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Grid-Based 3D Point Cloud Mapping for Outdoor Robot
Localization
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Abstract: Recent advancements in point cloud-based mapping have significantly enhanced outdoor
robot localization beyond GPS-only approaches. However, conventional methods often result in
uneven point cloud distribution, leading to increased storage requirements and reduced localization
accuracy. This paper presents a grid-based 3D mapping system that partitions the environment into
uniform grids, enabling consistent point cloud density and optimized map storage. Furthermore, an
adaptive down sampling technique is applied to further reduce map size while preserving localization
performance. Experiments conducted using the WeGo-Hunter 2.0 platform demonstrate that the
proposed method reduces map storage by up to 82.01%, while maintaining localization accuracy
without significant degradation in RMSE. Future work will focus on mitigating alignment errors
caused by GPS inaccuracies by selectively applying the Iterative Closest Point (ICP) algorithm to

refine overlapping point cloud segments.
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[Fig. 1] Differences in point cloud data density by area: 1) Robot
stationary, 2) Robot driving section

A4S AS57] A8, WeGo-Hunter 2.0 ZHE0 2 A5
A =5 7]59F0 2 HDL-Localizationg 435}, 712 A =9}

B =29 2 v gk Aol A s e e ve 2
= E A

QUE FehOE A% Y A2 AL, A A
9] B oAl A= AL ol Z 7IBto R Soyat 2 %
917 57 49 232 chEch vhsto 2 AL 2 £
U5 A7 PP A

gt

SRT Y11 2]E-2 tha ] Al 714 8 mejulel g 7|gte &
St
- S (Spacing): AA| W TS FLoHA £t gt 1

T Z+Ao]t
- R (Radius): 250] £ T2]E9] F4] 717 R o]l XY
o3, g 210 A & HloH & BATA E Tttt
- T(Time): Zr 12| 29] L FA AL 7|E02, A A|I7H
T7} A3} soF A =2 vlo] e 2 7§ 4lo] 7Hs5ttt.

o] d112EF2 5L XA 9 ZIIE Z2H-E Ho]El7t
£ 35HA S5 AR = AE WAk, A A% 3
BEH 05 yEsh, tlofE W] 37 Bt S 3] 49}
E Z9eto gret
A AL 719 2 74 71§ TR0 2 2PFCE A, A

UAIA 22 AlikE AL A2 o AARE AR A 52 F

_-'g!_‘l"
i
-~
£S5
d
ACH
[
e}
o)
3
jioa)
)
H
ro o

A2ea 3 A9, AARH0] S5 BoIA] £ 22
o1 Bel} s siehs gEe et

2.1 A28 74

[Fig. 2]%= AQtel= 18| & 7]4 ZQIE S}t X & A4
A 2] 37 AlA” Y HA FAHEE HERdTh 2 AJAES
RTK-GPS 7[5to 2 25.9] YJA|E F7g5}H, LIDARZH
THE tlo[E & o] &5 Fi A =5 AL, o] 5 A A
% (Global Map)oll &8st W4 02 FA3tet LIDARS}
GPSet] x|t HFHAE 717-8F HEE oI5l A
ARE-5HAT



" Robot Localization System based on SRT Algorithm
SRT Map Generation System
" Robot Position | )
(longitude/ Sub—M.ap }-7
4 latitude/yaw)  Generation |
RTK-GPS P
Sub-Map
] Point Cloud Data ‘ ‘ Sub-Map .
Generation | Integration
3D LiDAR [ Map
( Robot Localization
. (HDL-Localization)

[Fig. 2] Map Generation System using SRT Algorithm
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[Fig. 3] Parameter for Generating Sub-Map
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[Fig. 5] Example of GPS Coordinates and Direction Data
Corresponding Grid
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[Fig. 6] Example of Down Sampling
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