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Multi-strategy improved red-billed blue magpie optimizer and application
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Abstract: To improve the convergence speed and optimization accuracy of the red-billed blue magpie optimizer, a multi-
strategy improved red-billed blue magpie optimizer is proposed for the first time. Firstly, in order to improve the
diversity and coverage of the initial population, circle chaotic mapping is used to initialize the population; secondly,
combining the spiral search strategy with hunting behavior to expand the optimization range, while balancing the
algorithm's global exploration ability and local development ability; finally, the Cauchy mutation perturbation strategy
is introduced during the iteration process to avoid the algorithm falling into local optima in the later stages, further
improving the overall efficiency of the algorithm. Using 15 test functions for simulation experiments, the results show
that the improved algorithm has improved optimization accuracy, convergence speed and stability. Compared to the
original algorithm, the average error was reduced by 90.68% and the average standard deviation was reduced by
98.60%. The application of the improved algorithm to engineering optimization problems has verified its feasibility.
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Table 3 Comparison of test function results

ik G 2 7 GWO WOA NGO MELGWO RBMO MIRBMO
- FEE 1.22X107° 4.62x10°" 2.54X10°° 1.19Xx10 ™ 1.11X10°° 1.05X 1072
FRfEZE  1.53X10 7 2.49X10°" 7.87X10°¥ 3.69X10™ 1.70X10°° 5.72X107'2
- FHE 9.08X107" 1.58X 10" 1.59X 10" 1.56X10°" 2.16X10°* 1.83X10°"
PR 6.59X10° " 6.05x10 ™ 1.58X10 " 3.46X10 " 3.51X10 ? 9.67X107"
3 FHE 3.00X10°° 4. 08X 10 6.23X10 % 9.88X10"" 1. 73X 10 6.35X107""
o 22 1.09X10* 1.14 X 10* 2.38X10° % 1. 40 1. 27 X 10 3.17X107"*
- ¥ 5.81 8. 1410 1.38X10 ¥ 2.55X10° " 1. 84X 10 3.54X107%
b i 22 5.22 1.91X10 1.08X10 % 7.49X10° " 1.93 1.82X107%
S E 2.72X10 2.81X10 2. 60X 10 2.43X10 1. 26 X 10 3.60X10°°
" b 22 8.68X107" 3.58X10 ! 4.97X10"" 5.59X10 ! 1. 00 X10° 5.96X10°°
- FEHE 3.45X10° " 5.78%10 ™ 7.64X10 ™ 2.83X10 1. 39X 10 1.31X107"
o 22 5.15X10 " 3.15X10°" 1.03X10 % 9.85X10 1.52X10° 7.09X10°"
- T 2.20X107° 2.99X10 ° 5.96X10 " 1.41X10°° 2.09X10 * 2.99X107*
i o 22 1.07X10"° 2.93X10° 3.14X10" 1.57X10°° 8.82x10°° 2.01X107*
- FHE —5.93X10° —1. 08X 10" —7.52X10° —8.67X10° —8.74X10° —1.11X10*
bR 22 1.18%10° 1. 63x10° 4.56X10° 4.99X10° 6. 7410 1.26 X 10?
- Y E 2. 85 5.68X10 " 0 2.26 5.38X10 0
bR fE 22 4. 48 2.29X10 " 0 9.45 1. 88X 10 0
-_ FHEE 1.05X107"° 3.40X10"! 6.01X10"" 6.01X10" 9.71X10" 4.44X107"
FrEZE  1.81x10 M 2.48X10° " 1.79X10 " 1.80X10 " 6.72X10 " 0
- 41 4.07X10° 7.07X10 ° 0 4.96X10 " 1.49X10 ° 0
Fr i 22 8.45%10* 3.87X10° 0 1.89X10°° 1.39X10* 0
P12 S E 4.21X10°* 2.44X10°* 4.55%10"* 2.36X10°° 2.31x10"" 8.39X107°
o 22 2.52X10°* 2.58X10°" 1.71X10°° 4.00X10°° 3.50X10"" 1.82X107°
13 T E 6.11x10"" 5.06X10"" 2.32X107" 1.29X107" 1.60X10°° 2.01X1077
i o 22 2.34X107" 2.79X10" 2.11X10°" 1.59X 10! 6.53X10"" 4.79%X1077
- A 5.34 3.61 9.98X 107" 3.22 9.98X 10" 9.98X107"
b2 4,24 3.73 3.81X10 '° 3.49 1.24X10 " 0
s Rl 5.72X10°° 6.74X10 " 3.08X10 * 1.83X10° 2.44%10°° 3.08X107*
T e 2 8.39%10° 4.38%10* 5.61x10°° 5.05X10°° 6.08x10° 1.50X107°
JIHN SRS T 1 Rgscsisisisisisid
%10»50 iglo»v
=) 2

10—100

- GWO

-4~ MIRBMO

-4 RBMO -# RBMO
-A- MIRBMO " 040 A= MIRBMO
100 200 300 400 500 100 200 300 400 500 100 200 300 400 500
EARRH EARRE W
(a) F1 (b F2 (0)F3

3 ‘»‘---__

100

(e) F5

200 300 400 500
LAWK

100 200 300 400 500
AR

(H F6

100 200 300 400 500'“000
B U B

(8) F7

-#=RBMO
-4~ MIRBMO

100 200 300
AR
(d) F4

400 500

00 2003004003500
AR EL
(h)F8



V2

5.5 Rk ey ol AL Sk R A 5510
-4 GWO
-+ WOA
105 [} -+ NGO
o o MELGWO
MELGWO = 17 ©cwo 2 £ MiRBMO
- RBMO H% o WOA “% 100
~-MIEBND 10 MELGWO
~-RBMO Al
Soeooo -4~ MIRBMO 10°
AN

100 200 300 400 500 100 260 300 400 500 100 200 300 400 500 100 200 300 400 500
RARREL RARREL AR B AR
(i) F9 () F10 (k) F11 () F12
-4 GWO ] -4-GWO 1 --GWO
-~ WOA -~ WOA 10h -~ WOA
. -+ NGO —+ NGO —+ NGO
‘ MELGWO g MELGWO 4 MELGWO
9 -5 RBMO -+ RBMO -+ RBMO
\ -4 MIRBMO # 10! -&- MIRBMO ’Mw,: -&- MIRBMO
3 SR ——— 421 N\ i ﬁ S-6-0-0-0-0-0-0-0-0-0-0-00-0-0006
0% Io-ak\
0L _ S S s i isssssssasaas, 0 L AN b b A AAAAL
100 200 300 400 500 100 200 300 400 500 100 200 300 400 500
AR B RARRE EARK B
(m) F13 (n)F14 (0)F15
Bl 1 S 2 xd e

Fig. 1

4 TRBEIMMRHERE

iff R S B TR ) R R ST IA M R R Z — L T
TEI 3 bR T A 25 SR 9 R BE 58 4 A B 55k AE X PR [n) A v
4 I PSR TR A SRR Ak IR] A A% AT P B
12 (0 10 FH 5 2K ) S 5 [ 48 8 I ) L S L SR R AR R
TR TF . PG E R TR 5N b2 A B b5, R i
T 2 TR A A B R AR | B /M AR 19 [R] i P A
BAEPR . AR SCH A SR KU HL 3 A JR) 1) B A 5 R B
) 25 F5 A Wk s 3 4 R] 350 % MIRBMO 4 52 FH M R A7 1A
4.1 KEHGRBEE

JRUER, 3 A JR U T IR A i 300 0 R e ) B IR, B
g T —A KU 3 8 15 s 00R) H 3Z DX 8 P 1 XU e R N
2SS URT , KUA 35 A J) 1) A o T A L R B gy
WA A5 AU A e R [ A XU X ) T 52 80k F i K
tbo AR E KRBT HR 2 km X 2 km, WE 2 FiR.
KB SRR LA EEBHINE 4 B,

2000 o . .
) (xX6:6) p11)
. . .
1500 - (vp2) (¥7:¥7) (¥12:912)
= . . .
S 1000 (3) (xs:v5) (x1313)
. . .
500 (4:V4) (X9.v9) (X14:Y14)
. . .
0 (xs's) , ®10910) ‘ (i5315)
0 500 1000 1500 2 000
X/m .
K2 X3 R s B
Fig. 2 Schematic diagram of wind farm layout

Comparison of convergence curve
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Table 5 Comparison of wind farm layout results
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Fig. 3 Main circuit of five level inverter
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Table 6 Comparison of inverter pulse width modulation results
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