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Stair detection and parameter estimation using 3D point cloud

ZHONG Chen, WANG Weif, ZHUANG Yan

(Research Center of Information and Control, Dalian University of Technology, Dalian Liaoning 116024, China)

Abstract: Stair detection and 3D modeling are of great significance for autonomous navigation and motion planning
of mobile robots. Considering the structure diversity of stairs and the distribution uncertainty of point cloud in practical
application, we proposed an adaptive stair detection and parameter estimation method based on stair topology model and
fuzzy set theory. By employing the topology of stair profile and a histogram algorithm, we improve the accuracy and
robustness of the stair edge location estimation. Adopting the strategy of in-level extraction and cross-level linking, we
construct a set of candidate edge lines. On the basis of this result, the cascade probability of candidate edge lines is
estimated by using fuzzy transformation and adaptive fuzzy inference. A simulated annealing algorithm is applied to the
global optimum search for the candidate edge-line combination to validate the estimation of 3D stair modeling parameters.

Experimental results and data analysis show the validity and feasibility of the proposed approaches.
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Table 1 Parameter value table of each step algorithm

SRR s =2
BEEEr =2
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BRI
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B4 E B {Hw = 0.005m
BEREe =2

A (titg = 0.1m
B = 2 B B = 51

MR tnin = 0.1

PR A = 2° VEW A HIm, = 8°
I JE R Lth = 0.1m
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Fig. 8 3D modeling of stairs with different structures
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Fig. 9 3D modeling of stairs with damaged edges
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4.2  FEBIRZE M1 (Modeling error analysis)
LA NTER B R b, USRI AR A [R) R 25
XF 7] — 3 5 I N, A5 X [R] — B B AR BE EAT
20 ER R TR R 2 B50Ah T R A 6 B e A AR
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Fig. 10 Modeling results of one indoor scene with different distance and angle of view

(a) y=-15°,d=48m

(b) y=15°,d=3.0m

(c) y=40°,d=2.8m
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Fig. 11 Modeling results of one outdoor scene with different distance and angle of view
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Table 2 Modeling error of indoor stairs

BRI

EAt

2

H3%

L

IR

EH3

EE

8%

S N T A /m
VLSS A W FE A VT /m
FE241 S5 B B A T E/m
3L LG A B A T /m

A S IR 2 T3 /m

0.160
0.1818
0.1682
0.1770
0.0157

0.167
0.1754
0.1631
0.1789
0.0081

0.167
0.1727
0.1668
0.1788
0.0059

0.167
0.1680
0.1693
0.1738
0.0034

0.167
0.1804
0.1639
0.1752
0.0082

0.167
0.1720
0.1691
0.1754
0.0052

0.167
0.1744
0.1668
0.1759
0.0055

0.167
0.1843
0.1608
0.1853
0.0139
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Table 3 Modeling error of outdoor stairs
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EIREEER A=y
e B2 A T /m

FA I
I 2 {E/m

0.150 0.190  0.180  0.160

0.1499 0.1703 0.1440 0.1636

0.1680 0.1823 0.1637 0.1443

0.1796 0.1808 0.1679 0.1538

0.0159 0.0122 0.0215  0.0085
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SREFEIN AT DL 2 — MR H AR B 1 20K
5 458 (Conclusion)
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