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A Low-Cost Lidar Sensor based Glass Feature
Extraction Method for an Accurate Map Representation
using Statistical Moments
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Abstract: This study addresses a low-cost lidar sensor-based glass feature extraction method for an
accurate map representation using statistical moments, i.e. the mean and variance. Since the low-cost
lidar sensor produces range-only data without intensity and multi-echo data, there are some difficulties
in detecting glass-like objects. In this study, a principle that an incidence angle of a ray emitted from
the lidar with respect to a glass surface is close to zero degrees is concerned for glass detection.
Besides, all sensor data are preprocessed and clustered, which is represented using statistical moments
as glass feature candidates. Glass features are selected among the candidates according to several
conditions based on the principle and geometric relation in the global coordinate system. The
accumulated glass features are classified according to the distance, which is lastly represented on the
map. Several experiments were conducted in glass environments. The results showed that the proposed
method accurately extracted and represented glass windows using proper parameters. The parameters
were empirically designed and carefully analyzed. In future work, we will implement and perform the
conventional SLAM algorithms combined with our glass feature extraction method in glass

environments.
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ICP based Pose
Estimation

A

Clustering

v

‘ Preprocessing

Representation of Glass Feature Candidates
using Statistical Moments (Mean, Variance)

A 4

Glass Feature Extraction according
to Geometric Conditions

Computation of Geometric Angles between
Glass Feature Candidates and Lidar Sensor

F

[Fig. 1] The proposed framework: It consists of several phases starting from acquisition of sensing data through a low-cost sensor to

glass feature extraction
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[Table 1] Algorithm for Glass Feature Extraction

I: Input 7,7 q, P34, To_q, Fg
2: Output: F¢

30 AT—ICP(ri_q, 1)

4: P computed from Eq.(11)

50 LFN—Clustering ((6;), deny) using Eq.(2-3)

6: forj<—0toN do

7: C{<—(imup Representation (L{.) expressed in Eq (6)
8:  IfEq. (8)is satisfied, then

9: fork«—0toMdo

G
10: (,uf,l)G, (u’t} computed using T,_, and AT
11: 056sS, gfss, Bfff computed from Eq.(12-14)
12; Dg computed from Eq. (17)
13: If Eq. (9) and Eq.(15-16) are satisfied, then

14: If (,u't‘,l)G is already involved in the i-th Fg, then
i\G
15: Fg— Fgu (i)
16: else
e K G
17: Fg— Fgu {(FD (1) }
18: end if
19: end if

20: end for
: endif

21
22: end for
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[Fig. 2] Geometric relation between glass features and sensor positions
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[Fig. 3] Experimental environment: Specular reflective objects
such as glass and opaque objects exist in the environment as shown
in (). A robot equipped with a low-cost lidar sensor moves along
different ways in several experiments as shown in (b)
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[Fig. 4] Glass feature extraction results of the first experiment:
The robot moves parallel to a wall at a distance 0.5 m from it.
The results show that the proposed method is performed well
over time using the proper parameters

[Fig. 5] Glass feature extraction results of the second
experiment: The robot moves parallel to a wall at a distance 1 m
from it. The results show that the proposed method is performed
well over time using the proper parameters
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[Fig. 6] Glass feature extraction results of the third experiment:
The robot moves at an angle of 20 degrees from the glass and
gradually moves away. The results show that the proposed
method is performed well over time using the proper parameters

[Fig. 7] Glass feature extraction results of the fourth experiment:
The robot moves at an angle of 50 degrees from the glass and
gradually moves away. The results show that the performance
deteriorates over time due to ICP matching failure and a long
distance from the glass
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