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Table 3 Average values of thirty experiments for
identifying cluster distribution of one hundred labels using

different weight coefficients

ER g T % A
B e Ffe fr B/
0.2 0.1 0.1 0.6 0.134 0.94 0.18 32.92 33.62
0.3 0.1 0.1 0.5 0.161 0.90 0.12 38.58 36.67
0.4 0.1 0.1 0.4 0.145 0.92 0.23 36.35 49.61
0.5 0.1 0.1 0.3 0.127 0.99 0.25 36.81 42.84
0.6 0.1 0.1 0.2 0.129 0.99 0.21 32.68 48.67
0.6 0.05 0.05 0.3 0.125 0.97 0.24 45.11 44.93
0.5 0.05 0.05 0.4 0.122 0.98 0.01 38.92 32.20
0.4 0.05 0.05 0.5 0.163 0.91 0.17 32.69 37.18
0.3 0.050.05 0.6 0.173 0.92 0.01 37.34 36.58
0.2 0.05 0.05 0.7 0.179 0.92 0.01 38.92 35.26
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Fig. 8 Planning results of random distribution of one hundred labels of different algorithms
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Fig. 9 Planning results of cluster distributions of one hundred labels obtained using different algorithms
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Table 4 Comparison of the performances of different algorithms for identifying one hundred randomly distributed labels
ey ROUE  PENE  mGL PE B PH Rt PE REGK  TEAR
BIREME MR & A& Tk i JES JES o] #)1
PSO 0.483 0.438 0.82 0.774 0.10 0.036 14.556 27.553 31.611 33.293
GWO 0.178 0.210 0.95 0.834 0.02 0.037 21.139 28.581 30.520 33.574
DBO 0.213 0.252 0.89 0.754 0.03 0.057 6.556 21.244 30.748 34.376
BWO 0.224 0.257 0.80 0.737 0.11 0.055 16.139 26.081 30.254 30.505
SFOA 0.454 0.212 0.87 0.819 0.07 0.492 26.222 37.360 37.091 82.049
ISFOA 0.176 0.213 0.98 0.864 0.01 0.047 38.917 40.183 32.200 34.635
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Table 5 Comparison of the performances of different algorithms on identifying one hundred cluster-distributed labels

g WU RUE CPEE R PH R PH R TH AR PHAR
MEC MM MPEG B B THE TR R Tk B L
PSO 7 0.160 0.183 090 0853 0.06 0.080 10.860  24.088 40.583 40.654
GWO 8 0.131 0.143 1.00 0947 0.11 0.133  10.688  25.809 41.128 41.961
DBO 8 0.153 0.171 093 0859 005 0073 17.860  23.791 39.262 40.999
BWO 9 0.129 0.156 1.00 099 0.01 0.037 6.099 14,933 33.758 35.934
SFOA 8 0.198 0.214 095 0834 009 0.126 17.633 18.710 36.146 38.518
ISFOA 6 0.122 0.140 094 0845 0.03 0.054 20472 28425 32.223 34.000
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Improved Starfish Optimization Algorithm for Radio Frequency Identification

Network Planning

WANG Yunfeng', WANG Xiaolong?, YANG Zigiang'
(1. Army Chemical Defense College, Beijing 102205, China;
2. Changchun Noncommissioned Office School of PLA Army Services University, Changchun 130117, China)

ABSTRACT: An improved Starfish optimization algorithm (ISFOA) was proposed to improve the com-
prehensive performance of radio frequency identification (RFID) network planning in terms of tag coverage,
reader interference suppression, system power and load balancing. The algorithm used the uniform distribu-
tion characteristics of the Latin hypercube to enhance population diversity. To balance the exploration and
exploitation phases of the algorithm, an adaptive probability threshold was introduced to dynamically adjust
the exploration and exploitation of the search process. During the exploration phase, a Lévy flight strategy
was introduced to solve the problem of the starfish algorithm falling easily into local optimization. In the
exploitation phase, a Gaussian perturbation strategy was implemented, and perturbation terms were added
probabilistically to enhance the local exploitation capability and avoid premature of the algorithm. The algo-
rithm’ s performance was evaluated using the CEC2017 function set, and RFID network planning simula-
tions were conducted. For 100 random and clustered tag distribution scenarios, comparative analyses were
performed across coverage, interference rate, system power, and load balancing. The results show that the
ISFOA exhibits fast convergence speed and high optimization accuracy in most test functions, and ranks
first in the Friedman test, verifying the effectiveness of the algorithm. In random distribution scenarios, the
ISFOA achieves a tag coverage of 0.98, with an interference rate as low as 0.01 and an optimal fitness of
0.176. In the clustered distribution scenarios, it achieves a tag coverage of 0.94 using six readers, with a
fitness as low as 0.122. The ISFOA outperforms comparative algorithms, confirming its applicability and
superiority in RFID network planning.

KEYWORDS: RFID network planning; Latin hypercube initialization; adaptive probability threshold;

Lévy flight; Gaussian perturbation
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