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Robust plane fitting method based on conditional random sample consensus
ZHANG Shaoan, CHEN Long

( China Railway Shanghai Engineering Group No. 5 Engineering Co. , Ltd. , Nanning 530104, Guangxi, China )

Abstract: The traditional robust eigenvalue plane fitting method uses a fixed multiplicity of distance standard deviation as the distance
threshold, which is not adaptive enough when dealing with complex point clouds. And due to the randomness of the initial sampling points of
the random sample consensus (RANSAC) algorithm, it is impossible to avoid the situation that the initial plane position is unreasonable. In
order to address the above problems, this paper proposes a robust plane fitting method with conditional random sample consensus by improving
the “threshold dynamic adjustment” and “random sampling conditions”. Comparative experimental results show that the improved method of
“threshold dynamic adjustment” improves the accuracy by about 59.8% and 17.9% compared with the eigenvalue method and the traditional
robust eigenvalue method, respectively. Meanwhile, the “random sampling condition” reduces the computational burden of distance standard
deviation multiplier adjustment to a certain extent. Moreover, the method in this paper still maintains good recognition effect for the pothole
data with dense and uneven outliers, and its IoU value is improved by about 20. 4% and 55.4% compared with that of the eigenvalue method
and the traditional robust eigenvalue method, which further verifies the robustness and practicability of the method.
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Fig. 1 Unreasonable initial plane positions
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Fig. 2 Flowchart of the improved method

. N 7;;%” L j:/-F 3 ,;E,é%w L i

2.1 AEXLEEE
T BE R R AR AE M AR SOR B R e A T
BT LS8, BEAUE e 0 dil /e o AR 4E DL A 3R e

— ST T AR A% T BEALAE R = Kl , O X B3 BHRESS
XL AN BEAIL R 25 s BN — o B ) S, SC R Fig. 3 Random error point cloud

FRIEAA TS AR R AR AT LA BOAR S 1 0 S G A 4D 85 4
AT S EO R, B, T T 81545 B AR A AL
RA T T S8 25 A T M SR
2.1, 1 AR A

BB ZE LA - TR

Py=x+2y+3:+4 (5)
TEZF 1 BEHL A E 10 000 4> 5, Hox oy B 1E o
[ =5000,5000] MIFsN, BffERxLE s (6) B B4 SHSSENBILEESS
BEPLIRZE Fig.4 Random error point cloud with outliers
X =x; +9, R AR W IR A B R AR B M = 5005 1 15 15
y =y, +0, (6) fHe=20;NEIE Ny =80%,
2=z, +6. AT IR A B RIEAR B M = 500 ; #5259 {E
X, 8,.8,.8, 7k x oy FEYBENLIRZE  HIUME N[ - e =ko(0 < k < 2);k [N KN 0. 1; o K HAUE R
8,8] ASCHLS =2, MHLIRZRIMEE R AE 3 P, m=1/6; NI L I 7 = 80%,
2.1.2 X S K g5 R o b AL ax + by + ez +d = 0 BRI P sk, K

TERENLIR 22 55 5 A9 SR A0 1 000 NS % {E, W& TR LA ROR 75 DABEPLIR 22 5l = Balh, SR 15
4 FiR, B EA R AR ZE S a0 S R e E PR EAREZE o FE I E bR, F i AS R R 1 R, 3F
5 AR AE(EIE AR SONE AT PG . ST7EM Jrikn Pl a a5 1 e s o,



A Zh b 8 R 5 H

2026 4F 55 45 % 55 4 1) Techniques of Automation and Applications 61
x®1 HNEFESHUEBE
Tab. 1 Fitted plane parameters and accuracy
Fik a b c d oa
ERENRERES 0.268 773 0. 542 796 0.795 697 -2.970 069 1.628
FREEARAF (A 7S 0.270 259 0.535 592 0. 800 064 1. 688 558 0.797
ARICTT 0.267 484 0.534 556 0. 801 687 1.064 814 0. 654
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Fig.5 Side view of the plane fitting results
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Tab.2 Mean of fitted plane results with different iteration counts

R A L G LIPS ARY S 18 PEEbRIE R o BATHHE /s

Y A B C A B C A B C A B C

10 0.948 0.910 0.910 8 8 9 0.674 0.655 0.655 0.21 1.26 0. 86

30 0.948 0.912 0.913 24 23 26 0.683 0.655 0.655 0.54 4.04 2. 66

50 0.948 0.913 0.913 38 39 42 0.704 0.655 0.655 0. 86 6.46 4.52
100 0.948 0.913 0.913 79 78 84 0.717  0.655  0.655 1.74  12.73 9.02
150 0.949 0.913 0.913 117 116 129 0.716  0.655 0.655 2.47 19.16 12.70
200 0.949 0.913 0.913 158 155 170 0.726  0.655 0.655 3.36 25.23  17.41
300 0.949 0.913 0.913 233 229 254 0.727  0.655 0.655 4.87 38.93 26.52
400 0.949 0.913 0.913 312 307 341 0.730  0.655  0.655 6.43 51.82 34.69
500 0.949 0.913 0.913 393 385 426 0.741  0.655 0.655 8.31 63.58 43.09
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Fig. 6 Result map of pothole point cloud extraction
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Tab.3 Parameters of plane fitting and result evaluation

WikeS a b ¢ d o Yol dit/%  ToU
L RIERES 0.190 468  0.017 578  0.981 536 -410.231 493 3.616 687 20.2 0.727
LSS RIER7S 0.191411  0.018275  0.981 340 -408.850 525 1.259 009 8.5 0.563
ART5 0.191 183  0.018 356 0.981 383 —408.589 688 0.674 750 13.0 0.875
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