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A multi-strategy improved pelican optimization algorithm
for microgrid scheduling

He Yin'* Kong Lingling'* Zheng Zheming'**

(1. School of Electrical and Information Technology, Yunnan Minzu University, Kunming 650050, Chinaj;

2. Key Laboratory of Unmanned Autonomous Systems of Yunnan Province, Kunming 650500, China)

Abstract: To address the issues of low convergence accuracy and susceptibility to local optima in the PKO algorithm,
this paper proposes a multi-strategy improved IPKO algorithm. First, Latin hypercube sampling is used to avoid over-
concentration or neglect of potentially beneficial areas in high-dimensional problems, thus reducing the risk of local
optima. Secondly, the positioning fishing mechanism from the OOA algorithm is introduced to enhance exploration of
the optimal region and improve the ability to escape from local optima. Finally, a new falling mechanism is integrated
to improve search stability and prevent premature convergence. An adaptive mutation rate termination condition is also
applied to dynamically balance global exploration and local exploitation, optimizing solution quality and search
efficiency. The training-testing accuracy and runtime under different feature dimensions are compared, and the impact
of population size and iteration count on the algorithm’ s performance is analyzed. Experimental results on 12
benchmark test functions show that IPKO outperforms other comparison algorithms in terms of convergence speed,
solution accuracy, stability, and the Friedman test. When applied to the microgrid scheduling problem, IPKO
demonstrates lower costs compared to other algorithms, with a reduction of 1. 92% over the original PKO, confirming
its effectiveness and reliability in practical applications.

Keywords: pied kingfisher optimizer; Latin hypercube sampling; osprey positioning fishing mechanism; falling

mechanism ; optimization scheduling
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1 000 0.53 0. 507 50 0.170 0
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Table 2 Simulation data of PKO for different dimensions
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Table 4 Optimization results of different algorithms on 23 test functions
REL S 5 b IPKO PKO PSA PSA PSA
Best 3.51X10* 0.000 415 7.88X10 " 6.72x10"" 0.002 154
Std 0 0.042 782 0. 000 107 6.67X10 " 0.002 599
F1 Average 1.71X10° " 0.020 363 6.52X10° " 4.20X10°% 0.004 825
Median 8.28x10 ' 0.001 146 2.37X10°% 1.66X10"" 0.004 244
Diff 8.46X10 " 0.096 875 0.000 248 1.60X10 * 0.007 965
Best 0 28.413 5 0. 240 27 0.153 88 28.788 1
Std 7.31X10 "™ 68. 813 4 1.539 1 6.016 1 29.536 5
F2 Average 3.29X10° " 93.529 6 1. 640 1 6.669 1 58.867 5
Median 9.69X10 % 78.065 7 0.763 04 4.270 2 59. 965 5
Diff 1.64X10°"" 176. 515 3.684 9 14.006 4 89.576 5
Best 0 0.000 252 0.015 348 0.017 448 0.001 553
Std 2.46X10°" 0.023 881 0.032 871 0.021 861 0.003 448
F3 Average 1.10x10 " 0.019 266 0.056 298 0.042 121 0.004 347
Median 0 0.017 99 0. 045 283 0.037 508 0.002 318
Diff 5.51x10 " 0.058782 0.10194 0.074438 0.008518
Best 7.01X10° " 0.024 947 3.60X10 2.45X10°% 0.023 79
Std 8.50X10 * 0.042 259 0.000 167 3.58X10 " 0.029 999
F4 Average 0.000 164 0.057 629 0.000 203 7.66X10 " 0.057 828
Median 0.000 172 0.044 44 0.000 144 8.12X10°" 0.053 922
Diff 0. 000 257 0.1311 0.000 437 0.000 123 0.095 81
Best —12 569.5 —7567.61 —7442.55 —7207. 21 —9714. 83
Std 1.73x10 " 349. 808 1 817.091 8 708.039 3 690. 957 7
F5 Average —12 569.5 —6 957. 37 —6651. 14 —6482. 69 —8959. 86
Median —12 569.5 —6 849. 3 —6606. 01 —6700. 55 —8780. 99
Diff —12 569.5 —6 729.59 —5409. 5 —5414. 6 —8064. 29
Best 4,44 X107"° 0. 005 919 6.08x10 " 4,44 X10°"° 0.004 793
Std 0 10. 904 9 4,24 X110 2.80X10°" 0.010 716
F6 Average 4.44X10°" 8.004 9 3.19X10 % 2.46X10° % 0.016 176
Median 4.44X10 " 0.107 82 1.80X10 * 1.81Xx10 * 0.019 868
Diff 4.44X10 " 19.950 9 1.05X10 * 6.55x10 0.029 588
Best 1.57X10°* 0.002 309 0.000 494 0. 000 683 3.48X10° "%
Std 0 8.435 4 0.002 866 0.002 358 0. 045 162
F7 Average 1.57X10 * 7.504 7 0.003 459 0.003 01 0.024 55
Median 1.57X10* 3.810 5 0.003 256 0.003 123 4.51X10°%
Diff 1.57X10 % 16. 767 7 0.007 344 0.006 605 0.104 05
Best 1.35X10 % 0.024 115 0.026 938 0.009 929 0.000 167
Std 0 16.273 1 0.009 645 0.027 239 0.004 81
F8 Average 1.35EX10~* 11. 227 5 0.033 636 0.041 655 0.005 932
Median 1.35X10 % 0. 854 43 0.028 612 0.036 739 0.004 375
Diff 1.35X10 * 36.810 7 0. 049 907 0.077 38 0.012 985
Best 0. 000 307 0.000 336 0. 000 31 0.000 308 0.000 319
F9 Std 9.36x10 " 0.000 412 0.000 398 0. 000 39 0.008 801
Average 0. 000 308 0. 000 935 0.000 515 0. 000 581 0.004 631
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Continuation table 4
PRI ECRA IPKO PKO PSA PSA PSA
Median 0. 000 308 0.001 223 0.000 323 0.000 418 0.000 668
Diff 0.000 31 0.001 223 0.001 224 0.001 238 0.020 363
Best —3.862 8 —3.862 8 —3.862 4 —3.8625 3.862 8
Std 0 0 0.001 463 0.008 118 0
F10 Average —3.862 8 —3.862 8 —3.8611 —3.857 2 —3.862 8
Median —3.862 8 —3.862 8 —3.8614 —3.86 1 3.862 8
Diff —3.862 8 —3.862 8 —3.858 8 —3.8431 3.862 8
Best —10.402 9 —10.402 9 —5.087 6 —10.402 7 —10.402 9
Std 0 2.377 1 5.55X10°" 2.910 6 2.377 1
F11 Average —10.402 9 —9.3399 —5.087 5 —8.276 6.150 7
Median —10.402 9 —10.402 9 —5.087 5 —10.399 5 —5.087 7
Diff —10.402 9 —5.087 7 —5.087 5 —5.087 6 —5.087 7
Best —10.536 4 —10.536 4 —10.536 2 —10.535 4 —10.536 4
Std 8.88x107"° 1.26X10° " 2.417 2 2.960 6 2.6235
F12 Average —10.536 4 —10.536 4 —9.452 4 —8.371 5 5.951 5
Median —10.536 4 —10.536 4 —10.531 8 —10.531 5.128 5
Diff —10.536 4 —10.536 4 —5.128 3 —5.128 3 —3.8354
o G z oo
Oe-—e—esge _=._°(:J9———— O‘OZ_!_-_
IPKOPKO PO PO SAO PIO IPKOPKO PO PO SAO PIO IPKOPKO PO PO SAO PIO IPKOPKO PO PO SAO PIO
(a) F1 (b) F2 (¢) F3 (d) F4
-5.000 e o 20 ” “ _
« v B _u i
© B o ST PR S -
IPKOPKO PO PO SAO PIO IPKOPKO PO PO SAO PIO IPKOPKO PO PO SAO PIO IPKOPKO PO PO SAO PIO
(e) F5 (P F6 (g) F7 (h) F8
207" o -3.845 H -4 — -4
. e b .4 - B35 3 ,20%W
vo — o — By =L _0O 5 R DA
IPKOPKO PO PO SAO PIO IPKOPKO PO PO SAOPIO  IPKOPKO PO PO SAO PIO IPKOPKO PO PO SAO PIO
(i) F9 () F10 (k) F11 (1) F12
B 7 &5k eh B L AR 2R 1E
Fig. 7 Boxplot of algorithm performance on test functions
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Table 5 Friedman ranking of different algorithms

MGET4 M0 B . 6 5 W Al Friedman & 35 45 S iff — e Friedman H#
ABE T IPKO ML, HAP B HE# (1. 391 300 R T IPKO 1. 250 000 1
HAbE P, B p (5. 916 2X10 HDEHIZER AL 5T E PKO 5. 500 000 5
FE. BRI IPKO ZEZ MR REP R R T 21 PSA 3.833 333 4
T M RRRE M AR O T B A& R Ak a8, R B PO 2.833 333 3
T A B R A K A 3 R RE SAO 5.500 000 5

PIO 2.083 333 2
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Copss — 00.026 | z, | (20)

i=49

96
Coe = 2, (0.1282¢ +0.000 112° +0. 180z, + 6)

i=49

Q2D
0.029 3x; +

120

Cyr = 2

i=97

(2.55/9. 8z,
0.075 3x{ —0.309 52} 4-0.417 4z, +-0.106 8

(22)
Coia = Cria iy — Cria (23)
Covr = Cpp + Cuyr + Cpess + Coira 24)
(OWEERP A C,,
Cor, = 264.282 >z, (25)
Cur, = 18.254 6z, (26)
T
C(,v,,c,m = 98. 1962 (P . — generation;) 27)
frr
Coo = Cor +Cur. +Cos. (28)
minf = Coy r +C,, (29)
) AR S
0<x, <PV,.n €[1,24] (30)
0z, < WT,,.,n € [25,48] (3D
—30 <z, <30.n € [49,72] (32)
6<<x,<<30,n € [73,96] (33)
3z, <30,n € [97,120] (34)
—60<<x, <<60,n € [121,144] (35)
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Table 6 Time-of-use electricity pricing table
.o - HLY/ (6 /kWh)
53 I B B i B &) 43 Wiy e

WERFEE 10:00~15:00,18:00~22:00 1.35 0. 36
KB 08:00~09:00,16:00~18:00 0.82 0. 36
AEFBE 01:00~07:00,23:00~06:00 0.38 0. 36
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Fig. 8 Prediction curves of photovoltaic, wind power.,

and microgrid load power
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Fig. 9 Output curves of the large power grid, diesel power

generation, energy storage system, and microturbine
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Fig. 10 Power output curves of photovoltaic, wind power, and load
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Fig. 11 Power balance
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Table 7 Comparison of the minimum total cost

for different algorithms

Ak A IS 1 f Ik B A/ T
IPKO 44 386. 359 2
PKO 45 254.682 7
PSA 47 923. 808 4
PO 49 126. 881 3
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