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Plane Fitting of Point Clouds with Robust Least
Trimmed Squares Initial Value

CHENG Xiaojun, LI Jie
College of Surveying and Geo-Informatics,
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Tongji University,

Abstract; To fit a plane with point clouds containing massive
outliers, a fitting method with robust initial value by least
trimmed squares (LTS) was presented. It firstly used LTS to
ascertain initial plane coefficients by random sampling.
Meanwhile, the median of all absolute deviations was adopted
as initial mean square error of unit weight. Then it carried
out selecting weight iteration. This method kept the high
efficiency of selecting weight iteration as well as maintained
the robustness of LTS. The test results show that selecting
weight iteration with LTS initial value can keep robust to deal
with point clouds including massive outliers. Finally, the
accurate plane can be fitted.

Key words: plane fitting; robust estimation; least trimmed
squares; selecting weight iteration; eigenvalue iteration
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Fig.1 Point clouds without outliers
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Fig.2 Point clouds with 5% outliers
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Tab.1 Fitting result of selecting weight iteration

SirER

A/ MR Y R /Y
&R/ Y @ b o/m Il BACYE K
5 0.035 826 0. 106 796 —0. 004 143 0.000 175 0. 30 11
10 0. 035 829 0.106 794 —0.004 153 0. 000 192 0. 55 14
15 0. 035 838 0.106 798 —0.004 189 0. 000 259 1.42 17
20 0.036 047 0.106 819 —0. 005 038 0. 000 308 21.99 352
25 0. 036 888 0.106 989 —0. 010 022 0. 000 850 142. 63 512
30 0.041 515 0.107 317 —0. 015 380 0.007 331 272. 34 153
35 0.039 936 0. 107 289 —0.016 449 0.010 961 298. 23 81
40 0. 043 003 0.107 182 —0.014 396 0.008 214 248. 51 38
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Tab.2 Fitting result of eigenvalue iteration
2R/ % a b c o/m iy ARV
5 0. 035 710 0. 106 787 —0.004 175 0. 000 138 1.08 23
10 0. 035 867 0.106 811 —0. 004 209 0. 000 127 1. 89 22
15 0. 035 818 0. 106 787 —0.004 139 0.000 177 0.19 17
20 0.035 842 0.106 779 —0. 003 839 0. 000 003 7.04 11
25 0. 028 036 0.106 167 —0.012 914 0. 000 133 212. 65 17
30 0. 035 554 0.107 921 —0.022 605 0. 005 831 447, 26 12
35 0. 033 730 0. 106 038 —0.013 692 0. 001 445 231. 48 16
40 0. 048 638 0. 106 407 —0.013 563 0.015 061 228. 37 10
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Fig.3 Deviation from standard plane and iteration times variation
£33 EBUERZPMELER (16%~19%HEEE)
Tab.3 Fitting result of selecting weight iteration (With 16% ~19% outliers)
; SRR .
0 o By /Y
16 0. 035 836 0. 106 796 —0. 004 159 0.000 119 0. 68 12
17 0. 035 849 0.106 793 —0.004 146 0. 000 123 0.37 13
18 0. 035 889 0.106 795 —0. 004 220 0. 000 236 2.17 23
19 0. 035 645 0. 106 783 —0.004 216 0. 000 565 2. 08 74
x4 BUEEERENBNEER(16%~19%HEEEE)
Tab.4 Fitting result of eigenvalue iteration (With 16% ~19% outliers)
; SRR .

A/ e By /e
iﬂ%ai/ﬁ a b c G'/m ﬁ'fﬁ%/% J%ﬁﬁ?A?&f(/U\
16 0.035 728 0. 106 789 —0. 004 109 0. 000 169 0.52 18
17 0.035 693 0.106 795 —0. 004 246 0. 000 194 2. 80 21
18 0. 035 864 0.106 812 —0. 004 203 0. 000 182 2.76 21
19 0.035 924 0. 106 832 —0. 004 302 0. 000 217 4. 15 18
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WA BV 2 FIRERR R v, BERLAHEN o W, M BIA S
HZRFEARNBERY P=1—, GHANHEE SR
9 4026}, B w =40, HHE 15 PA1, B e MRS
i E B R BN 40. LTS BIfHESR ML 5.

W F LTS ME - SAr P m R B0 A 2=, Rk
7 LTS FEHEAY b AT HRBGE A, X B AT
. AP T H T EREIE 6.

RER 6 ATLUGH X THESBEREN RS,
HA LTS WE e A5 AR5 AT LAFS 2 HE 5 A9 °F

%5 LTS #1&
Tab.5 LTS initial value TR N E SEMGERE MR EER L
HESR/% a b c WOMHESEN 20% ~40% 0, A LB ERARE
150 g 222 Ziz g 132 :Zﬁ :2 222 iz‘; &, H i = PHElA RS R W /N T
15 0.036 187 0.106 776 —0.004 134 2% W NS EOR. R R IR, BB AR
20 0. 035 698 0.106 773 —0.003 999 ¥k 34 k. HM, BA LTS i ERERER B
25 0.036 211 0. 106 774 —0.004 131 ﬁﬁﬁ%’ﬁ?ﬁﬁﬁﬁgmﬂ“ﬁﬁﬁ ,Eﬁﬁ@,ﬂ%ﬁ
30 0. 035 782 0.106 796  —0.004 183 .
35 0. 036 350 0.106 879 —0.004 406 THEHER.
40 0.036 336 0.106 765  —0.004 136 J 20 % M35 VoAb AR ik sh & &
*6 EA LTS YEMERERZNUMEER
Tab.6 Fitting result of selecting weight iteration with LTS initial value
HEER/% a b c s/m g{ggf% AT
5 0. 035 978 0. 106 821 —0. 004 238 0. 000 232 0.32 34
10 0. 035 946 0. 106 795 —0. 004 131 0. 000 215 0. 24 10
15 0. 035 919 0. 106 789 —0. 004 099 0. 000 281 0. 77 18
20 0. 035 760 0. 106 784 —0. 004 058 0. 000 254 1.76 10
25 0. 035 928 0. 106 792 —0. 004 167 0. 000 307 0. 86 6
30 0. 035 798 0. 106 794 —0. 004 146 0. 000 293 0.36 9
35 0. 035 966 0. 106 813 —0. 004 208 0. 000 504 1. 88 28
40 0. 035 940 0. 106 793 —0. 004 121 0. 000 585 0.22 8

RO Z A RIS R , i i R IR 2 G B, B
—FEk AR LTS MiE M AU R TS

FRUESE T AR 0. 023 910 4 +0. 133 495 1y—
0.003 4452=1, AL ILFE 7.
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Tab.7 Fitting result of selecting weight iteration with LTS initial value

SRR

HEAE/ ARV B /Y
HESE/N a b ¢ o/m B2 % BB/ R
5 0.023 924 0. 133 496 —0. 003 460 0. 000 184 0. 44 6
10 0.023 911 0.133 498 —0.003 471 0. 000 201 0.75 5
15 0. 023 865 0. 133 486 —0. 003 445 0. 000 214 0.19 7
20 0.023 937 0. 133 505 —0. 003 453 0. 000 265 0. 23 11
25 0. 023 920 0.133 497 —0. 003 431 0. 000 305 0.42 6
30 0. 023 898 0.133 497 —0. 003 409 0. 000 347 1. 04 7
35 0.023 838 0.133 477 —0. 003 459 0. 000 358 0.41 16
40 0.023 843 0.133 485 —0.003 411 0. 000 412 0. 97 6
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