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Abstract : LiDAR sensors attached to the vehicle are vulnerable to contamination due to external factors. If a blind spot
occurs due to contamination of the LiDAR surface, the surrounding environment and objects are not detected, causing
problems in the safety of passengers, pedestrians, and surrounding vehicles. Therefore, this paper explains how to determine
LiDAR surface contamination in real time. The LiDAR data type was used in the form of a spherical coordinate system to
efficiently detect missing data parts. In addition, data omission factors were classified into pollution factors, environmental
factors, and structural factors. And it was removed using an algorithm suitable for the characteristics of each data omission.
In this paper, a bitmap containing data omission information was used to guarantee real-time determination of contamination

in the range of 1 to 10. To verify the performance of the algorithm, experimental results are analyzed obtained from the

LiDAR sensor artificially contaminatied on the surface while driving on the road.
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Fig. 1 LiDAR side view
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Fig. 4 Spherical coordinate system
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Fig. 6 LiDAR data in the indoor environment
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Fig. 7 Alpha graph in the indoor environment
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Fig. 8 LiDAR with part of the surface covered with tape

Fig. 9 LiDAR data in the tunnel environment
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Fig. 10 Alpha graph in the tunnel environment

surgla

Fig. 9= #|slE 2 2] 2t
ol LIDARE -2 % ﬂ—i—i
Aol et

Fig. 1049 7} S(Layen)oll A 4743 453l a
Fhol HiolZ = 7k A 1= 150° ~ 250° A 3 el A T o]
g “Feto] wASgT) Hloly ek a ghel Bl
aze FEnk 22]al S(Layen)nttl Hat Ao R
12457 €] H| o] B 7} = = et

f
E
m1m
(8]
o
fu
>
N
b
%

23.3 833 Q0lo| cllojg &2t
Fig. 129] 182 5YUg apgol A 92 (Fig.
1H)ZE FP&l 53 dloleo]t), oA gz el 5
a7 1500 ~ 250°00 A &= T34 dlo]E *Feto] whAls}
ez ] Ott] iﬂ_i A}H]—X—]?_]_ 1;_]]0]]:4 T—IO] ‘Q"@B‘]—‘}iﬂ—, o]
T4 HlolB] e o] 9o &4 H toly o]
7}:1 A gk Slo]th,

534 #AIASAEAE =22 A3A A7E, 2023

Fig. 11 LiDAR data from road environments
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Fig. 12 Alpha graph in the road environment
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Flg 139] 22 E S(Layer)Po) 48 EH ¥RAE
T YEhd e En s S(Layen)oll M
(Layer)i drs JYE= voly A Ao
= 3lTe] S(Layer)E.t) Aehe] S(Layer)7| 374
6&% 1;1 H]—_E: 7—1 ol— /\ ol le) tq 1;]_0]:5} g],ﬁ 7<4 JCJ)_?_]
52 918 o] flol8 *rekol 27 gtk

%+ ek

AN

F
oo X H

10 ok of O o ﬁ

2.4 HBHO| QSYAENQ! LiDARS| 213 G|o|&]

Fig. 145 LiDARS] d|o]E Fehe 433k 22
oA 2o A FlE H3 2L Uil 5ol o
AR 23 LIDAR T 2. ¢do] tlo]E ¢} njx]=
S 2016}“5} T E AN = Fe] Ak A
A5 A 2 ALEf
B =l A AlAE Ao

xﬂ 49 2 3%011 A 0 1HFalof B,

Noof md o

Fl



Real-time Contaminated Surface Determination Algorithm for Automotive LiDAR Sensors

Fig. 14 LiDAR data in the indoor environment
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Fig. 15 LiDAR surface is contaminated with soil
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Fig. 18 LiDAR surface is contaminated with leaves
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Fig. 29 LiDARdata from external real roads
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Fig. 31 Bit-map filtered for data omission due to vehicle
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Level Range
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Table 3 Loop-top setting

Mounting location Loop-top
Standard for missing search 1°
Number of reflected bit-maps 5

Structural factors angle 80° ~240°

Fig. 38 Mounting loop top
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Fig. 40 Mounting tilting 30°
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Fig. 42 Mounting tilting 60°
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Table 4 Algorithm setting

Left Right
Mounting location Side mirror
Standard for missing search 1°
Number of reflected bit-maps 5
Structural factors angle 130° ~ 256° 270° ~ 40°

Fig. 45 Campus of Kyungil university
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Real-time Contaminated Surface Determination Algorithm for Automotive LiDAR Sensors

Fig. 48 Viewer setting

Fig. 49 Clean status real-time visualization

Fig. 50 Contamination status Real-time visualization
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