TXHEE A

11-1541000-001039-01

At AHS  108029-03-2

45N

=
|28 & oliE 2l JhEo| et A+

bt
k>
for
MU
o
_Q_F_
r A
i
=
s
nE

=

o
M

>
>~

(Development of Automatic Microspray System and
Pest Management for Minimal Use of Insecticides
by Individual Plant Treatment in Green House)

=M O AAAE i 2 S92 EAE i,

npze|7h 2=0M s ’é’“E e N el

ZHHEN H=s i
j

T A2l AT K2

SES

M




AR

=
o

“x)
=

A7 AN (A F- A

%

&

Mol ¥

‘%ﬂ

Ao HuAR AZ U

)

ol &

A Al 8

S ERTE

114

72

20104

o
&
B

e
N

+

=

B
e
N

=

B
o

=

B
o



; SRR Aol Bk PAAe FAS] A8 we FE
o] &4 A A k. Ao AT Atk L4 FoIA Aol FF
Fo vAEe 292 WaF peolth WaFe Bsy) AsAE Be dYw nee 2
3nE A ok AR A% 54 2 GRAS B4 54 A0S e 43
A AHeE H2d 3 Bavl gk olE B AdNE AEe AsFor 485 <
A dFol v Aaol gl wAHoE HFAB BAY 5 Qb 2R P A
27 A,

2ol 24 delA 4A £RUA Fo e SF0ULRNS AFoR X o
dEE velsl dde] Y 2ol AdAez HEAE PAT & b 2Re e
A sk obed d%e) A% FAFAE B AL 2700 @At HEo|} Au
g wUHgstel mgd WalE Beld Jofstug

M. A7 g o

¥l sEen B9 9 e wdye] gHshs S A7ele) A7 58S 9
ARsR PEic Al 1 AR si5e) Qldeh eps ol mE “gE A
sl RS A, Al 2 ARIAE 238 sk A SokE Qgshe ) )
A2 D A A PR, Sel5 A 3 AR e 22e A4 dgeld mne gyshe
“whtelsh SAoIN FF AT R AR TYAEH BARE Y AR LPrslek

V. o704 1}
1. 23 A

A7 Z7lo] e wiete A9 A% TESE A9 BREA NS AT 97
oMY Fo 2008% A5 el Folskel AAE o F 59 @Al
A OAEAN PEAS AELS 2 5 gl eae Ade)ste] AF Furyel A2
g 2RI A RS EAelE F2 wbevle] A48 5 gt v AR
o e grel A AN besnE du Aze] 4818 5 A g,

2.9 9 FF AR
23] 7AAA Myt A A3 FHES AR T F AE AZEYAE st
daAd oz Qg AA = ZEIHE /L H e, AA AEdA HA & JAEE
olx)&tar, Bk AA 58 AddtE AZEYOE TP vE. Adaptive shape model
(ASM) 9] ¢dauglFor & QA F(EF =IdHD: 10-2011-0067002), vl e v
o= HFE AEIEE AL 53] vF ZEdE W 2 A9 IF onAE #oF
off A Q1X]|3}=H F&o ; =49 2. AAds] FE AA G Fof S
E—‘—

==

il

)

i

S

off

o

;:O

o

2
1O 1 o
R Clagei)

_2_



Al gzl A Sbe SRR SlFEE XU FSHA YEUER A SZAAE B8 e
Eoreps debslm, slFe] B3 EE 9 BgAe qtwste el WrE R4y
c}.
5. A% A

539 A4 % 17, 29 208 Agsglod A4 470 o 409
9 170 vtk o] F 27 20094, 20100l E L=, A 5= Ay Zdde
2 AF Folth F=ol B 2de] Al e orawl 52 tha Ao ¥ 2839
Aoz AAATHES 29 U welal 2el). sexE SCUE) 39, & %% 308 =
T2 3w, SCIE)E 3 AW SCIEA 1 7 23S Fashgla, sy texs 198
Fastth A7 A w12 WSCIH L o Fud dolt), ARden 7%
A A G Agre] zauo] ole] FulEE B8] HHolut =¥ el Azl xF T
27EEE, A4 53 AR A =8 Fa HE dAo] nyddd 5= xi @4
shar =i AAE AFel & A7 glo] @A4E F Jeog AN FEY F T Fil 9
AR =i AE R ofE AFF B UE T P50 £E5U).

V. A 2 Ageg AY

1. A4
o YUY i} Ao|EIE RS Ay 24 mYo| F 7Hx] AYe A A
o 243 2Ho] Ar|EeS of, A FAMA o], A& $ A A ).
o &9 ou|XEEH HY A B)olA AE Je elXE e L
= M
[ ]
[ ]
[ ]

off o tob

Zze] Yoyt Efoll Ay EFE XSk A ards e

= WA vt 1R dF SdHE 27 A s s As wddA e e

2R 7% 4 dF9) X 2 #E TS 9835 vivd AMCD HH)

2. el mE 7)elad st

o o >4 Ao AthA Alanto] opuEl A2pAd by wof e HAskE
el = sl Aelet vIERAL TrEAlREle] Thedt mite] Al s o AATE 8t E e A
B, o= Uil ofe} SldcRe e Wxld Rolet aefdE mEbr ool 22 VIsE] AiE
ofFele} AR

- ZE gl gﬂ%g Q_]x]_g‘ =23 g 7§'o H]—;(ﬂ ol XL%Q /@/\ X1 SEAF

H

b | o [e] R b} 1O c O
- Q1 W Alell &% QAR 3R A]
- HAawe] FoF AFEORE Qg AE 9 HH e His
o o= Auj-siFHe-AeWAl-2H 2 QA= By Axglo] AAl FEt e gl
J B A A A Z)arsted YloskeE oA AR

=2 dutsl Hol A 5 gles e o
ofiiet o] A, Atgld o) 7|

- A W e Y " T 284 A H HAE AT 22EdY] 7
e, ol R oA A 48

o

il
/‘}‘-‘?T, 22X Aa E_o] %__1—7(4 o i=4 z,:
T

e .
oo, dyHe bga S0l E  gloew By oA gt A3E Ao

o}



SUMMARY
(T8 oF )
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[. Title
Development of Automatic Microspray System and Pest Management for Minimal Use of
Insecticides by Individual Plant Treatment in GreenHouse

II. Objectivity and Necessity
Greenhouse cultivation is highly demanded in order to increase agricultural

productivity, to maintain production stability, and to keep health of cultivators and
ecosystems. Pest damage, however, is one of the main factors leading to severe crop
loss in greenhouse: since pest dispersal is critical in highly condensed vegetation in
closed, homogeneous environment. Efficient control of pests is desired in this regard.
Consequently, accurate detection of pests followed by on-site spray to the target areas
1s a prerequisite for practice by utilizing a robot system for achieving successful pest
management.

IMl. Research contents and scope
This study is based on interdisciplinary fields, consisting of entomology, engineering
and ecological modeling. The project was divided into three subprojects. The first
subproject covers "Investigation of population distribution in individual plants and
greenhouse”. The second subproject regards “Microapplication of pesticides and precise
controls method, while the third projects conducts “In situ application and evaluation of
pesticide application in greenhouse”.

IV. Research results
1. Robot development

In early study, we developed the rail-type robot (Chunshy) that could move along
the rail on the ground in greenhouse. The robot consisted of observation arms with
cameras for plant and insect detection and with a spray nozzle as well. Chunshy can
move along the rail, can detect leaves and insects, and control the pesticide nozzle with
two degrees of freedom for spray. After contruction of Chunshy, the robot was at the
“2008 Science and Technique Competition for Food, Agriculture, Forestry and Fishery”
organized by Korea Institute of Planning and Evaluation for Technology of Food,
Agriculture, Forestry and Fisheries(iPET).

By considering the practicality and generality of robot utilization in agricultural
fields, a "cable car—type robot (Cabbot)” was subsequently developed in this project.
While Chunshy can be mainly applied to paprika greenhouse on the ground-rail, Cabbot
can be installed on the upper part of greenhouse to be applied to general greenhouse
crops and vegetables. Algorithm of pattern recognition was developed to separate the

pests (e.g., white fly) from leaf images in more complex situations (patent application;
No. 10-2009-0025160).

2. Recognition of leaves and pests

We developed the software that can recognize leaves and pests along with
mechanical construction of robot. Programs were developed for recognizing overlapping
and incomplete leaves by utilizing Adaptive Shape Model (ASM) (patent application; No.
10-2011-0067002). Subsequently multi-fractal analysis was applied for detection of the
small size pests collected on the sticky traps. The number of the detected pest
individuals is automatically recorded in the computer.

3. In situ test for detection of pests and control in the field



Crops were cultivated and insects were reared in greenhouse in order for the
developed robots to be tested in field conditions. The two robots, Chunshy and Cabbot,
were tested for detecting pest insects and for controlling the pests in greenhouse
conditions. While the robots continuously patrolled the greenhouse, spatial-temporal data
of detected pests were automatically recorded in the computer.

An attraction device for collecting the insects on Cabbot was further tested. High
pressure of air was sprayed with the nozzle installed on the robot to the plants in order
to agitate the whiteflies. The agitated whiteflies escaping from the leaves were
subsequently collected at the sticky traps attached on the Cabbot. The whiteflies were
effectively collected on the trap even at low population density of pests in plants. The
attached pests were accordingly recognized by the recognition system.

4. Modeling of pest distribution and dispersal

Pest distribution and dispersal were accordingly observed by rearing experiments
with plants and pests in greenhouse conditions in situy in Jinju. The recorded data were
used to present spatial and temporal distributions of pests, and dispersal pattern and
parameters for diffusion were estimated for pest population. Crosscorrelation analyses
were further conducted to reveal spatial association of pest densities in greenhouse
conditions. The data were useful for sampling in different densities of pests in plants.

5. Quantitative research outcome

Two types of robots, Chunshy and Cabbot, were developed in this project as stated
above. Consequently developing two types of robots required a high level of research
effort in the early and intermediate phase of research, and technical establishment was
achieved in the latter part of research. Five patents were prepared in total, while only
two patents were planned in the original plan. Two early-submitted patents in 2009 and
2010 would be formally registered in the near future (generally 2 or more years required
for formal registration).

Considering that papers could be submitted after patent application, papers were
prepared in the latter part of research. The 3 SCIE) and 3 domestic journals were
planned for publication. At the present time 4 papers (3 SCI(E) journals and 1 domestic
journal) were submitted. In the near future 1-2 papers will be more submitted possibly
to SCI(E) journals. Detailed contents for the patents and papers were provided in
appendix.

V. Research achievement and plan for applications
1. Research achievement

o [stablishment of two type of robots in greenhouse - rail-type robot (Chunshy) and cable
car—type robot (Cabbot)

* Program for the robot control (locomotion, robot arm, micro-spray, and precise location
navigation)

¢ Development of algorithms recognizing individual leaves in field conditions (e.g., overlapping
and damaged leaves)

e Development of algorithms recognizing and counting the number of small size pests

e Development of automatic attraction device assisting early detection of pest occurrence in
greenhouse

e Development of manual for robot control, recognition of leaves and pests, and management

2. Expected achievement

e Robot patrolling system may be highly demanded in the near future to minimize amount of
pesticide usage and to keep the health of cultivators and ecosystems, not only in Korea but
also in international communities. The following techniques would be contributed to
automation of agricultural practices.

- Improvement of the production of crops due to effective pest control through
detection of crops and pests



- Keeping the health of cultivator due to unmanned pest control
- Minimization of chemical residues in crops and environments

e The system of “cultivation—pest management—auto control-greenhouse” could be
generalized in the future agricultural practices, especially in greenhouse cultivation.
This research would be able to contribute to development of core technology in this
field, along with social and economical benefits:

- Software for recognition and management of pest and crops in greenhouse

- Extrapolation of the techniques to general crops and pests in agriculture

- Application of management techniques to other fields covering forestry, fishery,
epidemics and conservation

- Provision of necessary information on pest distribution and dispersal in
greenhouse

— Creation of economic values through practical techniques for pest detection,
attraction and control

— Distribution of related techniques to foreign countries

VI. Suggestion
This type of integrative study covering entomology, engineering and ecolgical
modeling required a longer time for research period according to research participants’
wide backgrounds. It would be desirable if the total research period could be extend to
5 years from 3 years in similar study in future, possibly with an increased amount of

research fund.
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Watershed vs. manual counting
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3 DAT 7 DAT
Treatment Emergence Emergence
Adults Nymphs Shell Adults Nymphs Shell
Robot  Spray 66.0%°  61.2% 89.5% 71.4%° 65.0%" 89.4%"
. b
Foliar Spray 720%°  569% 87.8%" 88.5% 68.7% 85.0%"
10 DAT 14 DAT
Treatment
Emergence Emergence
Adults Nymphs Shell Adults Nymphs Shell
Robot  Spray 30.4%"° 48.1%° 76.4%" 18%° 48.8%"° 69.2%"
. b
Foliar Spray 20.0%" 39.3% 74.1%" 06%" 565.4%" 65.6%"
100.0%
90.0%
80.0%
70.0%
o 60.0% —
]
o
T 50.0% —
g ORobot Spray
W)
e I B Folia Spray
30.0% —
20.0% —
100% —
0.0%
3 DAT 7 DAT 10 DAT 14 DAT

Days after treatment
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System
initialization

Moveto a plant <

Spray high pressure
air to plant leaves

Waiting for
whiteflv attraction

Recording sticky
trap image

Identifying and
counting pests

Recording attraction
and location data

Robot retumn to start
position

End

o APEE B o AE
HIZYIHEFETE ¢ 2T FAE 20119 2€9 79l FHeAzl ¥ AH 10eme] SHE LE
°of 2011 34€ 994-10€] AAst. A4 F Hzertg Feds FrH4 o2 dFshaA A
sk dEe dde TAE & Fuay] st HuiAS T2 @uivhFe] dFs 4€
643 1490l FHFE Ao WALste] bS8kt
GujrtEol7F Ateky g AEE 20119 59 69 7FE 172m AR 194me) 34% H)
g2l AAate]l 4 24 7 3017 F 9olFell Ay A4 25 Aol & AR F
S EGEA Ailo] 7] zdte] mEAME v]Eoz ANEAT A AEE 220cm x 25cmo]
931, gk olF g of 755 7F A H AT
L S R R
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v A g ol A 0] ERS A=A 9] Canopy?n%ﬂ«ﬂ 10cm %’4?1 o 1?41 z}7} 2] Block 2
Foll wigdrh AL HFolA E <l;

#Hol dH 1 ﬂuﬂa} 34127} F-zbgo] glal =g} o]
& 2437 98le] A& Fa Ao 2 E Aol gli=

ARG olgstel @ujtFel 4FL fUsn EAF Aok E oksl4dlA Hizwpst
2 AARES] QW B EAE ASHE FF N2 Y7 024 IE AN

W ookl AW BT ARG ol &F FAEEA Aole] W

P t of
No. of whiteflies No. of White%r;egttroacted
) attracted before Time for whitefly to the treatment
Attraction experiment attraction attrfe‘l;cted against
treatment . atter c .
(May 27) (min/rep) treatment pre ?S)(l)lézlely mn
Ave. £ SE Ave. £ SE Avet SE
Conventional 810 £ 201 150 274 £ 92 0.72 £ 0.30
A B 586 + 339 30 168 + 71 311 + 127+

*xHighly significant at P<0.01
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