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Real-Time Grid-Based 3D Point Cloud Merging
for Outdoor Robot Localization

AR -FAE AL
Seheon Kim', Kyon-Mo Yang?, Kap-Ho Seo'

Abstract: Recent advances in outdoor autonomous robotics have highlighted the importance of
precise localization using 3D point cloud-based mapping. Conventional full-map-based approaches
suffer from scalability and latency issues in large-scale environments, making them less suitable for
real-time applications. This paper proposes SRT-PM (Spacing-Radius-Time Partial Map), a method
that partitions the environment into grids and selectively merges only the local regions around the
robot in real time. By dynamically merging relevant point cloud segments based on the robot’s
position and movement, SRT-PM reduces computational overhead while maintaining localization
accuracy. Experimental results demonstrate that the proposed method achieves up to 34% reduction
in localization time and up to 98% reduction in point count compared to the full map approach
(Large Area), with RMSE maintained or improved. This study contributes to enhancing real-time

localization efficiency in large outdoor environments.

Keywords: Point Cloud Map, Outdoor Robot Localization, Grid-Based Mapping, SLAM Optimization

.M 2

A9 g 230 4] 7|4 Z shb= AUl 93] 324
o], o]& 9]5l| RTK-GPS (Real-Time Kinematic), IMU, LIDAR
S AAE 83T €0l de] &85aL Al a1y
RTK-GPS= 5, 2=, 241 52 878 842 QI8 415 714 3

AR 7] 495 MUE 20| Af s o
7H37Hote] A 29 A JErh 3] At BAS 2

Lo}, o]s sHAIE Bekslr] 26l AEOﬂ‘— FH S
Jal :olE 29T 7]uk et 7] wo] FEua Qrye

Received : May. 22. 2025; Revised : Jun. 10. 2025; Accepted : Aug. 21. 2025

% This work was supported by Korea Institute of Planning and
Evaluation for Technology in Food, Agriculture and Forestry (IPET)
through High Value-added Food Technology Development Program,
funded by Ministry of Agriculture, Food and Rural Affairs (MVAFRA)
(RS-2022-1P322054).

1. Researcher, Korea Institute of Robotics and Technology Convergence
(KIRO), Seoul, Korea (seheon@kiro.re.kr)

2. Senior Researcher, KIRO, Seoul, Korea (kmyang@kiro.re.kr)

1 Chief Researcher, Corresponding author: KIRO, Pohang, Korea
(neoworld@kiro.re kr)

Copyright©KROS

=53], LIDAR 7]5F 749 A E9}e] 43S Fa) Gps 9=
E%%ﬂi%&@@ﬂiﬁﬂﬂE@ AP

L (High-Definition LIDAR)-Graph SLAM,
NDT (Normal Distributions Transformation) Matching 5 T}oF
g 1AW A= 79 A gaE]Eo] ARE L o] 52
AT HoA = <ot A| et A A =E 7|HEC & 5fof A

2717} A4S |2 ) A Ak et A Sk
€] Qltk. %, AAZMo] RFEE 23 SHBIAE o]
25} 9halo] 285 7] ol#-e Ao7} wk}

oleig BAIZ Sl ] Siol, ol 2 o] F4
 oJeiul oA AAZEO 2 B R A A7t el A
£8 F45Hs 9410] ARHEIT IHY, o & Sol HpAE
714 SLAME o]0] 5318 A7 98 vheko 2 9178 3
Hotl, 22 Qe HeiA 0 2 Yujo|Eske 228 2T,
Iy i 7EQ] 7]& 71H-2 SLAM o] Ao =35 19
Ylo]E] 2 ol85to] 24 WL 7]Hko 2 91X 2y, 1}
2, A2k} skt 2 Aol Al 7l 8g 24
58702 Aeabr]ofe ofzigo] ck

m{o


https://crossmark.crossref.org/dialog/?doi=10.7746/jkros.2026.21.1.008&domain=https://jkros.org/&uri_scheme=http:&cm_version=v1.5

B =RolAE o]t
S doE 9] #Y3HE
(Spacing-Radius-Time) ¥ 2] AtotcH?. 2 =5
A= SRT 125 7|9t 2 F1E A =& Aot 584
QI A& /g WA &35 SRT-PM (Partial Map) 2112|152
At} SRT-PM2 A 37+ @43t 7402 Ui T8
T 76k 2 §lof, 23 XS Ao v R o2 1]
T W(Sub-Grid Map)¥hZ ®§}oto] & X (Partial Map)E
AAdstal, 47 Az T7F A ek B9ofgt B4l Fegte s
W EY 99t AL Zo|=E A E Tk A|QLSt SRT-PM &
1EEY FEAS A AT SH0A AFHCE A
ot 7] ZA| A 719k 93] 7 ¥4l 7} | wote] At &
S 91X H = S99 HoS AFH O R Hrlety
tt. o]& Boll tiyt oM A A7t 7t A
AR 24 L2 EA Y L 7S AR AT A
(2,284.6 1) B Th(12,866.8 nt) TG0 A =L oM, A
A Bl At 71 AR A ] 7R st A
T FREAY EE 73S Rl

& =29 /32 o3 et 2730l 4= SRT-PM &1L
S Ao, 330l A9 F1t HolA A =g st
o5 7|yt 2 L3yt 2 91X 4 AY A7 thEct ot
Aato 2 430 N A2 9 FF A7 IS AAlgi)

L

2. SRT-PM 7[2t BE X 74 & ?/IXIFF

H ol A= A 2| % (Global Map) 7]5H] 93] 24 A A
T S7I AAIRVS Ast ZAIE s st At 2529 S
71Eo s Fi A=Rt ieste] Y154 s= SRT-PM &
2|5o] thsto] Argteh.

Rl

214 E= 718

SRT (Spacing-Radius-Time) G178 &2 A7 37+ 44

L5 =
49 e 2k A, 4 el SHZ Ve R 1

A A7 T7F At Sofgt 7BALS
E19] 743t B} A7 B-8/3S BAlof ok ol
o] Y1E|EL 7|Z SLAM A|AHQ] A= Ui H], v i g]
YRS A S Aopst 5= 9l ow, tiqi i Eg oA O] A7
ol Aot

B o Lo 4] A5k SRT-PM &1 8]&L o83} SRT
25 7902, AAIZE 9] 7S 9ol Zasgh MY ol &
£ AT 54 0= yitoto] AMgote 2R IR QI
SRT ute}u]g|of| oJa] A H A A oA, 25o] o] 53l

[Fig. 1] Visualization of SRT-PM algorithm
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Robot Localization System based on SRT-PM Algorithm
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[Fig. 2] Robot Localization System based on SRT-PM
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[Fig. 3] Process of partial map construction
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[Table 1] Experimental Results
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