45 K B v BRI, A5 5 T
FRSCPREE R, HAT B iy S FE

S 3Lk -
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