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Improved Catch Fish Optimization Algorithm with Personalized
Strategy for Photovoltaic MPPT

LI Peng
(Headquarters, Daqing Oil Field Power Energy Company Limited, Daqing 163414, China)

Abstract; CFOA (Catch Fish Optimization Algorithm) usually includes two update stages, the exploration stage
and the exploitation stage. However, this algorithm is still prone to getting stuck in local optima and has a
relatively low convergence rate. To address these issues, the ICFOA ( Improved Catch Fish Optimization
Algorithm) is proposed based on personalized fishing strategies. Firstly, an adaptive Gaussian perturbation is
introduced in the exploration stage to enhance the global search ability and efficiency while avoiding local
optima. Secondly, based on personalized fishing strategies, the positions of fishermen are updated by randomly
selecting either the “bare-handed fishing” factor or the “using a fishing net” factor to accelerate the
convergence. The CEC2020 test suite is used to conduct comparative experiments to evaluate the performance
differences between ICFOA and other excellent meta-heuristic algorithms, and the Wilcoxon rank sum test is used
to verify the validity of the statistical results. Finally, the maximum power point tracking in photovoltaic power
plants, ICFOA effectively reduces the power tracking deviation, demonstrating its effectiveness in solving
practical problems. Experimental results indicate that ICFOA possesses greater competitiveness compared to the
original CFOA.
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Fig. 1 Flowchart of the ICFOA algorithm

2.4 ICFOA W93t A H

WG AI BHHT & ICFOA SRk B A% iR 43, MRt B 24 O (NxD) , Hof N 2 Fh#f
UL, D RYERE RN, TEF- SR A A Ae s e v, R K B 24530 O(TxNxD) , T &
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3 ke IR
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Tab.1 Definitions of 10 basis functions

PRI Jat Y g T Fl F/ME || R Ja Y g 110 f/IME
F, BRI PR 100 F, RGP 100 [-100,100]D 1600
F, 1100 F, 2100
F, FERl PREL 700 Fy 2 000
F, 1 900 F, 55 B 2 400
Fy 1700 Fi 2 500
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SRR IR 10 A RUIEE R BT IS 1) BRI (F, ~ F,) ; 2) ZIERE(Fs ~F,,), XL
BRECE LN 1 o, Horh D S22 i TR ek U AFEME— 2 e U, T T ITPAN 2 R S
TERRET) ; i Z2 W BT 2 Rt e i S e — 2 R e o, ol I oA 2 B R SRR il it
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3.2 SRERE

LR IR R AN ICFOA AYTERE, N SR s BACERNE , Kol 33k S 2EA CFOA K 5 MR
Joa & R 34T 6 e, f235 ROA ( Remora Optimization Algorithm ) . AOA ( Arithmetic Optimization
Algorithm) | SFO( Sailfish Optimization) . SHO ( Sea-Horse Optimization) Fl1 SCA ( Sine Cosine Algorithm) , &
BRI, B — B8 S R PPAR L T=100 000, FRRERLAE N =30 K 4ERER D =10, B ity
MSTIEAT 30 K, K AR SE TR A5 RN 2 PR,

&2 CEC2020 ¥ 10 Meie R4 ey st 24 R
Tab.2 Statistics table for 10 verification functions in CEC2020

PREL fEAR ICFOA CFOA ROA AOA SFO SHO SCA
F, &M 123.916 3 1 303. 684 2 435.264 2 484.316 2 898.991 27 552.632 17 016.33
HMH 4 591.728 2 122.393 26 245.211 26 812.311 28 990.512 28 799.225 18 504.45
brffEZE 4 137.802 6 844.681 1 044.941 908.347 48 192 406.9 4 948.401 13 440 911
F, fA 12 244.11 16 605.712 29 808.776 28 990.186 35 461.621 4 698.949 31 568.08
¥i{E 18 161.78 23 564.866 31 381.508 30 430.724 35 488.166 36 163.210 32 488.08
FrufEZE 3 545.047 4192.739 114 655.13 9 077.919 24 045.264 103 551.20 5910.424
F, 541 894.505 6 1 683.533 3978.813 3 806. 349 4 217.387 4 066. 605 3 489.622
¥ 927.346 4 2 120.641 4 011.883 3.909.740 4 221.836 4204.438 3 765.087
FrufEZE  40.844 72 270.976 8 56.032 661  53.705 448  30.762 791  75.210 840 180.655 9
F, fH 1911.571 1972.715 1926.1128 1 913.360 1 942. 664 1 926.352 5 871.613
¥ 1903.184 2 003.719 1 938. 664 1911.360 1 908. 059 1 933.524 33 306.19
2 1.974 573 20.759 07 48.005 463 7.623 121 5.236 162 10. 326 585 41 611.33
F; fH 771 627.8 2 622.821 648.036 49  897.453 83 1 910.249 1 782.936 2742.322
YA 15 721.4 4 807.902 10 506.127 132 191.72 304 898.91 25 263.798 44 637.04
tnifE2E 63 147.6 184 367.6 335 444.3 299 582.91 550 649.62 386 586. 15 120 087.7
F 53] 3 770.079 6 119.393 20 830.748 19 888.732 41 146.717 33 215.100 12 668.32
YA 4 385.997 6 830.043 25109.302  25960.733 46 688.736 40 988.945 15 436.56
brdfE2E  283.778 1 495.528 65 5039.633 4 268. 600 1 947.267 4 555.865 1 484.988
F, w1E 54 601.3 144 325.15 206 628.41 192 645.39 469 380.29 583 159.04 782 107.3
YE 14 245.0 25 504.16 33411.718 40 247.893 47 007.934 84 204.198 142 352.8
brufEZE 43 243.2 96 142.875 83 784.212 17 480.77 586 237.23 14 141 551 4 586 895
Fy =41 15 713.23 19 186.220 31 516.957 31 589.848 37 352.985 36 694.262 32 989.46
YE 21 014.04 25 657.004 33 549.035 32922.861 37 361.356 38213.174 34 579.26
FRifEZE 3 786.519 4 731.682 6 231.863 7 026. 807 5 623.056 7 575.350 6 658.448
F, =41 3 382.896 4 089.011 7 958.084 9 625.405 1 353.901 10 910. 131 6 418.969
¥IHAE 3 423. 654 4 254.403 9 835.102 11 574.951 13 419.510 13 443.419 6 865.220
FRAEZE 22.393 02 114.107 29 1 617.806 1 166.977 254.260 02 1 589.567 212.575 1
Fy =&IH 3 390. 009 3725.611 21 898.128  25910.188  35026.325 30 898.447 15 251.35
PHAE 3 539. 668 3 814.755 26 384.311 29 091.069  35026.852 32 999.067 17 488.29
brdfEZE  36.321 33 81.687 642 2 479.008 1 985.004 52.425 367  890.988 64 1 429.347

3.3 10AMARERHGRTER

EHET 10 N HEWERE, WAL (Best) . #{H (Mean) Fldn 2 (Std) 3 M4EFE, ¥ ICFOA 5
5 FPEEREVE AT T XTI, SEERAE IR NE 2 R, iR 2 AT, ICFOA 7E R 25k R =,
JUFHRRES AT e /N B A B . S AR HEZE . X F, ~ F, pR%L, ICFOA 1A BEFR 1S FIE R A0 MR, i
CFOA {Ufe#: i S AL ff, W ICFOA b CFOA A M K BE 1, 76 F, BRECD, ICFOA F I
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T HM A E R 2R Ee 1, X F, pREL, BSR ICFOA {3k BNV e L, (E SO BE AT AL T
A, BEXF F, Fy RN Fg pR%E, ICFOA B3R5 38 B L%, (BFE F, F1 Fy sRECT, ICFOA Y M fE
#hF SFO Bk,

Z B BA A B T REHLA 25 % Wilcoxon BEFIGIGAE MAMFEGE 00 7 1, LATEAN 45 569
GoitimaEr, HAFEENRE, Y p<0.05 B, RHWAEIR AR EZS; X p=0.05 B, FHMWAHEE
ZRARE R, Z38RHNaN” R/R P EPE TC B3 25 . Wilcoxon BRI A 45 R a0k 3 s,
MFR3 AU, F, Fg F1F BRECHE I NaN” o X2 h ICFOA . CFOA FT SHO 53k i P Ak 45 R 2135 5]
PE AR, B3 AL 8dE 22 o, FE A R 2, ICFOA Bk a5 R 5 A Bk A e & 2 5
Wilcoxon FRFIKE 56 A REAS B 5 ik 0] 19 22 5, JCIETPAG S ik bERE, Ik, 45638 3 AlA1, & X CFOA
SRR B B B S LR

%3 AEA Wilcoxon # At Ibay Sk £ 10 AR ERH ER%IT LR

Tab.3 Statistical results of the algorithm using the Wilcoxon rank-sum test on 10 benchmark functions

d A R HF,
A2

e WHRHLLF,

ICFOA K S0k B3R 4 5 2o oA S ok

Fig.2 Comparison of convergence and partial function algorithms for ICFOA

" ICFOA vs.
PR
CFOA ROA AOA SCA SFO SHO
F, 3.34x10™" 1.21x1072 1.21x107" 1.21x1072 1.21x107" 1.21x107"%
F, 1.21x107" 1.21x107" 1.21x107" 1.21x107" 1.21x107" 1.21x107"
F, 4.57x107" 1.21x107" 1.21x107" 1.21x107" 1.21x107" 1.21x107"
F, NaN 1.21x107" 1.21x107" NaN 1.21x107" 1.21x107"
Fy 4.83x10™ 1.07x107’ 3.02x107" 3.02x107" 1.21x107" 1.21x107"
Fy 4.62x107"° 3.02x107" 3.02x107" 3.02x107" 1.21x107" NaN
F, 6.10x107° 3.11x10™" 7.98x107? 3.02x107" 1.21x107" 1.21x107"
Fy 1.07x1077 3.02x107" 1.22x107* 3.02x107" 1.21x107"% 1.21x107"%
F, 1.21x107" 4.57x107" 1.22x107" 1.21x107"% 1.21x107" 1.21x107"%
Fy NaN 1.21x107" NaN 1.21x107" 1.21x107" 1.21x107"
3.4 ICFOA 5 E At = el S 47
W S5 il 2R R VAL BV MR RE R BB S bR — . B 2 S5 M T X SR A A T R R R S £k
10 55 —
sob o -GROA 20 —oicroA
10 = 451 ToTROA s 18 R Y T
% %40 [2IE0 || Y16
g10° e 2 v SCA 214 o 3en
= = £
I -Croa £ 12
o | T | % ke .
mlO“ VVVVVVVV 2 IOFLL e
8 k__ -------- = Sw— b4 LS ettt S
107 | T T T
2 4 6 8 10 2 4 6 10
Iterationx 103 Iterationx10? Iterationx10°
a MEARELE, b IR HF, c MR RELF,
——ICFOA 10107
- e -CFOA
R o)
> i3 oo
8 3 & |h
S 1047
10° | | | | 10? . | . )
2 4 6 8 10 2 4 6 8 10
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ME 2 ATAE N, ICFOA BILfERIERE F, 1 F, DRI B F BT USGERE . X F, A%, Bk
ICFOA MRCRITARSRAE, B S RANMIMFTERUNZE R . HIAT 1 ICFOA B4R RIIRERE S, TE F,
1 F, B%0H , ICFOA 5 ROA Bk EIAL, 1B ICFOA WEGEE T, F, %0+H, ICFOA . CFOA F1SCA
FIEYREPE S, £ L, ICFOA TE4525pRHh 35 2 B B i i SR

4 AR W55 MPPT 4% 4] 484K

Ak g A S AT R TORAR H s e i, BN 3 PR, KRB TR RIS R AR AR LR
SRR AR ZEME, R, UK R f
HUTE . LI S i O B e R i O B R T, s
MPPT ( Maximum Power Point Tracking) #3k; 31 H HAK
PR AR B H, 1L ICFOA S R KR s
XN A A 4 4, AL % 45 PWM ( Pulse Width
Modulation) A& A= #%, A= BTN 5 25 LY PWM 15 5,
9K ) Boost 284, d5c 252 OGR4 9 i 1 D) 38 110 o

KA PR ER ¥, % 4 45 H T ICFOA | CFOA , ROA | B3 AR sE A b AR A
SCA AOA \WOA J SFO FEYGAR H 0 A e 3845 750 v Fig.3 Photovoltaic power plant generation
X HE 25 R testing model

A4 FRRAKACI RN ISR

Tab.4  Comparison results of different optimization algorithms

Bk ICFOA CFOA ROA SCA AOA WOA SFO

RE/% 0.014 3 0.162 2 0.026 1 0.018 4 0.0559 0.0317 0.028 8
0.036 2 2.690 8 0.038 9 0.041 7 0.041 1 0.048 2 0.047 3
0.0196 1.136 2 2.743 4 0.039 6 0.154 3 0.246 4 0.997 5
0.005 7 1.646 7 5.0237 0.076 6 8.386 7 0.114 5 0.279 4
0.024 5 1.587 4 6.539 6 0.056 4 3.981 8 0.467 1 1.863 5

RMSE 0.067 4 35.483 2 27.867 2 24.366 1 21.865 2 0.087 3 15.062 1
0.354 3 4.140 1 0.531 8 0.418 4 0.369 3 0.498 4 0.5318
0.160 3 21.854 4 43.143 7 22.476 8 0.3955 1.654 4 3.343 8
0.348 8 9.136 4 12.312 5 10.854 3 0.9191 34.470 9 20.504
0.228 9 29.566 7 23.009 7 3.910 1 6.014 4 3.186 5 15.875

5 % iF

EHTE CFOA FknyEah b, 51 T YL a5 m (PFS) , JF4& 0 2icdE A CFOA (ICFOA) . HUAR
CFOA T8 72 W F T4 2483 TR i, B ICFOA 57716 5y B A& e 5 i AUR R S L S5 b . I,
K PFS SRS FETHALILRE Ty, RUHEE T PFS 95 T &5 R AE 1, X ILht CFOA 25 iB fe L(EHHA
S, A YIE ICFOA FYA R, it 10 /S SEE s BCR HL 5 A 5 A A Sk 3 b, 25 % W
ICFOA 71 K ZHUCEME pR B0 S B ) P S 8 BRI 5
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