£/, 2

GOVP1200101907 ¢ 29 A

HEAML SHYLY RS A& g

Development of an Automated Factory-like Vegetable Production
System

01A17], 2AIY[, £87| Y MHEAI| He
Development of the transplanter, re-transplanter, harvester
and separator & packer

0[S MufaR] JHE
Development of the moving nutriculture device
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SUMMARY

Agricultural population in Korea has been reduced remarkably because of rapid
industrialization and avoidance of drudgery rural labor. Prices of agricultural products
have been lowered with cheap agricultural foreign products imported since the
agricultural market is open by the establishment of WTO. However, the demand on
high quality vegetables has increased because of increased consumer income and
concerns on health. Therefore, it is necessary to develop a high-technology plant
factory which is able to produce high quality vegetables at low costs.

Currently modern glass greenhouses have a limited automation system such as
environmental control system in spite of huge investment in construction. And most of
cultivation processes such as transplanting, harvesting, sorting and packing operations
are done manually. So it is necessary to develop an automated system which is able
to produce vegetables automatically from transplanting seedlings to harvesting and
packing vegetables.

The purpose of this study was to develbp an automated vegetable production
system suitable to Korea through the investigations on plant factories which are
commercially used or under development abroad. The automated system developed in
this study has consistent automated operations from transplanting seedlings to
harvesting and packing vegetables, which are handled by only two or three persons.
However, the automated system doesn’t include seeding, nursery operation and
environment control because they have been already commercialized. And the system
have been set up in the glass house on the university farm and tested with lettuce.

From this study a foundation for consistently automatizing vegetable production
processes of  transplanting seedlings, transferring and row spacing of cultivation

troughs, harvesting and packing vegetables was established. And the automated



equipment for each production process were designed, manufactured, and tested. From
the results of experiment of lettuce cultivation, it appeared that the automated system

had satisfactory performance.
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1) B. Geyer, 1996, Actual state and practical use of the factory-style plant production system in Germany.
Pratical plant factories toward the 2l1st century, p3-37.
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3
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BEAEH, 1999, 4 EFAYAN2-AFEGFENHG FF A7EF p2-0.
LIESAEE, Bk B BE % AT - AEs - A5 JA. plo2-203.
EER, LK B, CEES 1994, MY EEL. SHITA report Vol 2 @ 45-57.
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r“hl'

I
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@ =Fo AW 4HE I,

® 23 TEJ 49

® 2EL AYY TEY o|FUGH FHA FFOE o] 1WE ol g3t} TE
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® 194 AujETol 84

5) B. Geyer, 1996, Actual state and practical use of the factory-style plant production system in Japan
Pratical plant factories toward the 21st century, p65-73.
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$REYCIBX40-320/)NH FEHY ZES 824 Solulol AMIE@E4TD)0] 2%

AAcz A&Aow o)4shed REL o4 ojde] F2¥ ANEEL wanE

gato] ol$uTh oA AMEFEES FEol Tob +Ex] Lo L2 717 o

oA FArgel EXA 23 BFH ojdd ANEEY o$AYS gIa.

ul, CIZBEET)
Zea SREoldN SEY BEL 2R oj8sld TEH oyst: FH2 47

dgd 2Re® FAH gt o] Feja SEEH0Y Uk BES ol AEJ} BT

53]
it
2
L
1>
uk

FUES ARHAG, 2R qeNE BES REAA B £ Q= 7
z2 Hol Q7] Wi 2Fol £4 glo] A&F o 4e] A5HES Ao
o =AM A7 B AN 2R

FuUq Z2a SREFClY }3Y BEL SEAUN Foa fuE

e EDES

deol FH= Adetd AuEF B4 FH BRFL 1AY o]ystE 2RO FHWo

6) FEUEA, 1999, HEIFYLALW-ATERENS FF AT HY po3.
7 5EAEA, 199, ETFAUALY-ATEFENA FF Q74P p93-94,
8 2132, 1996, AETH AVTAAES. GTAE I VAT YEAE.
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e
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Fig. 2-4 Hawaitt &% ©]47] Fig. 2-5 A-Fo) 27 AT A

o}. 71&t

Hwang3 SistlerlDe 39| o7 £718 Fob ojdste o4 ZR& AFst. o

9) &A1& %, 1999, ST FANGAN2A-ATFFEHY FF A7HE pNM

10) HAWE home page (http://www.hawe-systems.com)
11) Hwang, H. and F. E. Sistler. 1986. A robotic pepper transplanter. Applied Engineering in Agriculture 2(1)

2-5.
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o]2 2R L& A3 E7E Fo} ojAdnz Frld FHE FA &7 Y& 2WXE o]&
3 HF3y PAE AHEFAT

Tillet 5212 &g BF ojAd #g A+ dAE A&3Jdd. zdgse 8x9 U
APl HAIRGE dH, of 1EHIt BE &7] FEE RPN EFE Fol TEI
A g Eg, FE 2371 Hdil FE= ZAAZA(bumps stop)dt TE EE
(restraining rope)& ©]£3tth FFA S A|7HTF 140050] o},

Kutz$} Miles 5213 F ¢ parallel-jaw 849 229 o83l HEM FAE A

Ze PHoR oYL FYPsAT. a2 AT A o4 LS Astd EF e FH, =F

=

o e Tivel HE 2 Re) A2, Ede 29E W2E Qo] Fol o4 A5 g
gol glvtxm muPch EF olEL 39279 SEREHIS 67 FEEH S FF M
9 Wejol we o4 2Ee] CAD Algdolde +9sHom, & Puma 560 ZRE

olgste HFH A FYALL AEHNAH 10% 237 AL, 6T FREH=

2.0 2R

shte] MU Edolele] o8 e A=E 77 o4 2R Tl o4 e EF S
o

ojAety] WEel HEFOZ AT AFWHOG Aol EFH RFo] Mol de F¥ o4
A T AFE AW £ £4 B 4% BFOE AV E4 A%E 9T F 9 €

o wepd o4 A Fol 2F % BFEs} dE ol WY RES 72 B

S oole o4 FA(ols uA FX wE waY 7t AAs 2TV,

7} <5 1)

12) Tillett, N. D., S. J. Miles, J. B. Holt, A. L. Wikin, and M. A. Scott. 1992. An experimental automatic

repotting machine for hardy ornamental nursery. Agricultural engineering vol53 : 289-303
13) Kutz L. J., G. E. Miles, P. A. Hammer and G. W. Krutz. 1987. Robotic transplanting of bedding plants.

Transactions of the ASAE vol.30(3) : 586-590.
14) $&A 54, 1999, JETFANAN - AFEFEAY FF d7LF ploo.
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1}, 14 =R (Rustger H 3}H)1516)17)18)
3o B FAFA 3349 £ tHdE ZEEA LY (Adept-1 BE)E =Yt o]
AzaAA S AFEE ATE FHSFYET. AL TAE AFTF F Y AT AV

Ad 2 BE ExY A& o8ty HE Aot vFAME EHa B K

joul

Edole] ftAc] g me} 27lE FYHFE ME 27 g &7]9 =74

s

zo} ool 04§ J)AS wEGE AL FAHCD B @] dE 2RA2Y

tio

EQste] 277 B §UIGNE Z2agel £40 o8 AAA HAY & A=E

e

o

o4zRe A5 Aol F A B R ARR(ReIS} WFE)E Al
sugelolEe] Mgl vaEe Bold ¢5F/E FEHE T A W 2P s
(3¢e2 FEHE “swing needle”d “sliding needles” 5 2%%94 agse A4, A%
S ABH A3 “sliding needle’s] ol BTADE AHE HANLOE HAE
3 Ao 2Re $A02 5ol 27 SREACIZYEH ZE R o5t on I

guie vz olgZe] AAEHFY 27 ANE JAANA el 478 BRATL AFY 2

15) &% 4, 1999, N EFFAMAN2L-AFFFEN Y 3F A+4F p%.
16) Ting, K. C. 1995. System analysis of robotic workcells for plug transplanting and somatic embryos quality

sorting. Proceedings of ARBIP95, Kobe, Japan. vol.2 : 181-188.
17) Ting, K. C., G. A. Giacomelli and S. J. Shen. 1990. Robot workcell for transplanting of seedlings. Part I :

Layout and materials flow. Transactions of the ASAE vol.33(3) : 1005-1010.
18) Ting, K. C., G. A. Giacomelli, S. J. Shen, and W. P. Kabala. 1990. Robot workcell for transplanting of

seedlings. Part I : End-Effector development. Transactions of the ASAE vol.33(3) : 1013-1017.
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19) &84, 1999, A EFFA AN D-ATFEENH FX 743 plol.
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20) Kim K. D, S. Ozaki and T. Kojima. 1995. Development of an automatic robot system for a vegetable

factory. 1. Transplanting and raising seedling robot in a nursery room. Proceedings of ARBIP95, Kobe, Japan.

vol.l @ 157-163.
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4% AT BF ALY A" SEEHY Hg, olF R HAALE e 2EA
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21) Sakaue O. 1994. Development of automated seedling production system -High quality seedling production

device-. ¥ & 47143 A 57(1) : 59-66.
22) Sakaue O. 1995. Development of automated seedling production system -Tray handling devices and

evaluation of the robotic system- . ¥& L7142 A 57(3) : 111-119.
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Agstd BAE BEAT AT AP SHE ofd Eol VehiATh

Table 2-1 o}A€ Y EA

Tensile strength 8,000 ~ 13,000 psi
Modulus of elasticity 500,000 psi
Fatigue strength at room temp. 5,000 psi
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FR2EAFAE F¢ =YL AYY, HoFy, WoHrtolez AR FHx2ER
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Fig. 2-19 o]41glw 9 93

Table 2-2 F2EAA] z +9F9 A4

Model Specification Manufacturer

Inner dia. : 20 mm

Rodless| M461-2| Stroke: 150 mm Kumbho,
cylinder 0-150-2 | Velocity : 0.2 - 2m/s Korea
Capacity force : 188 kgrat 0.7MPa
D ic C : bdkgf S ick,
Bearing scioyy | Y amie £ amic
Static C : 82kgf Korea
Dia : 10 mm .
Samick,
LM shaft SF 10 Surface roughness : 0.8 - 1.6 S
Korea

Surface hardness : HrC 58-64

. . Dongsun

R o w Distance of the Row spacing E .g ) &
- ngineering,

spacing rod 35, 40, 45, 60, 80mm g g

Korea

2. SR EYo] o]FFA
SHEHo] o]lEZAXE SEEHE oAAANR FFED, SHEHY o)F €L WF

S A% FHolt} o] AXE FHolojst FREH|Y TE ¢ o]FAXNZ FFH J
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Fig. 2-21 A|%8 SRE#Ho|S AF

1. Zivjo]o]
oldg SEHEHO Y o]FE 3t Aulolo FAE |8 FHEE] o|FAAE 4
A, AFsAh. Auoloe] Ayl SREH S A7) RA 2HHALH, ¥ AF

FUE Fol o & SEREHOE o8 £ UES AU Hole olHFUAH F

Table 2-3 AHlejol o] A4

Manufacturer Ohsung co., Korea ,
Model Standard type
Length 1500 mm

Drum dia. 60.5 mm
Belt type Polyurethane
Belt width 300 mm
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AAE 2 27, 4% 23, 47 45 52 ndsta ARGRT. 44Y BANS F

8 HAE E 2-4° YR

Table 2-4 FAM 9 AY

A &AL Autonics

=g BY500-TDT
A& T3y

A&EA A 05 m

AHE %9 Hod w3 rhe)e=(Azx4)
A A DC 12 ~ 24V

Aol &4 NPN 2 Z3d 49

. SBEH|Y € o|FFA

SEEH0Y o]F L FEEHY & olFAAE o839 & FH JA ¥ F Y=ESF

o]$FAE FREH oFE AT WF $7 dUC S} FHEHE

2
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$REZoY & o4 HAL vhe 2tk AGE YA As FAFAL F
He F 459E 4Anst $a8d FAFAA g B9 B FEG. 1 F AN

(i

AAANA FREHCIE ol$¥ SREHY F oS8P AF 25 ddd= ¥
Hhelg 2HE & Y& HUHE °1%§}2i5ﬂ XE 7o) & KEEHol dfA
E ALY F JES FA

£HE#H) ZE 4 ojd WYH o|$AA BES 19 2-229 2-23) HERAIH
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Fig. 2-25 AulEF T g+

g, ANEE olE ¥

ANEES @ TN Foz olbat BRolt o AMEE olER: AREel, rhol
=, AC MEFE, IYLUY L AWLF =2 T4 ok

ANEES o15T o ANTERY wtBE Fol7] A% AKEAES )FR Fol
A7 7} Basan =% ANEEY olF A2E Avsr) 9o Behay Y2 T
48 Fol=g $asdth

ANEES ol5e AC NBEHE o8 AT AW 05T + YES 344

9. AMEES o5 AMTE Fol UANE oAR, FYAYR, 24T F 3 Fr4

e

dxste] AMESY Ao TE REo AANE AFAA ANESES IS F HEE
sgstd ANEES AXNE & 2 AANAL. 2 F ANES o) AL AuES
2 golZn RHE ol43td ANEE SR T FHNA LAY FAL B ANE
2 o] AU ANESE olE o sde] AN AFEH AN ANFE A
A7 wANE BA TARRAY) A2 AuEF 24 AANE FHsk) ANFE F

O

ol 4UHst AMEEL FolF7] Aol ANESS FEF ste] gejol ol8) LA=E 7
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Fig. 2-26 AM &% ol&H-9 93

AujEF o)FF9 o]FL AC AR EE(Yaskawa, Japan)E o] &3t TE3 Q). o
AC MEEHE LM7el= #Y(KR3310A)E |43t X022 ¥t LM 4L 3
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Table 2-5 Awjejole] Al

Manufacturer Ohsung co., Korea
Model Sta.ndard type
Chain conveyer
Length 2000 mm
Belt width 400 mm

A EEL WEE7] 4% FXT AMEFESTS B2 AT ddd, AvMEEE €

du, ANSEL ANBAZ ol$a]
2R ANEE] e AMAA Ate Bo 9= ANEEH

=
g exdes 5ol 23 ANFAR oFY 4+ UES HAch

ARE AHEE SRl 98 2 2-279 JEhAA

Fig. 2-27 A &% #S&F
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4. 29 ol %A

299 oleAAE XZ9 HuARE AHEtE EEE AFN4AY XE2L agHE &
REHo|g YuEF AlolR o]FF 4 UYEE AFARPGon, 22 1HE A2 o
T8 F UAESE A3

X% 271948 EUnE 29 & o|&3to Fotaigom, FXo 2EAE WA s
datel FE wol YHE 29XE FHARADG W o) FFAY AAF AANE LHol
71 93t} AC M2 % E}(Takamata, Japan, Driver : Samsung, Korea)& o] &3t4ith g
W o)FAR Y Rt THL olFAA FAH v FRxIAX e TAES
nHsted HAsAom, dF Aol SRE#HY AMEEY VS nystd Aed
. AC AREHE A8&E7ol= FHRCM-4A)d 98] olHH, o] e FA7
217} 800mm, X7} 20mm¢) ~AFE ol &35t Qi

oo 48 %<& ACHMEZEH(Takamata, Japan, Driver : Samsung, Korea)E ©]
3t AFEAUh AC ANEEHS AT S AL FOE HEsy] 98td Woixd
2AFE ol &3t AFAsAct EF 2 HsL G 25 7] dEe Beelart FF
9 ZEHE ol &3t AHE® 23 %E 37 300mm, I X 5mmeo)th.

FAY A 2 3L SEXEV SREHC 2 AMEES WA U AFEA 0 F
g F Ude HEoloor vt SHEES F Fol7t 3IbmmelBER )& FE3| Eoed
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Table 2-6 $EE#olE o|AAlAd wlx

AolA g Wy Yo g olgats Wy
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! o
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4. Push-out rod ol% Add
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TY  dojok dt2E L o] FHAE o]&dt] Ho] HL=E ojFT F IEE FHArh

AZd 2 AFFEZXNE 19 2-36°1 ERUAT

Fig. 2-36 Push-out rod
4) A7
NZ71E 2AF357] Y3l BEH 758 4% 2EH F5AAY Y FFHAAAE FE7]

$3 /O UH A2 REE AFsn. £, o] AAE TEIH7] st FL2aY

o

Astgeh. AZE Aozl FAL T 1Y 2-37% 2o

| Motor controller Gripper moving device |
- AC servo motor ]

LCD i Gripper ;
- Finger

- Row spacing control device
- Up/down cylinder

" Main controller - Forward/backward cylinder

(PIC16CT74) Nursing tray transfer device 1
- Tray transfer cylinder

- Stopper
Vo lnt@———» - Push-~out rod

o - Push-out rod transfer
Key matrix | oylinder

Nursing tray transfer device 2
- Tray transfer cylinder
- Stopper

Fig. 2-37 SEEZ0|R o]A7]8) Ao FA A=

/O QEselx nEE AP AZEH2EHG A71H FAL AY EEAFHE o8
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' Move origin & initial l
position

Gripper moving device move
- From growing tray to
nursing tray
!

! |
Gripper down Stopper forward
Push-out rod up - tray move
: T
Gripper forward and
Gripper grasp 1 Stopper up l
~ catch bedding plant
¢ [
Gripper up and I Stopper backward l
Push—out rod down I

- - l - ‘ Stopper down !
Gripper moving device move

- From nursing tray to - f
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Gripper down and
Gripper release
- release bedding plant to tray

l

Gripper up and
Gripper backward
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Transplanting system

| | | |

Growing trough Nursing tray . .
. N . . Machine vision
conveying conveying Gripper manipulator
system
system system
Growing trough
Conveyer ; Dual rod AC Servo motor CCD Camera
moving cyinder N N
stopper Growing trough cylinder Motor driver Frame grabber
Photo sensor g Air chuck Limits switch Light
push cylinder
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SHEHo| o]FFA
7t SHEd] oA TA

SREHO] o]FZR = Hulololg o] &3t SHEHE IAANYFA TFn
FAHETE Bd SBREHCE B4 Axde EHA Y FHIEE TAHSAY SREY

of ol&A= AXHA, Auelo], FANE ol &35kl AZsAt

1) Zue]of

Auololo] AYdE FE 2-79 YeEbATH

Table 2-7 #AHlo}lol e A4Y

Manufacturer Ohsung co. Korea
Length v 1800mm
Motor 40W

Transfer ability - 40kg/length
Belt width 300mm
Transfer velocity 1~50 m/min

Avlolofo] 7tol=g RAs AMESC] o158 W F- = BEI: AL ¥AFn
aedt HYe @ W ARESS A48 AN AHAAFE G¢L HES TAAY
o Alelole] Aolx o4 Fol WEHE SREdC} I MAULND B Ax

el T5He SEEO #dEHE 332 UE FRE 5 UEF AASGAT

2y AR A
FAAYFA FEA ALEE SFRE] AXNFRE gAY dod AFAY AR

71ES AEstA &7 A AFEEAL A FAGFEC] 488 AXAAE SEREHY
71 AALAR SsREHCZE BY Y Fol EEHE RS WA 94T 2AZA=R

AHEERT. SFEREEdC AAFRAE THLHE(FAHZ ol 200mm)st HojHItol=E o
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Table 2-8 FAA2 A4

Az A} Autonics
=z BY500-TDT
Agwy % 7}4]
AEAH Ad 05 m
AHgEe M g tol=(MR)
M Ak DC 12 ~ 24V
Aolz= NPN 2 EZ4dH
T3, 0y ddvet FAME ol &5t FAY A B A xde 7)F Ao A
gatAl FREH B9E 5 A=E ARG FREHo AR AR FAME 7F

o

2EE 19 2-439 e

£

Fig. 2-43 #AM RIAR
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o A EFE olFZA o|AFANAN =% WEH 2o

3. iy EHolH
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932 Rastd AEEEHY F5HNE ARSAT. XF AC ARREH FER wy

gud

JES A2 A 2YH7 FAFsted £AH0 =S

X%Ze BRdol: SEEdC] Zo(30mm) 2 AMERS TEZS 77 (147mm)
aestel RARY 4G Rl H AMESY FE SATBmmAA FdT 5 U= Lolz

ARFstgdn AAZE dolo 2A 1000mm AL ZE rluAdE FEFJL YL =

&
0o,
o2
uu)
o
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o
)
s
=]
2
a

2 gEEYY UH260mm)st ANEES] LH (60mm)E 1
stel AT AFY Lol LA 800mm £& o g3t WL EL FEB FAG

Ak X, YE© AHEE €8ol=9 ¥ AYE 424 2 2-49 F 2-99 YEUN

Fig. 2-44 XY A2# ¥ 2319 99

Table 2-9 X-Y& 9] A

Axi Model Power | Stroke | Payload |Max. velocity
e
IS W | m) | ke (mm/s)
X | SLA-13-M100-802 80 1000 11 600
Y SLA-10-M80-402 40 800 6.1 600

Nzdel 74 AT PrlE 2939 AL e E 2-10% 1Y 2-459 et
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Table 2-10 #HME2N2 9 A4

Manufacturer Han young

Model HY-P701A

Power source 10A-250V
Output mode Relay
Damping 10mm

Fig. 2-45 2| E29x 23 24

4. 295 2 37
7. WA AA 2 A
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sAx FES STt ANFEAAE BA AYRe FF 4R A
ofo] gAY FEREHCIANE FAJ Adshen Uy Ake wEn TEo 43
o] 34mmy W SEEAINA BAZ A H5F 9L Ay Smol 1, H5E AL
e 566molth WA BAR ool Weld o FE wel Ay AL B/molw

A 7¥Ae & EolA 30meltt zalHe x4 2R AaA aHe FGINE 2

ot
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Table 2-11 oo} 2] A

Manufacturer SMC
Model SHQ2-16D
Stroke 6mm

Inner dia. of tube 16mm
Operation pressure 1 ~6kgs/c
Weight 121gs
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Table 2-12 == AAEY AL

Manufacturer PROTEC
Model PT-12-B-50
Stroke 50mm

Inner dia. of tube 12mm
Operation pressure 3~Tkge/crt
Speed 30~300mn/s

5 B4 28 AAH

7b 1A 28 Aa"e 74
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54d. B2 JAALZA ML
2 AToA ASE AL A2DE 13 ol4Age AW ANEE L mA Aol
Fgde Jolol 94e USs dF L BFuS 478 BHGEd o 9
o QAN FAE G4AGFA TAY, B CCD A, Za 29, 397 9
B, Had AFHE FARY
1. 94A= 3R 74
7 4% 95 2 Ao] A
GaAe e SREdCISG ANFE G4 F57] A% AN A A=z
2ol J93A % A AdFAN2 B Aok IF A5 A AL 7
o} Aol gA e ALE E 2-13% ® 2-140] JEAT,

Table 2-13 F4HSZA AA

Manufacture Panasonic, Japan
Model GP-KS162HD
Dimensions 17 mm(Dia.} X 36.8 mm(L)
Weight 16g
Interline 1/2 inch

CCD image sensor resolution

786 (H) X 492 (V) pixels

Signal to noise ratio

50 dB

Ambient temperature

-10C ~40TC
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Table 2-14 7492k A FA 2 ALY

Model GP-KS162CUD, Panasonic, Japan
Dimensions 120mm(W) X 36mm(H) X 157mm(D)
Weight 550g
Power source 12 VDC, 300mA
Minimum scene illumination 3 lux

Video output 1.0 Vp-p/75 ohms, composite video

Scanning system 2 1 interlace

Synchronization internal sync only

Auto Tracing White Balance(ATW)
White balance

Auto White Balance Cintrol{ AWBC)

Gain control auto light

Ambient temperature -10C ~ 50T

NEe JAAE QoA RES £3 AFHE JHAHAD,
Ho o4 H&R(Video Source Interface), 44 A (Frame Memory), 38 =g %3

B (Display Logic) ¥ FAFE e H&F(Host Computer Interface)® T4 = of

I AYE & 2-1590 JERAATH

[o3
Ja,

Table 2-15 G4 F2 AL

Model Matrox Meteor
Interface PCI 32 bit
Display resolution 640 X 480
Transfer image time 45MB/s
Video input 4 channel
Pixel jitter +3ns (typical)
Relative humidity up to 95% (non-condensing)
Software MIL-Lite version 3.1
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Table 2-16 =¥ =g o]8jg AY

Model

SGD-01AP (100W)
(100W)
(200W)

Control Method

Single-phase full-wave rectifier IGBT-PWM

Feedback pulse

2048 P/R

Reference Pulse

SIGN+PULSE, A-phase+B-phase, CW+CCW pulse

Pulse Form

Line driver, Open collector

Dynamic Brake

Operated at main power OFF
servo alarm, servo OFF

Others

Soft start/stop

brake interlock signal output,
reverse run connection
electronic gear,

auto tunning

Table 2-17 28 =atolsie] 9428 w3

I/O Port Function
Pulse, Pulsex Refernce pulse
Sign, Signx* Reference direction
BK Brake interlock signal out
S-ON Servo on
PCL Forward current limit ON input
NCL Backward current limit ON input
POT Forward prohibit input
NOT Backward prohibit input
ALM Servo alarm
ALMRST Alarm reset input

23 Aolg FsRon, R FAY 2 AL YnE

b

RHE Aoldr] Hstd &= ZEggde AdeE Zagy

i)
i
rlr
\
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Table 2-18 ¥ =gtolwje] AY

X axis (80W) Y axis (40W)

Power

200~220V=10% 50Hz/60Hz

Control

P. T. P closed loop

Position sensing

Incremental encoder

Origin return

Sensor input(option)

Velocity 8 level(50, 250, 500, 1000, 1500, 2500, 3000 rpm)
Accel ) 8 level(2, 1, 0.5, 0.25, 0.13, 0.06, 0.03, 0.02 sec)

ceeleration time from 0 to 2500 rpm

Memory EEPROM

System input

9 points(start, position 3, mode, servo on/off, origin

return, origin sensor input, reset)

System output

4 points(busy, ready, done, alarm)

Encoder output

A, B, Z phase output(open collector)

Noise endurance 1500V 1ps
Table 2-19 28 =ztol¥jo] &8 o
/O ports Function
Start Start signal output
Pos 1, 2, 3 Position or velocity setting signal
S-on Servo-on input signal, break cancellation
Reset
Mode Direction
Busy Operation state output
Alarm
Com Common of input and output signal
AP Encoder pulse signal output
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Table 2-20 PIC16C749] A4

Command 35
Program Memory 4096 X 14
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SCI Hl&7] 4 & $4 AHYE,
57 A18d XE AHYE,
SCI Y HHEE,
A/D AHHE,
mol]AZ I 2 AN TE ¢7]/27] IHYHE
Stack 8 level
Port 33 1I/0
Timer 3
A/D 8 A
Al B4l g Hol &
Communication E7] AlgLEA (3 wire SPI, 120)
¥ slave port

Azh Zzke] Aolr|e E&e 19 2-90, 28 2-91, 219 2-92, 2 ¥ 2-933
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Table 2-21 o] A 4dg 43 A3}

No. of pots %
k) 90 933
FEEACIANN fR2E B2 4 6 | 67
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2T 33 0 0
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Table 2-25 24 A 299 24 AR (EF€ 10%)

Nursing-tray Growing-trough Sum
No. of pots 9% 96 192
No. of failures of 0 ~ 0
grasping nursing-pots
No. of failures of
putting - 3 3
nursing-pots
Success ratio 100% 96.9% -
Operating time required 6.88 s/EA

SEEFoldA TEne AY H4FELS 100%2 YEixty, AMETAA e 7
d HFEL 969%E JENT. Az HEHE AL TEL AWEFTA AFSA &
BREEE EA3te AL 7lgez Adddor st wWEd B Axdel AJPFTES
96.9%°1 Atk AMEENA 1A SEXEE FHF YA BAHA RF ol &
BEHol FAA JE FEEEV FEEHold g€ FE9 SEXE AL 28molx
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25) Atsushi KANO and Cornelius H. M. Van Bavel. 1988. Design and test of a simulation model of tomato

growth and yield in a green house. J. Japan. Soc. Hort Sci, 56(4) p408-416.
26) Benoit F. & Censtermans, 1994, First findings with the continous net-head lettuce production system in
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43 TAFEMAY ARF, p8-25

3% S, DN, BE, 18D, 1989, FAAN 9P FFASAY, FAQATF2ANYATRIA, pla7-154.
3N AEF, AdE, AAY, AHE, o], ojdH, 199, 1%’-“17&&}*]3]1 FAAN -1 FF, G5, 4559
A, FUAEAL p209-236. .
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T R
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Table 3-2. &4 AAHo AQ

T4 (FxXFgo|xZe]) 100X30x 1100 mm
A4 PVC
FEEY A2 PE
A 144G F5 4
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1. o]&4 Auj@FA A4 71+
olFd AuEFTE AA - AFTA Aol FUY FTAH A AF5E Y, AL wAE

2xxd FA 5 A AT AT GUd #E A4F EIY A8E HESS 1 A

(e
e

TAME Bed 22 24 JEE AAEAT.

o Hg Aol

o Yoz ANEEY WY, £F = 24

o W), wERsh Aulde] 2 AE

2. o)A AwFZA ] AA
7h ol &4 AuFR 9] o2 &Y
D AuEEs (k)
olF 4 AupFAd AgHe HMEFFT FE FES 5D F (G, AMES HE =

T HER(S), 72 22 7R pE 78 F Utk

2) W= Zol(L,) A

BAFe WMol do] (L), 194 AMEE BA(L,), G 42 4z me
FHAY(GHA A AR £, 3B APIHL [ Aoz Yuun ot of
SN A2 Besaty] Asd] 1385 AAFoz Agstel AAsaArh

O 1A 1 Ly = (BRI XLk e (3-2)



_ Gi—Lyg
© ouA L2 = (k+1) XLy + (k+1) X o1 (3-3)
T |
_ Gl_Lk
@ ]’1?__]‘7«" : Lz = (k+1)ka + (k+1) X p—l X(n—l) (3_4)
- Lo+ GeDx S ey
-L
@ shama - Lo = GDXLe s U)X U (o) (3-5)
= (k+1) X G,
. (k+1) * (G,~Ly)
® ange s L = X kel v p-1 (a1 | (3-6)

A
Va =——”—TL;“’" (cm/day)
- Z *p . (k+1). (G[_Lk) . _
- 24 . (& {L1+ p—l (m 1)] (cm/hr) (3—7)
-10°* (k+1) + (G=Ly)
:% ) {L1+ p-1 et (m—l)} (em/ sec)

L; 11 2@Ae ols2Aude dol(m)
[, ‘gl A2Z2AY 378 (m)
I +1dAE FA8(m)

p @ AWelof ARl T A (m)

-127-



notA 1RAY FaAC dgae Ade HAHe
N, 7 gAY a4 (@AY oSt 25 59)
Ly @ AE2AWHM= $20] (m)

D, : Adelojg 2z2e AAUHA (m)

N, n-p-D
@ X‘ﬂl‘ﬂ'lﬂ s Ly o= ‘ n2p e (3-8)
T 3-9)
4
@ 370 : Lr = xLi+ 3L (3-10)
- (21+22+23+€,;2)'NL'n'p-421'Dp+3et
-1,
@ F Hdas
2. 21' (LT-32t)+421'Dp
VY Y P D L LT (3-1D)
U A4 AX% =9 73 243
) H= 74 24
Table 3-5. Wl=9] AAxZA
T 2 A
[, Elol® 2z =z FAZ (m) 0.19
1 gAY =AY m) 0.1
I,: 2 @AE F£23AY(m) 0.15
I3: 3 @AY FA=(m) 0.2
l,0 4 @A4d FAZ(m) 0.256
p: AvlojolA A I X} (m) 0.0127
n A 1gAe FAGC Fsle #AHAe HXF 8
N, : Z GA 9 FHaF o4
(9AE gades BEF 59)
D, : Awolo]§ 2z 29 AT (m) 0.16187
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N;-n-p-D

- A -
L, = 5
24 - 8-0.0127-0.16187

= '2 : = 113 m

O A1GA -

L _ (12/11)'NL'I’L’D"DP
@ A2dA - 72 2

. _(015/0.1)-24- g - 0.0127-0.16187 _ 174 m

' I _ (13/11)'NL'n'p—Dp
@ A3dA - T3 T 2

_ _(02/01)-24- 82 0.0127-0.16187 _ 236 m

L (14/11)'NL'ﬂ'p_Dp
@ AadA - T T 2

(0.25/0.1) - 24 - 8 - 0.0127-0.16187 _ 297 m
9 .
4
@ %_7101 L[ = ;L, + let
= 82 + 3X019 = 877 M oo
2) Sl BAAMGY 74 GAE S5 43
Table 3-6. ZE 9] AAZA
AE7] 3AF 1740 rpm
FAE) 1:60
AE7I9 MR X9 FEH] 1:2
AR At FEE AL 1:1
1A e} 29 A 740 18 : 30
2CHA 9} 3T A 7] 20 : 28
3gA 9 4 A 74| 27 : 21
o 7+&¥E AEY AL 1 174060 = 29 pm = 29/60 rps
o AAAFX Y IAAELE 1 (29/60) +2 = 29/120 rps = 0.24167 1ps

s w3 = ﬂ'D3'N

@ Ve
7+ 161.87 - 0.24167 = 1229 mm/s = 1229 cm/s

non

V3=13-w3=2xr3-N3 = x#D3-N3
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= & - 161.87 - 0.24167 = 122.894mm/sec = 12.29cm/sec

Zy 20
@) = -« — = =
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- Zi _ 18 _
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@ VvV, =V, 7 12.29 X £~ o] = 15.80 cm/sec
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Fig. 3-16 Zi#e]o] WE o]F 4 Fig. 3-17 zdHjojo] WE o5 Aujx|
A g HRE EX A
vh. ZAuo]o] ARl o]F A AuiFA
12 A2k Adolo] ME o] Fa AujFA e ATt AoARHEA ZAw o
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Z0)7] HAsty FFAsh 4 AWET AMETS FEAF ] 200mm 2Z2A 7
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Table 3-10. Edo] 8 AY

2y KH-103-4C
AAAY AC220V, 3A
AAAF 6mA
2= A7 20ms ©| 3}
A ZFA} FAA7

T KTM-1M
ARk AC220V
2799 1-60 %
A AIZE 05% o]3}
A Z A} 447

=d4 KEB (combibox.10,370,90)
AABAEA 3kg - m
dEd = ¢ 20
AMg-A DC220V

A 2 A Qlolm E Y olA

AY o]54 FEANEA W ABES ARREL ofd 1¥H 2o
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Fig. 3-30 AA% &3
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= AE‘ s ] 7g ‘j
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O (¥ XL : mm) 40% 138 FIEFAY
O 7Z+&y) 1/100
0 ol£EHE (m/s) 0.04
[ Fol43FA SUEFAY
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O 7] 1/100
0 olEE% (m/s) 0.05

-142-




g 7|FoE A

73 A )

ul gl
i i |

5]

| NFT(

%4 AMAAE T 5

ul g
=ls

AT A

)

ie)
O

%

o

=
&

Az 2ol FA AuE

O

M
Ho

ojy

3}

[«]

NEew A, Az

[e]

=

opzfel Ze W&

tel 34 "= ol

3

A2 T
o

A

o
mr

—

o

+

o
fn
Ho

o]
i
oF
T

T
o
L

._._.wo

o))

Az ¢

A%

o
=

o AEE

B
=0

gy FEANLRE AGE ofeh B 19T 2
-143-

o471 AL 2 RE AL %

1. Mg Fa3X



Table 3-14. AFFZ ] A

zdwy PRH-035PHL
% 0 ~350 m¢/min
2AE A AC220V
HEZE&F 250W
A ZA} LGAA
Table 3-15. AT FH o A
g PA-430
T 150 ¢ /min
25 A< AC220V
g 250W
A A} A7)
Table 3-16. 4dFHZ o) A
zdy PW-261M
A 25 { /min
25 At AC220V
Hz g 250W
A ZA} LGH A
Table 3-17. A= o] A}
2ddy E321G3810-B-2F
AA 40 mm
AsAY AC220V
A 2 A LGty 4
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Fig 3-34. Wy A o174

Fig 3-35. Aloj3 =2 Fig. 3-36 wjAqt

AHgE Aoyl 2 MM AYE RS 2

Table 3-18. #Aoj712 A

2449 TUR-PC86
CPU F-8680A (16bi8t)
A ZF AL HAlAH]
ACL-811S (Advantech co., taiwan)
A/D RE7 16 single end, 8 differential
16 DI/O
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Table 3-19. ECAIA 2] A4
Fddg SCF-01A
49 0-10mS/cm*1%FS
A ZFAL LA 7
Table 3-20. pHA A o] A ¢
RaR=1R] DH-1
=4 9 0-14pH=*0.35%FS
A| AL EYA7 |

o 4] 0] 7 %

3lar AlojFel 2ls ECe pH¥ =7l 4AXNE A

TERoE WEdo] TF

j=9
-
(e}
0

el
o

©

ol
ol

g =82 AZE g

v, A s
kol e HMAELAS 20 mS/cmE SRS AL g
g 3% pH 654~

|o

€ 191 ~ 198 mS/cm=z ey

6.58% e
o Aol FA EEAE
Hadd AdFAE PRV LCDEE S B3 g = ARG FI3ANTE BT
=2 AsA AAsFTh E£3, wIFdFEE ECS pHE zd=H AAe FAUA
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g3t st ZE P =gHY
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Table 3-21 $58 2 AAN® AANY BAY ol $E

194 2 A 3eA 4 A
A A4 = (cm/sec) 53 8.8 12.3 15.8
) o|F&E (cm/sec) 53 8.7 12.2 156
251 A]

AAEEA (%) 100.0 98.9 99.2 98.7
o]% &% (cm/sec) 5.2 83 12.1 14.3

131.4kg & A Al
AALEH] (%) 98.1 94.3 98.4 90.5

2. AMEFY BA=AA
7 ANEEEA FAAY A=A R
AMEES] AATGAS TeEeh Aok F wAE 8A AL AA 48 SAY 4%

Ag zted olE 1Az FH3) st AN AT

pua

A4

Table 3-22. Al & d4 4
B Laa | 22 [owa | 20 | 3ua | 32 [ 499

} A A (mm) 1016 100 152.4 152.4 203.2 2032 254.0

AulEES 7 9AE 2R AYE s 29 2o

Fig. 3-41 194 Fig. 3-42 294 Fig. 3-43 394 Fig. 3-44 494

wA g QAT ol FEHE FHe 29E ofdfel vEhiY.
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Fig. 3-45 1-29A 4=+ Fig. 3-46 2-3¢4 t4z3 Fig. 3-47 3-4¢4 t4=3

Y. A& Ee 27349 wsg

1AM adA 7R 2 dAE 23707

e

ZA%% 4 dAE 2ARALE AT
Az Ao dAF995% ~ 101.9%)E &5 QoH, BAE olFHE REL EF 2717

A% v Holt 9ee ¢ 4 st

Table 3-23. A &F 2720 3} (&9 © mm)

1A 3 AT 7 3gA 3t 4T A

Az 101.6 100 1524 152.4 203.2 203.2 254.0

1 0 97 150 163 205 207 248

2 106 93 150 170 203 248

3 104 152 203 260

4 100 153 204 249

5 109 156 204 254

6 100 149 204 265

7 97 153 203 254

8 102 150 203 254

9 102 155 206 248

10 101 149 200 251

11 255
o7 1023 95.0 1517 166.5 2035 207 253.18
AAZA 8| 1007 % | 950 % | 995 % | 1093 % | 1000 % | 1019 % | 997 %

3. M4 H AAEHA FHLY
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1. 299
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MC(monomer cast) Y4 &2 AlE3At 4Rt £ $48 & Fol7] #3 MC
AZ ot&: HEo AE

A2 BASAT AHEE oo He AP G E 4-1% 2k

Table 4-1 AF<tx zglsjol ooj3 4

Manufacturer Festo
Model HGR-25-A
Operation angle 0° ~ 180 °

Inner dia. of cylinder 25 mm
Operation pressure max. 8 kg¢/cnf
- Gripping moment 16.0 kgs - cm

Cutting range 60 mm
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Table 4-3 Edzd 75 dlojaie] A¢

Manufacturer Festo
Model HGR-25-A
Operation angle 0° ~ 18 °
Inner dia. of cylinder 25 mm
Operation pressure max. 8 kgi/cnf
Gripping moment 16.0 kgr - cm
Cutting range 60 mm
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Fig. 4-18 AEEH dd 7o F2= Fig. 4-19 AC MEZE %

B

Table 4-4 AC AR EE 9 Ad

Model CSMG, Samsung
Rated Output (W) 200
Rated Speed (rpm) 3000
Moment of Inertia (kg - m’) 0.195 x 10™
Torque Constant (kgf - cm) 39
Rate of Reduction 2511
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Ao HaE 2Ed FEFo] 4T o FH AT R vngdos] dAMe
A olg 229 /20 olvel HaAFe AY & AES FAHT A 2Dl B
et A AFe oY 2o

L : BAZANAAAEZAAN YA (cm),
L,: 3AFHNAMA2EZ=EZGAX A (cm)
P E714E (kgi/an)

Hol=rt BA® HANE Agstel Yo g% AAde AFFE AA A o
& ¥ 4-59) 3¢ A ALS AT

Table 4-5 2R B3 FTAAE L AY

Model MGG25, SMC

Stroke , 200 mm
Deflection / Weight 0.7 mm / 32 N

Pressure 0.15 MPa ~ 10 MPa

Aog 432 AR "ol=d o end-effectord] AT FF9 d&AFSE o171 9
#H Ao ANE BAT Fast Aok AF9 A4 BAEL A3 end-effectorE 135 ° 3
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End-effectore] 2d-& 93 &8% EEHE AMEEAow, ofdf & 4-69) 283 =¥
o] AdE YeEro.

Table 4-6. 28} F 22} A

Model 103G770-01, Sanyo
Max. torque 45 kgr - cm
Step angle 18 °
Current 1A
Operation voltage 51V
Rotor inertia moment N g- o

Fig. 4-20 28| 2HY ZE 2g
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Table 4-7 444 5ARZ=2RE(MRC ID Azd 2R 79 7HAu

(&9 @ &)
Developed 3-DOF Robot MRCIO
Manipulator 2,500,000
Controller 1,500,000 20,000,000
Sum 4,000,000
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Fig. 4-21 A€ 33A4= HYy & g
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ub. Ao} FXA

A F JEE Hol glyu, TE o] st PB-1S 27HE FAo 719 HxA 7]

Table 4-8. FA|°17] /O £E

0 Relay on 3 Direction signal for AC
(for gripper close) servo motor
1 Relay on 9 Frequency signal for AC
(for gripper open) servo motor
o Relay on 10 Qutput signal
(for blade close) for image processing
3 Relay on 1 Input from emergency
(for blade open) switch
4 ‘ Reliay on 12
(for air cylinder forward)
_ Relay on 13 Start signal input
2 (for air cylinder backward) from sub PB-1S
6 Qutput signal for stepping 14
motor
7 Output signal for stepping 15
motor
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Table 4-9. EZA|7] /O XE

0 8
1 9
Relay on
2 10 (for air blower)
3 11
4 12
Input signal
5 13 from limit switch
6 14 Start signal output
to main PB-1S
Relay on
7 15 (for feeding conveyor)
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o
\m

e PC, 94378 Z2#AE ¥ EUHE TAH o FEHAZAY Hexg
obzf 19 4-34°) JErAHATH

Frame grabber

| Overlay |
r buffer _|
CcCD ‘ NTSC N D/A I
camera decoder 27 converter |
Image
l buffer '
| |
—— i — —_— e — e e — e — —
Host computer i Monitor

Fig. 4-34 G432 Nade Ta2%

gis

Aol M AR BAL 93] 94 48 AXZ &8 A E7F NTSC(National Television
Systems Committee) ZHet A& ZHe} CCD 7iWetel 16mm EF dA=E AM&&3

B AT AEE A A Ade Ug & 4-109% Zoh

Table 4-10. F4x 2 Al=de] A

T+ B 249 T &
Clock : 233 MHz
Host computer Pentium O PC
RAM : 192 MB
A% : RGB composit
AA X B= Corona LC/8 (Matrox iit) Frame buffer : 4 MB
Overlay buffer : 4 MB
A1% : NTSC, RGB
Z2 CCD v g TK-1070U (JVC i)
34 319 Fa
Ay AT 247 220V, 20W, &34
z9 ZA
=¥ o] ol= ¥
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TR Ao} S 95387 st G4 Ao FA$o 22 12749 394%4E (oW =

FA)E 457 WF¥ez vlgd dAsHn. 45 FHIAM Y AukAb(specular reflectance)

Mg
%
A,
of
el
K

, 28 BYI7F U@ B (diffused light)S THE7] 8] B A2 A}

ol B otz™ B HASAT FAHY ZHAA AAEE 400x400 mrolw, A

FA4HA 2EE 23~30 kluxZ S8 Qoh

R .74
Fig. 135 7bile} Sabug Fig. 4-36 =% 44
3. 7ol 9}
A gAEa i Tolele] ME: GYANR 43S FPL olEe: Ay

Goabth ke gl molag HRa] slate] Aulolojo] FAbE Fom,
Rol 37 WAy e W 4Rl wveloolA 29 HolA RE WAl Astel 7
boobaE i el st BYsAl AAstAth mito] Auole} A7 3T o Feris
el Al xR AS WA Taels YusA $RL Zale AAsAch AR A

ufeloje] 43 ofel iyl 4-373F 2l
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Fig. 4-38 7}2v} B2 91X

Ay Adolole] B&S obel 17 4-399] LehAA

Fig. 4-39 fuloloje 93

-196-



4. 7Z1ANZG A 2" Fx43

2
o
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s
=
oX
o
fio
mi
o
o,
rir
o
:{o
A
)
of
o
flo
i
o
re
H
o
o
1
N
2
i
ox
Ao

e
A wol wet v)sksty o] TG ol dFg HAd ] AHAME gt A
zd3d ggde] AL FAYE F AEE S At Aol Fostth HALH
239 93< &1, overlay 715& °]&3te] RUH gHe AAE FAT T Huy

o] Aol dASEF st sivet A=dol AU HYP S

)

FEE QL AR

%
47" JPgAe] EES Wael AN 4 W Ha9 A5 YAFES o

Lo

S 4 T AN F FEE 53t 2 A= gasE

3z
Aol BEZE 99 2o X8, VIE 44 Zolz AHANYG. oo g B} of

Table 4-11. 7| AAZAI 269 7|584 25 43

AAHEH T EEd o] T2 o o2 H A
(mm X mm) (mm/pixel) (mm/pixel) (mm/pixel)
200 < 200 0.813 0.826 0.984 0.6725
250 x 250 0.814 0.833 0.977 0.6781
300X 300 0.817 0.833 0.981 0.6806

g 0.815 0.831 0.981 0.6767
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2) 71ekeE B4 B4

@A FAe Ay B 59 AREE AR A 2718 T Y= £
o 9x3 SUdelg YN FANL 2Pk AA @ wmstel oje ¥ 4-1290 Y
gulgich 28 23 AZFel dadE wae A e X7t 0709%, Sl Ao 27}
2149% WARAL, Wl wAMNE WA At oA 1734% sH Hu oA}
5398% WARAT WA Fo® WA 24 ot AYE BE = Yoo 2%

oJlel XS el FyY JHRH B4 B4 Fst glvkn dgHc

Table 4-12. 342 FA9 758y &4 Jg=

B g 5 A A g BFAE @ 2.2(96)
AA+2+E 4 A 22500 22620.9 0537
(150 * 150 mm) E# 2o 600 607.6 1.265
B2+ Y | A 40000 39939.9 ~0.150
(200 * 200) = Eal 800 815.3 1.916
IR LS 62500 62546.2 0.0739
(250 * 250) E¥ 2o 1000 10215 2.149
A2+ | A 90000 89361.6 -0.709
(300 * 300) Z# 2o 1200 1209.7 0.805
] a A 176715 17978.0 1.734

(D = 150) 2o 471.24 494.4 4917
ol |3 A 314159 314512 0.112

(D = 200) £¢ 7ol 628.3 652.3 3818
] | A 49087.4 49330.6 0.496

(D = 250) E9 7ol 785.4 827.3 5.393
O |3 70685.8 70876.1 0.269

(D = 300) 24 2o 9425 990.8 5.131
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e FgA 999 49F ATA s Y F em, oy szEe

i

CIE(Commission International d’'Eclairage)el A A&Fstxm v}t Ldutxd oz CCD s g

T T

o] AE&E+E ArYFZE R(red), Glgreen), B(blue)o|¥, o]& ZFA|Hoz FUdE FIuA2

Hgstoop gvk Mg FHEY w RGBHEA ool ALgHE AL XYZHEA, xyz3aF

A, L'a'h’ FEAZ Jom 7 H7A Aoldle thesl BA Ut

@ RGB #xEA — XYZ #FA

X 0.607 0.174 0.2011] R
Y | = | 0299 0587 0.114|] G (4-3)
7 0.000 0.066 1.117 B o e
@ XYZ HFEA — xyz FEA
R I T s (4-4)
X+Y+Z 4 X+Y+Z X+AY +Z e
® XYZ #¥A - L'adh” ZEA
L* = 25(—1%—01)”3— 16, 1<100Y < 100
o}
_ X 1B _ Y 5 B
a —500(X0> 500(Yo> , (4-5)

b* = 200 () - 200(%)”3
0

E Apeas dx 25 ARe ¢ty 150718 FF AR et Mz} AT
(Minolta, Colorimeter CR-300)& ol&3te] &A% L™ a" b" &3 448 Fxlo) 2
3 =A38 LT a" b #e ARBAE BHee olyl oo ey LT ,a" b’

o] AAALFIE zFzF 0.9846, 0.9569, 0.9405 AEZ Bl EA ey Ax] 4" F

R
i
o
o
£
1=
2
Mo
B >

0] 7}seittn derd)
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L value by Colorimeter

a* value by Colorimeter
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40

.9846

L* value by Camera
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a* value by Camera
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R? = 0.9405

lalawio|o] Ag aneja xq

b* value by Camera

Fig. 4-42 M x}A ¢ A48 FX oA 23
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F d9s W F Mg 8ol ol&dHe e A WA E E9gk(threshold)ol

o Fgats g olAF Wity EHEL I s|2EH(histogram)E FAM3)
of WA dAE 2€s7] AL F22 AHIA Ao, 5 459 R, G, B

a" b° el sl Zz SAEIWS YSHL o F A

Yae 438 3
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Fig. 4-45. &% AX F&Y(chain coding)
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239 938 E(roundness)E A4t
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43l EdlZol< chain code?} 0, 401 8l4o 712urs AA ZolE, 2 60lW A
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oz 34

o
3] WAL Green's theoremol 23te] o} e F4& o] sl AHA o}
T 4 ot o]E S&3W AJ=zse 4 g AHERY AEHE WF
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PP A3 HAn g ZdolZ2EE olele oz AL
Roundness = _4§IF><—Are§1 (4-7)
5291107517 =) oS T U RO UURU PP
ol 1Y 4-46, 4-472 5T FF9| 94} chain coding® AH 94 49%E F
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°f, AFE)d AAPRHAMYS] W)ZRY FEe] Hd AR L 45T £ Qi

2dg AEadoh
TE AAM KA JAAE HdAEI) st FAYI)AA SAS HNARA e WA
#HE FASAG AFddEez: FR-FAAL o)£%  wr AN (stepwise

selection)& A8t T FE-FAAS R=& 0152 AHE3t9h. W4 N A7 =

Table. 4-13 % & nde] W He A7

@ A | =¥ WS | Partial R | Model R C(p) F Probability > F
1 T Hy 0.8493 0.8498 25.1580 | 147.1411 0.0001
2 =HAelel vl|  0.0689 0.9187 45984 21.2048 0.0001
e 238 o839 FF d&2DL Adayoh 28% 79 43 golHE vy

Wikel ol gt om, A3 55270 el pTE o=Ag A

ofX

st MEE A
obel AR Zow, Awd 2l AAAS(R® )e 09187, EELXH(SEC)E 7.0186g°)

AL, ASAB A AAASF(R® ) 09127, #F22HSEP)E 6.7095g°] LT

F% = 000161 X FAHA + 246524 X HAY ] H] — 475575 ... (4-8)

4. A A dnHEF

B Y 52 9 Aujae] Atz Ad Jge] wol2E AAGY Y5t F9%
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P ndFol A TF R S0 2HHIT o] AAIF RS232CEFA LR #@d

7l dalA FFe ARE R o ¥ Y AF AEARE I

Table 4-14 &7 AL

A 2 A} CITIZEN
=4 CLP-4081
HE 203mm/sec (8inch/sec)
A= 203DPI(8dot/mm)
PC Q1E#H o] RS232/422
HE Direct Thermal/Thermal Transfer
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Table 4-16 4F587 8 4%

Result analysis No. of lettuces Percentage (%)
Successfully harvested 80 94.12
Harvested with little damage 5 5.88
Sum 85 100.00

9. A" $8719 34 2

g "l

2. 929 2718 44

o|f

NgE M2 duFe] M $EL 83 X719 22 A5 FAd diste] Gt A7)
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Table. 4-17 FA4re] 7]l W& HE <

dael 27 |5 BAQA) | AN 49 w3 | FF AERY) | AE AHE/E])
480 x 480 20 % °lW 1.0 % °lu 0.9187 7.5
240 <240 2.0 % ol 1.0 % oju 0.9168 2.1
120x 120 20 % ol 1.0 % olu 0.9162 06

-216-




2 dudE:g A

A

2 A

]

IO PR

3]

Al

bol 2 3 4

S

1& ol &

sk o,

o
Eay R

Al

]

=3
=

s
A

sl

o]

[e]
de

2

}ogslel aglem, of A

&

5 77y

R}
S,

2% 2y d2)99

o 5%

o] HPajzto] A8 Eg o

F8o] Yok

j2e]

A

4]

o
4

94.1% 9]

3l

°o]&

i
ﬂa
el

]

oy

0.00161 x T4 + 24.6524 X Aol v] - 475575

o
Ko

09127, 4% 2 *HSEP)

P ARASR? e

1
i

7.0186gel 3L, AFA =z o

ZHSEC)=

[e]
=

6.7095g ] A o

L

-217-



o4 Nadw BANLWY FHE AR ) FANE o4 L BANZH FA

>

AEHES Aol o4 Fdw BAd HARYS FAL + AES AUT. F A

e el A7 o8 AFAEF st on, Ao YL &N ArIE Fol Al
g & & ULE APt

ARE o4 % na Axdel Yo ok 1Y 5-1% 2ok

LYE

Fig. 5-1 ¢]217] & BA7] 3 A4

-218-



ks

2 Aw

2]

B AlAde] HMA) dol: Tm 50cmB A A gt o4

Al ol
b =

]

(o}

Ry

2]
|

d9< 2m 60cm, BAAEHF J4AE JHE 2m 30cm, Al

Q]
=

H

2k

7

3} o

4

o

5

= ol&

A

A o

54

]

=

el

£ &

At A4

2 74
=

3

==

5

Ao

5

o] &

PLCE

29 2

otef 17 5

I L

1

SRR

9]

]

[

KO

1+

7/4/1998

Fig. 5-2 &) A4z ZFE A F73

-219-



At

3

=g

3

Q

A
T

AFEAA A

L
T

oy

L

o
A

X
Ea

g gl

W

T

_E.

o

7 d o] o

@ 3

&

PN
T

L.
=

K

2

o

iy
4

o

3 P},

-3

ok 19 5

& O
ge

o0
o
A
/
<
S~
—~

Fig. 5-3 &7 & 4% %37

-220-



4. N2d 5%
2zke] ARE Axge] BalA ALHRT B4 feedd 41 HAch Fhe
& oy > B o AuEA dold AN o)F > 48 > Hd - £ Vde] 2

de T8 & UA=E A

tlo

7t mA Axdsd RE 054 AuFA B

B Azgs FE o34 ARG FRE A N2ddA AN ABL
A4ste 4L B AdFsAh 24 A2 AAE VSR Ao WEH
WA o] YR g AuFA PLCE Astel Aol B 6A HABE WA @
3 ZAdolol g TEs] AR ANE HIF F AMAAZ AEHE PHL AEEHY
.

B AzgM AF o5 AuMFNZ AZHE dde HAL ol 1Y 549 ¢
=

WA, AR SRANFAS AR B)oz AT F AR Bojey A

I‘S‘_‘.

2

ﬂliﬂl

olgstel AN & AE T U@ Ad@o| AAB WERAN BB T A4

)

¢

o]% 4AUHIE o|&ate] AAWE FETh(b) ANW So] 7 AAW} Weltne) A
A% o|F AAY2E o) &t AMAXNZ ANBE o|EHT(d) AMFH AN 4o A
Adst Aestel BRG] Y= ANBL Bd(e) AR olE AAH] 2 EH

th() 2F AMFANAE 45UAE AL AulololE Aol WL

O.u

==
=

o
rok

F AMZAZ AL olFTH. EF BHYZAAAE (@A O7A d-he 7Y

o

T¥ste] BAZA Je ANBES A2 o)A

-221-



{a} ) :

{c} {4}

@) ' )

Fig. 5-4 B4 Al2€3} #E o)F4 A3 35 &4

. ZE olF4 AWFRe sqAAA2H FF

e o)EA AAuARe FEL B Axdoa Aol AYL o vt FEI}EE
stel AupgAel ol%g A R olANadd 2FY & YSE sAch Aupgx e
oJEe BE MAe Azl oA FAt HEE sPen wEHe B A
B HEANG B R oHHES U

-222-



T "
B3 5 o
‘mor .A_l ;A_E —_
7ol mo
e A
4 mw T o
wox o
- B N ﬁ
0 2k
el e
I W
X — —~
Moo T w
INSE ot ® T
< W N M plo
w&r ﬂﬂ M “_ﬁ/_w O_E
frl | AT .mu
i i 0 =T
w _ i ot =
% W = = T
W = T
CR ° B o
_aa — o_..« T T
IR pit = A
ST o . <
= [
CUON [ MI T
g v T o
- T W
5 7 N g
O i N
s S
oW %+ 3 y ¥
M K¢ X i o BR
o - R 1%0 T ﬂm'
o T = T X
o N B T I
I e W

Al

=
F

o

bl 8 Aol Ae

2+ 3]

pd

=

Fo] Az
H

A4
=

7 =
-223-

FolA
X

]

(o}
AXE %

ks

-
©

MIGED

©

o2 Heh
z+ A Aol wjxE olg 1¥ 5-60] YJEMIAUG

of w4 AlzgelA AN B

3|
=4

g A" 5%

ct.



OlalE L

AprmelE R BABTY

Wi
/ - | mamees
| |
s
| |
TN X1
|
i
|
|
| |
| L
] |
g TTT"W;T
== Akfﬁﬁﬁ#%%ﬁﬁﬁﬁ;
M TABEER
Y
w0

Fig. 5-6 Al2¥ wiA &

-224-

A



2 AAHAY. AdAF 19e §85

of

AA Axge ddelo] 2xo] A4

Aol AAB

?_]:

% BE2 9

A
&

dolv & A A

Z}
A}

ks

2 9

)

et

o

<

K

B

Gl M WEL AP TR}

s}
&

of +&

V=% A

HA =ARX Tk Al

53

=r

-225-



28 A FA

i

ol & B A2€3 £3 g Ml -2 A2dE BT FAHEE FYsing 47
PCE ZAsd AT £ UAEE A =3, AuwAxe] ZFe AMe AFo] osfa
Ade] WYFHEZ PLCE |83t Aojste A& ALt AwEAd AlgEe
PLCS AdL &3 Zoh

Aupgx el PLCY AS dF2 T4 4 go AmFAs AA PLCTHE o435 A
oJ3t= g &Hom, o4 R BA A2 £& 3 Ad - X2 Al2EE F Ao AFYH
o} HESZ TS FAFNEE FAT

Exol Alg5E Z2EEL UDP(User Datagram Protocol)E At&84th UDP £4
< TCP/IP &2l vls] Z2EF9 dstd dFArs £4 gl 249 4% 3
g3k Aotk ola & BA Al2dEF F Ao FFEHAE AAANR 2 FE FAY A

A% 2 $EBY AR, 24 A7) Ju B5S WEHES Hgon, £F % 4w - %

A

A Azude £39 459 33 ASAES A

AA Azdd Ao =

]
tlo

obei ¥ 5-79 UEHAH.

-226-



i okl EC
== CF _
iBM Compatible ’ _1;-:_ HIOi L_ §I¢—EE
Ix
| =H !
LAN 1\ |
‘«__,_____‘r.__.__,
olal 9 & _',_! +5 9 dg
& AAHE ™ & AlAHE
P N
&0 Ol B ——~—— PC fg———————UDP S& ———]——UDP Z ] PC RPN
PSP B CERLER]
. BN A— AR O0ISA v
24 = e
jl\[]LMa? = ®oidl THBH = I 2| JIAAIZE
?" . e T —_— ANAE
SPI & PLC | : ] o
**** ) — i : i |
| I !
Al I! Mels Pl ‘
ol 1{101 l: drhus | aRAAs —zynaes
AR T .; ‘
BUHART  SAEOI | o WA s naw |
o : e | EFD
asBE colo
i ‘ ! ! : —
Ol RO ——- 1 AT OlER | L
e |
 THAE B
L |
- oE TS @E—
Fig. 5-7 A" 54 3 &%

-221-



EETE

O Y w2l Al ZoL Ml

HUFT [UE Hus
B 5 =213k E-plh
=HFY oYl E |
HHE Et g ] o
sdoiolE @ sdloive o =doipgl
edomg A aHel
#D Axn Amn

OIME KLT-AX 0
PMEX] KPR Al 6.0
DIATE | A 0.0

HA|2~"3 UDP £E 500198 ©]&3te F4l

olgl 28 5-98 UEYAE o&
g ol gste] Az HIHT

dolel %3 Auw 9

A&-5H ek,

2
T

A
T U=

o

o

5=

= =z
=

-228-



X
g

(-3
™N

Seoend

L4
hal

-
™

w
™~

ﬂ

I_i

£33
- 4 -
wmBws R,
z ZRaZzam
2 REK B
5
g N
o1 5 o
sl %@.& %‘mm n
k-3 m.w.mu &) m..m ] "R R
¥ ke FFE
H B &
& e LHD B
T waPwsia gREE
1rades A
rd B ss N K
fro oo™ T T &
whow -

Q& 0]

?l’

o} &

=
=

Fig. 5-9 W EHY=

-229-



Ag g o4 FBAMA, Fo

A~ €l
=,

B A

ul
=

wd o4

7K

N - B4 - A

dA =

A A5 o

=4 (548%) ]l

H A O
A

Tor

o

—

oy
EH

2]

St A ot.

17] S &3 23S ol %

]

- A8 - 4o Aol d&Hoz YHES HPom Axde

g4 B

1)

=
5] =

o}

To

[T
}\‘_]_‘é"l"

te %

3

Aol HFEH S} UDPE ° &

el
T

izl

sl %

°o|-&

=
=

4 AEE TCP/IP

gueld A F

=
=

-230-

St

3

A 2



N

i
Mo

1) #43h 1995. #A58 22 HUEdclHd FoHE Ao BY ATAN B9 =
2 AL ot

2) B3diskil. 1995 AVIAS U1 A NARIe Adde @ A7 w5

4). A7, AAL, o]fF. 1998 =& W4 A o|ARE Axdle] AXE Ty A g
S Asts 1998 A SEdd =8,

5 AAZ, &8¢, 2FY. 1996. 718 TE AJE o]£F AC AR ZHY wé% Ao,
Aol - AF 3} - A2 F8 =FA Al 28 A 435:351-361

6) AAF, olud, A5H, F4T. 1980, 4E TS o8 F Aoz 74, e

7). FEAEA. 199 7HE ZE A7NE 5% AY. 6 AEILEE
2 EE.

8) FEANEAR 1997. 94599 7143 71& FAS wAueE ‘97 ATy W

9 FEAEH, 1999, HBFZAMANLD-ATE GRS 25 AU

1) =EX&F Asax]F s, 1997, A olo], pd9-83.

12). ##3], A719, F24, FA44. 1999. o 22HE ]8T SEE 2HA7] A
13). F238), A7, 942 1998. SEE& ZR|AY] dHY M € EYS e u

3
14). 7&38, 14719, A8, &A44. 1998 HETHE TER 2Ro|Y7] AL Ix5%Y
714183 1998 stAStEtE =4,
15). F#3, A471%9, o3&, F44. 1998 FEE& & o479 /LD - =X °]47]
o AL - SFFFA7IAES 1997d A stedld =FF.
16). F#3], o138, 71, FAA. 1998. FEE ZE o479 /L) - BF <47

-231-



—

~E
mk

] 1997d

%3

=EA7A

tﬂ'

o] M -

AR

o

FodM. 1997 ARASE 2R oUSaole e 2

18).

ok

Tor

o

o

2
Nlo
™

0

B

o)
_.Ao
Ho
o

—

<

3}

o A48 sATETAY A5, p8-25

AT 2N g

FAEAH,

&

3

)

AT H A, pld7-154.

Fas 9, 1995 AEdd AFE, 2T

21) £33zt

A}

g A==

il

ol X
=

3 AL o) &

4 258

22) AEF, 1999. &

o
o

B

Tor

o

k)
if

oF
Tor

23) o} 4td AEE A4 HA, 1998 AE ZE Ao

o

b 1996. @=o] AgAd =

A5

24) &%

%0

X
P

<R

<
G

T

i

<]

244 A

73 eEAE.

ofJ
H

erel Haas

o] 3%k 1997. §E& ZE o]y s

26).

i)

EWF, 1998, AAA AE AL

o

o

2

28)

L OeE, gEEe] 4. FUARA p209-236.

N
Hin

T

17 Vol.23. No.6:629-634

3}
=l

71 A

it

o

ILI

ol

ok

1992. ¢ % Gripperd]

A1
1 T

]

3 A

)
<

4

3, FAF. 1998 T3 A7)

2

32) A4, A

-232-



33) ¥ IATAET2E, dT5A7IAT3. 1998. L7 AAH.

34). A ASAYLIAEEA . 1996, 21417) HEABAYNA A

i)
o

483}

5=
A
ox
i
o
22

Al #745s] AL EAE.
35) = AHETFATH, 1996, ¥R ETHATE AR
36) A EFTHATS, 1997, dFAEFFATE LTHAE

3 TFAT FEATE, 1992, FEdTL FEY

38) A4, 1998 AETHE TER ZE o]47] M MAEgY =

&
X
o
£
)
=
=
o

39) 48 ol 1996. AlZA T, At

40) Alberto, Rovetta. 1991. Fuzzy Logic in Robot Grasping Control. IROS
'91:1632-1637

41) Atsushi KANO and Cornelius H. M. Van Bavel. 1988. Design and test of a
simulation model of tomato growth and yield in a green house. J. Japan. Soc. Hort
Sci, 56(4) p408-416.

42) Benoit F. & Censtermans, 1989, Growth lamb’s lettuce (valerianella olitoﬁa L.) on
recycled poly-urethane (PUR) hydroponic mats. Acta horticulturae, 242, p297-303.

43) Benoit F. & Censtermans, 1994, First findings with the continous net-head lettuce
production system in small plastic pots. BB+ 3 +— [HR*» AL BWHLE -partT ],
HAZBREEARE KEEH, pl4-24.

44) B. Geyer, 1996, Actual state and practical use of the factory-style plant production
system in Germany. Pratical plant factories toward the 21st century, p3-37.

45) B. Geyer, 1996, Actual state and practical use of the factory-style plant production
system in Japan. Pratical plant factories toward the 21st century, p65-73.

46). Brewer, H. L. 1994. Conceptual modeling automated seedling transfer from

growing trays to shipping modules. Transactions of the ASAE vol. 37(4)

-233-



1043-1051.

47) Bruce, E Mccord. 1983. Designing pneumatic control circuits : Efficeint techniques
for practical application. Dekker.

48) Daniel J. Rivest, 1991, Hydroponic system. USA patent number 5010686.

49), D'Esnon, A. G. 1984. Robotic harvesting of apples. Proceedings of the First
International Conference on Robotics and Intelligent Machines(PICRIM). 112-119.

50) E.A. van Os, RP. van Zuijdam, A T.M. Hendrix, V.JM. Koch, 1993, A moving
fruit vegetable crop, Acta Horticulturae 342 : 69~76

51) F.Benoit, 1987, High-technology glasshouse vegetable growing in belgium, Soilless
Culture3(1) : 21-29

52) FBenoit, 1989, Recommendations for the commercial production of butterhead
lettuce in NFT, Soiless Culture5(1) @ 1-12

53) F.Benoit & N. Ceustermans, 1989, Growing lamb's lettuce(valerianella olitoria L.)
ox recycled polyurethane(pur) hydroponic mats, Acta Horticulturae 242 @ 297-303

54) Gary, R. and Glen Mazur. 1997. Electrical motor controls. American Technical
Publisjers

55) HAWE home page (http://www.hawe-systems.com)

56). Hassan, A. E. and W. H. Haddock. 1991. Packing of pine seedlings using soil
failure criteria. Transactions of the ASAE vol.34.(2) @ 695-698.

57) Hoy, R. M. and W. F. McClure. 1987. A unique hollowed finger gripper with
tactile feedback. Transactions of the ASAE vol. 34(2):695-698

58) Hwang, H. and F. E. Sistler. 1986. A robotic pepper transplanter. Applied
Engineering in Agriculture 2(1) @ 2-5.

59). Hwang, H., J. H. Chang., and S. C. Kim. 1998, Automatic grafting system for

fruit bearing vegetables based on inarching graftage. Proceedings of ISAMA 97,

-234-



Taipei, Taiwan. vol.1 : 75-80.

60) James, A. Rehg. 1997. Introduction to robotics in CIM systems 3th edition.
Prentice Hall.

61). Key, S. J. and D. Elford. 1984. Animal positioning, manipulation and restraint for
a sheep shearing robot. Proceedings of the First International Conference on
Robotics and Intelligent Machines(PICRIM). 42-51.

62) Kim K. D.,, S. Ozaki and T. Kojima. 1995. Development of an automatic robot
system for a vegetable factory. I. Transplanting and raising seedling robot in a
nursery room. Proceedings of ARBIPS5, Kobe, Japan. vol.l : 157-163.

63) Kinasse, A. and H. Watake. 1991. Robot for masspropagation. IFAC Mathematical
and Control Applications in Agricultﬁre and Horticulture: 225-230. |

64) Kondo, N. K. Hisaeda and M. Monta. 1998. Development of Strawberry
Harvesting Robotic Hand. ASAE Annual International Meeting

65) Kondo, N., Y. Nishitsuji, P. P. Ling and K. C. Ting. 1996. Visual Feedback Guided
Robotic Cherry Tomato Harvesting. Transactions of the ASAE vol. 39(6):2331-2338

66) Kuo, Benjamin C.. 1996. Automatic Control System. Prentice Hall

67). Kurata, K. and Futaya, Y. 1992. Automation of selecting embryogenic callus by
seiving. Acta Horticulturae Vol. 319. : 563-566.

68) Kutz L. J, G. E. Miles, P. A. Hammer and G. W. Krutz. 1987.. Robotic
transplanting of bedding plants. Transactions of the ASAE vol.30(3) : 586-590.

69) Lansky, Z. J. and Lawrence F. Schrader Jr. 1986. Industrial pneumatic control.
Dekker.

70) Peatman, Jahn B.. 1997. Design with PIC Microcontrollers. Prentice Hall

71) Peter, F. Ryff. 1988. Electric machinery. Prentice-Hall international edtions.

72) Reed, J. N. and R. D. Tillet. 1994. Initial experiments in robotic mushroom

-235-



harvesting. Mechatronics vol. 4(3):265-279

73) Romain Guay et Roger Thériault, 1989, Mécanique d'un systéme de culture en
serre sur deux niveaux, Canadian Agricultural Engineering30(2) : 239~243

74) R. Guay et R. Thériault, 1991, Eclairage et régie des déplacements d’un module de
culture en serre sur deux niveaux, Canadian Agricultural Engineering32(2) : 303~
308

75) Sakaue O. 1994. Development of automated seedling production system -High
quality seedling production device-. 98 #4748 3 x] 57(1) : 59-66.

76) Sakaue O. 1995. Development of automated seedling production system -Tray
handling devices and evaluation of the robotic system- . @& =71 A8 3= 57(3) :
111-119.

77). Simonton W. 1991. Robotic end effector for handling greenhouse plant material.
Transactions of the ASAE vol.34(6) : 2615-2621.

78) Tillett, N. D., S. J. Miles, J. B. Holt, A. L. Wikin, and M. A. Scott. 1992. An
experimental automatic repotting machine for hardy ornamental nursery. Agricultural
engineering vol.b3 : 289-303

79) Ting, K. C. 1995. System analysis of robotic workcells for plug transplanting and
somatic embryos quality sorting. Proceedings of ARBIP95, Kobe, Japan. vol2 :
181-188.

80) Ting, K. C, G. A. Giacomelli and S. J. Shen. 1990. Robot workcell for
transplanting of seedlings. Part I : Layout and materials flow. Transactions of the
ASAE vol.33(3) : 1005-1010.

81) Ting, K. C., G. A. Giacomelli, S. J. Shen, and W. P. Kabala. 1990. Robot workcell
for transplanting of seedlings. Part I : End-Effector development. Transactions of

the ASAE vol.33(3) : 1013-1017.

-236-



82). Tohru UCHIDA, 1995, Studies for the practical application of plant factory for
spinach cultivation.

83). Tutle, E. G. 1984. Image controlled robotics in agricultural environment.
Proceedings of the First International Conference on Robotics and Intelligent
Machines(PICRIM). 84-95.

84) Uchida, T., T. Yamano, and H. Miyazaki. 1994. Development on Automatic
Harvesting System for Leaf Vegetables. 42 24234383 %] vol. 6(3):197-202

85) Weber, M. C., R. L. Stroshine, K. Haghighi, and Y. Edan. 1991. Melon Material
Properties and Finite Element Analysis of Melon Compression with Application to
Robot Gripping. Transactions of the ASAE vol. 34(3):920-929

86) Wang, Li-Xin. 1997. A Course in Fuzzy Systems and Control. Prentice Hall

87). Brewer, H. L. 1994. Conceptual modeling automated seedling transfer from
growing trays to shipping modules. Transactions of the ASAE wvol. 37(4)
1043-1051.

88) itib . 1982, ¥y L o2k mag & HE. Bdfifsdh e > %

BY) &xbiFEE. 1987, ¥ T, A=

90) #istiR3E 4. 1989, WA ENEMNEM(L). 7Y - T2 /AT AL

91) @ik, 1993, MY L0 R, HAMEY L% §R(SHITA TECHNOLOGY No. 1).

92) &iiFEE. 1996, MY 1353 & B BER.

93) #itirEs, 1997, My IiHsn v P77

94) FEA FE 4t 1993, wEWER TS NEEE.

95) YiEtRIEE, FRIBE, MBYW, I, 1994, 2REVBEBSEREIC L 2 EEER. H
ABFEBMEEIE 56(3), pl09-115.

96) gshAImE, 1993, MY BB IT 5 HEME - MW I%H AT 477 /9y —. SHITA

report No 6. pl3-22.

-237-



97) EEET, 1998, RILMHIC BB &Y LY Y T BERE L BERR~ORIT. HREE
p66-71.

98) MNH it /. 1994 EXFNEBHKBEENME. AAEY THEEEE 6(3): 197-202.

99) UlEaLER, AR B, BF #, AsFd - A58 - XA%5se "A. p192-203.

100) LR ELER €], 1996, &Nk

101) # HFH st 191 WYBBHFBEREOMBHEGELIR). AABERMEEIE 53(1):
65-72.

102) “HERE, & B, CEEF 1994, #¥ 1350 B8k SHITA report Vol. 2 : 45-57.

103) B &E 4. 1994 HEMLEY IS 0EWBE S 2 7 2 0BIRE. BAY T
®EE5(2)/6(1): 15-22. |

104) FEEEERZE. 1998 BERICTEL WIS R~y 77— A] Moz EE 1998(1)
28-31.

105) AARBES A7 4. 1996. fEty B AR T35, 98 catalogue.

106) AAMEY UHEBER. 191 MM IEo%x-7 7 / v ¥ ~(SHITA REPORT No. 2).

107) AAMEY T52EHKE. 1992, BR4EE L% 15 (SHITA REPORT No. 3).

108) A AK4y |52 G, 1992. ~"A T 7BEN V7w 7. BEEKBEHRE.

109) H AW I8 &K, 1992. EWE T » T4 E ¥ FIFA(SHITA REPORT No. 4).

110) AAEY L5282 EH#R. 1993, MIRERIERE & Y% 145 (SHITA REPORT No. 5).

111) AW IHEEER. 1993 W Isn s A7 47 7 /v -(SHITAREPORT No. 6).

112) BANEY LipBaik. 1994, WY TSR o % L BB (SHITA REPORT No. 7).

‘1

113) HAEm THEER. 1994 HEYTH BT 5 A LREEH 08 - BH(SHITA
REPORTNo. 8).

114) A AMY THE e, 1995, Y 15O 138 D 222 (SHITA REPORT No. 9).

115) HAEY THBEER. 1995, ~AF+ 77 7 o v-FIH oMY T~ 153 T(SHITA

REPORT No. 10).

-238-



116) AXEY LHEEHE. 1996 MW IE 0 ~4 7 7 Ef(SHITA REPORT No. 11).

117) AAREEMEGR. 1996, EWEEBKA> F7y 7. 3040t

118) ARES, EEET, KEBRE 1992, ALV ons o BRE M 2ok Ea
f, 61(2), p431-435.

119) £ #. 1986 WABAREEEORM & 2 2 M L 2 fEROW%, BEBRILTE
R 205 1-48.

120) BH B, WIKE, ELRER 1982 KPEBRRSEE O BBHE, BEERLH

FeRTER & 582098 15-49.

-239-



	청정채소 공정생산 자동화 시스템 개발

	요약문

	목차

	1장 서론

	1절 연구개발의 목적

	2절 연구개발의 개발 범위

	3절 연구 개발의 목표


	2장 이식기 및 보식기의 개발

	1절 서언

	2절 관련 기술 동향

	1. 자동이식 시스템

	2. 보식 로봇

	3절 이식기 설계  및 제작

	1. 그리퍼

	2. 육묘트레이 이동장치

	3. 재배홈통 이송장치 
	4. 그리퍼 이동장치
	5. 이식 시스템
	6. 육묘트레이 플러그묘 이식기

	4절 보식기 설계 및 제작

	1. 육묘트레이 이송장치
	2. 재배흠통 이송장치

	3. 머니플레이터
	4. 그리퍼 및 핑거

	5. 보식 로봇 시스템 

	5절 보식 영상처리장치 개발

	1. 영상처리 장치의 구성

	2. 영상처리 방법 및 알고리즘
	3. 영상처리

	6절 제어기 개발

	1. 공압장치
	2. 컨베이어
	3. 센서입력

	4. 모터 제어기
	5. 이식장치 제어기

	6.
이송장치 제어기
	7. 보식장치 제어기

	8. 주 제어기
	9. PC 인터페이스

	7절 성능평가

	1. 이식장치
	2. 보식장치


	8절 결론


	3장 작물이동식 양액재배장치 개발

	1절 서언

	2절 관련기술동향

	1. 재식판과 재배홈통

	2. 작물 조간조절장치

	3. 식물공장의 양액재배
	4. 대표적인 식물공장의 사례

	3절 재배홈통 
	1. 설계기준 제시

	2. 주름살식 재배홈통 

	3. 1차
보완
	4. 재배 홈통


	4절 작물 이송부

	1. 이동 재배장치의 설계 기준 
	2. 이동식 재배장치의 설계

	3. 컨베이어 체인 이동식

	4. 제어장치


	5절 적재·반출장치 
	1. 설계기준

	2. 재배홈통 반입 장치 
	3. 재식홈통 반출장치 

	6절 배양액 공급 및 회수장치

	1. 배양액 공급장치

	2. 제어장치

	3. 배양액 공급라인
	4. 배양액 회수장치

	7절 성능시험

	1. 이동식 재배장치의 이송성능시험

	2. 재배홈통의 간격조절성
	3. 센서 및 전자클러치 독성시험

	4. 배양액 공급시험

	5. 재배를 통한 성능평가


	8절 결론


	4장 수확기 및 선별·포장기 개발 
	1절 서언

	2절 관련
기술 동향
	1. 수확기
	2. 선별기

	3. 포장기

	3절 수확기

	1. 그리퍼

	2. 잎부상장치
	3. 재식판 반입장치
	4. 수확기
	5. 제어장치


	4절 기계시각시스템 개발

	1. 영상처리 장치

	2. 조명 장치
	3. 컨베이어

	4. 기계시각 시스템의 측도설정


	5절 최적 선별 알고리즘 개발

	1. 상추의 선별인자

	2. 상추의 특성분석

	3. 중량예측 모델

	4. 최적 선별 알고리즘


	6절 선별·포장기 개발 
	1. 현행 상추 표준 출하규격 조사

	2. 포장기

	7절 성능평가

	1. 수확기
	2. 영상의 크기별 선별 능률 비교


	8절 결론


	5장 종합화

	1절 시스템 통합 
	1. 이식·보식기 
	2. 작물 이동식 재배장치

	3. 수확 및 선별·포장기 
	4. 시스템 통합

	2절 제어 장치 
	3절 결론

	참고문헌



