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LiDAR-based Mapping Considering
Laser Reflectivity in Indoor Environments
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Abstract: Light detection and ranging (LiDAR) sensors have been most widely used in terrestrial
robotic applications because they can provide dense and precise measurements of the surrounding
environments. However, the reliability of LiDAR measurements can considerably vary due to the
different reflectivities of laser beams to the reflecting surface materials. This study presents a robust
LiDAR-based mapping method for the varying laser reflectivities in indoor environments using the
framework of simultaneous localization and mapping (SLAM). The proposed method can minimize the
performance degradations in the SLAM accuracy by checking and discarding potentially unreliable
LiDAR measurements in the SLAM front-end process. The gaps in point-cloud maps created by the
proposed approach are filled by a Gaussian process regression method. Experimental results with a
mobile robot platform in an indoor environment are presented to validate the effectiveness of the

proposed methodology.
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[Fig. 1] An example of varying reliability of LiDAR
measurements due to the different reflectivities of laser beams
to the reflecting surface materials: (a) LIDAR measurements
obtained by a typical concrete wall. (b) LIDAR measurements
obtained by a specular reflective surface (i.e., a mirror)
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[Fig. 2] Flowchart of the proposed LiDAR-based mapping
algorithm considering laser reflectivity in indoor environments
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[Fig. 3] Example of the laser reflectivity DB for various target
surfaces at 1.5 m distance from a LiDAR sensor
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[Fig. 4] Comparison of GPR results using different kernel
functions: (a) Result of applying the squared exponential kernel.
(b) Result of applying the exponential kernel
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[Fig. 5] Experimental mobile robot platform (Clearpath Husky
UGYV) in (a) Engineering Building No. 1 (Site A) and (b)
Engineering Building No. 7 (Site B)

N ZAE A, L3302 AAEnk

[Fig. 41141 A Ht A eol] EAsh= ¥ 331 Al
213l Exponential 71'd-2 4-8-3F Ar}e} t i HluT o2
GPROl| 7P L nk2] © & A}-8-%| = Squared exponential 7] 'd
o] 3| _Q_Q 73J,1r§ }:]]J_Lﬁ]-‘[;}_ 4~7})¢0ﬂ 7]-64 7(4 o7 T,‘i_g.‘
Sk o] Bl ol th3le] Exponential 78S %83k
=2 (Overestimation) A =7} A A% S gelst
Exponential 7g¢] 4-8-H GPRo] KU} 1 H5F
A el A8 A, g5 dlolE e Hxrt Y
(Sparse)3t71ut 85 vllo] Bl o] dnbAlQl - 7 3
3 =12 d o A= GPRE T4 5 A vl g % A to]
B 9] AlZ| 27} a1eet = Qdok i Aol A= A A A 0= A

= 2Py Aote] QL HASHe W 2L
A=}

o

Mot on x N

Ol
< F_‘-.: ‘{)‘ oM.
dz ol X O
b 1o &

T,J
=
wl

rJ

[Table 1] Summary of quantitative evaluations between the
mapping results using the Site A dataset

Method Map Mean Max. Std. of
overlap ratio [%] | error [m] | error [m] | error [m]
Bascline 16.56 135 | 295 | 060
Cartographer
W Sean 45.84 082 | 178 | 041
filtering only
Proposed
(W/ Scan
. 72.89 0.48 1.50 0.39
filtering
and GPR)

[Table 2] Summary of quantitative evaluations between the
mapping results using the Site B dataset

Map Mean Max. Std. of
M
cthod overlap ratio [%] | error [m] | error [m] | error [m]
Bascline 52.32 121 | 227 | 070
Cartographer
W Sean 5522 052 | 113 | 029
filtering only
Proposed
(W/ Scan
. 76.14 0.23 0.76 0.20
filtering
and GPR)
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[Fig. 6] Comparison between the estimated robot trajectory (blue lines) and pointcloud maps (red points) using the Site A dataset: (a)
Structural drawing of the Site A which is considered as the reference data. The blue rectangles indicate the transparent and specular
reflective surfaces in the Site A. The yellow circled numbers denote the waypoints designed for this experiment. (b) Result of the
baseline Cartographer SLAM. (c) Result of the Cartographer SLAM with the scan filter considering laser reflectivity. (d) Result of
applying the GPR to the result of (c). The actual structural drawing of Site A is used as the reference data for performance comparison
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[Fig. 7] Comparison between the estimated robot trajectory (blue lines) and pointcloud maps (red points) using the Site B dataset: (a)
Structural drawing of the Site B which is considered as the reference data. The blue rectangles indicate the transparent and specular
reflective surfaces in the Site B. The yellow circled numbers denote the waypoints designed for this experiment. (b) Result of the
baseline Cartographer SLAM. (c) Result of the Cartographer SLAM with the scan filter considering laser reflectivity. (d) Result of
applying the GPR to the result of (c). The actual structural drawing of Site B is used as the reference data for performance comparison
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