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Research on WSN coverage optimization based on improved

snake optimization algorithm
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Abstract: To address the issues of uneven dispersion and low coverage rates that arise from the random deployment of

nodes in wireless sensor networks, an improved snake optimization algorithm for WSN coverage optimization is

proposed. First, Circle mapping is utilized for population initialization to bolster the diversity of the population.

Moreover, an adaptive spiral search algorithm is employed during the exploration phase of the snake to extend the

search range. Then, the introduction of pheromones from the black widow algorithm mitigates the tendency of the

snake’s exploitation phase to fall into local optima. Note that the use of a differential evolution strategy enhances the

capability for optimization. Finally, by applying the improved snake optimization algorithm to the deployment of sensor

nodes and using the coverage model of sensors, the maximum coverage rate is determined. Experiments indicate that

the improved algorithm can effectively enhance the node coverage and expand the WSN coverage area to reduce the node

energy consumption and extend network lifetime.

Keywords: wireless wensor network coverage; snake optimization algorithm; Circle mapping; adaptive spiral search

strategy; black widow algorithm;differential evolution strategy
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F1 ESO 0.000 112 99 0.002 219 5 0.001 119 9 0.000 965 66
SO 0.008 654 7 0.128 37 0. 043 365 0.049 091
1SO —12 569. 486 4 —12 565.513 7 —12 567.607 4 1.376 3

F2 ESO —12 569.486 6 —12 569. 251 3 —12 569.453 1 0.073 477
SO —12 565.036 4 —12 316.890 1 —12 467.767 1 132.519 7
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Table 5 (continued)
PR KL Ry RAUME 2 H FE M brifE 2
1SO 0 0 0 0
F3 ESO 0 0 0 0
SO 0 0.031 788 0.006 357 7 0.014 216
1SO 3.04x10°" 9.460 5X10°° 2.438 4X10°° 3.966>X10 "’
F4 ESO 2.2281X10°7 0.038 675 0.015 624 0.019 859
SO 0.000 533 21 0.031 748 0. 008 806 4 0.013 002
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5 &% it
415-422.
AR P TC LR AL R A 45 Y B AN Y T AR SONG T T, ZHANG D M, WANG Y R, et al. WSN

S B AR S5 TR B, B — b o R 09 b A AL B (ISO) . FEIE coverage optimization based on improved whale

S dt E e Circle WU HI T 1Y 5 BE 0D 46 L 19 2 optimization algorithm[J]. Chinese Journal of Sensors

FEPE s LU 8 3 R e 48 R SR T 9 98 18 R s ) 5 4R and Actuators, 2020, 33(3):415-422.

J& R BT i 5 B R R T s s A 6] BRALUT. B EBR AR TR A SRR R

Jo 8 5 A 59 9 R 5 B3 5 ) P 25 43 3 AL W e B 82 T T iy WSN BLELALI). BT R BER, 2022,

W RER PR TR AE S . (UL R AR th 10 1SO 57 2k 1 19€23) : 1T4-180.

LA T MRS I 95 8095 24 WA B HE 67 1 e B CHENL W, ZHAQ SH . ZENG D. et al. WSN

T AT A o Sk i o B B B e 0 RS R T coverage optimization based on hybrid strategy

HiE— 5 HE A5 R 50, DLSE B O 42 BE 10 WSN v Fi] 55 55 0 sparrow search algorithm[J]. Electronic Measurement

®ER. Technology, 2022, 45(23) :174-180.

P— [7] %?E’YEJ!F%. BE T B e AR b B vk 1) WSN B a5 B

FELI]. WEHE RS LR, 2024, 34(3):89-95.

[1] HIMANSHU S. AHTESHAMUL H. FREDE B. LI ZH, FENG F. Research on WSN coverage based
Machine learning in wireless sensor networks for on improved snake optimizer algorithm[]J]. Computer
smart cities: A survey [ J]. Electronics, 2021, Technology and Development, 2024, 34(3) :89-95.
10(9):1012. (8] HASHIM F A. HUSSIEN A G. Snake optimizer: A

[2] SANGWAN A, SINGH P R. Survey on coverage novel meta-heuristic optimization algorithm [ J J.
problems in wireless sensor networks[]]. Wireless Knowledge-Based Systems, 2022, 242.108320.
Personal Communications, 2015, 80(4):1475-1500. [9] &%, 28, 58,4, LFiddEnm hESE L

[3] R/, DG, kEiIE, %, L TREHE R WSN AT, BRACH FH AR, 2024, 47(8) :126-130.
AR A S E M LT AL B, 2023, PENG Q, TU J, GAO ZH., et al. Power system
40C11):346-351. reactive power  optimization based on  snake
CHENG X H, LUO Y M, ZHANG P F, et al optimization algorithm [ J ]J. Modern Electronics
Research on WSN constrained optimization node Technique, 2024, 47(8):126-130.
location based on sparrow search [ J]. Computer [10] 8y, 224, Jpsc. =R M2 51 004k R) 81 ok of g
Simulation, 2023, 40(11):346-351. P s (0], ML TR 5 R . 2024, 60(10) s

(4] R, BWEIE, 7 R0, BT 3 550 20 8L 50 ik 76-87.

9 WSN 5 5 B 5 A [T ], & R = i, 2022, LIANG X M, SHI L Y, LONG W. Improved snake
35(5):650-659. optimization algorithm for solving constrained
WU L, ZHAO Q F, TANG X F. Nodes coverage optimization problems[J]. Computer Engineering and
optimization of wireless sensor network based on Applications, 2024, 60(10) :76-87.
dynamic leveling butterfly optimization algorithm[]]. (117 Z=XWR, W3k, & T it ib B8 209 Otsu EME 4 #)
Chinese Journal of Sensors and Actuators, 2022, Tl EANE FIEE AR, 2023, 42(2) :30-37.
35(5) :650-659. LISH H, YE L L. Otsu image segmentation method
(5] REEE, SRk, TR 1 ook b oo fb A ik based on snake optimization algorithm [ J]. Foreign

. 3] o



£ 471 % v 7o ¥ o3 A

Electronic Measurement Technology, 2023, 42(2): 20230518, 1428. 014. html.

30-37. (18] ARk, &1, Dy, 3k T SoHb b7 7 500 i B Lk A%
[12] A6, 245, wCkie i iy L i 1 39 48 8 SHEPWM RS M 2 A S L [J/OL]. ol T8, 2024 1-8

WESELT]. R HL, 2024, 52(6) :49-54,61. [ 2024-07-24 ]. http://kns. cnki. net/kems/detail/

FU G J, L1 X. Research on SHEPWM of seven level 13.1097. TN. 20240312. 1106. 006. html.

inverter based on improved snake algorithm[J]. Small REN J, LTY B, MIN CH. Coverage optimization of

&. Special Electrical Machines, 2024, 52 (6): 49- wireless sensor networks based on modified particle

54,61. swarm optimization [ J/OL ]. Radio Engineering,
[13] R/NFE. THEAHE — ek e i 10 53k 59 30 2 IR 55 4% 2024 1-8[2024-07-24 . http://kns. cnki. net/kems/

M ERMII] IHEN TR, 2024: 1-12. DOL: detail/13. 1097. TN. 20240312. 1106. 006. html.

10. 19678/j. issn. 1000-3428. 0069008. [19] EFFs, i, ZHKE. % T MCOA W&k i%

WU X F, YUAN P Y. A dynamic placement strategy FRES TR B AL T B wF5E [ J/OL ], fH 2 513t

for edge servers under improved snake optimization BHL,2024; 1-11[2024-07-24]. http://kns. cnki. net/

algorithm[J]. Computer Engineering, 2024. 1-12. kems/detail/61. 1123. TN. 20240507. 1146. 004. html.

DOI:10. 19678/j. issn. 1000-3428. 0069008. YAN H L, LI J N, LI Q Z, et al. Research on
[14] MIRJALILI S, LEWIS A. The whale optimization optimization method for wireless sensor network

algorithm [ J ]. Advances in Engineering Software, deployment based on MCOA[J/OL]. Microelectronics

2016(95) :51-67. &. Computer, 2024: 1-11[2024-07-24]. http://kns.
[15] HU G, DU B, WANG X F. An improved black widow cnki. net/kems/detail/61. 1123. TN. 20240507, 1146.

optimization algorithm for surfaces conversion [ ] . 004. html.

Applied Intelligence, 2022, 53(6):6629-6670. [20] Mifls. wpddke. REW. St O IL s s L TR
[16] ik 4r, TEEA, kAT, —Fhal& 5 im 2 S Ll 45 22 REFILT]. A% B AR 24, 2023, 36(4) :565-574.

A3 3E AR SR W e O AR S [T ], B M K 2R 2 i (L2 CHEN W, YANG P L, WU X G. Improved ant lion

), 2024,56(6):25-31. optimizer and its application in engineering problems[ J].

ZHAN H X, WANG T H. ZHANG X. Snake Chinese Journal of Sensors and Actuators, 2023,

optimizer algorithm based on opposition-based learning 36(4) :565-574.

mechanism and differential evolution strategy [ J ]. [21] YAO L, YUAN P, TSAI C Y. et al. ESO: An

Journal of Zhengzhou University ( Natural Science enhanced snake optimizer for real-world engineering

Edition) . 2024,56(6) :25-31. problems [ ] ]. Expert Systems with Applications,
(170 skdh. BB, SREUE, 45, IR & JKIR- A 15 17 8] 3R 57 1% 2023,230:120594.

T Z HAR C &AL RS M 458 w5 0F 9 ]/ OL]. /AL fEE =T

R R R S, 2024: 1-10[2024-07-24]. http://kns.
cnki. net/kems/detail/21. 1106, TP. 20230518. 1428.
014. html.

ZHANG J, QU Y, ZHANG ] H. et al. Research on
multi-target coverage of WSN of hybrid grey wolf-
adaptive butterfly algorithm [ J/OL J. of
Chinese Computer Systems,2024: 1-10[2024-07-24].
http://kns. net/kems/detail/21. 1106.  TP.

Journal

cnki.

32 -

KB ST A R o, L AR S, 3 BT ST O )

HTC L AL IR ek ) Bk 0 LR BE AR B b B

BEL W LATH A RO I 5 0] O L A2 W L

ik,

77 1]

X8 ASREAE L J2BERIT T Ry To Lk A% B Al R
X B ECEMGAER) L, BB LS, BRI
AR S S o S Ko

E-mail: liudz@jou. edu. cn



