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Improved lightning attachment procedure optimization based on multiple
strategies and its application

FU Hua'f, LIU Shang-lin', HAN Bing?, GUAN Zhi-feng®, HAN Hao-tong', LI Kun', LIU Hao"

(1. Faculty of Electrical and Engineering, Liaoning Technical University, Huludao 125100, China; 2. Panjin Power
Supply Company, State Grid Liaoning Electric Power Co., Ltd, Panjin 124010, China; 3. Ulanqab Power Supply
Branch, Inner Mongolia Power (Group) Co., Ltd, Ulangab 012000, China)

Abstract: Aiming at the disadvantages of the lightning attachment procedure optimization such as poor robustness and
limited individual diversity, an improved algorithm of the lightning attachment procedure optimization is proposed. The
transmission learning strategy and the quasi opposition learning strategy are used to effectively improve the quality of
individuals at initial test points and to avoid the excessive impact of its random factors on the convergence performance
of the algorithm. The adaptive dynamic tracking mechanism for test points is designed to improve the optimization
performance of the algorithm while taking into account the coordination of exploration and exploitation capabilities.
The mirror image mean substitution strategy is used to replace the current optimal solution and the population mean in
order to prevent the algorithm from local stagnation due to the increased degree of individual assimilation. The
benchmark test functions are selected to apply to the comparative experiments of the intelligent algorithms optimization
and the improved algorithms optimization and Wilcoxon signed ranks test experiments, whose results intuitively
demonstrate the superiority of the improved algorithm in terms of its optimal performance and the effectiveness of the
improved strategies. The engineering application experiments of transformer fault diagnosis using the improved
lightning attachment procedure optimization to optimize the parameters of the long-short-term gated recurrent unit
further verify its engineering practicality.
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AT LRAIE f e 1) A0 RS B2, HARS T H R 250 b B,
ILAPO 14 T &% d5 {0 A8 I8 Jir 75 26 AR B i 2D, 72 IR B
1 BORG P2 1D () IR S A SI08 26, B8 AIE T ILAPO 12
i SR O AR R M B 5 T K 1 e 1P AL A o
B9 From: b 1 58 4 2 6 A R 25 Py (1 TR S50, %
B R SR T A B U, oT B AR N
R e A SR e B bR -0 0] R ) & B B
.
3.3 BUHRBS BRI

N T 25 BT NS AIE ILAPO 5325 Be i S5 B 1)
A R, 43 3 BUSCHR [9] 4 HY B89 250 idE 545 ELAPO.
SCHRT10] 82 H A et Bk CLAPO 5 3CHR 1142 H Y
U SVE MLAPO #E AT A VE BB Pt S 46, & 2
HERVE IS 2 1 FT R &0 bR B BT 50 I FHAR
SEIG, S A BV AR A AR St — % B N 50, B KIEARIK
g — v B N 500. # ootk F 6 AR g Rk 3
s,

HH 2 3 A DL, 0k T S v FH 1 10 28 5 1 I3 Ry £
Fy ~ Fio, ILAPOTE AR 3B s i 22 42350 3 T
Fabri F g Ry k. Hod 5T Fy By Fr Fss
Fy i 20 55 E 38 % %, ILAPO. ELAPO. CLAPO.
MLAPO & g4k 53 35 1] 75 B IR -0 52 56 v il D 48
TR o A T LA, BT8P 358 ik e i 2
WE A ARiEZE N 0, BRI H LAPO R Refh ik
A S IR AR

if it ILAPO. ELAPO. CLAPO. MLAPO #% i3k
FVEAEXT LE S50 73 0l T B RARL S P 38 ME  AvtE 22
20 3 0 A A A 2 5 SR R AR I HS RS A R B
72 5, B — 25 43 At g ARV v et SR A UM
ELAPO B3E1E [N B 43 SO OS2 5] N 22 75 1) &,
P S5 )N A% ) 77 8] CLAPO 50 T HE VI 46
BB B 51 N Logistic MBS, 4 B & 2 T 5 W46
Tt B AIUABE [ YR Jol A MLAPO 5038 T AR AL /A 2
LKA HIHLE, K 3L AT FEME 50 S2 568 s B 30
K BN ILAPO 592 S IEAT] Uf A6 Fh A 44
JoR B S AN A R R BE AL LA % S R
AR EEAGAR 5 3 07 TH S L0 A5 dE LAPO B2 3
REIHR T, H ook 5 ng 51 S A LAPO B0 5 A 1)
AL

Ay MR 3 S5 45 S AT 0 X TR T 2 AR R £
S BRI Fyy Fys Fs Fou Fro TUAHFEHEDNR 8
¥, M8 T ELAPO 5.3%: . CLAPO 5.3 DL /2 MLAPO &
15, ILAPO 5295 T 25 Uoxt He S0 s2 36 45 H A AR A7
SEYME L bRUEZE 3 TR bR A B T EE A, S
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2566 ¥ % 5 & K %39%
=3 BRI LAPOEZEMLESMER
FitE ik Fy Fy Fy Fy Fs Fs Py Fy Fy Fio
ILAPO  6.71e-39  3.43e-21  1.32e-17  0.00e+00  0.00e+00  6.77e-07 —1.0316 3.00e+00 —3.8600 —10.5363
. ELAPO  1.60e-24  130e-17  2.11e-13  0.00e+00  0.00e+00  1.01c-06 —1.0316  3.00e+00 —3.8600 —10.5363
CLAPO  1.42e-22  6.21e-13  1.09¢-10  0.00e+00  0.00e+00 2.70e-06 —1.0316  3.00e+00 —3.8600 —10.5363
MLAPO  8.00e-22  3.15e-14  3.60e-12  0.00e+00  0.00e+00 1.38¢-06 —1.0316 3.00e+00 —3.8600 —10.5363
ILAPO 1.43¢-32  3.57e-19  3.67e-16  0.00e+00  0.00e+00  3.13e-04 —1.0316 3.00e+00 —3.8600 —10.5363
Tl ELAPO  5.45e-24  4.96e-16 5.71e-13  0.00e+00  0.00e+00 4.49¢-04 —1.0316  3.00e+00 —3.8600 —10.5363
- CLAPO  3.36e-20 7.70e-13  7.04e-10  0.00e+00  0.00e+00 2.57¢-03 —1.0316 3.00e+00 —3.8600 —10.5363
MLAPO  3.6le-21  62le-14  5.05e-11  0.00e+00  0.00e+00  3.23¢-03 —1.0316  3.00e+00 —3.8600 —10.5363
ILAPO  4.22e-32  4.74e-19  3.18e-16  0.00e+00  0.00e+00  6.24e-04  0.00e+00  0.00e+00  0.00e+00  0.00e+00
- ELAPO  3.08¢-24 2.65e-16 2.8le-13  0.00e+00  0.00e+00  3.25¢-04  0.00e+00  0.00e+00  0.00e+00  5.66e-28
a CLAPO  3.39¢-20  9.37e-14  3.39¢-10  0.00e+00  0.00e+00  221c-03  0.00e+00  0.00e+00  0.00e+00  8.70c-17
MLAPO  2.82e-21  2.48e-14 3.36e-11  0.00e+00  0.00e+00  3.47e-03  0.00e+00  0.00e+00  0.00e+00  4.39¢-21

I 25 R E PR ARG 2 Fh ot SR I ILAPO HE L
ASUASE FH B — SRS 1) sk By B A B e ) SR P e,
— ISR T ILAPO B3 U SR 1) Rk
3.4 Wilcoxon f5 5 # 055

T I e B B VR ot B R S 5 R ) T 4
R, 347 Wilcoxon £ 5 LA 56 S 361617 v gk — 2B ¥
i ILAPO B533E SHVE I PR B, SEAR &5 R ank 4 Fiow. H
e pAE B E KPR RS E R E 9 0.05, W35 1K)
Wrgh BRI+ “ =7 “="73 BN ILAPO Hyk It
BEAL T 5T A S T A RO L By, TR, o 1k —
B0 AIE ILAPO 5373 7% S5k 5% i (1) 20k, 3 B & IR
Uk B R S B 1 A 45 SR 34T Wilcoxon 17
SRR IR SR, S 25 Nk S FTUR.

R4 BEEEEE Wilcoxon FFESFRIELER

ILAPO-LAPO ILAPO-GWO ILAPO-MA

p R P R p R

Fy 1.83e-09 + 7.68e-09 + 6.60e-11 +
Fy 1.83e-09 =+ 1.83e-09 =+ 6.60e-11 —+
F3 1.83¢-09 -+ 1.83¢-09 -+ 6.53e-11 +
Fy N/A —  634e-1l -+  786e-12  +
Fs N/A = 77910 +  786e-12  +
Fs 1.04e-17 4+  1.83e-09 4+  6.60e-11  +
F> N/A = 3.15e-11 + 8.00e-04 +
Fyg N/A = 3.40e-09 =+ 9.23e-10 —+
Fy N/A = 3.36e-10 + 3.98e-05 +
Fio 17809  +  3.68-08 4+  55le-03  +

£S5 BUHEEWilcoxonFEM LR

oy ILAPOELAPO  ILAPO-CLAPO  ILAPO-MLAPO
P R P R P R

I3 1.87¢-08 -+  1.87¢-08 4+  187e-08  +
Fy 1.87¢-08 -+  1.87¢-08 4+  1.87e-08  +
Fs 87309 4+ 18708  + 18708  +
Fy N/A = N/A = N/A =
Fs N/A - N/A - N/A -
Fs 1.68¢-07 -+  859%-07 4+  324e-08  +
Fy N/A - N/A - N/A -
Fy N/A = N/A = N/A =
Fo N/A = N/A = N/A =
Fio 7.80e-06 -+ 2.62e-06 + 1.16e-07 +

I3 MR 4 FIER 5 556 45 B mT R ) T JE v I e
B Fys Fs. Fr\ Fy Fo, 550 A0 5256 o b ifE
LAPO 5% DL J 8% v idk S92 240 m] v iy 48 - 22 ik e
TR B8 H P 18 B A0 AH, MUILAPO 5926 LAPO £ 5593
HEAT Wilcoxon £ 5 BRAS 36 ¥ 51 HH (B N “N/A” B
VAR R R FE I, oV 52 RO 35 A I, DU b 3 E
T LAPO Z 5032 s i SO0 1R . T o T H Al 2% 4K
S5, ILAPO HEHa th p (341K T 0.05, % th R1EA
b7 B ERAIE TR H R A R A s,
KRBT ILAPO BLVEAL 75 I 4 A M.

4 ZREIFWEZW TIEMN AL

KA I 142 1 26 22 6! (long-short-term  gated
recurrent unit, LS-GRU) J& FH 7k 16 K 2% FE i 203%
AR 45 4 K B 12 42 ) 25119 (Tong-short-term memory,
LSTM) FI [ 142 &34 5. 629 (gated recurrent unit, GRU)
VU R S0 R B 2 ST HE SR, SEBNL 156 GRU AE B2
PRI S PE R AL, FORE I BE 32 B2 A8 5 ) 2RI
E R ITEGY . SR ILAPO Bk itk ik 5047
A% R A8 U2 T TR R FE SR, [R) B 3k FH 4 g B0t
bl T SIZEG A (1) 8 %6 P AR 8 B GT L SR A Jd ik AR
JE s WA 2 W R 1 B 3 — 2D b B IE ILAPO SUE ) T
TS 1.
4.1 BIEEE

AR H 2% 12 iy TR N FH S ) B s U 4 A
NEENTFRELE L LIk 5 FhAS s 233l s il <0
P o 122 R I S R SRR A R S R E
ARG AR A W R AR AR B AT IE RS ATIRE,
FREEN 0; (R BE I HUIRAS, FRAEN 1; R A IR A, bR
5N 2; i RE TR, bR 2 R 3; KR I HOIRES, bR
ZEN 4, T BORES, bR 2N 5, i T BORES, bR A
N 6. e UL 48 S Tl X 1008 2078 I s 7 52
M I G, IR BE ATL 4 B 750 2R AR, DI 2R AR
ARG LI 4 1, BAR A iE dL an2k 6 B .
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LG PA S Wilcoxon 775 MAR 46 S 45 SR B MR B,
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TR B 2 ] HESL LS-GRU & ILAPO AR5, HAE &
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T+ 1 10.66 %, A Sy UK 1 ILAPO 5925 i ik S (1
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