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SUMMARY

I. Title
Development of Melon Cultivation and Harvesting System Using Tele-operative

Automation and Information Technology

II. Objectives and necessity

There have been many research and development activities to automate greenhouse
operations efficiently. So far, most of automatic control systems have been focused on
maintaining proper growth environment to the plants in a greenhouse such as moisture,
temperature, CO,, and nutrients. In addition, automatic pesticide application system (not site
specific) and automatic sorting of post-harvest products have been widely developed.
However, most tasks that require delicate handling such as pruning and thinning out
superfluous flowers and fruits, harvesting, stem induction etc. still remain to be automated.
Some efforts have been made to automate harvest operation but only showed the feasibility
of application through limited experiments. They had still practical problems to be solved in

implementing to the real field operation.

Major bottlenecks of implementing task specific robotic system in greenhouse are lack of
real time processing in task identification, too much complex system for farmers to handle,
technical difficulties in adapting the system to variable and unstructured task environment,
lack of the robustness of the system, and complexity of the system maintenance.
Furthermore, the required system cost is too high and on the other hand, machine or system
operating time for an individual task is too short compared to the overall growth period of
each plant. Overcoming above deficiencies in usual approach toward greenhouse automation

was main motivation of this research.

_‘IO_



A tele-operative robotic system, which is a new concept of automation for bio-production,
has been proposed to solve most of the obstacles mentioned above while maximizing system
operation time and reducing total system investment. In this research, as a representative
plant of weighted fruit bearing vegetables, melon was chosen to implement and realize the

proposed system.

Greenhouse cultivation often requires high cost of facility investment. Because of that, the
density of planting is high and a precise control of plant growth environment such as
atmosphere and nutrition is usually being exercised. It is known to be desirable to maintain
the greenhouse as a closed space separated from outside to prevent bad insects and diseases
from migration. Besides, the optimum atmosphere to plants is usually not good for human

health because of the excessive CO,.

In Korea, these days differently from 1970s and 1980s, the issue of environment preservation
spreads over the nation. Researches and developments on organic farming, environment
friendly cultivation, and precision farming have widely spread out and actively performed.
Therefore, it is highly required to minimize the application of chemical pesticide and
fertilizer. The proposed multi-functional robotic system should cope with not only above
problems efficiently but also quality maximization and improvement of overall production

rate.

In reality, automating greenhouse cultivation often requires real time information processing
such as job environment recognition including object identification, adaptive
decision-making, etc. There have been many research efforts to substitute those human
functions and to change mode of plant cultivation. So far, however, it is still far from the
success especially for tasks under unstructured environment. Moreover, producing

agricultural products such as fruits, vegetables, and crops requires many diverse processes,



which require various kinds of machines to automate each process. Compared with humans'
versatility, those machines have been developed for the individual process with specialized
function. These may help to automate each process successfully to some degree but resulted

into the increase of the total production cost and decrease of the machine operation time.

Main purpose of this research was developing a newly concept machine or system
which can solve efficiently most of the obstacles mentioned above in automating
greenhouse plant production process, while maximizing system operation time and

reducing total system investment.

According to the previously mentioned necessities, the final goal of the research was
set up as following:
Final Goal: Development of Melon Cultivation and Harvesting Tele-Robot
System Using Tele-Operative Automation and Information
Technology
Considering greenhouse adaptation of machinery, machine operating efficiency,
economical efficiency, and feasibility of commercialization, sub-categories of research

targets were set up as following.

1. Through the development of modular type tools, system should adapt to
various tasks resulting into the improvement of machine operation time, reduction
of the system cost required for individual task automation, and improvement of

the task efficiency.

2. Developed system should be environment friendly, while keeping farmer or

operator off the cultivation site and introducing site-specific precision application

of pesticide or fertilizer including water.
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3. System should adopt the tele-operative concept through developing wireless
remote control of the system, data and signal communication, and operator

friendly man-machine control interface.

4. System should be capable of collecting plant growth data for future
establishment of plant growth model via processing size, color, and 3D location
of melon resulting into farm profit increase and production of high value added

watermelon.

5. Via developed innovative technology and introducing high end technology to
agriculture from this research, research results should improve the competitiveness
of Korean technology in agricultural machinery and promote the export of

system and technology.

III. Research content and scope

Content and scope of research and development of this project are as following:

1. Since melon is high value added vegetable, melon was chosen as a
representative fruit bearing vegetables in this research. Through this research,
modular type Multi-task Tele-robotic system for vertically grown melon cultivation
and harvest is developed. And technology related to peripherals and system

element required to develop the proposed system are also studied.
2. Modular type unit system such as drive controller, wireless remote data
transmission, image acquisition device and so on including end-tool exchanger are

developed.

3. This project pursues developing system which can be applied to the greenhouse

_13_



while satisfying the needs of economical efficiency and functionality of machine
to perform various cultivation tasks including harvest successfully. The goal is not
limited to the acquisition of laboratory level technology but aims to develop the
practical multi-purpose high end system which utilizes frontier technologies such
as recognition and decision finding technology under variable environment and
tele-operative task command and data communication technology. Following shows

brief but overall sub contents of this research.

A. Characteristics of individual tasks such as cultivation, harvest, and loading is
analyzed. Functional specification of machine to be developed such as
workspace, load capacity, motion trajectory, dynamic characteristics, operating
speed, required power, and maneuverability are set up based on the defined

job function. Driving source and mechanism are selected and built.

B. Mobile tele-robot loaded with hybrid parallel axes type robotic manipulator,
transport device, power transmission device, kinematic structure, power drive
and control mechanism is developed based on the machine function

determined from task specification, manipulability, and endurance.

C. Design and building task command control unit, driving hardware and control
software, touch pad based remote control system and interface unit are
performed. Software module for an individual task is developed.

D. Wireless remote image acquisition system is built and local image processing
algorithm is developed. Wireless remote data and control signal transmission

unit is built with remote driving system.

E. Modular type detachable various end-grippers for each task such as harvest,

_14_



pesticide, stem cutting, watering, and pruning are designed and built.

F. Stereo vision system for extracting 3D coordinate of object were developed.

G. Performance and field adaptability test of the developed system for individual

task and modification is done.

IV. Results and Suggestion

In this research, tele-operative system automation, which is a new concept of
automation for bio-production was proposed and prototype of a multi-purpose modular
type tele-robotic system for melon cultivation and harvest was developed. The
proposed system showed practical and feasible way of automation for the volatile
bio-production process. Based on the tele-robotic concept, task environment
recognition with melon identification was performed using computer vision system.
Processing an outdoor camera image to extract some useful information is very
difficult and requires heavy computing because of the light variation, complexity of
the background and so on. The environment sensitivity was a key barrier to robotize
the field operations in bio-production. A man-machine interactive hybrid
decision-making, system drive control with wireless task command control, and
wireless data and signal transmission, which utilized a concept of tele-operation was
developed to overcome limitations in recognizing the complex and variable

environment while improving robustness of machine operation.

Following shows summary of results obtained from this research.

1. Mechanization research on integrated systematic cultivation of melon grown

vertically was performed, which allows practicability, labor saving, production

efficiency, and economical efficiency.
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2. Local image processing which overcomes variation of natural light in object

recognition and job execution.

3. Touch screen based man-machine interface was developed. Software modules for
task teaching, task type and space specification, system set up, and graphic user

interface were developed.

4. Distributed control scheme was introduced to trace target object precisely and

stereo vision system was built and tested for target recognition.

5. Mechanical and electro-electrical interfaces for the modular type detachable end
tools were designed and developed. Modular end-tools for various tasks such as
pesticide, fertilizing, weeding, pruning, turning, and harvest with stem cutting

were developed.

6. Hardware and software module for remote wireless data and signal transmission,

communication protocol, system control module were developed.

7. A hybrid parallel axes type robotic manipulator was built and tested. Robot
manipulator was mounted on robotic mobile vehicle which moves on the rail
and off the rail. Each unit of system was controlled through remote command
control, which is specified by user and transmitted via radio communication.
Through individual remote task operation, function of the system and field

adaptability were tested.

Major deficiencies of current automation scheme including various robots for

bio-production include the lack of task adaptability and real time processing, low job

_16_



performance for diverse tasks, and the lack of robustness of task results, high system
cost, failure of the credit from the operator, and so on. This paper proposed a
scheme that could solve the current limitation of task abilities of conventional
computer controlled automatic system. The proposed scheme is the man-machine
hybrid automation via tele-operation which can handle various bio-production
processes. And it was classified into two categories. One category was the efficient
task sharing between operator and CCRM(computer controlled robotic machine). The

other was the efficient interface between operator and CCRM.

As an interface system between operator and CCRM, a touch pad screen mounted
on the monitor and remotely captured imaging system were used. Object indication
was done by the operator's finger touch to the captured image using the touch pad
screen. A certain size of local image processing area was specified after the touch
was made. And image processing was performed with the specified local area to
extract desired features of the object. An MS Windows based interface software was
developed using Visual Basic and C++6.0. The software was developed with four
modules such as remote image acquisition module, task command module, local

image processing module and 3D coordinate extraction module.

In this project, tele-operative mobile base was developed in order to automate cultivation of
melon in greenhouse. The developed system was composed of four major modules such as
wireless remote monitoring and task control module, wireless remote image acquisition and
data transmission module, two wheel mobile base system equipped with rail guide roller, and
hybrid robotic arm mounted on the mobile vehicle base. And a detachable melon transport

module was also developed.

A mobile base was driven via guided wheel on the rail for the straight traveling section. The

visual tag was utilized for the precise repetitive stop at the specified position on the track.

_17_



The mobile base was driven along the ground tape for the curved traveling section at the end
of track. A wireless stereo image acquisition system whose camera position was controlled

via wireless was mounted to identify three- dimensional coordinates of a target object.

A color camera was used for the recognition of the status of the melon such as size, shape,
and defects. The system was operated through the graphic user interface using touch screen
monitor and wireless data communication among operator, computer, and machine. The
developed system will be utilized to automate most of handling tasks required for melon

cultivation such as pruning, watering, fertilizing, pesticide application, and harvest.

Developed system showed the feasibility of real time processing, robust and precise
object identification, and adaptability of various job and environments through selected
sample tasks. Researches related to plant science such as growth modeling, building
spatio-temporal plant growth database, and quantitative monitoring of plant growth
state are highly recommended utilizing the developed system. For further research, it
is required to have a performance test and end-tool modification according to the
continuous greenhouse site experimentation research in order to commercialize the

developed system.
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(Ag - Ap V)X +(Ap Ap V)Y +(Ay A V)Zi=V,— Ay

= CY4XZ'+CYsYl'+CYGZZ‘ = 1Ty
——————————————————————————————————————————— 2 (3-20)

ol JmmTEH o] EF AdolAe] shvle} 20] WaA L

(By-By U)X+ (Byy-By U)Y,;+(Bj3-By U)Z;= U;— By,
= [Xi T Y +BZ; = 13
(By - By V) X+ (By_By V)Y +(By_Byy V)Z;=V;— By

= X+ 6Y B2 = 1y

ffffffffffffffffffffffffffffffffffffffffffff 2 (3-21)
oltt. 4 (3-200% A (3-2D)& ¥E= FHeA
ay ap aj X, 0
21’34 Z)S Z)a <Y, | = | ™
1 P2 P3 7. L2 A (3-
By Bs Bs l Ty 5 322
l ll I
A W C
olAS sl FAsH, AxW = C ot}
of Aol ox} YA 7w
W ={(ATxA) "t x AT} x C-—mmmmmmmm 2] (3-23)

S e dede A W Hxe WO 7 ZhHige] #El U, VA
stagte SAse]l A 3-23)° HdderA 7 5 dn ol fs T
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A8 & Aol AXstd A CCDE @A AZH Gl FalA =t o]
u wy GAAE s AdAe] 13H A W2 WA B aAde] s
W GAAeel o8 WEe oA FFo FA Al Ay FAE
AASA Ha, o9k T 2HHLMAS T A9t WEIe] AR
T FEHch ¥y CCDE%E PULNIX Aol TMC-7 7wl bzt ARS-=dar, -
H#e vAE 22 Videre Design Al STH-V3 interlaced "
onA Fhvets Abgsgith o] CCD Zhulghs 7 79l CCD7F & EAlol 3
ol PR 36mm W= F NE ARSI, F ol d=E FE 4] e
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2) 94 A AFE
etz rE g
IBM PC %33 e

Hel Fo A2 tE

<E 3-4> 9PAe AFE Y

R 2 g
Type IBM 586 PC
CPU Pentium IV 2.0 GHz (intel)
RAM 256 MB
0/S windows 2000 (Microsoft)
Programming . it
Visual C
Language

3z 1

Fhu|Eoll A Hiol =9l old 2 JHAARE UxE HHZE WH3ls
gt AR 2 B AFo A= MATROX AFe] Meteor-II A&

sttt v e 2zl

el o] Apekoltt.

<¥ 3-5> MATROX Meteor— I Z# & 121

Bus type

PCI

Signal

NTSC, PAL, RS—179, CCIR

Input channel

12 analog video input and trigger

Image buffer size

4 MB

Power outlet

5o0r 12 V DC

0S

Windows 98/NT/2000
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4 2TEOE olgd ANt 94 FYste FAL gA2AY ]
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2 AZEYO 9 Ay
& ATl e 3k ARE 4] AT AF AAd 2ZEYE A=
g, |94 v &a e AxgS e T 8 A5 Axddl i mAgy
& A3 olE Vo R §te] FhHel AHA) g 3 #ux 54
= dadES AMEedn o] dauglae AA Y5, oA, At 34

A 7)E AEAZY W 5o 4BAZ FEIAT
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o
3
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% 3-3-9. G BHALE AT EYo

a9 3395 2He WAL o] &% 349 A A5 AzEd oo 2]
griolth X Aol aPelA e Qele +8 FHE AusA Hu
Aejloln HEel Aq G4 Pelste] o Ash, MM AU AN FAD +

ool FAHEES 2 dv 2 5 2 S iR 2A x, vy, z FEE 33
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a9 3-112 oA 3}, A3t S AA 3 HAx FET shdolth

% 3-3-11. 32 AR 54 Ay gd

KB

otgle] 19 3-3-12% 2HHQ HHS o] &3 339 AR F
Zo 3k A o)t}

e
il
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A AE FD| 8

olnIx e s (2524

Ol XI 3t Al & &t
(CENTER POINT &t &)
Jtoiet oS
OlDIT &S (5S4

Ol X 3t Al & 3t
(CENTER POINT & &)

X.,Y,Z B E &
DISPLAY

Jtoiet oS
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ojw] & 9lE Aot AAl x, vy ARE ¢ Ae + F FHI Ae
4 2AHEE Fate]l 3ad RAARE Jhvlet d=2RE 530mmA-E 1,030mm7t
A& 100mmA F7HAI 71 S g538ka, JF9 o] 40mm, 80mm, 120mm
ojFatH IEHE o] o HE HEY JAFRY VE HAAAY HEE F
ot g ols Agd BAAS A&t Al="9] JhHe Hx As PEgh
= Tetdvh 2o 9o #x Aol de AEE o|&ste] A BRFES
Fegst o, AAl Fxg ALk FHEgkd vaskleh

O

obelel BAgre AW ol Qe sAvieke] wAgelt

—13.2050 0.2240  6.0584 329.09656
P = [ 2238 —13.5145 4.5524 239.0965}

Camera 1 0005 0.0006 0.0190 1.0
920.9129 —1.2480 —10.3199 —506.8957
. , P = l0.8508 19.7546  —7.9804 395.4855]
amera 0.0025 —0.0040 —0.0326 1.0
—33.6446 0.3939 16.5154 3182.9530
. , P = [ 1757  —35.8541 12.6212 203.6020}
amera 0018 0.0009 0.0524 1.0
—46.8242  1.7471 21.8443 5722.2133
. L P= [ 0.6293 —45.5356 16.7585 63.8888}
amera 0.0054 0.0041  0.1688 1.0
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<¥ 3-6> Zlvlgt A Ak v

Node | Original coordinate Computed coordinate
X Y 7 X Y 7
1 50 =75 530 50.007765 | —=75.07791 | 530.45471
2 =50 50 630 —52.40182 | 50.917021 | 639.06933
3 —-25 —-25 730 —24.9993 | —24.9552 | 729.01952
4 75 75 830 75.054372 | 74.800143 | 829.53916
5 —-100 —-50 930 —98.63514 | —49.72315 | 924.55307
6 100 —-25 1030 99.821667 | —25.19822 | 1038.2456
uh =3 ggAe As
SH9-2~ oA HEe] JAE g55ta, 53 GAodA 2GR wAE
Foto]l I8 G4 A g ES S Y. fdew S 535
skl 34 Azl Az 5 ~ 10 m Abole] Aol Avlekel 24 GHzel
A G F4 BEE AT 9 A Ala"EE FA 9 o4 By 2
ddzgy, 2383 LCD EYHE &3 Had AFHZ 75 7]
g2ZEYH FAoR FAHEE A4S 7T 7 JA AT agla gaEd ol
HE gAS d55te BEW A («BMP)O2 AR, AFH GAS 3o
=93ttt ddHEE T8 st 19 3-3-13% & Z2a9S AFESE
Atk o] =2 o] &3t AR AR GAES g55te] AT 5 9
o U)o AEHolAE AAste WE Ao #HE HAPFES 7 T
A, At Fedd AdE 3 5 vk 19 3-3-13 JAe §)
2ol A Ay CCD 7HetE ol &3t g 53 ddAe 2y Ao W o
o2 640x480 stAe AVE ZET
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des A 5 A= spglen] g9 Al A gt dejm WA, A

o9& 24T 5 =S sk ddAE 9oL v A%E
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P, v) | Definition area

w200 pixel
P ¥

"

200 pixel

(639, 479)

% 3-3-14. =5 FFAY oid 99

a7 3-3-15. =5 &AE W Y
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HAgA Wezes SA4 Wl o] F2 4 X(Gmpulse) &S A 718t

T oolf Ul sae) WA RS gom HiAskE Aol ohve ol Fu
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of tha Af¥E wilel vk
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Prewitt, Roberts, Laplacian d4tA}E0] dnbd oz ALgHT 2 AFo= ¢
Ao st ZEHA A s
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Atk oA AA HE Al FxHe w2 FaFde] s oA #E AL
A 0] ES o] §3hvl, Laplacian 94hAbe 23 vlRgk
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Il ochakabor AntenTa
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Modakiter Z4GHz
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L |
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—— i FACAL | s LAY |
"-:"I arptaun —
Wides : |‘-"""

Tx Maln

2) 44171 (Receiver)

a9 3-3-279 ATV FA1719 WE7](Modulator) € WFHZRE QD &
Z7](Demodulator) & ©]-&3le] FAIH 2402 NIZE Gy SAANETE B3
o 2 A WA AQEUREE FAE 240H ] 2 E st 15 F
% 9 dHE A § PLL 2 VCOE &F3dte] T35 715 95l 53l A
IF/7| g o2 Fa4E WeFe T 53 W3 9 Mixer) 5 &304
AdE Yok oldg WS 73 H 2Tl (Super Heterodyne) w2 o] 2 il
gt o o® Ex7|E TalA T3t FI35AF: Intermediate frequency)E 9
ANzot eANTE Bxan, 1 A5A 714235 (Base band signal) & 4
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21 Recever (420
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= | B2 < 1 » = |
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R

SHETiel 240t A4S FA A4S/ 9% Asgo R RF-Korearte] A
O~

o ¥ 3-8 P,

S AREsEATh $417]1= RTS-11201aL, 7417l RRS-21201th 8 54

<E 38> T oy e 54

Output Level 10mW 44l Level [—85 dBm
Fa gy 2.410~2.470GHz |94 =4 1 Volt p—p
Mz a2 FM(Video/Audio) |4 &9 1 Volt p—p
G o= 1 Volt p—p 72 (Noise) |3.5dB
=4 99 1 Volt p—p =8 A9 |DC12V 500mA
G493 Impedance |75 ohms ZH] AE Approx 4.8W
549 = Impedance |600 ohms
4 Hd DC 9V 700mA
Zn] AE Approx 4.8W
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Moving vihicle

Wz A AdadA e FAE st wiyEd ol Thtk sk 10 kg o]

MEe o] 443 el 2 ol mo] Il 2R LA Ae glenw 7}

W sEel d@ e meskd Pobw T Fel MBAL YT A 9
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of o8l WalE W 5 Yon, A5E olf AFEES ztolof sjnl, mwulHe A A
A aH7E ol A e A7 1 aolstolny ulg Amd AA A7t s o)
YEedolg/l dasi,

wEe WelF WAl A W o] Awkrel thaie] WAAo] Hstelor k.

olgfgk A ¥ 3-4-20014 y WFoEE= WE Fold AAE AT F lojof skt

yay)

A}
2}

Aol oI BHAA AALAA WA AsHEE 5 W 2 WF

=]
=3 g1 7hEsi.

o,

A
oft

k

flo

=
K2

End-effector

manipulator

Moving vihicle

TF 3-4-2 A Aglel Bad A4 3

ol APz WHFATV] A 2 Aol AT wiyELolEe A

D 10 kg o7& =2 7kt st5 2 Ak M9l 1 molle] ARES 7HA )

o =21-=

2) ol ZhA ek 22 Fel=el oa) Hxuidel Fehy] oy g-2E <o
=

6 A= o] AHEE &

=5 Fgol shelok it

facs
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9 AeRe By A% FAE @A Fiee G2 48 Fa A

% shofof g},

7k B E wjyEdolee] A 9 Azt
D ¥4 wjuEeely e A4

dvtxow WH wiyEdoelHe A stdel g H = #lo]X(base), 2o
ol Fof o] Bl (linear actuator), =HAZ(platform)C. & TAH F Yol HFoo]E
o] Zolwigol] wet FFe] AAZE WE o] end-effectors F2Y + 9
3k base¢t platform> UnFH oz dFo] Hyo =z FAEEE platformol] Th
52490 A4S 913 end-effectors H-2 9 uwA|dte] AFEE 4 QT

He wjyEdolge] ojAel A/%=(DOF, Degrees Of Freedom): # Y o]
HFololg o] & om Grubler®] 2ol oal] th53} zEo] A4kgct,

F=i(n—j-D +3i— f,

W A

£
=
@
=]
o
;.l.-
3
(0]
(@]
o
QO
=
wn
3
L
L
ol
ol
rr
o

n:adE 9aE 29 9a

fi ¢ FE {9 9] F&HE AN %5 AFE(degrees of relative
motion)
f, © 3% A E(passive degrees of freedom)
W o EdolEE AfEe] we 3429 634, Pl ool ol E el
% gelel weh ole gElm uel AU gEHor ¥ 3-9% e e

X2
nt
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<& 3-9> WE viyE ol o] 37k FE WL

Type Rotary Stewart Platform Fixed linear
output force small large large
actuator location basement moving part basement
moving mass small large small
speed very fast fast fast
rigidity poor good good
workspace large small large
structure simple&compact largzaizving large basement

o3t EAS mHdte E Ao Z 7hE 9 A S HEHT kAo e
stewart-platforme] HE|E AAT A o]F 7jHlo g dlo] Aojo] fojal L

Tx9 dedE Y 3AFEY stewart- platform YU E#H o6 S A A stk

2) 3AF% stewart-platform v & o] €
122 gy HE wjyE ooty 18 3-4-304 KB Hlel o] 3AFH:
°of WE wjuEdeolH= 3 JHe AFeolH7E AA st FERE o] FolA 9lof
AzoolE el o] Wate] uwet AFEe AAE AL F Ak AREE AA
A& Sl gyl dgFololE et ZHEF Alel= 3 EQlE(Revolute joint)&

olgste] AAsHown, AFoolE 9 o] Alo]= E-AZl(ball-socket) 391

1% 3-4-4¥ CAD Tool¢l Solid EdgeE o] &3t AAS EFolth AA A
g Mg wUEdolge] RES 18 3-4-50 Ve S
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platfornl

!

a9 3-4-3. 3= HE myEgolge X

N

N

base

Platform

Universal Joint

Linear Actuator

Spherical Joint

% 3-4-4. 3AGE #HE vjUE oy AA
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a9 3-4-5. 3#x% HE wUEdgoly

3) 64+ = stewart-platform ¥ v E o] €

M 3afE BE WyEdelHE AfEe] FHox Wi zgdd I
g FEe AAws 2 e AE F AT wEkA olE e EAHES
A7) A 6= ¥E vigEd ol & AAst 6a4F2e] HE iy
golH = 32 HE mjuEdelH et v AR 2QAES yo] ool
o] AAwAe] wet o7 FeEjR o] WUk AL basest platformel] A
AxE 2UAEQ Fo wel 6-6, 6-3, 3-39] Wo] glom @I AREEH: joint
o] F5ol wek SPS, SPRSE o2 7HA dej7h ok & Aol s Adeit

fo

u:&
of
2

el

S 1838t o] 6-6 SPS(spherical, prismatic, spherical) 3@ iU & oy WaS
ol-&3ttt vy & lH Y JHE At F wjyEd oIy o ¥ parameters

W3tAA 7} inverse kinematicsE o] &3t 7] 783 workspace simulations
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O Ay AgEe FEWgoe R 35em, 402 15cm]

AARsI Y. 18 3-4-6€ matlab 5.3&

<3 3-10> WHE viyEd ey e AAAIA

o

BH 3§
=9

o

k

o

1}

¥ 3-10°4 YeEH AAHTH FHF parameterE

0] &3} workspace simulation 2 ¥}o]t},

Parameter Value
diameter of base(mm) 400
diameter of platform(mm) 300
stroke of linear actuator(mm) 200
angle between near linear actuator(degree) 30
and. bl
A e
j:l_'l ; .é-' H - -i..\_
0.t H
o ; I i
T s i .
.{:H-"“-'. e 5 : yoo T -3
: e g g X0
1 . S _ " iy il
ot s _!____,—r - (1]
b1 | R
- A0

Y 3-4-6. A F7E B

oA AAE AAJAE o]
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f3le] 19 83 o] 6-6 SPS #H#E vjyFd o]
HE AAs9 2™ spherical joints Ab&3te] platform¥} #yeo] HF
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SEEET

WuEdelHe AHE ¥ AT o7

EasyCat 33 series(S.KF. A}, Sweden)&

AHg-5h5 0.0

CE I

spherical

o} Fpofl o] Bl =

joint+

SRJ-008C(Hephaist A}, Japan)& AF&3tth. 3 3-113 3% 3-12+ 1 Al dojr}.

<3 3-11> Yo dFoolH e Y

Size 33
Stroke(mm) 200
Front Attachment Gl
Motors C12C
Linear Speed(mm/sec.) 20—24
Max. dynamic load(N) 2000
Gear 2
<3 3-12> Spherical rolling joint2] A<
Angle of swing +45°
Basic dynamic load rating 490N
Basic static load rating 540N
Accuracy +2.5um

19 3-4-7. Spherical Rolling

Joint

ojs} o] AAste] 62k WHE iy EHIHE AA Azt vy &
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olH 9] FAE ¥ 3sle] platform, base 2 A4 8-S 4FHFES ARSI A
2z} vt

19 3-4-82 CAD Tool?l Solid EdgeE o] &3t A BFojt), AA A
zZte BE mjyEeely e Rags 17 3-4-90 LEW A

a9 3-4-8. 6= HE vy Edoly AAx
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a3 3-4-9. 64 = H
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dlolele] A7 @ A%

dolg o FZEo]lE lats linkel end-effector
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o] AC servo motoro] 9|3 s}
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nd-effector link

Gear Last link attached to

arallel manipulaotr

a9 3-4-10. AE vy EeolE e 7 x

Rael % Al FAAEE S Roto] O RYRWES nels
=

o] Z&7le] HlE HAASAY last 2JAES] &0 W] N2 2 3-24

It

>~

RERSRS

JL 2] 3-24

of o #ARMEE 17 3-4-11¢ =49 whe} o] 7t AR E-]

-
1l

A AFS ol &ste] 4 3-259 WHeR il
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rMelan

r gripper

rlmszstem
r

motor

7

Jjoin

Imsystem

M

end —effector

% 3-4-11. Last 2 E9 #A mHlE Al

Jr = f:zrzdm

1

2 3-25
_ 2 2 -
= 7 Melon M Melon +7r gripperM gripper

2 2 2
+ 7 lmsystemM Imsystem +r matorM mator+ 7 jaintM Jjoint

2 AFA Last ZJNEZFEH IARWUE FHA7MX9 Ag = AutocadE

gatol Faglon, age 279

A 4] Fagnh Tz AF A
.

<E 3-13> A FAeR FEe 2JE TATA S Aot

g ZA7A A= E 3-139 UE

32

Melon | Gripper|Linear motion system| Motor | Joint
Mass (kg) 3 2.36 1.36 1.60 0.34
Length
0.45 0.41 0.16 0.09 0.04
(m)

Jr =3%0.45%+2.36x0.41 *4+1.36%0.16 *+1.60x0.09 4 0.34x0.04 *
=1.05kg - m’
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A A3 AAE AC AKX EE AYLS T 63 2k

<3 3-14> Last ZRIE] AF&H AC AH RHO| A<

Manufacturer Panasonic, Japan
Model MSMO022A1E
Servo Driver MSDO023A1XXV
Rated Power 0.2 kW
Rated Torque 1.91 Nm
Inertia 0.94x10™* kgem

T 1.05
N= =\/ 2 =105
Jr 0.94x10 *

AARE AC AREE Ho 7&7)0] HlE= 301022, 7+&7]o] H[E 105 ©]
dom dt7] gl AErIele FHFe] 41 vlejE FASAYL 219 3-4-12=
Az A Gy EH ol e KFoltt

AC =erwo motar
—_

a9 3-4-12. AFE FE vy Egoely
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o} stolBE = wjyEF ol o] AA 2
D stelBE = wjyFEeolEl 1A A=Y
A WE vy EYolE 9 wol2g A wyFEgolHe] Adie nAste] 19

3-4-133} 7ro] ol = wiyFEdolE 1A A Z7|E A ZeAtt

a9 3-4-13. Azte stolB = vy & olE 14 A2

EelolE 9 detel] 2kgH

UEdoly e Fat 4 ke sl

4z
_orL
il
ofN
N
>
Y
N
=)
o0
N
1)}
X
N
1)
i
=
i
6
)
o,
o,
fo,
N
L
=
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a9 3-4-14. Wiy EgolE ot 4 Bt

a2 A 37 3-4-159% 169X AT Felrh kgl whel WE vy EolE e 1 E
uEgely 2% £xo Azt yehytoy Ad mjyEdole e Agols 1 %ol

Ak A AZZe] o= WE, AE viyEdoly X% %

JHE 9A oAt Bk AYE ndth ot W wWuEdcle] S4% 4
shaol Aol Ak, £3 sEol may PAol REF Aol Yelolth. B A v
Felolele] 4%, 7hnatFol skg o4 A% Aol g% JFoz Aol T + YU

t} o8 e A= Besly] Ya A 23 A FA2 Auteedg
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Load test for the parallel manipulator
s -
;
6 I
£
z 4 r
, L
Lk
0
0 2 3 4 5 6 7 8
Load(kg)
a9 3-4-15. B4 vy EdelHe 35 Alg AR
Load test for serial manipulator
6
5 - . .
=
% 3
)
Z
1
0
0 1 2 3 4 5 6 7 8
Load(kg)
7% 3-4-16. 4 WU EdolE Y 5 A Az
<E 315> sk TR S1A Al 4k
Manipulator ) i )
Parallel manipulator Serial manipulator
Load
no load 1.5mm -0.3mm
2kg 1.8mm +0.2mm
4kg 1.7mm -0.4mm
bkg 1.6mm -0.1lmm
8kg 2.1mm -0.2mm
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2) Srolual= WU Eeloly 24 A%

wE miyEdeold el FAdS A s, AE wiyEdelE e 3 &

ol7] ¢13f L9 4ol YERA wpe} o] HE wiUEHelE = wolx I %

A]

o

KeX
=

N

[

Est HF XJE Aol WE wjyEHoHE FHo® Ao 22 AFTE

Azsdth. AC ME EZHE ol&ste] W¥E vivEdolHE 37| Hlolx

37 2JAEE 17 3-4-179] HERHSAT

R

7fE shol B g

Gase | rame of
porel lal
wan ipu lator

= i R -l

SR S

. SEMYD MOTOF

a9 3-4-17. 2 wjyEelHE
3]AAI717] SAjE w2 3 £E

= ogel me 40 PRE WAE S donE UUd 492 54

sl 2 A ubae e Fass 49 delu st 2e ol ol
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2 Sl el 374e] sldwAdt 1] vind #dS hAE AE vy Ed el
o) 27be} wiyEeolEeb AR e TR 3-4-18¥ e ~7hEE sholn

g vjyEdolHE #AdE ¢ gl

dified parallel maripukston

Baze ioink

% 3-4-18. SCARA type sto]lB = wj & olH

3d BEI x Foll A 2709 d ddE FAE PUMA 223 {FARE

dolg= 42 & Utk

el

z°] 1§ 3-4-199F 2 PUMAE slolB = nijy
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‘e fal ot

L
Bl maneulator

Froesition sarso

& P joink

19 3-4-19. A PUMA type stolBg]= wju & o] H

=

2. e g 4
AT A4 FEE 4w FAe A4 NEe e 2
D) mEe] S8 Ao WeEel oYL 4 Golof wl,
) Aol gA sbsalop @,
W Weel 2718 TAYeR Adaol )

®h BE FE2 G ¥Ho] Fsaop Fth.

D 12 2127

Edan(1991)2 23S F3lo] W&o sBAAFTES A, 4" a4
P AEYolA i 2 Az W2 yx Hd

g P42 v-v notchehal vk wekA 2 Aol %= v-v notch &Fo= 4

2o agy = AAsA
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L

19 3-4-20. V-V notch type
gripper.

a8 v-v notch & @ HE 28 3-4-2104] BE nle} o] WR2o =7

Wstel] wel HEwe] G ng A HFHo AME FRse] HFHoA

aelsel RAEe 4] oAe TAL Qov, FHN FHom Wil
AgsHE 49 Wee] YEvelA nAYvon WEe FAdcl Hue Ve
S5 98 2 Pol WaA ek
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Finger

IdN pulley
Linear motion bearing

19 3-4-25. fingerd] #E¢
wWZol ux| Ao Ha3k HAE A BEaE 7R AHRHE AAE7] 9

a9 3-4-2637} o] a7y Ao Ut AF=A =(free body diagram)E 1

0 mdY s
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h NTx

Linear motio

n i

FM:

L(sinf ;—pcos8;)— Mg

mg
3r(sinf ,+ p scos b ,) 2l 3-26
A7IAM, p B 7rol= mkE AS(0.02)

pypt BEI FA Aol o] wpEAS

¥ 3-4-27¥ 2e gutHEe B ~3F A xdel BE B A

=
1>
rlo

>

3-273 2ot
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Il otor

Reducer

p Tl

B all sclrelw

e
Fub
T1="GCgm + T 4 3-27

A7IM, G A&
p o =UARE S A] (im)
&%
Tp: =vrte] vpd =4
ppel o7t 9 FAE & vk AR F R Fi 2R E B9l ek
A% 1000 g~3500 g7kA Aol S sy daks 17 3-4-28¢] YERd
ot Al EH ol Aol Al Hi= nheh o] AwFe] 2000

g
20000 g o< S Zhalortt wheba WEo] IFHES dexid.
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Y 3-4-28 WES Y] A3 BLF I
WeEe] WIS BosNA %] A 2URE] JH EAE o] g5l HA A
2EH R FQe3 Eds 1Y

of e e ek @
3-4-29¢ FER AT

AA a7 9o Bew w2
B ool Ne

R

a9 3-4-29. HES
3 kg-cme EA7F Dasic) upelA

oF
=

3500 gol A A+

AAEA7} 21kg - cm$l 5
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3) 33 A&

23h AAAE AR e olelgom WES wWAsE PR 244 UL
Agaesl el FAZ wol sk wAo] AT ok WEL AA e
22 A3 gYstel AFeA A4 F Ao AE 4P dF Al ohd
Ae Aol we o] =i wie] Jrk 2 FAS AP Fol7] 9

C=E Aztste] 32 Al=71E Az skt Al&tE 33

:‘?‘é
.
L)
=
5=)
N,
z
S
o
=

9 3-4-30. BE = FA 32 AE

N

| 4

un)

2o A7)

Z7E T 29go= A

2L

| =+

4) = &

a%)
o

e
o3 A AAgle]l v ¥ A
180~0°¢1 RC servo motorell ZHeS FRHelo] ALRE It 19 3-4-31¢] A4

H Cuttere] 7S YEe ST

S
£}

A= 29y FFel FFREL 29

271 dds A% 7"= Ad ZE 2ol

i
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a9 3-4-31 £7] A A =

71492 98 8T5E RC AREHY Eat et 2ok 271498 9
# Ay 34 A%ERE /1992 A% 3T A9 15keelw, Ao
2o Qol( P bmolBE Z714S 918 Wad RC AnRE Hr) £2
= Oks - anolth. At E3 27248 WSS A48 RC Auneel A9

< 3% 3-16% Zrh

<3 3-16> RC AMHEEE A

Model Torque Input voltage Control signal
HS5945MG 13.2 kgcm 5V 5V pulse

A8l RC A X EE(HITEC, Korea)x= °F 180° A% WS zra 9lomn, o]
5 AEs7] fEAE Ao dE TRt 54 HAs ALK ow et ¥

t}. olw] Hx9] ON AlZte] YXZ ZAsA Hrt. BE 120mse] A7kl o &)

Ims+ 0°°] 3L 2ms+ 180° A Lol th.
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Drain
. . Regulator for
Sﬁ?mgg Diaphragm *:‘I> total pressure
Aqu pump regulation Control signal
followed by
main

controller

A
Motor
Pressure control

Regulator for
pressure [— valvue Spraying
regulation ofa || proportional to nozzle
Drain nozzle voltage

19 3-4-34. Schematic of the spraying system

==
o] d#AHA =FFHF =4

i

7]
controller2 %8 ¢

Qs mE e
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<3 3-17> UniJet nozzleo] A

Nozzle B1/4T—-SS
) 8004 —SS(Orifice diameter : 1.3mm,
Nozzle tip .
Spraying angle : 71°at 1.5kg/cm?)
Type Flat spray nozzle
Company Spraying systems, USA

T G AR N2 FANTY) A6 4 AR s

dh Wrel BE 4 QA FAS] ) 1Y 3-4-359% 2ol ool

A2 AgeolHE Agate] e AFSA FAAA £ o} BEo
E4e e RES wZ 9P GHL g/ ol F157] 99 thel

oAxql g 4 dEdelHE wE 9ol A
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2. RS-232 A 713

10

100

CONST DEVICE = R5
SET RS5232 9600
ON RECV GOSUB 100

DIM SND AS INTEGER
DIM I AS INTEGER

DIM J AS INTEGER

DIM A(15) AS BYTE
DIM ST AS STRING =* 10
DIM SPD AS INTEGER

LCDINIT

CLS

LOCATE 0,0
BUSOUT &HBO0;0

PRINT "2E HEE2] AF&FH]”

BYTEOUT 2, &HFF

I = IN@D)

IF I=0 THEN
ST = "SEND DATA”"
PUT ST
SND = 10
PUT SND

END IF

DELAY 100

GOTO 10

CLS

DELAY 100

FOR I=0 TO 12
GET A

NEXT I

IF A(0) = "@" THEN
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INVALID:

VALID:

1000

IF A(1) = "L" THEN
IF A(12) = 10 THEN

ELSE

END IF
ELSE

LOCATE 0,0
PRINT "&Hh& dlo]E F41”
FOR I=0 TO 11
LOCATE I1
PRINT CHR(A(D)
NEXT I
LOCATE 12,1
PRINT "x”
GOTO 1000
GOTO VALID

GOTO INVALID

GOTO INVALID

END IF
ELSE

GOTO INVALID
END IF

LOCATE 0,0
PRINT "#3%® dlolg 41"

BCLR
RETURN

e L
'BRAKE
I=A®
OUT 16, 1

&H30

'DIR
I=A0 -
OouT 17, 1

&H30

'PWM

SPD=0

I =A@ - &H30
SPD = SPD + I¥100
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I =A@ - &H30
SPD = SPD + Ix10
I =AW - &H30
SPD = SPD + Ixl
PWM 9, SPD, 100

250}
'BRAKE

I = A(10) - &H30
OUT 18, 1

'DIR
I=A01 - &H30
OuUT 20, I

'PWM

SPD=0

I=A®) - &H30
SPD = SPD + I¥100
I=A®6) - &H30
SPD = SPD + Ix10
I = A - &H30
SPD = SPD + Il
PWM 10, SPD, 100

RETURN
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3. 7EE EY Ao =229

#define SIZE_BUF 15

#include "at89x51.h"
#include "serial2.h”

i
777170777 71117777771777777

#define MoDirL P3_4  //left motor dir 1->A3|d 0->9 3] A
#define BreakL P3_5 //left motor break 1->stop 0->run

#define MoDirR P3.6  //right motor dir 1->A3d 0->< 3=
#define BreakR P3_7 //right motor break 1->stop 0->run

#define PwmA P3_2

/ skosk sk st sk sk sk skok sk skoskoskoskoskoskokoskokoskoskoskoskoskoskokoskok skokoskokoskoskokoskokoskok skokoskokokokokoskor skok sk

unsigned char PwmValue;

bit index;
bit RunningFlag=0;

L7177 777777777 7771177 7777

7771 07777777777771777777

int flagReceive = FALSE,
unsigned char strBuff[SIZE_BUF];
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void TIMERO(void) interrupt 1 //Elo]l® 0 <18 &

{
if (RunningFlag==1)

{

if(index==0)

{
PwmA=1,
index=1;
THO=PwmValue;

}

else

{
PwmA-=0;
index=0;
THO=255-PwmValue;

}

}

int ASCii_Detect(char text)
{
switch(text)
{
case 0x30: return(0); break;
case 0x31: return(1); break;
case 0x32: return(2); break;
case 0x33: return(3); break;
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case 0x34: return(4); break;
case 0x35: return(5); break;
case 0x36: return(6); break;
case 0x37: return(7); break;
case 0x38: return(8); break;
case 0x39: return(9); break;
default: return(0); break;

unsigned int CharTolnt(char textl,char text2,char text3)
{

int Result;

int X1;

int X10;

int X100;

X100=ASCii_Detect(textl);

Result+=X100+100;

X10=ASCii_Detect(text2);
Result+=X10%10;

X1=ASCii_Detect(text3);
Result+=X1x*1,

return(Result);

void RunMotor()
{
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if(strBuff[0]=='@" && strBuff[1]=="L’" && strBuff[2]=="R’)
{

PwmValue=CharTolnt(strBuff[3],strBuff[4] strBuff[5]);
RunningFlag=1;

MoDirL.=ASCii_Detect(strBuff[6]);
BreakL=ASCii_Detect(strBuff[7]);

MoDirR=ASCii_Detect(strBuff[8]);

BreakR=ASCii_Detect(strBuff[9]);

PutString ("%0K");

ClearBuffer(strBuff);

else if(strBuffl0]=="#' && strBuff[l]=="P’ && strBuff[2]=="1")
{

Breakl.=1,
BreakR=1;

RunningFlag=0;

PutString ("%0K");
ClearBuffer(strBuff);

else
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//PutString (strBuff);
PutString("$Error”);
RunningFlag=0;
ClearBuffer(strBuff);

void InitSystem()
{

TMOD = 0x02; //Timer0 mode2->8bit TH->TL reload
THO = 50;

//RA 273}

PwmValue=50;

index=0;

PwmA=0; //Motor Control Port init
Breakl =1,

BreakR=1,;

ETO0=1; // Timer( interrupt enable
TRO=1; // Timer0 run
EA=1; // interrupt enable

InitSerialPort();

void main(void)

{
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InitSystem();

while(1)

{
//GetString (strBuff);
GetString2();
//RunMotor();
//GetSensorSignal();

}
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150

171

192

213

234

255

276

a7

318
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7
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il
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1
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2
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3
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4
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al
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