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Abstract: To solve the problems of low accuracy, long time consumption, and easy loss of
feature information of the traditional clustering algorithm in conducting point cloud
simplification, a point cloud simplification method for FCM information entropy jointly optimized
by DEAMPOA and weighted entropy method is proposed. Firstly, a dynamic adaptive population
mixing strategy is proposed, which integrates the elite reverse idea. This strategy significantly
improves the convergence trend and global optimization ability of POA and increases the success
rate of finding the optimal clustering center of FCM. Secondly, the optimization of FCM using

DEAMPOA combined with weighted entropy method improves the robustness while enhancing
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Thirdly,

evaluation experiments are carried out through comparison with four comparison algorithms in

the search accuracy, yielding better clustering results. clustering performance
eight UCI standard datasets, which verifies that the proposed method has superior comprehensive
performance. Finally, the proposed method is fused with information entropy and applied to the
KITTTI point cloud dataset simplification. The experimental results show that the global error
MED index of the proposed method is reduced by 2. 25%, 6. 93%, and 5. 74% respectively
compared with that of the bounding frame simplification method, random sampling simplification
method, and feature selection simplification method. Furthermore, this method generates the

optimal point cloud simplification effect and the running speed meets the requirements.

Keywords: fuzzy C-means; pelican optimization algorithm;point cloud simplification; information

entropy
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Table 1 Test results of the function
HIRES T N JE 3 4 T JBE A o 2
BREC RSB POASEE  SSASIE MFOSE GWOSE AL POASE  SSAHIE  MFOSIE GWO Rk
Fy  5.42X101162,76X10°%  0X10°  3.34X107 1.10X10°°  0X10° 010" 0X10°  2.84X10% 4,60X10 ¢
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Fy 0X10°
Fn 3.94 X107 8.92X1077 5.27X107% 9.12X10"!

Fpo  2.17X1071 2.76 X101 3.32X10° 3.20X10°

4.23X107% 4.72X1071° 1.18X10? 5.67X10"°
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Table 2 Key features of the standard dataset

IR N A% A 4 41 e
Bupa 345 6 2
WBC 683 9 2

Diabetes 768 8 2
Wine 178 13 3
Iris 150 4 3
Vowel 871 3 6

Aggregation 788 2 7
Ecoli 336 8 8
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Table 3 Spp index test results of each clustering algorithm on the standard dataset

Sporr
YGRS
AL POA-FCM #3%  multi-core FCM 5 % EWFCM & i FCM & i
Bupa 0.485 544.6% 0.704 945.0% 0.959 4+7.7% 0.911549.9% 0.961 7+10%
WBC 0.609 14+1.7% 0.703 0£3.1% 0.704 8+4.2% 0.754 84+3.2% 0.796 0£4.6%
Diabetes 0.419 54+0.1% 0.682 940.2% 0.703 1£0.6% 0.523240.5% 0.758 8£0.6%
Wine 0.271 6+1.3% 0.482 7+4.9% 0.516 3+4.1% 0.841 7+4.7% 0.989 3+4.4%
Iris 0.396 0£1.1. % 0.685 7+£1.6% 0.729 8+2.2% 0.701 8+1.4% 0.751 5£3.0%
Vowel 0.635 9%2.3% 0.810 9£3.0% 0.859 5+3.7% 0.691 54+3.3% 0.949 4£3.1%
Aggregation  0.517 9£+3.0% 0.681 9+6.0% 0.726 4+5.7% 0.714 7+8.9% 0.972 94+10.3%
Ecoli 0.594 94+3.5% 0.817 4£5.7% 1.071 8+5.0% 1.184 5+6.3% 1.225 0£6.3%
FoA BREFFANAREBIERE Tl K2R
Table 4 Tags index test results of each clustering algorithm on the standard dataset
Tars
NSRS POA-FCM & multi-core FCM % EWFCM % FCM & 3
Bupa 0.867 1£0.1% 0.714 5£0.2% 0.634 6+0.4% 0.541 9£0.6% 0.011 4£0.9%
WBC 0.983 04+0.2% 0.504 9+3.1% 0.881 6+3.4% 0.618 44+3.3% 0.830 044.1%
Diabetes 0.871440.1% 0.409 14£0.4% 0.510 240.5% 0.597 640.5% 0.080 440.6%
Wine 0.947 1+0.1% 0.279 0£2.3% 0.617 9£6.9% 0.3517+5.5% 0.353 9£+4.8%
Iris 0.892 940.1% 0.390 1£2.0% 0.708 4+1.8% 0.6135+2.1% 0.420 6+2.5%
Vowel 0.800 143.8% 0.456 6+4.0% 0.487 1+4.6% 0.487 2+7.0% 0.3153%£7.1%
Aggregation  0.926 0£2.4% 0.884 9£6.2% 0.412 6+7.4% 0.651 9£11.0% 0.743 3+11.9%
Ecoli 0.784 6+3.3% 0.607 8+5..5% 0.587 5+6.4% 0.4328+7.0% 0.364 3+£7.5%
A5 BREHEMNAFEHIELEW Baa M KL R
Table 5 Buw index test results of each clustering algorithm on the standard dataset
By
AR SCH R POA-FCM &% multi-core FCM % EWFCM % FCM & 3
Bupa 0.796 1£0.1% 0.490340.2% 0.2076+0.4% 0.319840.5% 0.00704+1.1%
WBC 0.9901+1.3% 0.8306+1.9% 0.5599+2.7% 0.3209+2.6% 0.7300+3.3%
Diabetes 0.8130+0.1% 0.6612+0.2% 0.49444+0.2% 0.7016+0.2% 0.2337+0.3%
Wine 0.8844+1.2% 0.6015+3.7% 0.7913+5.4% 0.4497+5.0% 0.4168+4.4%
Iris 0.9579+0.2% 0.7088+4.1% 0.6112+£2.2% 0.5690+1.2% 0.2931£3.0%
Vowel 0.9146+3.0% 0.8046+3.3% 0.6898+5.8% 0.4901+4.1% 0.4717+8.5%
Aggregation 0.9989+2.8% 0.8947+3.9% 0.6991+£7.5% 0.8029+10.3% 0.8438+11.4%
Ecoli 0.9063£3.0% 0.8846+4.5% 0.7394+6.0% 0.6273+6.7% 0.5670+£7.8%
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Table 6 Lacc index test results of each clustering algorithm on the standard dataset
v L"\f(‘
H AR A POA-FCM #3%  multi-core FCM 5 % EWFCM # 3% FCM $ %
Bupa 0.946 94+0.1% 0.756 1+0.1% 0.709 2+1.0% 0.604 9+1.6% 0.379 7£1.5%
WBC 0.906 7+1.2% 0.799 1£1.3% 0.701 4+2.3% 0.769 4+1.5% 0.556 1£2.8%
Diabetes 0.989 84+0.1% 0.746 6+0.2% 0.849 6+0.2% 0.694 14+0.3% 0.658 9£+0.6%
Wine 0.917 9£2.7% 0.804 9£4.9% 0.569 4+4.2% 0.552 3+4..5% 0.3854£5.0%
Iris 0.967 8+1.5% 0.800 8+6.2% 0.926 8+4.5% 0.784 64+2.3% 0.693 34+3.6%
Vowel 0.999 9+1.2% 0.8815+2.0% 0.874 4+4.1% 0.86594+3.0% 0.464 94+5.1%
Aggregation  0.999 94+2.6% 0.884 5+4.4% 0.806 9£6.9% 0.294 7£7.0% 0.731 54+9.0%
Ecoli 0.911 3+2.2% 0.869 5+3.4% 0.741 24+4.5% 0.804 6+5..2% 0.706 5+6.2%
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Fig. 5 Flow chart of the improved point cloud simplification algorithm
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Fig. 6 Fitting results of each kernel function under different
bandwidths
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Fig. 7 Point cloud simplification effect of the algorithm in different environments in this paper
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Fig. 8 Comparing the simplification effect of the algorithms on point clouds in different environments
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Table 7 Different algorithms’ point clouds simplification statistics
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Fig. 9 Simplification results of the proposed algorithm and the comparative algorithms in different environments
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