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Development a low—cost sprayer using

autonomous traveling in the greenhouse

ol
2
i
HH
-z



AR

[}
=

12 4

2010

B4

B

s
;.Oﬁl

o
)

0

B

=
sAT

[

=

B
o
B

B4

o
=

—_

G

B4

B4



o] A

=
=

o =

k-

T

A A A w] AR A 7

|

Gl
~ ~ Mo g o 1_.
~ T o ow 0o A]e I
e];_ E, M_uu ﬂ_OI LE ~ T OE =
T & s 4L E T oo
= 5o A " T 2 =
> JF 2 zE W =
o oy > © O o JoRe T
il . | T o= it R o 0
~ B 1
% oW pe ¥ g 3T
o° R = ) o0 e = el H
e e pE LT g P e
= ﬂymo 1~_/| io X H;! 3 = m | MM
Mw ﬂﬂ%wmoj ﬂmﬂa%ﬁ.
w RS = 2w o#
LE % N s [0
< 1 {~ — o ) 14
- R ' e X
él = ﬂ_OI ol o) or HMM _w/ T ﬂ_OI nmE
~ ~ ol ﬂ % . ' ol ‘W_AH EE
o NS Mﬁ qo_mﬁ ar w Wr a m@ W
T ) N
™ " ﬁl OL \Drw! i W.AH =
3 EO :i E Coy MH ‘M (o} [)
h.mu b3 o £3 o — A T = w =
; < PELm®gT kgl
ofp %; M Ho Ho o m@_ mW W o -~
A _O . g ©
H% <] R ) mo A
) W = woB u do o= XO
~ %%#%%5%%&%5
= =y X
e p.og_,%ﬂg,_Aoﬂwﬂﬂﬂﬂ%
oo o“_yl%ﬁﬂmov_w%%ﬂ
1o sy E X ﬂAr_l oI < = HT N
G i T M= o K
EL A = ~ T = =
1r.._ OW " dﬂ X X Lf T 1Xr_| o
- E dﬂ < == ,mm.o MWL E.E o ﬂ_OI
J— — A = . a :i &O
R I o K o P ow -
X - T b g ‘X| —_ X = ©
&. i = ww . = = w w R T Ew
Y -
iw e ol o <] = M = ol B
T X dﬂ_ — X0 o o ° dn = E
i <A o ~ D Tr
E‘.M r WIT ‘nml o a 1_|L = o
} . T oow N e ®
o o o o o = ~ -
S = T s TS
j F ™98

3}t

°©

1.

(6]

o] 7}

il

°
pad

= :F']:]] _

=

]

A1

Aol



oF
10

oK

G2 S T
= B o |
= L S
0 —_ — Eu .y
3 = B = - ol
ﬁo Wla XA nme AE ‘ﬂ =0 AE ‘m_ﬂ < W 53
=| < o N o O 2 Jo — z]| ™ X W _ = o
o Y T o R o Ko X R %
o) INf b N = 3 < Bk - RO o xH %
2 w0 T ) D B ST w2 X v
~ . M - o ) i = 0 KO e~
= | o 1 ® T oW B < < oKW %O wo AR K~ m%_ = = Mo e i M
inic A - | = < 5 S S T 5 o Zw T i
B g ¥ %o Loak Ml s R g = o = w T K5 w W
El D | = WK BN TX X K R SRR - ’ Ak
= B - = o W T X < XA ~ — o =T T Jlo
W o= <] T W= K [ = W HE = & G e = To | = Mo g 7o do AT
ﬂ_xﬂ; Nd < Mo o & X z 0 <V o mwﬂ S~ = D MM o Xl ! T KA M = = T
o 52 = o TR Je g R o &N ¥ % R I ol o .
W T = gy *° - = J o ° = T -
7 Mo i PRGNS © E P T = o BT B W o
_ T H "R i o S N SO Aoy Be S W T < o ol <
| ! | wﬂ%ﬂ%ﬂﬁw@@m@ko “om T g Ww ~ N
o — Lo vo mol m i B R R I e e X XX
R < e B xﬁ%is.ﬂ%(ﬁﬂﬁ n <%
il _ T %0 [ | NEONE R R pr R S
iy m%_ m ° oy T | Lo o N Me WT ﬁu o
= = 3 I ©
W TR ) w = ;A " ) S - | *
o 2 - T i & = 1_A i < = gl 5 L
= © — =1 Gl ° - =
T o® = ML G a o _ T - K o = -
R . 8 < = T o T B T x < W P oo W
ar iy N i
S = X o oo B X o B RX Yo GG - F e T g
= = K /= < Nk ™ ° ~  — ) )R T ™ B — IR K
2 =o K- o JJo o <R - A o R
B- N o o X N = e T oF — Ho ol
A N o o 70 5o o or Bk XY o E T oy %O ;IOE
Ow.c ~< ﬁi X0 T To N :i — \WE mE ~ = = < EE UNO o HT_ m_K ;\IOE &0 X
= o 5 T w N N s = b Yo wT K e
Ko o 5K o o ™ = w X =8 Y r e N o X &0 > %o
T B T o o T G oA e S - JJo
o ’ G =7 % o PR S W e 3
(@) o o ~ Mo o om =o ofn h T E W = G % ~ M
0 CRRL P oz B R T T ¥R
1 0 o - Xxe o oy T o do = NN
B o) O O s N9 R AU = - T o=
= o Wi — X e o < %
= (@] X 3 N 2 T e ol
’ S © © o oy N o
= 0
= [aN] O
/2! < - @ o
LM =y BK o I = o ©
T o Zhz il = -
= = o = = o N2 =
U rie R i X — el c.lo ‘Nﬁ X —_— =
~ < == — T <
= < < o o —
T ] B T
T %ﬂ%ﬂﬂﬁ%ﬁ
™ NI I < N mr o




ﬂ.

v, 57| &

o
B

Ne

QA 2ol

=
=

-2 F7hel Al FR ARG AL

1

A

=

==
1:!

BN
T

A

ANSI

=

i A=
3}

[+

371 9

5

-

1.

AlA

Q.

[e)

3

Al=g A AT

A HAY

=

oA LA

24 A A
Ed ol

PN
T

il

T

T
=
nYA

A ol
ha
a

1.

(6]

3

e
-

Jojt}. wkA 6mel o

3 7]
A7F 7F
_‘]l_

<)

T
=

=

Z

ol Al Al

5%]
Ao}

=

Aol &

4]
#ol 7t
oF

Al
w3
2
o
%
[R=gES

°©

A

=

=

3INET 2AHA AxHo=

=

stel 41/

5

=

A vl < e
ol ok

_?4

=

=

St

A

il

°
pad

°F 3cm)ol A
q2] G|l A 38

arsl 2709
%

she AMA AR 24

5

ol 9] el

1o},

I o
b 27 Ak

o] 0] #] of

o Fhebs 37be

[6)

=
oA

[e]

F Aol Mg A 2 A

—_

- AlA o] A

o] &

57FE(¢F Sem)ol el

she] ] A4

5

D A2 AAE A7 FJABA F=F A 24

© =3 AEe] Al

3) x



C dlol= Aol sglom, 29 53 oo PACE 639 2e% AMe) AAE A
Asto] 2t o) AUE AZsa, Aol 24 we} Adlo] Ao NEE FHshe Fo)
2 el sigiet.

4) 844 Q2 A A3

@ £ 7o) de 249

T F xA 9 Rolling??l*&d]l{ Bgy 2R wZo] AAEo] 9= Ho| A= A
Aol FHo] HEE fAHo]Aok F). upEhA] AR
T w7 ArAA gro] dAZ W oJlE FAHES
Zokatth, Beo) 7w AA el 2Ae ZAw A g xolr} 1

o
)
2,
s
ox,
ol
>
mal
s
s
1

5) 5% AA71e AA L A

Zo] W 2o EAM 29 kol B Aol wy AAF FAYE tpEs] W] @
A Bl RS ASa wdaeme Adal MAT ¢ gr el B A
ofF) AR} T AFS 2= oYU A, F F A AZ OE 542
al

28 3tk AAZTE SolidWorks 20098 ©]-8-3191 .

Auk(Elo]o]d) AFS EUe ARVl a3l FESHF#o] wol Elolo] o]Fo AAFH F
g glol v & = B Aedn. EAAME Y= A fEded At Ag
o] A|Fo] 400mme]”] wWZell EGF-E AFaFskE-7hA 9] Foli= viE 180mmel o

© 7t 2w =l

KeN

=
97k Qo) wRFFel £ EolA wmHAA %n F pEe] £ prue] k.
9o 1Y 218 AN FPsHE Aswom,

A o] 2 Auk(efo]ofd) Apg WARE o] Hs] W] wiLel A ofske] o

°o,
(@)
<
<
8
3
o,
o
hu
2
E)
)
i
2
1
o,
k)
o)
14
0
hu
N
<
N
~
)
>
jus
T
2,
N
~
N
N
r
o
k)



RERE

H

k)

x

[*]

6)

oo

B
Hlo

(Efolo]) a&HF 3 71 E (o]
o] vl 71A A9} oFl B9 Okg, 20kg, 40kge] Al 71X

[}

15

=}
1o

J

)
s

Q

ojy
oH

ojy
Jjo

umO
B

15° el 5

o]
-+

o) AL dkgdl AS 12° ool %

=

%

=]

=

100%)

=1
=

Ao A (FFEH]) 40, 60, 80

1}

oko
)

il

°
pad

&)
=4

4 A A

s

=
T

7]

&

5o WAL 20kg 249
Z}

b,

5

1.

[¢]
A2 °oF 10me] =4 Wl A ke ®=(401, °F 40Kg)

< &7}

s

=
T

K

H
con!

5 AY 2

3 A

=
T

SA17IEA =3 w o ATt

2Fge] B ol

=

SR
=

=

=
Ao}

il

°
pad

o ¢

==
&

3

10cm=

Al 2ZgE Alol7E o

1

T
=

=

=

100%6), =HA|

g e Ael

=2
D80 ¥

!
B

3

o] ook L g%
EEPES

s

2wz} Al
Z’:

Foll A
g AlolE

A

© 7Pl A&7 8 A N E

o

AT

)

A

o]
A

A9 el

=2

34

)
s

T °F 0.5

[}

]

hyx

Al Ay

-
1.

o Ash, Ao} A
@ % g

RERE

H

Al Al

k)

=
=

x

[*]

Aa R AR dojud
_?4

=3 ]
=

6)



o

il

)
s

fveel

N

s

o Awel wel fab

1719 A% 0= 180504 71 =&

A
E2E H
7} bk

a

A

e}
Rl

oA 7 e

LERSLEE ©]

gk 90

=

2 QLA 7

s

23t
g = A

il

=
°

R4

CER
=l
N
T

Ll

00
il
=
0
o

ﬂ.

30

8l

-

DB AT Aol AEHE 2

s

5

bl F7kel A 2

1§

Jol 71 oA

Al A B F kel Al

=

=

A 7]

el

]

[e]
2 Alg gy

g
T

il

k<)
T
=

1
;_':
H

=

RN

!

-

ok
N e

3 A Al

)

E

[©)

A Bl 2= ol

-

2) & 4=

o

o

]_

OE Al d e

kel
T

AL
;OO

KeN
=

P
=

FHYoz o] g3l V)

b e S

s st

T

5) & ATE



SUMMARY

| . TITLE

Development a low—cost sprayer using autonomous traveling in the greenhouse

I1. OBJECTIVES AND NECESSITY

1. OBJECTIVES

The research objective is development of autonomous traveling sprayer which will be
easy to operate, possible of setting various path, replacing the often used high—cost

sprayer.

2. NECESSITY

Protected Horticulture, similar to glass house or plastic house, is enclosed planting area
that is capable of adjusting the product’s growth environment such as temperature,
humidity, atmospheric constituents, solar energy, etc. The adjustment in this case should be
done in easy way representing the producer’'s will. The agriculture of this kind has
benefits in harvesting its agricultural products all year long which is impossible in field
cultivation.

Spraying work in a green house was shown with some severe problems these days,
such as doing harms to the workers naked to agricultural chemical who were operating
with small size portable power sprayer or mis t sprayer in an airtight working condition
and doing harms to the health of the workers and the growth of crops because of the
exhaust gas from the internal engine of the powers prayer.

Recently produced greenhouses for controlled horticulture have improvements in
working environment using high—tech controlled horticultural technology such as installed
rails in floors and ceiling.

But most of protected horticulture farming families are planting crops by cultivating in
soil which enables the highest plant density. Farm families cultivating in soil cannot install
sprayer either on the floor or at the ceiling. Such sprayers are used only in a glasshouse

basis with a great planting conditions recently.



Development of the low-cost autonomous traveling sprayer for cultivation under
structure that can be applied not only in high—-tech protected horticultural planting area but
also in traditional protected horticultural planting area, will have advantages in improving
labor producing rate, minimizing producing cost by labor cost saving and improving

competitive power of horticultural facility crops
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B. @3 Al #

1) Axe =34

Robert Grisso(®] 29, 2006)2] =9 93] Brixiuse A% F3 & o= 2o A3}
T3 Aol o Bed THe K3 HA W g FIPAFEE Aty ] 2 (D)
(2), (3), (HE o]&3}r}.

Cle TWe TL 5
B _( S e (1)
n We (1— (71/04698)) { . (m)]
€ 1+6 TT

—_— W _ - 0025 * B” ° pa— - 17 ¢S 0'03 ......................................................
GT= 5 [1.10 e (1—e Yo (1—e )+ (DWI)} 2)

—_— W 1'75 0'03 0'5 ° s ......................................................................
MR=-5» [B,l (0.7« DWI) - (OWD /B, } N
INT == (GT — DR ++eeveveverememamemamtm e e e e e e e e et e e e e e e e s e e e (4)

o 7] A,

Bn, : Mobility number
GT : Gross traction
MR : Motion resistance
NT : Net traction
W : Vehicle total weight
CI : Cone index
TW @ Track width

TL : Track length

s : Slip (0~

21 (1ol A1 2] Bne Mobility number® GT (Gross traction)®} MR (Motion resistance)-$
T38H7] 98l Rk volo] Bk A grolvh EH e §d2 F AR 3 A=
A 5 EA wet A HE GTH B =2 F3Ho] H 23t} DWI (Dynamic weight
index)+= <& A3 AAL7] Y8 223 M4 o=z DWR (Dynamic weight ratio)E 9|
g3to] 7 = A =, FA TAlel F A dFE sFE] HYe e v E o]
|3to] ke W gtow B Ao 8 AA A= o A me stEel 7 gel urt
= WY 7t 7k o] ¢F 5 2R

i

DWI= 1— ABS A O O (5)
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 H BT 2o ugr sFo] B¥ay] Wil 2dA DWRE 1 #& 7H4d welA
DWI # w3t #Aizrel 10] 9. 28 1-41% A=o] F43= GTY E45S Tdd 1
t}.

. Gross traction

17 1-41 Direction of the GT on the tracks

2) A& 29
AZol Bos FXHH sl Bag A7 FP§ FFE 7318 Robert Grisso(®] 2
o, 2006)2] =0 93] Brixius A& £ H oF 2l ALY FaY Ao 3 Ha

g RYe §3e AAE7] fs A 6), (D), 8), (9= &3ttt

B:(Cl-b-d). {1+5-(5/h)}

. W 153 (b/d) ..................................................................................................... (6)
GT= ZV . [0.88 . (1_670‘1 : Bu) . (1_6*75 . s )+0.04] .............................................................. (7N
— W ° 1 05 D SRR
MR = — [B" +0.04+ VB, } 8)
DA s AT el TV 5 = B O RO (9)

7] A,

Tire width
Tire diameter

Tire section height

b
d
h
]

Tire deflection

J : Gross traction

19 1-42 Direction of the GT on the wheels
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Fa 2o AA 2ol o ofAl BALE o AMACE ANt FaA Fo AAe 4
Ate AET Aeot Yo, o 98 A4 FeFH0) A= ANLAAE A4,

Model 8 PIP - 30
AHE A 12V
A& 4= + 15
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Al ZA FA A A
Model PM-90
A714 2 N=
goba NAH 7w 120%
a9 2-17 Bz AAjel A

5) & AA Ao g wy)
wol Al ¥

B AAAClE wEe] o8] 7ol 2 WER AAH] & v so)E
Aolgoza Arlzlole] F3 A% Ao

)= = AAHE AfgerA w2 AAZE Al
olHE=E A Ut

% 2-5 AAAClE v A9

AR SF DC12V
3| Hr 3,000RPM
A5 1.3A
Torque 2.2Kgf?cm
2009/08/11
&7 1:60
a9 2-18 & AAA]-§ EH
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a9 3-2 FF 22 A" AXA d A2A
B YAl gy o] BFdo)H (Linear actuator)E o] &3t AAE &9 HX%E
g 8 @ ue] X8 weky 90°= A A H o

Sl s gelth Fa AAE 47 wWgon FAL 99

Ao g slal B AXGIAT
2Ee BW $Fe w8 Vol E Agsdon ux FEde By A
gelairh. A7 wE FAe wx ARE el vu woh F A

4
Asto] ;e 7B G o wFote] 1ol YES 200mm 9B o2 AL}

B. #3357 A%
) 735 Ad

NGAAZTE A4s 2ANDEA) Fa% A9 dedt 2k 27 Ad 2AE v
goz uq A4, F4 a9, FBP A L $UA] B BEL AT Y A A

A S AR Eat %7}% ot 2 @A e FAF-E AlEal

Item Specification
ZFE XM ZEx 0] (m) 15 x 1.2 x 0.7
A (kg) 160
7hE (V) 24
A F(A) 15
Ho st FWN) 3,000
=Y 3 (W) 250
KAkl 180/1
ESRL SRS PN
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O DCEH
A==

wol A4 et

O Efo]d M

g wx e vy ddd 2o)= F¥ Add= 2

glo.m

Fol7] flske] ofef Apakel
TR AT 98 Anles g s

e FEF RHY ¥

A E (Timing belt) ¥ Z¢
TG ZH FH5 E
ko] HEdE mhEA] WA HolAHE 93

JaAst Ao = ALE TgEty] widol ARgste] T8 A
L dele] Z2(Pulley)E AME3l= HE=Z
203L =d-S e st gel

wEol 180/1 44718 HAste] £as Ay 3
234z 777k o) wWiel g o
Aselvt.

WA

I
A SE RES

29 3-9 DCEH

Aolel

(ld
2l
S
ol
ol
¥R
i

MES BE T8 Arede] A 98
ME 20309 A ALE e 2.

R4

¥ 3-2 go|® HE A
Item Specification Timing belt
Model 203L
Circumference (mm) 514.35 -\_/_\_/-
Width (mm) 19.05 Pitch
Pitch (mm) 9.525 4 >
Teeth numbers oA 27 3-10 Elo]w] wWEe] w X
i 3-3 WME Z¥ A4
Item Specification
Teeth numbers 18
Internal diameter (mm) 25
External diameter (mm) 61
Pitch diameter (mm) 53.81
Outside diameter (mm) 54.57

a9 3-11 FE5He 2
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a9 3-12 EE e APZES 9F a9 3-13 Wd 7o) AR A
2EE 5 A9Ey 2l AAA BY A9 5ee wHoM WA/l 25
stol B9 A9 PFu AR0E HIe] F/4H wEe] F glo] Mk AR BHL A
SuE Tt

3 owold) gHR FAL sv Fao ghm

Sin
A 5 Qe B9 BN A4 o]F L AT Sste] AA] AW o] 4
o=

olol B 7k A5 A Ak elue] AFdeld e Aojrt Holuh AEOR HEAET AU
gowd A% FAYe) Fy AAE FEe mA Ho] nw WRY Ao Fao| sl
A A
guol fFolole 24 g FAR AUWN A= FATE 28 F Y= Yol g
2310 AZE 7 AR FEE oF 160 Kgfo2 ofA BaE HAAs we Fwo] 571y
FololeE AAste] A4

= AL nyste] AA F#F of 200 Kgfel 35S Ads= gy
akodch. 1@ o 2o} HFololH = T50N(SF 75Kgf) 74+ Ad

& dardl A ske] 3,000N(SF 300Kghe] 3ta& A= guo] fFclolHE ApEste] Al4tat
At

29 3-14 Zyo] g5l oy
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) X% & (Auxiliary wheel)
BE AEge MC 7Fes &3l Afstgon thad 22 A AMERS BolFa gt A

a

9 4L 200mmz 7% Wb & =vjoln & 100mm 2 Awe Y=

52 Ad 5 Jus A8e] B Wil Ak

E 34 ExAE A9

Item Specification
Diameter (mm) 200
Width (mm) 100
Weight (Kg) 7.6
a9 3-15 REAE B wa

6) 99 Axg

A7 selth EE AUy wRl ARTE Fo Axge Axste 9y 7)%e Fosavk

23289 BAASE 100Kel/mm® & FAd 283 A4d 4 9
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2) Atmegal28 #

Atmegal?2382 Atmega A Qo] %3 2% MC 5 AAdske AVRE 5V
Aol s2aty 8HE violaz HEZHE AAshe Fo 24 Ws= AM-128PRO <9
so] dEQL AB-MI128-B 59 7' B=9] wd oz »olH Ff X9 Hol A5 FP&
Alojst=t] lol Aol F-5 At A4 Folth

MCUE &4 7w #3839 He dx AFd ol Bo] AMgH= ZAS=Z Micro
controller unit® ofAke]m shvpe] 3 <ro] vhekslt FAA 5] Qo] hF-e 7|es F38 &
A= e Yuigth MCU o] Ao 3o 73k 7see the £9 2

ubebA] Atmegal282 3 3-59] 7]5EC| B 7hss MCUEXN F7F4Q] =g 3= §lo]
BE 75S A VR 4 8 5 7] "ol PCB (Printed circuit board)e] ¥-3 & Zo]H

5o Azl glo] &olsle] MASAT. ZUEZE (Controller)?] WA MCU2 I/OE At
g3kl FH AA =S Aolsty] witel AAG WA oM Atmegal28e] AREAE Alolol A=
ntol A= FHFH (Micro computer) H wholZ (MICOM)o]#faL ko),

(:‘
)
S,
(o
f
=
o,

¥ 3-5 MCU A ¢

Processing device Functions
CU (Controller unit) Device for reading the commands and analyze to control
ALU (Arithmetic logic unit) Arithmetical and logical operation unit
Memory Storage device
/O (Input/Qutput) Input and output device
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3) AM-128PRO AVR 9]
Atmegal28 FH& AMgdts B2 F3 AX o] AH 29 Aoji-o :ol(Core) FE oY
Ul F A 256K vlel B, UlF RAM 32K nlo]lE, 2&°] 254 Header Pin®] %% 0= 32914
iz = o] 9la MAX232 o2 RS232 S4le] 7hedtH, 209 t2=f ISP 914 X
E 59 AS ztE mEoU ue 2y d #iE AM-128PRO EEY AAET AY-S #7]3)

ATt

o

% 3-6 AM-128PRO E&9] A4

Item Specification
Module Atmega 128 Base module
Atmegal?8 16AU AVR
MCU
MCU ' : | ' Al
Memory ~ SRAM : 256 kbit (32 kbit) e s R |
Protocol Support RS232 el i e eenrdew B -

Support ISP Connector to

Feature

download program

4) AB-M128-B AVR 7% »=
AM-128PRO, AM-128PL 59 sio] R&& &ste] &4 AZdsi A & 5 U=
Atmegal?28 H& /| HE=2 Atmegal289] =E ¥ E (Port A~Port F)7} 10Pin AYH=Z <
4 & d=ES 4 ¥l vk AM-128PROC WiEd A

Aol 7heste A HEE 5 dd 12VE A

rir
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oo
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g
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i

o O
oz

5
M
=
1z
off e

% 3-7 AB-M128-B /gHE = A<

Item Specification
Module Atmega 128 Base board
Power DC 12V

Output voltage DC 5V, DC 12V
Feature 10Pin Connector (6 units)

¥ 3-20 AB-M128-B 7igH =
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4) NT-TS601 253 AlA
F& Aol 91A el A AAE A AHEE 259 AAE HHE 20 54 V)
24 B2 (Pulse)d] AesT+E =

HBag DA ASAE 317 AsiAe 4 200us7t Z

80°% A A4xE de U de Feles Ag #AAE oA Edn
%

e

m&
_0|L
vl
b
[-4 (]
B
o
0
=
N
b
Ir
2,

FAo] T2 Ao] vk &9 Al AYE Tyl A A F Alsk MCUNA Aol s
el AEE FAU B A QAN 27 sr] wiiel vgRd BokelM A A4S e AHS
T AR 250 Aol 2&akAlAe] Al s

% 3-21 NT-TS601 -2 344

E 3-8 259H4A A4
Item Specification
Measurement principle Ultrasonic
Applications Distance Measurement
Input power (VDC) +5
Input current (mA) 15
Frequency (kHz) 40
Operating temperature (C) 0~ 7
Weight (Kg) 0.013
Size (H x Wx D) (mm) 20 x 50 x 175
Pin type 3-pin SIP(Single in-line package)
Distance measuring range (m) 002 ~ 33
Range of error (m) + 0.02

2k AAE F3 FRlo] dAste] Ao AR Aol dAl Ao 3t A ZEE
Sy = s vustaA 253 AlA Y BA A sl 253 AACA Huls AlA 9
ANZ e Atmegal?8 F 9] Input Ad resolution 10bitE E3lo] 0~1024 Alole] EA 3L ztol
Al S R " S odleolE Abele] ke mlawstH A #Elle (Resolution)s 78kt v+
A= I 253 AlAE AVR 43 Zgoz o4 719 AAE F38 &4
o Ay el AF vk xS A BARYF R=099972 MF EA] upel &

R

o
ol
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Motorl Motor2 Actuator

a9 3-24 EHo] IR

Aol BAE s 2870 ANZ ¥ow a9 A, ¥ FAL AF v P52 3
& Fae 93 2ol dFdolge] TEE Alolar) R o] Ao} NEE FHow
s Aol Aadle AJsert B VO A5 AE A8 FdAY FARA oe] Holo|

gy 7bd 9y AR EHE Atmegal?8 MCU #H-& AF&39 T}

oS age dgoele F2eE a9 ago=z Ao ¢, DE EHIS Aosta #d o)
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E, F= ZH2E Aosty o] G, HE gy o] dFololg o] Wwaks A of g},

[e]

gelol Ash B 747be] 2Hst duo] dFololge] On/OffE Alojshs 71%5¢ 2

HolzZ Edo] A9 Bel MCUE %3 DC 5V7F 2137} Q71Ed Bdo] A Aol
HEHE A DC 24V Aol #ae] C, E, G2 w9t}

o)
o p®

o] W @elo] CHE H7X MCUE
sl 5Vl Askel abslm A WMol AM HWA BH 13 2 melm dFeloldE AA W
o

Aol Aol nh

(
o

oz f7e @ delo] CFE HAX DC 5Vel Agte] A7EA ¢
WA =H 13 2 fela dFelolHe] S Al Age] W,

111

9 3-25 HeEol4d R a9 3-26 HeElle] 3R

O

MCUZ o] §3le] BHE Alojsi7] $I8l g8 ddlol= 249 144 ez 919 =
& guole) waw AERE el 2o 16A 7 Ex A2 F sl gewe) dao)
oty Fa Aol AHEEE wlE s} 24V, 10A o|m zlols) AFE A
AR daole) AN Ade g mweh 2

% 3-9 o] AA

Item Specification

Initial contact resistance 100 mL maximum

Contact material Ag Alloy
Rated load, resistive 10A 30VDC, 10A 250VAC
Maximum carry current (A) 16
Maximum switching capacity DC 300W, AC 2500VA
Maximum switching voltage 200VAC
Minimum switching rating 100mA 5VDC
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2. 2% Alo] Az MA L AR

A. =F Aol A% A7 ALY

A prgel 2gh AAE 9HoR 1, WE FBE A vl 75 4 H/ TP
A o} mEY TES 95 delo] Ao} AEE FHOoZ s Ao Axnue UANY
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X 3-10 2% Alo] Azge) AA A

Term Specification Information
Ultra sonic sensor x 2 Front distance
Input Ultra Son%c sensor X 2 Realj distlance
Ultra sonic sensor x 1 Left side distance
Ultra sonic sensor x 1 Right side distance
Relay output x 1 Right AC motor On/Off
Output Relay output x 1 Left AC motor On/Off
Relay output x 1 Front linear motor On/Off
Relay output x 1 Rear linear motor On/Off
MCU : AVRIZS Control logic software
Controller Input : 6 Digital input Input for 6 ultrasonic signal
Qutput : 4 Digital output Qutput for 4 relay

B. % Alo] Al2¥ sl=go] 7A
1) AR Axd FAE
AA 2 Ao} Axde) srgdol PARE U ) gou A4 Aztrle] w5l

9 ste] AR shedol TR L @)

Front
Sensor 1
Right
E Controller E
Sensor
Rear Relay Rear
Sensor 1 Module Sensor 2
Left Right
AC Motor AC Motor

Front Rear
Linear motor Linear motor

a9 3-27 AA A" FAE 19 3-28 Alo] A" st=<o] 44 kA

Left

Sensor
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2) £ Ao] A 2d LAxE o] 44

O MCU #9) ]

2% Alo] Axdle] 4 AP A A FHsE 2T AolE 9T AZEHoE ANSI
Aoz #Ae] HQon, 2 53] o4 HAoR 6xde &y A9 BAE AL
P kel Ags ASshal, Alo] 246 ugl Ho] Ao AEE EYstE FHE Lol
Atk o

o9 O
N

o
o
flo
B
[
[m
do
2
ot
!
b
rir
v
dlo
4
uit)
i
m
v

Port Initialize
Timer Initialize
onditicr ]
Count pulse End
hec

Y

Init Distance Read Distance
Control logic
Relay control

I3 3-29 MCU #E4le] Flow chart

W Ao}l Ala"d SA WA RS-23201M 2 53] ofFe] A A Bl oo wpE Alof Al

Atk e "2 Ad 29 dEs sk A5 AP AR

e {

Cj RY TUY B 5 A0 NAR R

- __ ——lﬁ .-

% 3-30 PC &~ZESo] 23 3d
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G 20 WA /Y 59 Jo| Nag

Bio
o=
7=

A shelTh B A AR R Fike] el gl A Azl BT 5 = oA
2o Q] Aol g thHE st A/ WHel ZA 22 A A Mg AA st Yy
=AY Hgs Ao Al gy oz AL
E 311 AlA A5 H F3) 33k Ao] Hol&
ON
o Front 1 Front 2 Rear 1 Rear 2 Left Right
Direction
Front O o} ) O
Rear (@) @) ) )
Left o) o) o) 0 o)
Right o) o) 0 o) o)
Stop 0}
ON : 0.3m ©|3}= H++3lA] LEDo| &o| &0 A
53] 7] 7l=dk npel o] FUd ZY F¥E ol g3t H/5F A H FH/ ¢ FEE F
B 5 ol Fxol UGyl Aste] mE 4 AoE 98 F4 xdo] A Yol
2 A48 sAEolol a1y olF A7 34 Ao} HolRe v wet o] AN
E 3-12 3 23 ¥ Relay &3 =4 Aol Hol&
Output control Relayl Relay?2 Relay3 Relay4
Direction (Left Motor) (Right Motor) | (Front Linear) | (Rear Linear)
Front + +
Rear - -
Stop — Left + +
Left + +
Left — Stop - -
Stop — Right + +
Right - -
Right — Stop - -
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3. QXY BAA He XY 2%
A. ZojE3e] Aert AR B¢
AGS T8 AAe) T3 Aee FA57) fdstel 47 WF 4 Haes A
F AAE A3 FES W FPL 3 25H AR BAE AY FEL A
delel e stk A9 BWe e gt o] pARgen 279 Fojmat F A
olo] A= 650mm=E LA FA T
Front
Rear
Traveling
Direction
Front
U 2
Rear
a9 3-33 Az =3 A7 Y
2o g AAoA FHE HolHE vhe aHZE Jehigion ghe] wiEe] Uof
U= olfre 73 AA7 F8 F Aso =z ke wAg Ao WAy wto|rt. Huj
©A % oF 100mm® F3 FAe) n W FARe) vulgt nwre] T wass o 4%
o 37t gl A elth
T F A E Aolsts MCUS 22198 Tt & 5 EHY Id £58 x4
gho] x3fo] Voo m F AL ofivbE A wE AR ol 27]9 AR F AA
b E2AE A AL g e el A 5o 49 98 A%o Fa B4
b FEY) dEel B% A% A W FYol ssai
Straight Taveling Test 1 Straight Taveling Test 2
100 100
e 75°¢ . . e 75¢ e
G — - N c ————_ /
) e [} — .
g 50 g 50
5 25 3 25 f
0 - . . . . ] : :
0 3 6 9 12 15 18 21 (] 3 6 9 12 15 18 21
Timing, s Timing, s
29 3-34 A7 FAA FF 289404 @& 4 29 3-35 470 FPA 33 289404 @ A
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B. ZellE3e] 47t dAS 45
A g F A Frhel Fae] HAoRE JAS AR Az FY8 3t HEE 3
Atk A% Folge A gg H4sie A gel Hagd Ak ol8sie] 7twe) F
44 o5 Awalict vk 19e AE g UeRd Aok
pront
redt
Traveling
Direction
prom
redt

AW e H7hE S8 7Id gt AA S48 gtake] Aol E:le s dEe 3k
AN e AT T AX Aes AT g6 A9 AYes FA 650mm,
o 990mm Atele] A & 7FAW RMSE #& AH=d Zd3 Hol oF 20mm AR ¢l
A&S Fstsicth thg awEE v el 9@ FAAT AA 49 3 vEbd Aok

weld AE FA gAE A wgor A FAL b= AL 2PS Bl I
A ow HAF A% s 8 R°9 RMSE #h& A& ghe o m9 2k

¥ 3-13 A F9 H2E 23 Unit(mm)

R’ RMSE Min Max
Test 1 0.9599 2093243 600 990
Test 2 0.9612 2427019 630 990
Test 3 0.9577 23.82425 620 970

Diagonal Taveling Test 1
150 r

125 r

Diagonal Taveling Test 2
150 r

125

§ 100 | easas || 500}
o TN ¢ s
875"... cesogovesTETT M 275”.. 3
. I O y = 1.0752x + 59.934 || 2 y =1.2691x + 57.396
2 s0 R? = 0.9599 a S0 R? = 0.9612

25 | 25 |

o . . . o . . . . .

o 3 6 9 12 15 18 21 24 27 30 33 o 3 6 9 12 15 18 21 24 27 30 33
Timing, s Timing, s
= 3 = O+ = =3 =z O 1] =
29 3-37 AP FA =S 9AA SR gk 2 3-38 A FAA 2SN SA G
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Perpendicular Switching Test

© 4L N
3

q

MAC
a...

@

A

lll‘éxllll-ll-lll.lll.

® 00

I I
o o
o [To]
N —

300 ey

I
o
7o)
N

350 r

wo ‘aounys|

0 100 +
50

78 85 92 99 106 113 120 127

71

15 22 29 36 43 50 57 64

8

Timing, s

|A Front Left Sensor @ Front Right Sensor ‘

&AM (3§99 Ak

Perpendicular Switching Test

4 ° ©

4 o
4 o
K °®

<, ()
Y o

@ oo& P

L
A
A

I,

e

A

)

A

e}

Ayt gt

AA

L
o
o
N

50

1 1 1
o o o
o ['e] [To]
@ N —

350
0 100 +

wo ‘@ounys|

0

78 85 92 99 106 113 120 127

71

Timing, s

15 22 29 36 43 50 57 64

8

| 4 Side Left Sensor e Side Right Sensor |

&AM (3§99 Ak

AE R DA RS

S

oA Z&3 AIA o] W7 L4A

~N

=

Br

S

s}
=

_48_



A 43 As B2 Y A7l 4 29
L ALRR 79 A7l A% 2 4523
A. Ao 72,

B oAToAM = HE SR AEE A2

o

o kMM &Y EAE ARSI Ao]7] AP
g & Ao 23 Atmegal?8E A3
UART® RS232XEEE 44dsto] PCote] AgldEils 7FsshAl shof AAIE doly Az2l&
7hsA o, Atmegal289lyE F Y Z2ed AANE dAste AL&FHES IR, I
Mel 7t A 2bAel B shue] ZFE AlA = ofAlFo] FAste] FH A E T E e
A BE FH A7 e Aoy MMake v ey 2

9 AeRE A

§R
i
I
1
2
ot
o
2

I

U

T
o o -

Aol AbgE e F-2 Ao AR 9 A2 vt 2o

¥ 4-1 55 A4

Length(mm) 396

Width(mm) 349

Height(mm) 120

DC geared Motor 4

Off-road wheel 4

O 4-2 3 AR Weight(kg) 7

_49_



C. A% 2 Aoy A=
1) vlo]laRAEE
Atmelrte] AVR Aol £3l= 8H|E violaz FEZ 7L F3d ZLao|th 27]¢] 8]
E Eto|w/7he-E ¢ 2719 16U E Etol/Fh-E], 81 109 E A/D Converter, MAX232 W%
O 2 RS-232 BAlo] 7lsa 2719 UARTZF 9hth 7|4 nlolaz ZEZe = ¢
= AHstH 3 79 7;3“4101] CU(Control Unit), ALU(Arithmatic Logical Unit)”] %
g Ao] e ol H2/AE WA Aoty CUx= WHE
A gk AFE WHe 4 FUE Aol HolHe 55& Alofdh=
Aolu, ALUE 7Hikeluy 54k 59 Abs Asbat gl A28 W9 sty 52 7 79 g Alol

2] QAbg War)

>

v o8 EERA, of 20mmelA 3.3m7HA] nlad A et

= ]
A9 Do) AYE =AY 5 Jde sty /O Pine= 3 TTL pulse IE o]
&

% 4-2 253 AA(TS601) e A4
Measurement principle Ultrasonic
Applications Distance Measurement
Input power +5 VDC
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Frequency 40 kHz
Operating Temperature 0 ~70 <C
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Distance measuring range about 20mm ~ 33 m
Range of error £ 20mm
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Measuring range +30°
Resolution <0.005 degrees
Non-linearity <0.2% FS
Transverse Sensitivity <1% at +30° tilt
Response Time <0.3 second
Power supply (Requlated) 5 Vdc
Min.to Max.supply 3 to 6 Vdc
Current consumption 5V <1 mA
Operating Temperature -40 to ... +85°C
Storage Temperature -45 to ... +90°C
Weight approx. 22 g
Sensitivity appox bmV/°
Zero offset at 5V 2.5x0.1 Volt
Temperature Drift of sensitivity 0.12%/°K
Temperature Drift of Zero +0.026mV/K
QOutput imdedance 10kOhm
Standard cable 3 high flexible wires
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Center Marker [mm]

SHA A A #
A 2wty A wd
duty 2w Bl AAERAS wgom v gy Zol Azsisliow, Aol Al
- X9 A
¥ 6-2 Iuty AE ZEo A
Length [mm] 800
Width [mm] 1400
Height [mm] 900
Weight [kg] 60
Voltage [V] 24
Electric Current [Al 6
Electric Power [W] 144
Steering System Tire
104, 504 ,364

( Basis : Left rear wheel at the ground space )
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Length [mml]

1400

Width [mm] 1400

Height [mm] 1100
Weight [kgl 90
Voltage [V] 24
Electric Current [A] 6
Electric Power [W] 144

Steering System

The Tire of Rice transplanter

Center Marker [mm]

062, 966, 604

( Basis : Left rear wheel at the ground space )
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Al g Tl WAR e Eold w99 DCEYHo AL dYS 12V vy 270E A4
gz ddsait. DCEH A% aAxz A e ARgste] -sdty A7 4a,
Aolg ZHEA 3 545 7Ha vk DCEYH ] S4 2= that 2

I

Z3H 6-9 DC motor(left-picture, right—-modeling)

= =

AHoz wEE AAZ AL apmold BE FHS HEolok Fh B A7

A

Heo] 2d2 SPGARY] s9d150-ch24e]™ 24V Ate A3l AFZE F742 150mme] .

AN A AR spgAhY] sxdAlE] =9 A9 GeardRE]ZA EE| XA S 3FE7]7F UiE o] gt} ®

162.5 90
45 2
| &d
8 :
) oo
]
2 & _ 2
e a | (o]
! 1

= Refer toTable1 4-06.5 HOLE

29 6-10 DC motor A1
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EYHE A o agserd A2 A &Y, B4, Adsipm)7t vk =92 ZHIT
Gt & ¢ e de JERY mpmy EAE w53 fer fAdn.

] 918 sl oz O d9= [GxCMIelt}. dE 5o 1 KG+CM9]

EAashs AL e wbde] 1 CMSl 9jF9] & HelA Az WaFoz 1 KGo & 7H

¥ 6-4 DC motor?] A4

Po | N
T Model s9d150-ch24 ( SPG )
300} 151 3000 - Voltage [V] 24
. Output [W] 150
i Revolution Current
i No Load
100 5 L 1000 BOOO [l”pm] 20 [A]
< g At Rated Revolution Torque Current
= = : T
g h. g s & 26 el Load 2650 [rpml] 55 8.0 [A]
Weight [kgl] 34

29 6-11 DC motord] 54 #AXH

EYel= SAARIE sled T-ISA(EZ of df)Ekelst T-NEA(EA of 3 d5)e<l
Aok T-Id e B¢ &9 Aol s AReA Adder Eary v shs Adojuh
, 2 Fol 2% v AFE Bol E¥W vk T-N#dle & wf, B0 viste] 3=
= AAdA oz v gt o] A oE FAR
g A7 AslA = AFE Bol YA "k EE I7bHStel = vl E gty &, o8 54
o Ay EaE dAS A AoE 3 7 +
et

)

N

I,
iy
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3) vjg ¥ (Battery)

®Ho "o AhS gFr] 918l 12V 60Ahe] HEEE 27) AE 2 AFssirh

# 6-5 Wi A4

Model GB 60L (SEBANG)
Voltage [V] 12
Capacity [Ah] 60
Length [mml] 230
Width [mm] 175
Height [mm] 185
Weight [mm] 15.1
4) 0]:]“5
bAE wAs = ofA MBIl AT 0Le] Bl Bojz 4 = 47] 27k A
of & 5
57 o

29 6-13 A% AHR

i

¥ 6-6 FAZ AA

Size [mm] 370 = 210 * 570
Voltage [V] DC 12
Weight [kg] 6.4 (with battery weight 2kg)
Volume [L] 20
Maximum Spray [L/h] 90
Allowing Time [h] 4
Type Plastic
Charging Time [h] 3

Sort of battery Lead accumulator
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= 0~2mEA A Wel A s nwy 1ol s
A% mapzlolo] mebA wpAlY] BA @ opA el AL WA

Foll A wARe mgAed WA gske] kAR wH Axw

a9 6-14 2¥E 2 H AR (left-picture, right—-modeling)

F 6-7 2HEEE A4

Model D606-30A ( Dae Hwa )
Voltage [V] 12
Output [W] 6
Revolution Current
No Load 3400 [rpm] 0.8 [Al
Revolution Torque Current
Al Rated Load 3000 [rpm] 0.19 1.3 [A]
Length [mml] 412
Weight [kg] 34

6) W] (Bearing)

2 e 57
o] &= F¥ A43te] o] FEgA olHAA e AT g
¥ 6-8 wlojdd Al
Model UCP205-15 (DAESUNG)
Shaft Diameter
15
[mm]
Shaft Diameter
) 15/16
lin]
Main h a e b S1
M ¢ 36.5 140 105 38 19
easuremen ) . . Bi "
[mml] 13 15 44 31.0 127
Using Bolt [mm] 10
a9 6-15 Weldy ¥y Weight [kgf] 0.8
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