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Black-winged Kkite optimization algorithm with multi-strategy improvement

Hou Zichuan
(School of Electrical Engineering, North China University of Science and Technology, Tangshan 063210, China)

Zhou Jianxin Li Zhongze

Abstract: In order to solve the problems of slow convergence speed of the basic black-winged kite algorithm (BKA)
and easy to fall into local optimum, an enhanced black-winged kite algorithm (EBKA) with multi-strategy
improvement was proposed. Firstly, the tracking prey location update strategy is introduced to improve the global
search ability of the algorithm and accelerate the convergence speed. Secondly, an adaptive t-helix strategy is proposed
in the attack stage to prevent the algorithm from falling into local optimum. Finally, in the migration stage, when the
leader of the black-winged kite loses its leadership role, the Levy tangent flight strategy is proposed to avoid the
premature convergence of the algorithm. In order to verily the improvement effect of the algorithm, 8 test functions
were selected for testing and compared with 5 swarm intelligence algorithms. Experimental results show that compared
with other swarm intelligence algorithms, EBKA can quickly find the theoretical optimal value of 0 on the single-peak
function, converge to the optimal value in about 30 times in the multimodal function F; \F; and Fy, and converge to the
theoretical optimal value of 0 in the F; and F;. It is proved that EBKA has good convergence performance, stability and
global optimization ability.
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Ell

AR BfE Tl k2 ) &, R 2 SR H 25 5 2%
183 DI Al T 250 it e o 9K T A 5 1) 2 >0 B0 ok e L e the sk 26
IR, Sy a2 TR T R RE A AL B B AR IR AL B
K2 HR AP RARAT R R m S, B ATR A SR 5
AR W R I BIME AT R R T AR A IR, R L R AR
A R T R B 1 (sparrow search algorithm, SSA)™ |
W BT B4k 835 (harris hawks optimization, HHO)™! |

[}

W H 199 :2024-09-05
* FEEIE WAL AR R4 (F201820920 1) 3 H ¥t B

+ 104 -

it £ A4k 3 5 (whale optimization algorithm, WOA)"™ [#8
W84 1k B 15 (pelican optimization algorithm, POA)™ %,
XEFENR AR ENATER BN ERFL, B T %
WAIFAT . HIX SR AFTE R 5 B A Ry & de O A, %F
Z RO W SR B8 S5 A

N fFDE L RAETE Y ), 2 SR TR T 2 A R
RS W, ARG AR R IR SR TR g A 35 N L R R
Al 2 P W S IR T ke S A5 4 R RN R AR R L R R T B K
BE. GIA Levy "$AT 5 0E A5 B30 0k et ik o) J= 3 dme A0 L 4 o5



A H A SRR Z B 522 1)
THEMERE, EIRST R Circle W5 H1 R ) 2% 3 5K g 4R S = min(f(X;)) (2)
W REME IR IR IR S T A REZ AR R TR EER I R X, = X(find(fp, == (X)) (3)

ReJT. FERCEERE L5 A BSR4 A0 A8 500 W S AR AT
Yo gl o F S8 U0 A0 30 AR gkt S T ot B OB, 4 v A IR
FE R LR e W O A Bk rh S TR T S ) B A el
FEOLE G2 T A1 FOUCRIOCR 5 45 77 22 BRE S M 5 | A e
BREMB R B RS T Bk e R R I F e
Levy ®ATHRME 5 [ & 05 PE A 1 A 106 06 £y 57 47 & T
B T B AR 0 43 R AR O O b T s Y i sl
PP T T AR A TR T e G 5 | AR A T SR AT 0 B A el
e T RRA S PERE . RIRTHR I T ¥ 5 4 i ) B 3 R
AUE TN Bl A 8 Sk 1 B SR B R S A A T AT
Wk T2 Ry it

fE 2024 4% 3 H, Wang 5557 #2117 R 0 10 5 0k
(black-winged kite algorithm, BKA) , %% 1k 151 40 M 1 &5
i A RS R | E N W P & S Br VA & TR A s G N 8¢
B SR ARSI A il e W SICE FE G218 25 5 [ A\ R
SRS R, A i R B AR AE Y TR, A X
HAEAT TG RN H . Zhao 5 51 H T Morlet /N A8 1
SR BN T AR A A B T Bk R R A 5 (R
TEIT % B BOBGH T 1 3 19 PN A5 0 4R s T B i 8k
WA FOURS B . (BRI X £ B b5 5 2% & 4t 0] A, 2l ik
J BRI ORI AR 58 W R TR SR AT A AR K Bk
25 A,

B b AR SCHRAETE (9 Ta) B, AR SCHE T —Fh Rl 20K
W& 2k 3E Y 2R 3 85 A Ak B 9% (Cenhanced black—-winged kite
algorithm, EBKA) , B 565 18 B A5 9 ok i 51 A E| 22 3 &5
PeAG SR I Bt L B s S 1 4 R 48 R B ) A0 B 5 3L
UCAE T B B B S N ¢ SR E SR W, Bl R R A T R 4
JRAM R BRI A A R T R % B L TR BEBT BL T A
Y12k RATIRME A B T 32 8 500k 19 4 R 48 R 18 ) Rl S5Ok
JE 3l g Rk B

1 EAXAZRBRESHUEE(BKA)

PG B 3 R R O g ) R T AT
R BdiAT R T LA AR A TR E Y R e T AR Y i
TSP AR 25 T3 00 2 Ry e A ST AT A 2 T AR A
TR0 LN AT BRI R LU e B A R B e A i, O 5
HBT ) T TE A X8

FRRERI AR AL 8 e A R — N R R, B ALy il g HOR A
AL R T T A 25T Y 43 T R S ) IR A

X, = BK,, + rand (BK ,, — BK ;) D

Horpr,d 1 SRR A B B i pop 2 ) Y B 4L
BK ,, F1BK , 533 g BB & 1) ERMT F rand 72 [0,1]
AR Y AR B AE

WIRR A 3 N 05 B 1 A A 2 1R 0 4 T4 o 1 43
SH X, WRHSHEAEAE, X, MITHELK.

e [ RFNRE b R g 38 N A AL LA B ME R B
YA o - PR 15 02 5 Jt /N BU IR L 2 ) B LR A A
F TR TRAT I R AR A D R S B R R Y A T R
BAFILEAE Y, AR5 AN b ik o B2 o s R0 e 1) J
FFORZS 7 T .
) v, +n(l+sin()) Xy,”, p<r
yih = D
v, X Qr—1 Xy, HAth
Ay oyih IR YS L ORISR j dee G+ 1D
UGER R AL B, S 0~1 Z B BEHLE p R 0.9 1
R AL T

t .2
=)

n=0.05Xe T (5)
A AEIHATE 25 ERRE . T MR ERE.

AT R ERAT I AT B S, G SR 2w S
o7 B B /N BE ML FR I 09 35 N7 B A, I8 4 4005 35 i 3 R
FEIMAEDE R HE , 0 451 2k 7 40 B0 L B 22 S AR R Y
T8 N A R T B AL A AR %) 38 0L B I, 400 S o 4k 2 40 R
HERE N, BEAKXN.

x(

o vl +C0O D Xyt =L, F, <F,
Yo Yyl 4+ C0,1) X (LI —m X yi'), HAh

(6)

m = 2 X sin(r +=n/2) P)

e L) O e kO I B S 7 j Aei i fi . v s
yih A BNERORE - R SAE e WO G+ DR AUE
BARMAE., F, oy RS WO URENEE. F, b K
AR BREALAL B A IE N . C (0, DRI AL 52

2 MHENEASMHUEL(EBKA)

2.1 BEBEWRE

T i B A R i R A RIS B 2
% fti-f7 BE i b B 7% Ceel and grouper optimizer,
EGO) s & 42 11 T 5550 S AS W) e m . I B AL R
ARCH R B BT 8 2 AR P A B o B ) 7 TR S SR A Al
KT n FBEHUEFHZS A, TR I8 R B8 1 Y RI8 RIE R .
AR

X=X, +C (X —C, X X,0d) (8)
Ao X0, X0 R R g R+
DRERL TN E, X, BARKEIAE, C,.C, AR

B HGTE AKX R
C,=4XnXr,—n 9
o, = 2 X r, (10)

KA n NARLMERF, v TR 0~1 Z A REHLER .
2.2 BIERMN t BAERRE

TESSA S Y B B B 4R B S N ¢ SR e SR ML B A
TRt 4 A AR S Rl A B = g R S e e i SR

+ 105 -



5 AT & v F o

T # K

VI gE iz 3 VG 456 BaE N o 4 A O U8 1R
B P R R P LA R T i 1) 408 3 s e B A R R A L T
WA 25 WAAT — W= T8 A Ak, R 7 45 42 JR 48 R R R
R,

X=X +nQ+sin(r) X X" X D,p<<r (11)

X=X +nxX@p—DXX" XD, Hfh  (12)
Ao X907 X0 R s ¢ HORBEAE j 480 A G+
DUWERE PN E - R 0~1 Z R A BENLE . A EIH
A28 58 UM B AR T AR, n AR A
T, D N = 4R A B R R AL

D=xXyXxz (13)
K2 = p Xsinlm).y = p Xcos(m).z = p Xm 55|
FORBIEZ N T LR (2, y,2) =450, FH TR
ACHEN & ,m R (0,27 ) Z [ B REHLIE .

» :U><z,rnd(";—f> (14)

KUl 2 WHEE v R 5 WHEEtrnd FIH ¢ 7340 F
Az BB SRR G2 AT 0 3h S T AR AR 2B K R Ay AR T AR .
2.3 Levy V12 ®ITREE

TE BRI B B 3R Levy Y1 ®AT RGN T
U R 3 (RS T BB AL AR 14 55 1 A 1 0 . T LA
R X 25 T AN A B MO A R T R R
RIWH ., FEVILL I R MG 32 (tangent search algorithm,
TSA g T — Bl T D) 2k ek AR BT A KL B
stepX tan(@) , o/ step A F K, tan(0) BB J7 M, GE
RS R AT I, 2 0 HBEW T o i PI& R
B AL /N T AH 2 T 25K U R/, 75 30 09 e R 4 3 >
H A 35 G RS % Y 0 [HBRIE n/2 B, DI RRBOR
A TR R AT A5 B 1Y A 2 R R B L b S A R Y
Ko FBFASCEH Levy ¥ATARPIL ITWE K AT
PRZE A ) v 4 30 1 B DX 0, 3 S W T L e 5 PR B Ak
VLA R R AE 7[R B AT DUTE 4 B X & A48 R =5 (],
HAMRRIKRAR

XY, = X7 XLy Xtan(@) X C(0,1) X (X;7 — L),
F,<F, (15)

X = X7 +C0, D X (L] —m X X)), HAlh (16)
A Le R 38 CATRREL, L) BN E TN LS ¢ Wk ARET
j BT GTE, CO, D HFFEA R,
2.4 EBKA Biiii#E

EBKA B EGRFMIE 1 FiR .

3 hEXBRSSH

3.1 XEEEZEMSHIZE

J T BAE EBKA B335 19 1 B, AR S35k B3 Atk 30 25 48
BB (BKA) (I B AR AL B 2 (HHO) B fa R Ak Bk
(WOA) \E: T Circle BESHI GG AL TN H & N ¢ 53 A0 248 S gk
FY 68 88 B A & 1 (improved pelican optimization algorithm,

+ 106 -

WE PR HIER R, RRERREESH ‘
e
-
BRI/ TR PI A, 1 FURAER H AR & 8
R PRE R B (147 B X-leader .

B ROR R TTH:

‘TFHE:?Q 8 ES‘J??&@@EH&E&%&E‘]@E‘

|

R D . (12) FHBES AL
BRI B, KT G B T B 5 N A
(& L FEHEAT RS EL, 2 VE R B RN hE B

'

R (15> . (16) ERUTFH BRINITH
frd, 5 E— DR d f A B AT & N
RFEE, i & R EE R /NI R AR AL

TRk Bl FIE IR

K1
Fig. 1 EBKA flowchart

EBKA ift K

IPOA) | 5 T U4 AT B9 R % 18 R B 1% (tangent flight
sparrow search algorithm, tanSSA)Y™ 47X L 528, K
PRAIE 52 98 2 - 76 B A K R B R, XX 6 R B R AT
30 YR AN L B AR B R SR B pop R 30, R EAR
WHL T 500, 435004 30 4EBERT 100 4k BT K53 1
PERE.
3.2 fREMR R

AR TR EBKA 595 09 S04 BE Rl stk s, D
e 3 T e R e A RO kAR ik R 8 AN 3k o Bk 2 AT
o MEX R AR 1 R, o Fo~F, J B It ek 48,
FHFPRAR A0 AL 5505 i M SO RE R AR 8 M5 Fs ~Fy S 2 gl
R A F T VRSO0 AL 505 0 &2 5 19 2R AR 1 A0k o A AR
BRI AR A 1 BE
3.3 sk

7E 8 R BAEL T L i — A B0 0F EBKA 553k 5 H fhxt
Vb B R SO S5 R O T Y £ 3 6 R S VR A U S 4R an & 2
fiR. FERIEIR R AL F, ~F, o, EBKA 5 ks B o
PR WS AR T A, LA Sk 3 B A A 0 R I Bl B
HBEA RIS RE R RAE S . T F, M1 F, P45
RS B A 25 A KL H EBKA B 7R 50 k2 N st Al
VIS s A8, e 3 AR W Ss B . E F, R E
O P AR SR T AR e o 5B R IR E L O



Pl 5wk Rk it g 2 B ALk 55 22 40
F1 MK
Table 1 Test functions
i NN 3 [l LR

D
F,(2) = >,a° [—100,100] 0

i—1

dim
N F.,(x) = [y? —10cos(2ny,) +10], y, = {x, | =, < 0.5} [—10,10] 0
B pR AL 2
F.(x) = max, {| x; | . 1<z, <D} [—10,10] 0
F,(x) = 2 | 2, |0 [10,10] 0
F,(x) = *ZOexp(—o 2 1 irz )Jrexp(Ldjcos(%tx )>+20exp(1) [—50,50] 0
’ ' dim ="' dim = [
1 dim dim T
it Tl o
(@) =5 00021, Hcm 7 + [—600,600] 0
F,(x) = E | ; X sinz; +0. 1z, | [—10,10] 0
148 772 - ) L 2
BRI Fy(x) = L{IOsin(ny,) + E(y, — D?*[1410sin* (ny, ) ]+ (y, — D) +
n =
Z;u(x,,1o,1oo,4) [—50.50] 0
Jk(r;*a)'", T, >a
1
y,:1+1 ulx;saskm) = 0, —a <z, <ua
R(—x;, —ad)", x;, <a

P9 ST 249 060 RV o 2 40 SRy 0 o 32 AT T L, S S 8 AR B T
SOURG BE  BR o 22 SO T B B R E KT . S IR T
B4R 2.3 fin.

FIBE R W, EBKA Bk 7E g %K F, F, \F, Ml
F, ] Db b i 5 0B S AL o, 0 BLBCR Il . AR

HATARGE 5428 150 =) 8 dme L ik O BE o DEWT T AR SOt Y
EBKA 5532 A X 7 A %) LU 5595 o B0 B AT B 4 19 WL SIOKS
JEE RS 503 E
3.4 BEXLESR

T PO A SR A b o D00 3 R ) A BB oK A B i

L e = L S U N S == == o
T Nama e N T -t
10100
i 100 ---BKA
ﬁ % 10 —— WOA
—+— HHO
" 10720 —e— tanSSA
10200 - IPOA
— EBKA
107300 -300
50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
(a) F, () F, (¢) K,
10
10°
]0"
107100
= = 107 0
2l 7 il 10 ---BKA
‘;‘Q \:‘g ﬁg —— WOA
107200 ——HHO
1010 10710 —e— tanSSA
- [POA
— EBKA
107300) 1sLLLE 15

50 100 150 200 250 300 350 400 450 500

50 100 150 200 250 300 350 400 450 500
AR 3
(dF,

50100 150 200 250 300 350 400 450 500
ARG
(e) Fy

AR H
® F

+ 107 -



5 AT & v F o

10%

10100

A S

10200

107300

50 100 150 200 250 300 350 400 450 500
AR B
(&)1,

1004

&R

-=--BKA
—— WOA
1010 ——HHO
—e—tanSSA
- JPOA
—— EBKA

50 100 150 200 250 300 350 400 450 500
AR B
(h) I,

K2 AU LX) Lt

Fig. 2 Comparison of convergence curves of different algorithms
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Table 2 Comparison of 30-dimensional test results of single-peak and multi-peak test functions
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Table 4 Comparison of the standard deviation of the mean of different improvement strategies
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