$51% 5524 ) whHRERY S ER Vol.51 No.24
202312 H 16 H Power System Protection and Control Dec. 16, 2023

DOI: 10.19783/j.cnki.pspc.230761
FB XSRS 12 W AR A R BY AN pSUd — i S 5 Z AR BA K AR

'R, RA#EY, Zawm, R £

(1. BERFHIIAFIR, 4822 A1 361021; 2. 84S 54 TR T EEHT, 82 A1 361021;
3. B EAE A SMCAEA TG, 42 BT 3610265 4. 35N R RAERUR FRE), JTd M 341000)

FHEE: SEX I B BRI AL SRV TE SR AR v W B2 W AT AR R I A LE (1 5 T BN R S i AU AT PR o B (I S () R, 42
HH gk — 3 ) 4 2 L AR S (improved binary gaining-sharing knowledge-based algorithm, IBGSK). 4 5¢,
FRE BB BN, 4 — P S A WS B R e AT AR B o LUK, BB AE ML kN ek SR X o A B
i, DL R AT RN . ARG, SaEEES) /%% B 48 (evolutionary population dynamics, EPD), 5| A—Fif
BERN A X, DRSPS R 5L AR G . 5, B IR AR B AN R 12 K 07 B 526 ) B
PEREHEATPRAL . 45 R IBGSK BEMR T HARAEE, EAHMEESE S F A S-SR, B
AT REESIFNZARE 77 FER AR SRS Wi AT AR AL B BE RIS W T S i AR st

KHEIR): MRSl bl AL AR BEECCAENLE GRS 1 BIERIRE T

An improved binary gaining-sharing knowledge-based algorithm for solving the analytic
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Abstract: There is a problem that existing intelligent optimization algorithms tend to fall into local optima and low
population quality when solving power grid fault diagnosis analytical models. Thus an improved binary gain-sharing
knowledge-based algorithm (IBGSK) is proposed. First, a complete analytical model considering complete fault
information is constructed from the fault diagnosis rules. Second, a discrete working mechanism is integrated into the
population replacement of the improved algorithm to avoid spatial disconnection. Then, combined with the idea of
evolutionary population dynamics (EPD), an adaptive crossover operator is proposed to improve the population quality,
thereby enhancing the global optimization ability of the improved algorithm. Finally, the performance of algorithms is
evaluated by feature selection and fault diagnosis simulation experiments. The results show that the IBGSK algorithm has
higher computational efficiency, stronger global optimization ability, and generalizability in feature selection problems
than other optimization algorithms. It has better diagnostic reliability, timeliness, and convergence in solving the analytic
model of power grid fault diagnosis.
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Table 1 Combination results for case 1
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Table 3 Combination results for case 3

X X, X, Hla gk EIEL X, X X HELSR  BIES
0 0 0 0 0 0 0 0 0 0
0 0 1 1 1 0 0 1 1 1
1 1 0 0 0 1 1 0 0 0
1 1 1 1 1 1 1 1 1 1
1 0 0 1 1 1 0 0 1 1
1 0 1 2 1 1 0 1 2 1
0 1 0 -1 0 0 1 0 -1 0
0 1 1 0 0 0 1 1 0 0

TEOL2: 24 f(x)) KRTEET f(x) I, HTH
4 NNAREE (xit—l,j,xir,j,xirﬂ,jaxi,j) A& 2! FeH A ]
PASEE. B IX e H S ARN (O IR A1,
FIr AR BI85 B AR IR 2 s
R2 BR2HEESE

Table 2 Combination results for case 2

X, X, Xy, X BUESSR B4R
1 1 0 0 3 1
1 0 0 0 1 1
0 1 1 1 0 0
0 0 1 1 -2 0
0 0 0 0 0 0
0 1 0 0 2 1
0 0 1 0 -1 0
0 0 0 1 -1 0
1 0 1 0 0 0
1 0 0 1 0 0
0 1 1 0 1 1
0 1 0 1 1 1
1 1 1 0 2 1
1 0 1 1 -1 0
1 1 0 1 2 1
1 1 1 1 1 1

HZ 2 A, i—,lxz?—l,j AET xit+l,j Hx;ﬂ,j &1
xp B, BRI — T Xnew,i; = Xio1j o TEFLR
TEOLN, Xewi, =xi; o B, 7EZEM FHHE—IC
FHUE E R IA (14w

t . t t t ot
' . {xi—l,j’ if Xi1, # x[+1,jE‘xi+1,j =X (14)

new,i,j t
Xijo

otherwise

EmBHr B, KAEETR10), HEAMEX S
xp, T EH AR A f(x)) M (xy,) BB

BB 3 2 f(x) AT () B, (3,
X ) VENSE A R, HAT 2° P& T DASEER.
KX E RN T — AT, i3
I (5 B RAR IR 3 s

I 3 AR, Hxg,, = x, I, B A R —
TEIR Xnew,ij = Xmj o = Xp,; 5 xy,; MR, G fEIE
JE AR xp ; AR %A DU 1 70 2 SR AL
I A AS) PR

¢
t _ xm,f >
xnew,i,f - t
VE

HEUL 4: % £(xt) KTBEET f£(x) W, 27 4
AN (Xb 1, X X0 ) s —3EE T 2R AL,
BixssH ARARQ0)FHE A TFRp, g
BdE (S B EAA IR 4 FoR.

T4 BRINAEER

Table 4 Combination results for case 4

t

- 15
if x, #x,; (13)

ot
if x,,=x

X, i Xy Xoy o ERMHES PEIEL R
1 1 0 0 3 1
1 0 0 0 1 1
0 1 1 1 0 0
0 0 1 1 -2 0
0 0 0 0 0 0
0 1 0 0 2 1
0 0 1 0 -1 0
0 0 0 1 -1 0
1 0 1 0 0 0
1 0 0 1 0 0
0 1 1 0 1 1
0 1 0 1 1 1
1 1 1 0 2 1
1 0 1 1 -1 0
1 1 0 1 2 1
1 1 1 1 1 1

2 4 ATHL Hx, AET x; B, ST X,
W, B AMA T BTG R Xnew.,; IWIUEZEF T xi, ) -
FEHRTEI T, Xhews FBUES X7 AHSE . IO
NI H =R (16) R

' . ' ' ro_ ot
ML if x;#x, Hx,, =x, (16)
"eehl 1 xl ., otherwise

i.j2



- 180 - B R GARY 524

EPD 1EN—F AL B4, HpE el E MAR H
o bR BB P B~ X8 st R o3 S B AL T R AN B 22 1
M. 2E, ETERR TR A, REAHE
) SR R BB o Sl 2= TR, LA BRI SIGE
R H U, SCiR[2013638 4 FH3ET EPD B AL
RS ARG AL e B i R S m) @t . X gl ok
W I A T B L T AP I S 68 71, SEGRIETE
) A (] R VAT R AR R . R T e IRIX— A
JB, ARSCHE SRR S AR 7R A AR TS AN
B 5, Pz MRS 2= R AR REAT BIE B
&SR BOHT AN A

TEEARWIE, Wi T RERB MR A
BhFREET & /iR, M TIEREIAN, JHiG
AR I T R 2 AR B ROk R T AT R
WK, CAHS RIS . A=A 7)FR.

x, if n,<e
% X', otherwise
Rt x, B A BB AR B A
PRERIEE: ¢ AEXE, wmA8)FR.
e=(0.5+6)- 2910gm
l-¢ O
K, 0 NEHISH, BHEL RN ES.
Bl 1 Z5H T 3 MARRIEHIZECT 58 XA
2k .

(17

(18)

0.60
—0=0.10
-0 =005
0.55 - ='0=0.01
.......
2 =
= 050 I W
® N -
\~
\\\\\
7 S N -
0.40 ' - - -
20 40 60 80 100

HEARYH
B 1 FEEHSH TR R

Fig. 1 Crossover rate under different control parameters
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Table 5 Basic information about the baseline dataset
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Table 6 Specific parameters of algorithms
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Table 7 Comparison of average objective function values

LIETES LOBGSK  IBGSKM DSBPSO IBGSK
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R 7 W50, AT, IBGSK HikfE
3 MRS LIEUR T B/NE R BAREREUE, M
1Mt B IBGSK Svk B A T s it G BE
K8 AH T 4 MEEIEA RS E - IRE 1T
B RHEE
< 8 T ABEMLLE

Table 8 Comparison of average classification accuracy
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Table 9 Comparison of average number of selected features

LICITES LOBGSK IBGSKM DSBPSO IBGSK
200 6.6880 6.7024 6.0752 6.0608
ionosphere 9.8670 8.4216 7.8738 7.1016
M-of-n 7.0154 7.5124 6.8838 6.6458
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Table 11 Diagnosis results and conclusions of the test grid
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Table 12 Average diagnostic run times of test grid

N

% LOBGSK IBGSKM IBGSK DSBPSO
1-1 5.724 5.905 0.886 3.520
1-2 5.665 5.947 0.818 3.603




iR, A

L o Al 12 B PR T A TR ) e R v S S R R A - 183 -

HHER 12 "J40, fEWIFRE 54, IBGSK &
1E 412 Wiz 47 i 18] i 5 . DSBPSO 5 v .
LOBGSK #3241 IBGSKM L1 il 75 i s[RI Y 384
T, Rk, IBGSK ik EAG H U I Rtk

B 3 5 H T B BIRFTR S g A AE S 5 5ehr
A 15 AR A5 1 b R B S ST 42

25

= = +LOBGSK
IBGSKM
2008 e IBGSK H
: =—===: DSBPSO
= Sl
= 15
E= H
g |4
= 13
m 10r ! 1
5t
0 1 L 1 L
0 100 200 300 400 500
IEARREL
(a) WehRl7 511
25 T
= = +LOBGSK
IBGSKM
......... IBGSK
====: DSBPSO
Hm
e
1
W_)é
m
0 . . , .
0 100 200 300 400 500
A KL

(b) HebEdz 5E1-2

[ 3 ik e PSSt 2

Fig. 3 Convergence curves of the test grid

HHPE 3 %1, IBGSK SyAfEM Ak g 5 R,
B EHEAT 100 IR A A5 IS AR R A] Ik B8k
LOBGSK Hy%:H1 DSBPSO Sy %t b [ fie /N Sk
RIREEI T 100~200 2 [8] - 1] IBGSKM HIETE
Fdzmse 1-2 s/ NERREEH R KT 200, X E
B T M TR g S, A ST M SO Bk B
B S 11 ) R R RO

RT3k B0 UE AR I R Y R S
e, A CKE 5 1-2 T DSBPSO Hik iz
I RTA M R 37y S T B e — i s 5, 19K 5X(7)
FHBUYE o, FrEBUEN 1.2, BT RME, B
- R RN AT S U

£ 13 guit T KW EEZ R it T £

UBRSTAZWTING, 12 W IR A AR DL AORH B2 (1) ~1-35) B
FreR Bl . R ATA1, IBGSK HIE7E n) B2 a] h i)
FARRE S T XS L, HA BRI A T Redk R B
P bR B K T v (R 9 i R 7 5%

=T 13 ERMNLYBIRRBE

Table 13 Probability and average objective function values
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Table 14 Average diagnostic run time
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Table 17 Average diagnostic running time of physical grid
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Table 18 Diagnostic correctness probability and

average objective function values
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Table 19 Average diagnostic running time
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