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ABSTRACT

In this paper, a high-efficiency algorithm was proposed to enable spray control considering the planting
conditions of orchards using LiDAR in pear orchards. In the previous study developed for apple orchards, the
recognition area was defined and spraying for each nozzle was controlled in consideration of the vertical
distribution of fruit tree volume data. In addition, the sequential delay technique was used to solve the
problem that the sprayed pesticide became fog-like and recognized by the LiDAR. However, in the case of a
pear orchard, the distribution of fruit tree volume data recognized by the sensor is different because a planting
method different from that of apples is used. Considering the changed physical characteristics of the orchard

and the structural characteristics of the control nozzle, the method of analyzing field data and defining the
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recognition area and the algorithm for recognizing each spray area were improved to supplement the orchard

recognition algorithm. A Gaussian filter-based simulation was performed on the distributed state value memory

for each recognition area of the recognized fruit tree data to verify the validity and proposed a method to

improve the accuracy of the signal for controlling the spray nozzle.

I.ME

:{Yg’

et s ' eA]ellA] AAkeka glem,

s Faut v WS RokR FE 1 A
<= $13k 7o) AlEgt Aok & <l
23t 2 gl AR Qg SAE slask] $lE)
Ae 3 7] ARE ey A 571719
71% o] sl oiAe gsd7lse] AlAAH
Bgoll mh wsisle] A Mkl 2f3t ofapEAg
2 FEslE dAE] $3 Hed 2 <3 59
71 o] Fash 53], x| felx] 2854l

AL QLgAE 7l <l 4l akede] 7Pest
7] Sl A Ang sk el 42
4 9 AeFH 5 AEshAS} Ailge] Al
SRR

ZA13F 2 4RSS o] 43} Akl e o)zl Al
2 35 A AT 5 QT Aol B S
FaL gL 71 5y 7] wEEe vy 9 =
8 g 7R Al olemP Al < AbEl
frol o A= ARzt e 2 qlgh 7]3]u]4- =4 i
A7} A4 3ot HA sk Fake] 71%e] A3k
A F]e] 71zl digt 8.8 v AT

32
&

v el e 208 vig ol e
she okl el WA A Fs)E ] 9]
3 Asske wAldel 7bg Be wEHe 9aw
ghek. alzjel slEsiel WA= 71 B

_,_,
o2
)
4
i lo

ARkl o] A9, §87] Bgse] 7AIsHE FEl e
2 shn g Ak 5] 3AE 7PAgked)
e I o B s B o g = e T A o B
2hshs A oA] sk ok AlaeAl e} sk ot
AR QI BoF 33 0] A ela WAl FA )
A AA eF2 Qg At g 2 557] A
9] |1l HaL AF A vAEE gofo] T g7tell
S V1A FElE = 5o o8 /A Al ElA
=& Fakar olef.

o]} 212 wiF e mAE i A A7k RE
18 A7 1S el 9l Bl whale] Al
o]5 Aol dwe]ES #4354} RGB-Depth 7=}

i
B

A5 83k 5 Q1A 7k W= Ale] 7] ol Al
=5 uprb QUep Sl 2] Al Ajo] whA] whale- A=}
28] A wAel| F3 Aot 7le3tES 1ok W
A2 5 AAslof sk g el slal J5 AA
e AEA AP EAE ARl gk R 2
Eo] o] a7 3= A7 slslek BlRzie s
o] 5 AE Alelsl= 13} WHA|7]2] 73-9- RGB-Depth
7t 71ake] @AkAE] 7les B el fE
Fdslar Foks Atxsie Ao R ) FaEg]
on} ejekRe) ko g QIFt QlAlE Al EAllrh
AL AAdAE S ARE 83 A% 23R
AA 87E= A A 5o AR <lE o}F A
£ AFoZ wAE A7) glek

e} 2 FAE A S8l =ekEe] 74
HE2] ok= LiDAR AME A=Hsta 4kd$ PCel
Linux OS¢} ROS % Pythons 7|¥ko.g 7=
EdolE ©Rlste] £3igE Alolr)E el en
7N eFel| Eellicols WlvRks Flgtowy] A
A -2 2 A-go] fo|3leE /LRl =g o]
gsle] I -7 2 AR QEka 5
Sol] 2HA| 2k AL 7Fest B89l Ale] e
=5 Ak

o

ik

i

Nt ofo

I, iy

2.1 LiDAR7Z|E} X|=& 22 gir|7| Al " M

E =rellA] ) Al Wio] ] Ak QlalE)
71§18l AHE’F Al Velodyne AR
LiDAR(VLP-16, PUCK)= 9% 2-83}91°w down
sampling 2 AAIE *18] 7]%(threshold)S Ld1=]&
o 83l dlele] At SxE ZVMA LEE A
o7} 7FssleE stk

I3 1(a)= 2% E571(SS71, speed sprayer)] H
A el] LIDARAIA, AF1-4PC, A2} o] 7|A] ¥
#H|o]2~(HMI, Human Machine Interface) & PLC~7|q}F
A7) 5 Aget Felo =] 74 BES HoAF
ILSAAL 2 1(b) 9} 3] ZF kel E¥ieo]= win
= AABAL PLC | Alo)7| & o] 85l =&e] /&
Aefsldct. 23 1= Az HALS 98

2089

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-11 Vol.46 No.11

*—_ -

PLC Controller e Y

r ~~—

CLLLLEL e

HMI + PLC Solenoid
Valve
LiDAR Processor Controller  Spray Nozzle

(c) Recognition data and control signal transmission
structure
a2zl 1, 43 z] =3 2 ul-zﬂ7] A2~ :Iu-l pePs
Fig. 1. The configuration of the riding type intelligent
robot speed sprayer system

LiDAR A4, AR14PC, PLCAIY]7] ¥ Zdwo]=

WH7x| o] A TS VeI Sk
12 # melr] 283 LIDAR Alx 9] 52 %
A 22 % vheRdl Aolet. s Al gk A ¥
A A At gl8l welHel S48 aresie]
37kl H A dlofe] o] LEE vlEto R vl I ol
AL o] A A 2 RS AR

2.2 8 i@ 28 2 F
-

I £ AT S E e

2090

1. AEHed 2 4% S8 A%l LiDAR 54 ¥
/~ 4 274

Table 1. LiDAR properties and experimental conditions
used for simulation and analysis.

Laser Channel 16

Laser Wavelength A(nm) 905

Measuring range (m) 100
Accuracy (cm) Max. +3
FOV(H) +15.0°

FOV(V) 360°

Resolution

Azimuth(H) 2.0°

Azimuth(V) 0.2°

RPM 600
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Fig. 10. Comparison of recognized fruit tree volume data by recognition area and comparison of control state value by
algorithm
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