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LiDAR Map-Based Tree Object Recognition and Mission
Planning for Variable-Rate Spraying in Orchards
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Abstract: This study proposes a LIDAR map-based method for variable-rate spraying in orchards.
The approach combines SRT-based geofencing, 3D ground modeling, and object-level tree recog-
nition to construct an updatable tree map. Ground points are effectively removed through percentile
filtering and interpolation, leaving above-ground points for robust tree detection. Tree centers are
extracted using multi-stage suppression, and spraying routes are generated by projecting canopy
areas onto RDDF paths. Experiments with a mobile robot showed 98% precision in tree detection
and reduced spraying path length compared to full-coverage methods, demonstrating improved
efficiency and practicality for orchard spraying systems. These results highlight the potential of the
proposed system to enhance operational efficiency and support intelligent orchard management.

Keywords: Orchard Information Modeling, Ground Modeling, Tree Object Recognition, Tree Object

Map, Variable-Rate Spraying

‘:“"Ur Hl-& S7F &Y a8 Astehs
ol2|3t TAE FE37] flsh o=

HQlof gEof oFA AxE 2 dok= tﬂ%‘% A(Variable-Rate
Spraying) 7|0 FEHE Qo HeFgA| & 5] Hx9}

Received : Sep. 22. 2025; Revised : Nov. 3. 2025; Accepted : Jan. 13. 2026

% This work was supported by Korea Institute of Planning and Evaluation
for Technology in Food, Agriculture and Forestry (IPET) through Smart
Farm Innovation Technology Development Program, funded by Ministry
of Agriculture, Food and Rural Affairs (MAFRA) (02219411).

1. Assistant Manager, Daedong Robotics (DDR), Seoul, Korea (kimjiho
@daedong.co.kr)

2. Researcher, Korea Institute of Robotics and Technology Convert-
gence (KIRO), Seoul, Korea (seheon@kiro.re.kr)

3. Senior Researcher, KIRO, Seoul, Korea (dueleldi@kiro.re.kr)

4. Executive Director, Daedong, Seoul, Korea (bwgam@daedong.co.kr)

5. Associate Professor, Dept. of Electrical Engineering, Kyungpook
National University, Daegu, Korea (jwi@knu.ac.kr)

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

Copyright©KROS

2710 whet Abmepst B4 ¥ISIE 2e@o2A o) M8
2 BT ALE B8-S ol H] ahole).

BPIAS A SleIAE Tele] 8 g 4
3] OISIL, 7 520 ST WIS 2T 5 U B2 AR
HB4A0E Q7Y 71E ATEL o2 95} Y 23]
A AN BEte] 2P ok £ 5 BASHE 4]
2 ST, et GAL o] 83t vl 7)ek Aol
LYo A4 B4 MEAIE F9 271 402 Q4151
o} olgjghurAle 2 B3} 197}, Qo] B, AMA St
B Aol ol 2J3f Q14 ezt 345 A o}% 5 g,
2ol tLIDAR) HlolelE ol 83 Wil U wgolut

AUk 24, DBSCAN} g2 22T 7]”* ol =
718 FEMY e AL
g ol ZEH] - AFdet 22 F a0 A4
%, At HlolE 7] FATE 22 MA S LHF HE =Tt
Yol AT EATTH. B, 7]1E Ae PR 52
<7] SR I4ske Hl AFste] £717F ddolu 71Alef 71
A= 47 A4 G754 3] BolAH, Hl4 FRojA R4
Hele e g 22d ZRIE SeheolMe 983 5

ojg|gt v 9


https://crossmark.crossref.org/dialog/?doi=10.7746/jkros.2026.21.1.033&domain=https://jkros.org/&uri_scheme=http:&cm_version=v1.5

34 wysks) =22 4219 A5 (2026. 3)

42 345 S| ofele) FEo] BAFHAL, 2o
th27] QX gro = A 2Qlol 4 WAt Ee) An

2 ABSA Rtk mm ot

E3] 7|2 23] 28} AR|7HO B 2E S o] A5k u}
412 gkl 299 A1) o] il st v BT 214 1
8 tsier sl $uas] B2 o) 27

LA B9z BAA M E B
) 514 7| W, ) Fkc 0
N4 p¥ch= A2 HlaE 2ot A HH JHA o)A = of
FL Bo0] Digital Elevation Model (DEM)°|u T HH LA
=9 A TAd] FRAR1 QF, 53 XY W AL
78& 3-5-0] RHdsHA] ZohH, dlol 8 7F 2 stal FUSHA &
E3hE 7hgo] Basto] A4 B B Ho| 2 2%

FstA) ok BAE I
1 A7 ol 2igh /) o) 72 A TR oR 3
E3517] 9lof, 29 oloh P 7]H]'——§‘|£ A& A
= ];H_iﬂu]ol—A O]LX]E”“J 1:11%]

o ¥R 2 Qi A= 44 9 o]
E 78S Aokiich. ARk AHS 39 5 YAH A
B2 QJE5HA 9L, 422 B9 F A G 2R do]
€ RIS YORA L 55 < hﬂr 2849 714
B 3412 7R3 Sk, A 14 S04 S 33
oI HelH olgetd $5e 481 5 2] A

O 2 A|RFE B 9] A8 7Hs/d S ERIskith E
Z2H +8 Z45} 3 b JH-E Route Define Data
Format (RDDF) 7|5t 2-&53) 7 2of| B35t ¥ BHA| Al
g9 84S AXH o & BAR] A WA o8 7=

A%sleih 2 =89 7loj & ofghe} 2,

B P RECE PRSP REEE P
A3} At Hole] BRI HE & Hulro] 55 24
A 443 SR 45 A 71

2= Zﬂjq._)r\_z}ﬂ]-ﬁ z%i_x]_g_,_ ﬂﬁgoﬂ @—
0}01 L%t‘ﬂo* Al 2 A3} A& o] A 7

oo T
o
ox,
ﬂoln

£ L theat o] YL A HE Agtelt 4
A 2|99 F8 T4 829t A HL AL, A3
Hols A3 st 45 B7HE FeRick b A4l
A A9 ololoh B AT YL LTI,

|

=

X]l:._ A E A QHAA 76t 7_/\‘:1103 = vt_'—a], A AH
mdg 9 »E AR E Asto] st o5 A A
(Tree Object Map)AJ 4] F-E3}+ A H

5 A A =g ol

Aol-Cropped Point Clovd

4=

2705 sfolet EAIES Fifstole] 7D Y
A} Spacing Radius Time (SRT) €18 &2 &-8-5}0]
€ 2ol HE skt o], A PH oA $-Eat
FAom B0l Qi A= Aol tist [Fig. 113} Zo
22 FH 9] A 2 HA(Geofence)S AT A 2.8
T W AA AV 283 YT FAFIL 5
ESAALGLEHN, HolH A7 & H S5 DA/ A
49 9 o5 A4 2579 =S PRI B AL
AT AojE B G, Area of Interest (Aol T T2
2] A= A Al FASH 4 7 ttES AlAES

(98]

—

By l>

ré Moo e om O

7Nkt
2.2 37349 AR

2 AFoM = AHELD P S A3f LIDAR ZJAES TS
TE 7uo g 3349 4] Fejo] AW BdS LE5l0] 7|
F AAE AA 2= A A St A A4 AA S E 5t
k.

A, Bt LsHA FEE HlolHE a8 0= A5 gq
o Az} 7|9k 37 £ ST AR oA AH
ol

e e HAgIOl B A S B 45

| B177517] whEol, T AE} percentile) 714 34 =
o193k, o1 L A4 IS S0l ot EAC
& 0]%(k-nearest neighbors, k-NN) &112]Z 7]519] H# &
7t HIME B HASlth H2 o ®, w4 o2t 34
3k =0] BIS}E A A5kl w122 £ 47357 sl 71



. P
— Estimated Ground

Height (m)

0 20 40
X (m)

(a) Original PCD map

1 20 30 4 0 6 70 8
¥ (m)

(c) Cross-section of ground map at x =20

. P
— Estimated Ground

[ 20 40 -10 0 10 20
X (m) X (m)

(b) Ground map (d) Cross-section of ground map at y = 40

30 0 50

[Fig. 2] Result of proposed 3D ground modeling method
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[Fig. 3] Above-ground PCD map after ground model removal
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[Fig. 4] Preprocessing results of point cloud data: (a) original
point cloud, (b) extracted trunk points, and (c) extracted trunks
overlaid on the original data
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[Fig. 5] Tree Center Extraction Process: (a) preprocessed point
cloud, (b) extracted tree centers, and (c-e) results of each
filtering stage (previous stage shown in gray)

[Table 1] Stage-wise reduction in tree trunk seeds

No Stage #Seeds | #Seeds
(before) | (after)
1 2D Connectivity & Verticality - 697
2 NMS 697 531
Row/Column-aware Suppression 531 505
ol%, 5L E7104 S5 HEH AI=E AASH fiel H
F o JA)(Non-Maximum Suppression, NMS) £ F890

ZH A 5 s of tjs) theo] [ (score) F5E ARE3}]
QEHL Bk

score(s) = Ny () —05> tight(s) )]

471 A, Npoims( s )= G A =0 2£3HE ZIE
£ ZAES0| SH O EHE At 34 QA %L}E}W‘:}
e 2 AEE AP F, AR JIFRI FH S A7t R
SAEEAAC RN, B tA QLA EHE A ERFEES
Sheltt. ka0 2 IQIE 7l FAlo| A Y72
A EJSE score Ffo] A HEE, S FLESk Ao H
% mgpHole}

At 2, o] g 9 A {25
(Row/Column-aware Suppression)< =95t} AA| EQIE
B3O F2Z PCAR E45f0] o) uieF oo S
11, olo] A uch= G W Y e, & AAFSIAT ZF Al
2] A4 911 0] % 28 |E 02 vlstol, FUT

Ei o o4 274 A2 o5t AP FHEFR0E 1)
Stal A A ol F &3l, sk g0l thsf shte] S4
Fh3Et A E

[Fig. 5] A2 2|7el S4 FH T27HA o] A4 e o}
G A|7H4.0.2 HOIZH, [Table 112 7 A0|H 27] Al
T 1 757t of @A A E o] 7H=AE DA E e A o]
O, 71 A3 5117159 Al a0 A A Qle AA| 2 2

TE, tight( s)
l

m
o
filo
o
Lo ¢
[¢)

Spraying Route

Tree for Spraying

[Fig. 6] Method for determining the Spraying Route

oA S05T1FE FEsle] AT Pl FHwe UYL
SEEELREUT B

2.4 HFHA| 24 A=

2 Aol M ]2E 52 214 A£E 7|4 2, RDDF
(Route Define Data Format)& &-8-6}0] A-&3) WA 259
WA RS AT 1] A8 Selslele . At
Mo Azel] oa), 420 £4 HE CH 5B - S
7IEo s A g 99S di = A4t F, g 4o &
A2 27E RDDF 49| F =20 =49 T2 Wz A A<
£33}, o] IHL [Fig. 6Jo] Leht 100, 459 9172}
S w o] HERE 2 AAS] FEo] AR He
g oAk QA ARIE Q14 U A3 A melEe B9 A
Oﬂﬂ&iiﬂ 50 A& Al sk, AE WAIE 7 SHA
sto] WAl 52 A 4 Sk

A3 o]| 4] AFRTF ZEHEO WeGo-Hunter 2.0 25 ZHEZ 0
2 [Fig. 7(a)] 2} 22, =33k I S [Fig. 7(b)|12+ 2
o}, 85 S21&0= 3D LiDAR (Velodyne VLP-16) ¥ RTK-
GPS (CRABLE Otoa) Z-&0] ZJ2&=| 0] Qlth AT EQo] A AH]
S ROS 7|HEC & LIDAR EQIE SThQ-=2}GPS Hlo|El & AlA]

288mm

3DLIDAR
(Velodyne VLP-16) ™

, RIKGPS
/" (CRABLE Otoa)

135mm

o] ]

380mm

(a) WeGo-Hunter 2.0

e RV
(b) Orchard environment

[Fig. 7] WeGo-Hunter 2.0 autonomous moblie robot Platform
and orchard experimental environment



2444
[Table 2] Tree detection performance
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[Fig. 8] Visualization of Tree Detection Performance Evaluation
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[Table 3] Calculation of Route Distance under Different
Conditions

Spraying Tree Spraying Side Average
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