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Array Optimization of Wave Energy Converters via
Improved Honey Badger Algorithm
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(Faculty of Electric Power Engineering, Kunming University of Science and Technology,
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Abstract: In order to enhance the generation efficiency of wave energy converter (WEC) arrays, an
optimization method for three-tether WEC array based on an improved honey badger algorithm is
proposed. First, to overcome the shortcomings of the primal honey badger algorithm (HBA), such as
slow convergence speed and low convergence accuracy. three improvement strategies are introduced, i. e. ,
good point set initialization, chaos mechanism, and honey badger population mutation. Then, three wave
farms including 2-buoy, 10-buoy, and 20-buoy are tested to verify the advancement and effectiveness of the
improved honey badger algorithm (IHBA). The simulation results of the 2-buoy array demonstrate that
there are multiple groups of optimal solutions in WEC array optimization. Furthermore, IHBA., HBA,
genetic algorithm, and particle swarm optimization can find these optimal solutions at different speeds.
Nevertheless, with increasing size of the WEC array, three comparative algorithms fall into local optima
solutions. On the contrary, IHBA still exhibits a strong optimization ability and can seek global optima
solutions. Finally, the g-factor values obtained by IHBA in 10-buoy and 20-buoy arrays reach 1. 059 and

0. 968, respectively, which are dramatically larger than those of other algorithms.
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Fig. 3 Convergence curves of g-factor obtained by vari-

ous algorithms for 2-buoy array
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Tab.4 Experimental results of 2-buoy array obtained by different algorithms with 1F wave source
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Fig. 4 Optimal layouts of 2-buoy array obtained by different methods
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Tab.5 Experimental results of 10-buoy array obtained by different algorithms

Bk i X/m Y/m P:/W Ps/W qi q 1 BLA [E] /h
IHBA 1 270 868 631 484. 99 5872 585. 96 1.14 1. 059 12. 4
2 446 0 637 681. 44 1. 15
3 204 1000 551 537. 86 0.99
4 554 180 527 544. 82 0.95
5 356 988 599 759. 59 1. 08
6 0 495 599 362. 43 1.08
7 597 441 607 682. 81 1.10
8 764 226 563 751. 04 1.02
9 311 721 592 374.13 1.07
10 901 656 561 406. 85 1. 01
HBA 1 28 9 604 418.91 5621017.52 1.09 1.013 9.6
2 960 425 548 656. 17 0.99
3 733 718 541 396.73 0.98
4 891 411 494 697. 98 0. 89
5 896 605 551 891. 85 0.99
6 795 591 546 891. 48 0.99
7 536 979 532 181.53 0.96
8 343 276 557 627. 43 1.01
9 281 43 620 209. 47 1.12
10 475 871 623 045. 98 1.12
GA 1 585 194 538 991. 19 5617 454, 26 0.97 1.012 8.7
2 374 213 551 180. 45 0.99
3 536 421 581 630. 05 1. 05
4 917 888 552 885.12 1.00
5 562 687 607 566. 16 1.10
6 829 901 498 421. 01 0. 90
7 179 397 568 881. 04 1.03
8 548 884 514 269. 48 0.93
9 325 589 597 224.55 1.08
10 535 78 606 405. 20 1.09
PSO 1 639 246 528 240. 22 5564 101.63 0.95 1.003 9.3
2 214 893 534 894.73 0.96
3 835 915 520 488. 17 0.94
4 350 449 640 099. 67 1.15
5 974 781 544 005. 66 0.98
6 995 932 556 470. 07 1.00
7 136 600 572 520. 89 1.03
8 550 678 582 235.72 1. 05
9 639 246 561 505. 96 1.01

10 639 246 523 640. 54 0.94
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Fig. 5 Convergence curves of g-factor obtained by
different algorithms for 10-buoy array
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Tab. 6 Experimental results of 20-buoy array obtained by different algorithms
ik i X/m Y/m P:/W Ps/W ai q i FLif ] /b
IHBA 1 1000 0 591 110. 82 10 738 325. 00 1. 07 0. 968 54.1
2 0 596 524 057. 30 0.94
3 1000 684 573 027.06 1.03
4 789 239 547 482. 54 0.99
5 370 0 521 690. 68 0. 94
6 0 1000 538 709. 52 0.97
7 1000 926 591 389. 99 1. 07
8 0 0 510 818. 74 0.92
9 1000 435 573 353.35 1.03
10 202 367 512 201. 32 0.92
11 1000 84 593 577.50 1.07
12 1000 329 590 693. 31 1. 06
13 706 641 546 299. 80 0.98
14 488 1000 525 822. 68 0.95
15 783 54 472 738. 51 0. 85
16 871 1000 481 751. 56 0. 87
17 733 1000 435 016. 35 0.78
18 1000 1000 584 101. 53 1. 05
19 500 665 532 419.62 0. 96
20 683 225 492 062. 82 0. 89
HBA 1 791 270 582 338.12 10 355 184. 88 1. 05 0.933 49. 6
2 62 838 491 802. 84 0. 89
3 475 264 524 579.76 0.95
4 463 378 537 116.11 0.97
5 309 149 570 464. 26 1.03
6 712 484 560 692. 94 1.01
7 192 278 442 950. 43 0. 80
8 374 874 522 163.90 0. 94
9 260 626 433 132.58 0.78
10 550 512 466 631. 51 0. 84
11 980 872 558 221. 04 1.01
12 334 367 409 162. 36 0.74
13 266 908 513 161. 69 0.93
14 386 13 624 845. 25 1.13
15 87 79 433 217. 24 0.78
16 658 395 528 528. 35 0.95
17 668 590 657 046. 30 1. 18
18 144 579 384 638. 95 0.69
19 903 974 566 241. 90 1.02
20 490 704 548 249. 36 0.99
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Bk i X/m Y/m P;/W Ps/W qi q {5 B[] /h
GA 1 913 125 565 046. 28 10 279 097. 26 1.02 0.927 50. 3
2 443 433 517 847. 92 0.93
3 176 530 565 416. 01 1.02
4 123 515 474 950. 50 0. 86
5 244 975 492 480. 09 0. 89
6 958 963 542 268. 04 0. 98
7 424 744 497 753. 30 0. 90
8 557 989 523 494. 33 0. 94
9 856 198 562 620. 74 1.01
10 666 551 654 296. 42 1.18
1 318 60 473 974. 58 0. 85
12 75 295 361 879. 30 0. 65
13 936 334 567 600. 97 1.02
14 176 200 483 356. 03 0.87
15 358 717 480 141. 54 0.87
16 255 354 445 856. 42 0. 80
17 563 80 486 944. 24 0. 88
18 297 260 496 358. 63 0. 89
19 360 657 555 715. 81 1.00
20 887 67 531 096. 10 0. 96
PSO 1 773 72t SEE 10 409 803. 81 0.99 0.938 43.2
2 872 269 559 205. 11 1.01
3 247 650 601 563. 98 1.08
4 71 598 486 223. 31 0. 88
5 124 1000 468 398.17 0. 84
6 538 117 460 536. 45 0. 83
7 74 165 421 477. 41 0.76
8 746 418 572 473. 27 1.03
9 438 987 578 293. 49 1. 04
10 423 411 435 740. 08 0.79
11 1 130 482171, 24 0.87
12 637 265 675 019. 20 1.22
13 527 864 434 627. 63 0.78
14 351 107 475 762. 78 0. 86
15 855 72 563 972. 43 1.02
16 631 865 537 830. 23 0. 97
17 617 362 448 451. 98 0.81
18 45 674 480 077. 98 0. 87
19 270 595 626 770. 78 1.13
20 939 967 552 817. 84 1.00
5 @ H1) B X I [ L R — b 22 R s et Y
- REPAL TR SR R FLEE WEC B 91 17 45 )= L 4k
TR HP I R B B B RO & P E s i WEC [ LD Ol s TN o g R B TR 7 R
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(1) Xt HBA $E47oealt A FH A 0 42 5 s )
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b WEC FE 5] {46, HBA . GA 1 PSO #S 4 A J
F A AR L TR A AAE W 1R AR i THBA 759 1R 15 B
FEAE b o5 A LS AE LAk 72 v 22 90 1 5 R 0 -
LRy, Ho, 2 THBA fifb 5 19 10 FEARIE S g
Tt HBA, GA fl PSO it 14 43 il /= i 4. 54 %,
4. 64 % F 5.58%. 2 THBA fufk i 20 #4555 ¢
KT i HBA. GA #1 PSO FIr ft 4k 45 5 43 9l &
3. 75% 4. 42 % F1 3. 20%.
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