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Abstract: To improve the optimization ability of the golden eagle optimization (GEO) algorithm in solving indoor
visible light positioning problems, a new cross-entropy golden (CE) eagle optimization (CEGEO) algorithm was
proposed based on the importance sampling technique and the Kullback—Leibler distance CE method.Integrating the
cross entropy method into the golden eagle optimization (GEO) algorithm, the sampling probability distribution
parameters were updated by a new population obtained through collaborative evolution to accelerate the iterative
process of the algorithm, and reduce the number of sampling samples and computational costs, and the global
optimization capability of the algorithm was improved. Meanwhile, better individuals were obtained through
common updates to significantly increase the diversity of the population, and improve the convergence speed of the
algorithm. Simulation experiments on standard test functions and indoor visible light positioning optimization
problems were conducted using CEGEO algorithm and four other algorithms to compare and analyze the
performance of CEGEO algorithm.The results show that compared with the other four algorithms, the proposed

CEGEO algorithm has higher solving accuracy and faster convergence speed, can effectively balance global and
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local search capabilities, and has stronger optimization ability. In indoor visible light positioning, the positioning

accuracy is less than 2.74E—12 cm, the estimated position error is the smallest, and the average error is close to

2.07E-15 cm, which is an effective algorithm for solving the optimization problem of indoor visible light

positioning.
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Tab.1 Simulation results of wunimodal benchmark
functions
PREC B mAME  mZEME OFRE WifEZE

GWO 1.66E-67 1.90E-64 2.71E-65 5.06E—65
WOA 4.48E-189 1.70E-161 7.02E-163 3.14E—162
F1  MPA 2.13E-55 6.00E-48 2.89E-49 1.09E—48
GEO 3.26E-12 1.70E-10 3.22E-11 3.38E-11
CEGEO 9.11E-88 1.10E-80 8.18E—82 2.17E-81
GWO 1.24E-39 4.48E-37 4.02E-38 8.01E-38
WOA 2.71E-106 4.23E-106 1.58E—107 7.74E—107
F2 MPA 2.60E-29 9.38E-27 1.25E-27 1.96E-27
GEO 0.16 2.19 0.74 0.46
CEGEO 1.22E-43 5.11E-40 7.44E-41 1.18E-40
GWO 2.74E-22 248E-15 9.66E-17 4.55E—16

WOA 890.77 27570.13 1262329 7577.77
F3 MPA 6.46E-20 8.07E-12 7.38E-13 1.95E-12
GEO 15.98 163.67 75.87 35.49

CEGEO 1.55E-60 1.71E-52 7.39E-54 3.13E-53
GWO 938E-18 1.04E-15 2.28E-16 2.56E-16
WOA 2.75E-12 82.90 24.95 29.12

F4 MPA 3.23E-20 9.59E-19 2.58E-19 2.90E-19

GEO 0.86 3.69 2.13 0.61
CEGEO 1.76E-39 4.60E-34 2.37E-35 8.34E-35
GWO 25.12 27.94 26.51 0.76
WOA 25.98 27.22 26.78 0.24
F5 MPA 22.07 24.00 22.93 0.49

GEO 25.36 310.33 70.53 81.58
CEGEO 9.00E-06 10.08 1.45 2.34
GWO 8.59E-06 1.26 0.44 0.37
WOA 2.50E-03 8.40E-02 1.50E—02 1.80E-02

F6 MPA 3.97E-10 1.45E-09 9.66E-10 2.96E-10
GEO 1.78E-12 3.66E-10 3.97E-11 6.46E-11
CEGEO 0 0 0 0
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GWO 5.89E-05 1.59E-03 6.90E-04 4.10E—04 GWO 3.10E-04  0.020 3.60E-03 7.60E-03
WOA 9.99E-05 1.81E-02 1.60E-03 3.30E-03 WOA 3.10E-04 0.0016  4.80E-04 1.90E-04
F7  MPA 130E-04 1.40E-03 5.10E-04 3.60E—04 F15 MPA 3.10E-04 3.00E-04 3.10E-04 3.44E-19
GEO 2.50E-03 1.60E-02 5.40E-03 2.60E—03 GEO 6.30E-04 7.80E-04 7.10E-04 3.83E-05
CEGEO 2.98E-05 7.73E-04 4.40E-04 1.70E-04 CEGEO 3.90E-04 7.20E-04 5.50E-04 8.67E—05
527 SBEMIHELR GWO -1.03 -1.03 -1.03  3.44E-09
WOA  —1.03 -1.03 -1.03  4.22E-11
Tab.2 Simulation results of multimodal benchmark F16 MPA —1.03 ~1.03 ~1.03 6.52F—16
functions GEO -1.03 ~1.03 ~1.03  6.78E-16
REC A EBFE ReEE FPHE ez CEGEO -1.03  —1.03 ~1.03  1.65E-06
GWO -7351.07 —-5020.44 -6 146.64 580.85 GWO 0.39 0.39 0.39 4.46E—07
WOA —12569.40 —6466.49 —114252 1563.09 WOA 039 0.39 0.39 2 35E-07
F8 MPA -—10942.90 —8927.63 —9939.93 421.49 F17 MPA  0.39 0.39 0.39 0
GEO -870030 -5797.71 —7386.50 786.32 GEO 039 039 0.39 0
CEGEO —12569.50 —9 787.41 —11765.70 892.82 CEGEO 039 0.3 039 7 39E-08
GWO 0 4.44 0.15 0.81
WOA 0 5.68E-14 1.89E-15 1.04E-14 GWO — 3.00 3.00 3.00 4.42E-06
S MPA 0 0 ) ) WOA  3.00 3.00 3.00 6.86E-06
GEO  5.97 19.89 13.07 4.00 FI8 MPA  3.00 3.00 3.00 1.19E-15
CEGEO 0 0 0 0 GEO 3.00 3.00 3.00 1.29E-15
GWO 7.99E-15 1.51E-14 1.37E-14 221E-15 CEGEO  3.00 3.00 3.00 1.30E-15
WOA 8.88E-16 7.99E-15 3.97E-15 223E-15 GWO -3.86 -3.85 ~3.86 2.40E-03
FI0 MPA 8.88E-16 4.44E-15 3.85E-15 1.35E-15 WOA -3.86 ~3.85 ~3.86 2.10E-03
GEO 1.38E-06 1.50 0.39 0.62 F19 MPA -3.86 -3.86 -3.86 2.71E-15
CEGEO 8.88E—16 8.88E—16 8.88E—-16 0 GEO -3.86 -3.86 -3.86 2.60E—12
GWO 0 2.00E-02 2.20E-03 5.80E—03 CEGEO -3 .86 336 386 2 71E-15
WOA 0 0 0 0 GWO -332 2305 328 7.0E-02
FIT- MPA 0 0 0 0 WOA 332 -3.040 3.6 8.20E-02
GEO 2.83E-07 3.20E-03 5.30E-03 7.60E—03
F20 MPA -3.32 -3.32 -3.32 1.38E-15
CEGEO 0 0 0 0
GWO 6.90E-03 5.20E-02 2.70E-02 9.30E-03 GEO  —3.32 —3:20 330 4.50E-02
WOA 045E-02 1.20E—02 3.40E-03 3.10E—03 CEGEO -3.32 —320 —330  450E-02
F12 MPA 338E-11 2.53E-10 1.06E-10 5.52E-11 GWO -10.15 -5.10 —9.98 092
GEO 2.04E-09 0.54 4.80E-02 0.12 WOA —10.15 —2.63 —9.22 2.15
CEGEO 1.57E-32 1.57E-32 1.57E-32 5.57E—48 F21 MPA -10.15 -10.15 -10.15 5.83E-15
GWO 2.83E-05 8.20E-01 0.39 0.22 GEO -10.15 ~2.68 -9.41 2.28
WOA 130E-02 0.43 0.11 0.11 CEGEO -10.15 -10.15 -10.15 7.23E-15
F13  MPA 6.93E-10 1.56E-02 1.30E-03 3.90E-03 GWO -10.40 —10.40 -10.40 2.00E-04
GEO 3.92E-09 2.10E-02 6.90E-03 6.60E—03 WOA —10.40 -2.77 -8.43 2.89
CEGEO 1.35E-32 135E-32 1.35E-32 5.57E-48 F22 MPA —1040  —1040  —10.40 0
*3 MEEASRHNFEEER GEO -1040  -1040  —10.40 1.65E-15
Tab.3 Simulation results of fixed-dimension multimodal CEGEO —10.40 —10.40 —10.40 L.8IE-1S5
benchmark functions GWO -10.54  -10.54  —10.54 1.90E—04
WA SE WA e THE WOA 1058 =84 =882 207
F23 MPA -10.54  -10.54  —10.54 1.58E-15
GWO 099 12.67 394 408 GEO -10.54  -10.54  —10.54 1.81E-15
WOA 099 2.98 1.26 069 CEGEO -10.54  -10.54  —10.54 1.78E-15
Fl4 MPA  0.99 0.99 0.99 0
GEO  0.99 1.99 1.03 0.18 % 1~3 a] & . 7F F1 #1 F2 1, CEGEO B&.1%
CEGEO  0.99 0.99 0.99 0
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