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Development of an autonomous lawn mower with a function of
variable-rate application of fertilizer using environment-friendly

precision agriculture technology
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¥ 3-1-1 A A% gR 24 g A

ARXI g = v &
A= DFK-31BF03 / DBK 23GM021
HAH The Imaging Source (Germany)
74 (mm) 29 X 29 X 57 HxXWxL)
3= (mm) 1024 x 768 / 1280 < 960
A A 1/3* CCD / 1/3% Aptina CMOS
&Y &= (images/s) Up to 30 / Up to 60
Interface [EEE-1394 |/ GigE

o

U ASAR S Q4 Al2E
1D F&A2=H
el s ARE S48 Asl T Az"de AR Y I 7 A"
87N e Aubar A H20W/12V)<}F CCD digital color camera(DFK-31BF03, Imaging Source, USA)7}
A o]y AWM M7 A Fue 9% viE 2l(100Ah/12V), 7Hv 2t 2 5E 853 4
= AR A xERCE FAHAY. Y52 o5 Fol Add AW el A 300x300
mm? o] k] WA tis o] Folyth. e I FAH AFE I AVIE FLA FA

71 istel WAe 94 Z4 B¢ AgSATh
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o = go= AE

Hr

A 7]1(SPAD-502, Konica

il

Minolta Holdings, Inc., Japan)
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o
A\
o
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J3t7] flsted k) Al

(@) T Am A3 =] | (b) 2 A= A3
29 313 94 =4 Ao AT Am A3

D I8 54 4 & d52d M2

T3 A4S HSB F3ke] Hue(H), Saturation(S), Brightness(B) ¥/do2 w334t H
gel A Mo 0 - 360° 2 TAHH A 30702 FIHelA FAEIRE HAste] Hl
=55 43 SS9 B O Axe 0 - 12 FAEY HIYH 5d3tA #93 30
oA sl 2B e AAdste] M=FE S5 =3 I As4dR SHJAARZ
a1 9l= Dark Green Color Index(DGCDE Z43sto] HSB FAE4 7 SLstA LT
30702 FtolA F2EIWE FAsIY] WESE
al., 2012).

JN

T
oo

lt
e

A3t thKarcher et al., 2003, Ghali et

DGCI value = [(H-60)/60 + (1-S) + (1-B)] / 3
-8 Matlab Image Processing Toolbox(Ver. 6.1, The MathWorks, USA)
7t AEe g5 ALEske] Matlab(Ver. 7.6, The MathWorks, USA)S ©]-&3te] 4333191 o).

THE G B EY ARE o8&t IFY FEAHEE dSshe E¥FS NEsta A
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317) Qe R2H AA) 53 A (partial least squares regression, PLSR)S AF&3lith o= 23§
Me AAFFR AxsFS ol&std A4 Adsigleon, MId RIS FAAF

(correlation coefficient of calibration, ro)9} Al FHW 2 xHroot mean square error of
calibration, RMSEQO)Z &3 7} 3ttt /Midd o nge HdF5e nxb3 S(cross validation)
W = full cross validation WH S AF&3FE o, WA 5 A#A <(correlation coefficient of
cross-validation, 1)t WAHZFTO  AFBPAHFTTL (oot mean square error  of

cross-validation, RMSEcv)E AF&3le] A%< B 713t

@ z0) A% 8 4=a G 2A
B Aol FPT ARE obd ®oh Lol AehdE FHE A4 28] A FANA A
AR 204 HA ASHAT Bre =Y WAL 04 ha oln FFE CBF BRT ol

o
ATk TS Pe 30x30 cm’ 2 FAHAON, 9 24 AHelA | F 954 FF

At Aso] F% 24 A% AAFEY AxFdl 247 42-166 g, 16-49 g2 FF Wol7}

@ 2o) A Bzt A3 o] FolA Wk

A
X
T
o
v
»
o
ft
e
K}
2
O
me
=
__&‘
2
fu)
r

% 3-1-2 2v) Ase] Bed 54

Item value
Cultivar Korean lawngrass (Z. japonica Steud.)
Produced county Hampyeong,
Test season 2012. 10
Area of Turfgrass samples(cm X cm) 3030
No. of sample 20
Leaf width Range 2.3-3.6
(mm) Mean=+S.D 3.2%0.3
chlorophyll Range 14.7-36.1
Weight Fresh Dry
Range 42.0-166.0 16.0-49.0
) Mean+S.D 96.8+38.3 33.0+12.3
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DGCI %< Fakith. 1ol vpehd wpsh 2o] H dae] A& 60° ~180° Abol oA o7}

34

(a) 2 2

(c) Saturation <AF

a9 3-1-4 Y Alge] omA|
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25000 60000
o 50000 %\\
S 15000 % e /,%\\
2 § 30000 1
2 10000 1 E \
X 5 20000
5000 1= 10000 \
0 T T T T T T 0 T T NI T T T T T
0 60 120 180 240 300 360 0 01 02 03 04 05 06 07 08 08 1
Hue index Saturation index
(a) Hue (b) Saturation
35000 35000
30000 =i )f 30000 7
g 25000 /"”\jf;,“\ , 25000 LA
2 20000 /; A Aé\\n\ " £ 20000 "/ ;’;}\\A\\
£ 15000 /l // N 2 s606-] - }\\:9%\‘\ .
£ 10000 // // \%‘\ /- - 10000 - N \i:\—:)\“*@
7 N ~ A
5000 / DN 5000 |
4 \
0 T T 7\//| T T T T T T 0 T T T T T T
0 01 02 03 04 05 06 07 08 09 1 0 05 1 15 2 25 3
Brightness index DGCl index
(c) Brightness (d) DGCI.
a9 3-1-5 39 Ay 54 &

I BHE 53 e WATHS AxTHE dS317] 9% PLSR 288 Mdstal w3
AZe A oby) ®3-1-3% 2tk wte] AAZFLT 9ol H, S, B, DGCIE o] &3te] 7
sk 2y o] rel RMSEce= Z+7F 0.712~0.9283} 13.94~26.35 golom, 23 w459 ro o
RMSEcve ZH7F 0.522~0.8113} 23.26~33.15 golAth. AZFHE o]83t 7MEs 289 rof
RMSEcx= 7tz 0.702~0.9513 3.71~851 gollew, =y waHd=9 r,9 RMSEcve zHz)

0.514~0.8567 6.45~10.63 goltt. ARtz o= Heol A4 #t

=

ar

¢} H, S, B £3Ats, IEa

DGCl A58 A48 mdEe] a2 450 S5aqh ol 2rje] YPEAe T3 2ol
T, S 99 98T AHEEE AT F Udes RAF don FF OE ASFR AA
SARoE F&3HA AHEE F AE ASE AAEHIJG
# 3-1-3 29 A EE HSES 93 PLSR 229 4%
Fresh Leaf Dry Leaf
Image
T, RMSEc T RMSEcv T, RMSEc T RMSEcv
H 0.928 13.94 0.811 23.43 0.948 3.80 0.854 6.45
S 0.712 26.22 0.587 30.58 0.768 7.65 0.678 8.95
B 0.709 26.35 0.522 33.15 0.702 851 0.514 10.63
H+S+B | 0.897 16.52 0.793 23.26 0.909 4.98 0.759 7.43
DGCI 0.709 20.15 0.740 25.30 0.951 3.71 0.856 6.65
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180 60
S 150 r.,=0.793 g S 50 re,=0.854 s .
- RMSEcv=23.26 e - o b5 RMSEc=6.54 o g
T1
5 120 o o <, 40 ),
3 o S ¢ &
= 90 O e 2 = 30 o -
& e o,
E ‘ B Py s
+ 60 = 20 ®
- — R —
5 . =
¥ =20 AL Y10 A 3
o o
0 0
30 60 90 120 150 180 0 10 20 30 40 50 60

Measured Weight (g) Measured Weight (g)

(@ H, S, B EFIE<S o1& FAFTF

(b) H 974< o83

Az = 23

g5 =¥
19 3-1-6 PLSR =4 wxH % 23
Q) Y AR 4
AR R o3 JHel AEE ZA AByeldS s 20x20 cme] AT HAS 7H
O E NelA 671744 Fo25 2A4HE FOVel XAI7IHA F4EAE B3l A 95
Eo A JIEEE AT

(a)
a9 3-1-7 JY 9 Ex A BgolA
(b)Z+t] A Z(20x20cm) 67) E3F

(b)
AMZ(20x20cm) 17 Z 3},

AZ (@)

e EE A4S fiAe FOV I3 EGo =R ZAorks EgsteoF gt o]
2 g8 o8 EHoAM A8k A= excess green index(ExG, Ribeiro et al., 2005;

Woebbecke et al.,, 1995),

excess red index(ExR, Meyer et al.,

1998), excess green minus

excess red index(ExGR, Neto, 2004), color rndex of vegetation extraction(CIVE, Kataoka et al.,

_23_



2003), vegetative index(VEG, Hague et al., 2006)2} 7 A|=3k2] @& Rsl7] 93l ExR,
CIVE, VEG A4Z A3+ combined index(COM, Guijarro et al. 2011), ©] combined indexol A
Zt o] = EXS BZH3E excess combined index(EXCOM) 52| 77FA] ZAEX S-S o] &35}
FEe WA FEAs e 271 A FH% Z2 d¥e RGB ZE F3FellA
redR), green(G), blue(B) Z}7te] HJo=z Bt & HAa ks o WAgaS o] &3sted 0 - 1

W2 7 s

n GTI, n
R:—7G: ’B:

Ao G4 olgatel olelsl Lo AR A5F ol g ABAF Yyoz W
.

Excess Green Index: ExG=2g-r-b

Excess Red Index: ExR=14r-g

Excess Green minus Excess Red Index:

FxGR=FExG — ExR

Color Index of Vegetation Extraction:

CIVE=0.441r-0.811g - 0.385b - 18.78745

Vegetative Index:

VEG=—2%— | a=0.667
Tab a

Combined Index:

COM = 0.25ExG+ 030 ExGR + 0.33 CIVE+ 0.12 VEG
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Excess Combined Index: Ex— COM= COM X g

hvA hy2 [e)
=YHog BEre] £5e) JAS

of

AZd3st7] 9138 adaptive median filterE Ar&3tAT I EHE=+= filterg AHEst7] A o)X g}
&3 filterg AHEZE Fo 2 Gl dtialA JH Foe HANFE AA JANFE o
ALbstAT Joe] AGEAS 8 Ay 93-S Hue(), Saturation(S), Intensity(l) &3kl A]
, AEE SAHAA F2d Il wHaAvr 22| hue,

_:ré;
saturation, intensity <] v, EFAA s EAst Foe A EHS YERRUH

(a) ] (b)

(c) (d)
a9 3-1-8 0 94 £4: (@ RGB ZE g7, (b) AFgel o3& 2% Yo ZHe

47, (© ExCOM o|x& 92, (@ (0Pl dlsl adaptive median filterE 2 &3k G4

A 3 b shebaty] 9lstel B AZol bed A0E

=

I

A 9 5% wus

R

A
o
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E 314 A9 o2 2HT FT] ABeIN WSS DB, Aol ofs) BelE Jge] ABE, ABAF o5 Yol tE B o] FA,
True Coverage ExR ExG ExGR CIVE VEG COM EXCOM
coverage by human
True R? = 0999 | R%2 =0.9995 | R> = 09984 | R> =09993 | R> = 09984 | R* = 09988 | R?* = 0.9989 | R? = 0.9980
coverage y = 1.1257x |y = 0.9629x | y = 0.8393x | yv = 0.9236x | v = 0.8481x | y = 0.8705x | y = 0.8993x |y = 0.844x +
g + 0.52 + 0.5468 + 0.5831 + 05723 + 0.5545 + 0.6732 + 0.593 0.5613
Coverage R? = 0.9996 R? = 09998 | R? = 0.9992 | R® = 0.9998 | R® = 09992 | R* = 09995 | R* = 09995 | R* = 0.9988
bv h & y = 0.8881x y = 0.8554x | yv = 0.7458x | y = 0.8205x vy = 07536x | v =0.7735x |y = 0.79x + | y = 0.7499x
v auman g 4557 +0.1019 + 01921 +0.1442 + 0.1591 +0.2684 0.1753 + 0.1681
R% = 0.9995 | R* = 0.9998 R? = 0.9997 R? =1 R? = 0.9997 | R? = 0.9999 | R? = 0.9999 | R* = 0.9995
ExR y = 1.0379x | v = 1.1688x vy = 08719x | y = 09592x | v = 0.881lx | v = 09043x | y = 09341x | y = 0.8769x
- 0.5581 - 01154 + 0.1014 +0.047 + 0.0675 + 0.1749 + 0.0787 + 0.0751
R? = 09984 | R? = 09992 | R? = 0.9997 R? = 0.9998 RZ=1 R? = 09999 | R? = 09999 | R? = 0.9999
ExG y = 1.1896x | y = 1.3399x | y = 1.1466x vy = 1.0998x |y = 1.0106x |y = 1.037x + | y = 1.0712x | y = 1.0057x
- 0.667 - 0.2424 - 0.1109 - 0.0605 - 0.0351 0.0714 - 0.0277 - 0.0275
R? = 09993 | R? = 0.9998 R =1 R? = 0.9998 R? = 09998 | R? = 09999 | R* = 0.9999 | R? = 0.9995
ExGR y = 1.082x - | y = 1.218x | y = 1.0425x y = 0.909x y = 0918x | y = 09428x | y = 09739x | vy = 0.9142x
0.6072 - 0.1723 - 0.0482 + 0.0583 +0.0239 + 0.1306 + 0.0331 + 0.0323
R? = 09984 | R? = 0.9992 | R? = 0.9997 RZ =1 R? = 0.9998 R? = 0.9999 | R? = 0.9999 | R?® = 0.9999
CIVE vy = 1.1772x | v = 1.3259x | y = 1.1346x | y = 0.9895x | y = 1.0883x y = 1.0262x | y = 1.06x + | y = 0.9952x
- 0.6253 - 0.1957 - 0.0708 + 0.0348 - 0.0222 + 0.1076 0.0097 + 0.0076
R? = 09983 | R? = 0.9995 | R® = 0.9999 | R® = 09999 | R® = 09999 | R* = 0.9999 R? =1 R? = 0.9999
VEG y = 1.1473x | y = 12922x | y = 1.1057x | y = 09642x | y = 1.0606x | y = 0.9744x y = 1.033x - | y = 0.9698x
- 0.7516 - 0.3366 - 0.1908 - 0.0681 - 0.1369 - 0.1038 0.1017 - 0.096
2 = 0.9989 2 = 0.9995 2 = 0.9999 2 = 0.9999 2 = 0.9999 2 = 0.9999 R? =1 2 = 0.9998
COM y = 1.1107x | vy = 12509x | y = 1.0704x | y = 09334x | yv = 1.0267x | v = 09433x |y = 0.968x + y = 0.9388x
- 0.6393 - 0.2095 - 0.0822 + 0.0271 - 0.0324 - 0.0075 0.0986 - 0.0004
R? = 0.998 R? = 09983 | R? = 09995 | R? =0.9999 | R*> = 09995 | R*> = 09999 | R* = 09999 | R?* = 0.9998
EXCOM y = 1.1825x | vy =13319x | y = 1.1398x | y = 09942x | y = 1.0933x | yv = 1.0047x |y = 1.031x + |y = 1.065x +
- 0.6298 - 0.2005 - 0.0771 + 0.0288 - 0.0276 - 0.0059 0.1013 0.003
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F 3-1-5 A A o® =43 Jr] AZoA ASHA, Aol ofs] £eld 974, adaptive median filterE &3k ZAEXF G4 Zt AE= 7] FaHaA.
True Coverage ExR ExG ExGR CIVE VEG COM EXCOM
coverage by human
True R? = 0.9996 R? = 0.9997 R? = 09992 | R? = 0.9997 | R? = 0.9992 R? = 0.9994 R? = 0.9994 R? = 0.9989
coverage (y = 1.1257x | (y= 0.9683x | (y = 0.8833x | (y=0.9406x (y = 0.8875x | (y = 0.8961x | (y = 09215x | (y = 0.8851x
g + 0.52) + 0.4409) + 0.3653) + 0.3849) + 0.3737) + 0.48) + 0.399) + 0.3677)
Coverage R% = 0.9996 R%2 =09992 | R? = 0.9999 | R? = 0.9999 | R? = 0999 | R?2 = 09997 | R2 = 0.9997 | R? = 0.9994
b humin (y = 0.8881x (y = 4.3344x | (y = 0.8602x | (v = 0.8356x | (y = 0.7835x | (v = 0.796x | (y = 0.8186x | (v = 0.7864x
y - 0.4557) + 0.3653) - 0.0052) - 0.0486) - 0.0371) + 0.0664) - 0.0261) - 0.0418)
R% = 09997 | R? = 0.9999 R? = 0.9999 R2 =1 R? = 0.9999 R? =1 RZ = 09999 | R2 = 0.9998
ExR (y = 1.0324x | (y = 1.1624x (y = 09123x | (y = 09713x | (v = 09167x | (v = 0.9255x | (y = 0.9517x | (v = 0.9143x
- 0.4493) + 0.0086) - 0.0396) - 0.0431) - 0.0331) + 0.0706) - 0.0221) - 0.039)
R2 = 0.9992 R? = 0.9996 R? = 0.9999 R% = 0.9999 Rz =1 R2 =1 R% = 0.9999 R2 =1
ExG (y = 1.1312x | (y = 1.2739x | (y = 1.096x (y = 1.0645x | (y = 1.0048x | (y = 1.0143x | (y = 1.0431x | (y=1.0022x+
- 0.3988) + 0.0632) + 0.0459) + 0.0011) + 0.0068) + 0.1119) + 0.0205) 0.0003)
R% = 0.9997 | R? = 0.9999 R* =1 R? = 0.9999 R?2 = 09999 | R? = 0.9999 | R? = 0.9999 | R? = 0.9997
ExGR (y= 1.0628x | (y = 1.1967x | (y = 1.029x | (y = 0.9392x (y = 0.9438x | (y = 0.9528x | (y = 0.9798x | (y = 0.9413x
- 0.4032) + 0.0604) + 0.0449) + 0.0011) + 0.0078) + 0.112) + 0.0206) + 0.0022)
R? = 0.9992 R? = 0.9996 R? = 0.9999 Rz =1 R? = 0.9999 Rz =1 R? = 0.9999 | R? = 0.9999
CIVE (y = 1.1258x | (y = 1.2678x | (y = 1.0907x | (y = 0.9952x | (y = 1.0594x (y = 1.0095x | (y = 1.0381x | (v = 0.9974x
- 0.4065) + 0.0644) + 0.0385) - 0.0067) - 0.006) + 0.1051) + 0.0136) - 0.0063)
R? = 0.9994 R? = 0.9997 RZ=1 R% =1 R? = 0.9999 R%2 =1 R2 =1 R% = 0.9999
VEG (y = 1.1154x | (y = 1.2559x | (y = 1.0805x | (y = 0.9858x | (y = 1.0495x | (y = 0.9906x (y = 1.0284x | (y = 0.988x
- 0.5256) - 0.0782) - 0.0755) - 0.1096) - 0.1166) - 0.1034) - 0.0947) - 0.1095)
R = 09994 | R® = 09997 | R® = 09999 | R® = 0.9999 | R® = 0.9999 | R® = 0.9999 R? = 1 R> = 09999
COM | (v = 1.0846x | (y = 12213x | (y = L0S07x | (y = 09586x | (y = 1.0206x | (v = 0.9632x | (v = 0.9724x (v = 0.9608x
- 0.4228) + 0.0378) + 0.0241) - 0.0187) - 0.0198) - 0.012) + 0.0921) - 0.0186)
R* = 09989 | R* = 09994 | R* = 09998 | R?=1 | R®=09997 | R* = 09999 | R? = 09999 | R? = 0.9999
EXCOM | (y = 11286x | (y = 12709x | (y = 1.0935x | (y=0.9977x | (y = 1.0621x | (y = L.0026x | (y = 1012x | (v = 1.0408x
- 0.3969) + 0.0655) + 0.0467) + 0.0004) + 0.0024) + 0.0073) + 0.1124) + 0.0207)
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2t 2% U 2 SR SH
D =9 NE 2 34
g 2 YolA 93 4 JOrt x| 98 FHodde ARE ALE r|Eoez o
90%, 70%, 50%<] 3 =9 At TALS MAFAT. =3, Zhze] I A oA Fo AS
Hol7b & A 2038 st ofy 1¥H o] 7 A EFHE HAAZ F CCD ZH
# 7hi s o] &3t F4S FYSIAT =3 4 xS EFDEUL 05 mse £E2 FY3)
WA 1 m PA R GPSel oJg AR} T FHFEE FHIAT

O™ 3-1-11 EAA o] Y AFHR =4

(2 2 AR 4 A"

Y x WellA FRstHA JYel s HARES AAFoeR FAHSEr] 9 ot 19
3-1-12¢F #Zeo] A Az"S FASNT. JY ASAHE A A" EZHEJ2030,
LSMtron, Korea)oll AlA #2H& 9Jsf 50 ~ 200 cm 7}A] ¥o] o] 7153 AXE #A3s)
Fom Y I AR FHE 98] AXdel CCD digital color camera(DFK-31BF03, Imaging
Source, USA)E AXstth. CCD 722 7Y J58H 42 =ER@570p, Hewlett-Packard
Co., USA)e| AX¥ LabVIEW(ver. 2011, National Instruments, USA)®} Labview Imaging
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Control(ver. 3.2, National Instruments, USA) A2ZE oIS 53 HAAZto g2 EHE 4+ ==
TRt Out & oA s mER I5H IS ARt HxE EAsHA A3
B Z2A AAE st hEte A"WelA 167 cm Folol AAR o™ o] fJF]oA T}
Wgtke] Filed of View(FOV)= 100x75 cmeolglth. IH 4 A AFe AA FHzE=
RTK-GPS(A220, Hemisphere GPS Co., USA)E ©o]&3lo] I 539 o, EHE S pitch, roll,
yaw angle-e #4414 (IG-500E, SBG Systems Co., France)E o]&3ta] =33}t

()
a9 3-1-12 7y ASAHR =4 Al2g: () =EE, (b) CCD 7iH el (0
RTK-GPS_<¢FEI Y, (d) RTK-GPS Hjo] A xH| o] A

Q) dy AsA4R S4 23



a9 3-1-14 =3 Y 94 B4 (@ RGB 23 97, (b) ALFell 93] 28 2He
A 94, () CIVE o113 4, (d) (0G4l tisl adaptive median filterS 2 £-3F

9.

F 3-1-78 JEAS o113}t Pdol tisl adaptive median filterS 283k F4< HE=E

&
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FE 3-1-6 2] EA A Aol oal EEE FENAY HEE, AR o3} G de A HE IHe] AFHHA
Coverage ExR ExG ExGR CIVE VEG COM ExCOM
by human
Coverage 2 = 0.6189 R? = 0.7453 R? = 0.6879 R2 = (0.7470 R? = 0.7046 2 = 0.6582 R? = 0.7287
b humgan v = 0.6659x y = 0.6208x y = 0.7271x y = 0.6549x v = 0.6219x y = 0.692x + y = 0.6843x
Y + 5.0668 + 4.9591 - 1.3575 + 0.3375 + 2.9964 0.5044 - 1.676
2 = 0.6189 Z = (0.8444 z = 0947 2 = 0.894 Z2 = 0.8452 2 =0.9093 2 = 0.8517
ExR v = 0.9295x y = 0.7807x y = 1.0079x v = 0.8464x v = 0.8047x v = 0.961x + v = 0.8739x
+ 28.614 + 9.8305 - 1.5701 + 4.0293 + 6.4434 0.1906 + 2.8425
R? = 0.7453 R? = 0.8444 R? = 0.9258 R? = 09514 R? = 0.9333 R? = 0.9399 R? = 0.9531
ExG y = 1.2006x y = 1.0817x y = 1.173x - y = 1.0278x y = 0.9954x y = 1.15x - y = 1.0883x
+ 16.318 - 0.7859 7.27 - 3.2878 - 1.5917 7.1133 - 6.3146
R? = 0.6879 R? = 0.947 R? = 0.9258 R? = 0.9745 R? = 0.922 R? = 0.9653 R? = 0.9279
ExGR y = 0.9461x y = 0.9396x y = 0.7892x y = 0.8533x y = 0.8115x y = 0.956x + y = 0.8808x
+ 28574 + 4.8318 + 10.134 + 4.5098 + 6.8833 1.5315 + 3.3526
R? = 0.747 R? = 0.8%4 R? = 09514 R?% = 0.9745 R? = 09158 R? = 0.9547 R? = 0.9618
CIVE y = 1.1406x y = 1.0561x y = 0.9256x y = 1.1421x y = 0.9357x y = 1.0998x y = 1.0374x
+ 21.741 + 2.4562 + 59234 - 3.5669 + 34774 - 2.3419 - 1.6027
R? = 0.7046 R? = 0.8452 R? = 0.9333 R? = 0.922 R? = 0.9158 R? = 0.8985 R? = 0.8938
VEG y = 1.133x + y = 1.0503x y = 0.9376x y = 1.1361x y = 0.9787x y = 1.0912x y = 1.0228x
22.437 + 3.0308 + 5.4431 - 2.9673 + 1.4451 - 1.5996 - 0.5291
R? = 0.6582 R? = 0.9093 R? = 0.9399 R? = 0.9653 R? = 0.9547 R? = 0.8985 R? = 0.9296
COM v = 0.9512x y = 0.9463x y = 0.8173x y = 1.0098x y = 0.868x + y = 0.8234x y = 0.9061x
+ 29411 + 55578 + 9.3759 + 0.6111 46435 + 7.1429 + 2.8749
R? = 0.7287 R? = 0.8517 R? = 0.9531 R? = 0.9279 R? = 0.9618 R? = 0.8938 R? = 0.9296
ExCOM y = 1.06bx + v = 0.9745x y = 0.8758x y = 1.0536x v = 0.9271x v = 0.8739x y = 1.026x +
25.507 + 6.6205 + 8.3069 + 0.952 + 3.6857 + 6.5576 1.3451
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® 3-1-7 7] A A ArFo) os)] EEld Gl I &%, adaptive median filterS 2 &3+ ZEA|4 G4 IE % 7Ho] A#AAA
Coverage ExR ExG ExGR CIVE VEG COM ExCOM
by human
Coverage R? = 0.8291 R? = 0.7941 R? = 0.8362 R? = 0.8302 R? = 08111 R? = 08058 | R? = 0.8119
oo b & (v = 1.247x - | (v = 12992x | (v = 1.4157x | (v = 1.2682x | (y = 121x - | (y = 1.368x - | (v = 1.3199x
y hiuman 39.868) - 39.491) - 50.907) - 4365) 38.377) 48.091) - 47558)
R? = 0.7941 R? = 0.9323 R? = 0.9667 R? = 09731 R? = 0.9665 R? = 09715 | R? = 0.9712
ExR (y = 06112x (y = 1.0279x + | (v = 1.1114x | (v = 1.0026x | (v = 0.9644x + | (v = 1.0969x | (v = 1.0541x
+ 42,142 3.015) - 3.9967) - 2.1058) 0.7169) - 43377) - 5.0574)
R? = 0.8291 R? = 0.9323 R? = 0.9797 R? = 0.9403 R? = 0.926 2= 09631 |R?= 09207
ExG (v = 06649x | (y = 1.0279x + (y=1.051x-501 | (v = 09257x | (v = 0.8867x + | (v = 1.0259x | (v = 0.9641x
+ 41.454 3015 38) - 1.3671) 1.7062) - 45005) - 35984)
R? = 0.8362 | R? = 09797 R? = 0.9667 R? = 0.9734 R? = 0.9684 R? = 0.988 R? = 0.9506
ExGR (y=  05907x | (v = 0.9321x + | (y = 0.8698x + (v = 0887x + | (y = 0854x + | (y = 0.9785x | (v = 0.9225x +
+ 44.394 6.1809 57818 2.594) 5.1845) + 0.2165) 0.6173)
R? = 0.8302 R? = 0.9403 R? = 09731 R? = 0.9734 R? = 0.9678 R? = 0975 | R? = 0.9819
CIVE (y = 06546x | (y = 1.0157x + | (v = 0.9706x + | (y = 1.0974x — (v = 0949%x + | (y = 1.0812x | (v = 1.0429x
+ 43425 5.8172 3.904 0.9095 35735) - 1.1694) - 22712)
R? = 08111 R? = 0.926 R? = 0.9665 R? = 0.9684 R? = 0.9678 R? = 0.9595 R? = 0.9542
VEG (y = 06704x | (y = 1.0443x + | (y = 1.0021x + | (v = 1.134x - | (y = 1.0192x — (v = 1.1112x | (y = 1.065x -
+ 42.243 3.7066 1.6018 3578 1.4777 - 3.3905) 3.957)
R? = 0.8058 R? = 0.9631 R? = 0.9715 R? = 0.988 R? = 0975 R? = 0.9595 R? = 0.9567
COM (y = 0589x | (y = 09383x + | (y = 0.8857x + | (y = 1.0097x | (y = 0.9018x + | (y = 0.8635x + (y = 0.9401x +
+ 45311) 6.9533) 5.8141) + 0.6549) 2.7348) 5.6565) 0.6038)
R? = 0.8119 R? = 0.9207 R? = 0.9712 R? = 0.9506 R? = 0.9819 R? = 0.9542 R? = 0.9567
ECOM | (y = 06151x | (v = 0955x + | (y = 0.9214x + | (v = 1.0305x + | (y = 0.9416x + | (y = 0.8959x + | (y = 1.0177x +
+ 45.705) 9.3131) 6.6534) 2.9616) 3.3539) 6.6358) 2.4803)
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et
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< W AHlE vlzFe] SAHAd oIt E7F Hss HAA SR 22.5rpmel A B 111.4g0]
ARERL, 8o HAUER vl FIF S50 37.5rpmel A= Het 426.1g0] AlRIEHAT. 1

23 289 £%7) 52.5rpmollAE HH 636.2g0] AlB|Eo] AA AHEHS ZHeEtE Aot U

¥ 3-1-8 AlHlF =HFe] 7HA0] Smm wjo] AluW|F

TEEp
1 2 3 3 S.D.
rpm
22.5 103.2 117.5 1136 111.4 7.39
30.0 282.6 278.9 283.4 281.6 2.40
375 4345 424.1 419.8 426.1 7.56
45.0 536.5 548.0 545.7 543.4 6.09
52.5 630.6 636.3 641.6 636.2 5.50
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30.0 332.9 330.3 324.7 329.3 4.19
375 480.9 471.9 479.9 A77.6 4.93
45.0 590.7 601.3 606.3 599.4 7.97
52.5 705.6 719.1 692.5 705.7 13.30
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45 759.5 770.2 778.2 769.3 9.38
52.5 845.1 867.7 857.7 856.8 11.32
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HEE- 34~
1 2 3 N S.D.
pm
73 33.2 34.6 34.0 33.9 0.7
77 36.4 37.9 37.5 37.3 0.8
80 39.6 41.3 41.1 40.6 0.9
83 42.8 44.6 44.6 44.0 1.0
87 49.0 52.6 52.4 51.3 2.0
90 59.6 62.6 62.6 61.6 1.7
93 72.0 73.4 71.8 72.4 0.9
97 76.6 78.0 80.0 78.2 1.7
100 88.0 87.4 85.6 87.0 1.2
103 90.2 89.8 90.8 90.3 0.5
107 92.8 93.4 92.4 92.9 0.5
100
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0 90
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S 40
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30
=
20
70 80 90 100 110
Motor speed, (rpm)
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y-axle distance (m)

y-axle distance (m)
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AORES FPsiy dEHor HEI IS A F IAXES ol &t S DAL A
4 SAE Addsta (F 3-2-1D) F ARt ASE HEuolElel FA GS+ LZEH 0

(Gamma Design Software, Plainwell, Michigan)< ©]&3le] Fzb#Ho]l £4 43 3. A5
AL AlHl =3 dAE AF dield @A o7 FLE Wl
3-2-4) LTIS (linear to silD® A =2o] R27F 0.99, 0.95¢9 w2 AFA S FAsAT

& 3-2-1 9Abe] HE, B4, A% WA, Aul 24 o

No. X-axle (m) Y-axle (m) CIS analysis Growth level | Fertilization level
2-1-1 283968.2874 3893471.7580 0.0146 8.5060 1.4939
2-1-2 283968.2871 3893471.7469 0.0152 8.4760 1.5239
2-1-3 283968.2871 3893471.7469 0.0151 8.4826 1.5173
2-1-4 283968.2871 3893471.7469 0.0142 8.5254 1.4745

2-8-296 283977.9693 3893459.9836 0.0152 8.4779 1.5220
1.42 = m e 1.42 o &S e oo o oo
® 1.07 ® 1.07
= m| = m|
5 o 5 o
: :
# 0.36 # 0.36
0.0o 0.0o

0.00 s.00 10.00 15.00 20.00 0.00 s.00 10.00 15.00 20.00

Separation Distance, m

A S R A vige1H

Separation Distance, m

0 3-2-4 A% GAGEDS AH A

322 A% A 2 AN FH WAl 54 W2lead el

Model* Nugget (C0) Sill (CO+C) Range (A0) Q (C/C0+0) R2
SPHR 0.872 1.745 34.870 0.500 0.79
EXPN 0.632 1.439 5.440 0.561 0.95
LINR 0.916 1.522 19.489 0.399 0.75
LITS 0.800 1.400 10.000 0.429 0.99
GAUS 1.010 2.021 22.210 0.500 0.61

*SPHR-spherical model, EXPN-exponential model, LINR-linear, LITS-linear to sill, GAUS-Gaussian
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Regression results
Sig.

RZ

X processing

0.000
0.000
0.195

0.164

0.238

Growth Level

Skewness

Growth Level

XZ

0.113

Growth Level

VX

0.973
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0.153

Growth Level

RGB ratio

0.154
0.153
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Growth Level

XZ
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Growth Level

VX

0.000
0.000
0.000

Growth Level

CIS

Growth Level 0.798
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¥ 3-3-1 DGPS 41719 AlA

[tem

Specification

Input Voltage (V)

9-36

Power/Current Consumption

<5W / 400 mA at 12 VDC

Power Connector

Cable mount environmentally sealed

H x W(cm), Weight(kg)

15 x 24.4, 1.8

Mounting Options

Magnetic mount

Operating Temp. (° C)

-30 - 65

Storage Temp. (°

)

-40 - 85

Serial ports

2 full duplex RS232

CAN/USB port

NMEA 2000 (CAN)

Pulse output

1 PPS(HCMOS, active high, rising edge
sync)

Baud rates 4,800 - 115,200
Differntial Hemisphere GPS Proprietary DFX and ROX
1/0 Collection RTCM SC-104 v3
Communications _1/O_protocol CMR+
Data 1/O protocol NMEA 0183,SLX binary and NMEA 2000
Range: 0.8 - >322 Km/h
Ground speed i )
outout Signal: Opto-isolated pulse out
utpu
P Frequency Conversion: 94 Hz/m/s
Event mark HCMOS, active low, falling edge sync,
output 10 k-ohm,10 pF load
Receiver type L1 and L2 RTK carrier phase smoothing
12 L1CA GPS
12 L1P GPS
Channels
12 L2P GPS
GPS Sensor 3 SBAS or 3 additional L1CA GPS
Specification Update rate 1 - 20 Hz positions (10 Hz standard)
Satellite
-y <1s
reacquisition
Differential SBAS, autonomous, external RTCM,
options RTK, OmniSTAR (HP/XP)
; c_ - f =

=

Roving Unil

by =
%

a) Interconnection of DGPS equipment  b) Installation of DGPS antenna
19 3-3-4 9 AeF3 28 EHE 2 DGPS System
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ofgfo] 19 3-3-52 A&F3 ] = H-8H DGPSE base stationz} DGPS antenna ©]
T} base statione %l e W= o] Axstglor], DGPS antennat: ] 2o B
S72=ROPSE AFTd AAE = J=F st

—

a) DGPS base station .-b) DGPS antenna
19 3-3-5 A&F3 Iy =Y AFE HL3H DGPS

(2) IMU (Inertial Measurement System, ¥4 =4 X))

IMUE Accelerometer(Z}< = 4]), Rate gyroscope(Zt<=7)), Geomagnetic(A| A7 Al ADZ T4
Hol lom, Kalman filter 5& ol&3std 72 MM FHaE & F7Y AA7E B
AYS ol g3le] iAo AA 32U =Ast= AR E AHRS(Attitude Heading Reference
System)e|th. MU= 71&9] &4 ZA et 2] AdstA wix e v $54 AA7F 2 ¢l
o, A FAEAN AzEFeg HolHE $44 & F Advh =3 MEMS7| &4 2= b
2 A712 g gFAAte] Thsekal, avke] Al At deskA 7] dEdd e S
=4 Ao HlsiA AAHoltk IMUe &AlE CPUE A4 e tlolHE AHested &£&x, 7h&
, Euler angle, Quaternion angles®] Ze}rE &S AASE AFst7] vfEol ey &3

¢ Delay glo] BAE & 3, AR AL nEste] £E9 AEEE Fahs o] ol

o

b

7] W&ol Helge &45 HLs & 5 e ARe 7HAL Jdu Ry FH e o
oW Aol EASAY AAGEHA HA, AAZAAM | ko] @St =A HolE o A

D=7t oA A He @xle] ok

B AT 3y 2o &S A s &2 SBG systems ik IG-500EE A&
a3t IG-500E+ GPSH AW F3 W& 5l £xo] B3 dHolHE 2Rt B E o] &35t AA
o A= MEMS 7luke] =4 Axjolth. 1Y 3-3-6-a)= IG-500E¢] ®Zo|w, 1
3-3-6-b)= IG-500E2] Block diagrame]t}. IMUQ] A=+ RS 360° , 52 AHEA 1.0°
2 A&FY AFe 1AQitch), ¢ EEH@ol), FHZHyaw)e] A AEe] 7Mssith &



3-3-2& IMU W2 AlAe AYLS ez dow ® 3-3-32 IG-500E¢] Aoty 13
3-3-7& Z7] MFAA NN H &3 BHola, I8 3-3-82 Fal A% Aol HA| AFEo

A g9 ol

a) 1IG-500E b) Block diagram
1% 3-3-6 IMU 2 Block diagram

a9 3-3-8 AA| A"l
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F# 3-3-2 IMU W& AlA A<

Standard sensor Accelerometers Gyroscopes Magnetometers
Measurement range + 5g + 300 ° /s + 1.2 Gauss
Non-linearity <02 % of FS < 0.1 % of FS < 0.2 % of FS
Bias stability - + 0.1 ° /s -

Scale factor stability < 0.1 % < 0.05 % <05 %

Noise density 0.25 mg/y/ Hz 0.05 ° /sly Hz 0.01 mGauss/v Hz
Alignment error < 0.1 <01 <01
Bandwidth 50 Hz 40 Hz 500 Hz

¥ 3-3-3 IMUUG-500E) A<

Item Specification

Sensing range 360° in all axes

Static accuracy + 0.5° (pitch, rol) £ 1° (heading)
Dynamic accuracy + 1° (RMS)

Repeatability <0.2°

Resolution < 0.05°

Output frequency (Hz) 0.01 - 500

Demension (mm) 36 x 49 x 25

Weight (kg) 49

Operating temp. (° C) -40 - 85

Storage temp. (° C) -40 - 85

Shock limit (g)

1,000(powered), 2,000(unpowered)

Operating voltage (V)

3.3 to 30

Power consumption (at

50V) 600 mW

Logic input

0level : <08V, 1level : > 20V

Logic output

Pull-up Voltage :

-0.3 - 25 V (K100 ns)

Start up time (s)

<2

Fully stabilized time (min)

< 10

External

Standard NMEA with True heading support

External Sensors Remote SBG IG-Device. Ublox GPS receivers
interface Interface option RS-232 or RS-422

Serial data rate 9,600 to 921,600 bps, Fast or Slow Slew Rate

Euler angles, Quaternion, Matrix,
. 3D velocity, 3D Position,
Main Output ,
.. Calibrated sensor data, Raw sensor data

communicatio
1 UTC Time Reference
interface Interface Serial (RS-232 RS-422, TTL 3.3V),

options

CAN 2.0A/B, USB

Serial data rate

9,600 to 921,600 bps, Fast or Slow Slew Rate
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(3) =¥
2 BE AEEH7E FFEHO o AEFY 25 A7) 7HeshH,

o] AF ZFo] 7}EIEE T B AFdAM= ¥ Oriental Motor ARE]
serice(DG130R-ARACD2-3)E Alg3td o] %A =ZE A|ojstytt. DG-2 seriese=
EHE o]&3le] £0.004° o EL2 HEE vfE o ZE 360° 3FHo] Jledtrh TS &
of Hlgl 20kg AES =2 StFolAE 3| Ho] rMEstth. E 3-3-4= EH Aldolw 1
3-3-9= 2% EHY ZHES YER A Atk

® 3-3-4 ZH A

Item Specification

Integrated controller Y

Range (° ) 360

Accuracy (° ) + 0.05

Repeatability (° ) < 0.02

Backlash (° ) < 0.06

Maximum centered load (N) 200

Maximum cantilever load (N-cm) 410

Guide type

Pre-loaded ball bearing

Stage diameter (mm)

60

Maximum current draw (mA)

450

Power supply (VDC)

12 - 16

Power plug (mm)

2.1 (center positive)

Inductance (mH)

4

Controller resolution

1/64 of a step

Data cable connection

Minidin 6

Mechanical drive type

Precision Worm Gear

Limit or home sensing

Magnetic home sensor

Manual control

Y, Potentiometer

Operating temperature range (° C) 0 - 50
ROHS status Compliant
CE compliant Compliant
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2 weel ASe] wEE RFer] 9 wEH 4L HeHd

CAD 2004(AutoCAD Inc)& Al&3tRer 2DEWH ZAS F3) d=
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vl 2D giola, I9 3-3-112 dE B
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(4) HST (Hydrostatic Transmission)

JJJ
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i

HST&= fF¢4=Hol

el
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ok
e

MK

EEE

278 fFEom AAE 7] wWEel AN Ee

o ZIAH AE%E

g o)A w719

O %
L

& Ax) 0l E g 7AW El(torque converten) ol Ao

H7]

S

S

itk

A LPMC

T
| .

Zlo] BEolth. 19 3-3-12

A

HSTunite] ®<&olt).
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% 3-3-12 HST unit (Jeil PMC)

2. AgFa Ao A2

7. ZEgAlol W

£ ATNAE 2 AAE A9 ohe 19 3-3-139 o] slol2el W, o FHwWE, A
SUE, YVUHE AE Fee AAT ¥, AEvh2nSignal to Noise Ratio, SNOE o] &
s ke A7 BEO 45 WD, BHY FE@ Adel BE 4= AsE YA 9
20 B9 WMo WwE A, & Ak Adstel old] ARF e AA BHE MR}

. slelRebE, olsHRUE, HgWE, FVUHE ]88 & AA FnYEL A2

o
o

[Mission] [ Dsr;_lvéag ] [Hydraufic]
rpm Temp

Engine
em rpm

|
Main : 2

Sensor signal cub: 3

Wavelet transform ) —

. J/ Evaluation

= e 66 to
Kalman filiter — _— Jspm - Delay time
Desire signal
Adaptive filter — __-,

a9 3-3-183 Al dads A 55&
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3£ 3-3-5 A3 AdEolA dE o mE Azt H|

SNR (db)
) Moving ,
Sensor signal Raw Wavelet Kalman  Adaptive

) , average , ,

signal filter , filter filter
filter

Engine revolution speed 25.1 36.5 27.2 41.5 44.8
Transmission revolution speed 28.6 37.9 28.6 43.8 42.1
Driving shaft revolution speed 314 41.9 27.8 38.8 45.0
Actuator position 27.2 354 27.9 33.6 33.8
Average 28.08 37.92 27.88 39.42 41.43

e AA A" S 242 glsns] 9a) A% L= we} Wels 44 Aso W
A Sxro sbgs) O ¥ 3-3-67 o] A, A% S AU AA A7l

A% AHg AYE ol §F AIIF L2EE 743 HA Uehga, BPF A% 5ol % ol
o

=

2 g AlA Al B2 AREe] 2% Ae & 3

o
o>
>
r_}[_‘
rlo
4
2
2
2
2
o PN
[0

| clEFdEHE AHgstdle o 7P g2 Alkbe]l YEhgoH,

ARHEEE AREstE o] AlZe] FRAte iRk fHclER s g AlRte]l e Azl

SHARE M E SH Adee EAt meEbA B dAFoAs AZdFESHIZE =3 AIRE Ao
2

2t 29 AE A" Ze AASE YTt

It Wavelet Moving average Kalman Adaptive
em

filter filter filter filter
Delay time(s) 1.83 1.64 1.73 1.02
Rising time(s) 1.15 0.61 1.50 0.91
b Ao} Adl



oo]E 7t AHEEol 2% HEH ]
(bandwidth) ™ol AgHeltt. A WHA FAY A sliding mode Ao} integrator

A= dsAstE HAas Al7le Wil AdHL A F HA A9 A =F A

(D st=slo] +4
s 1 ALS AT 2y 29 A" ARg" EE = 20kW(U2030, LSMtronib) s E#
Holth. Y 29 AXAHRE wr] IDGCPS(GPS-702-GG, SPAN-CPT, Novateljit)<}
(Novateliit), Wheel angle(sensors 9901, BELil)& &4 & &+ U+ AAE &2 stH L, 43T
AoE Y3 T Z A A(UNO-2176, Adventechiit) o2 FA3IATE E=3F o]2 CAN EAlS o]
g3te] Aojst== A At 19 3-3-15& A&FY Jo 2o FAE JEha it

i_!

Ll

n———

Control processog

(i

Percepiion
Rotmry semion [HBEERE

Ae) mole] xare Uwk Au e WEL 2% AL A 9 & NUA Az g f9
AAE R 50| AgHo] AEoly U3} HolREE $H A Eelojo] WEL AR A
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x=Vcosy
y=Vsiny

y)z?tané’

1 5+5=0/R,

[5]=

max’ 5‘ S a)max

vl o} vl Alolo] mudo] WAlEE Aol thalA ol HAEY] AT Aol wA
Aol717h BAH L ABHHL Fato] oo FEA0]l HEHL Yk B A

7 o
Folole] malg meste] FYF Aol BAS] ANA 5H mH Aojehs WY Aol

A ALF Ao7IE AASH] A8 A WA A} ®WH(liding surface)S W 221} 9
Z

goz thew ol Aoar.

ol
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to
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o
i
ot
Y
PN

S, =e,+de,=¢e,+d(y,—y)

A7|A Y 3-3-219A4 B uiel Zo] ¢dE Wdte FAAZFY HAWEFo] ofd dutE
Hojxl AHS Aot 11 HH o] F= AEE BosAuth o= previewd] AHE THAH A =
A FP A F Y ABEE G & A

%S

2o 9 Aol S1e MRS ¥ Ay et Lo,

ojmj S1& 002 FHAZZ] 98 ol FoW Ysh= ZF7Z (synthetic steering angle)2
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g(8)= tangzﬁ(e‘y +dy, +K,S))

714 Kl Alojad4oltt. T o o #e B3 2ol H(ow-pass) BEIE o] &

3te] A7 H g3} o
TS oy + Gues = (3 ), Z s (0) = (S5)(0)

= Wy 93 mHe  S=tnd)-g, T Ao nES 3 I FHestd tSa o] JE

9 % gl
S, = gz‘s & des —secﬁzw— des = K585
Hetd 2% AF 2EE 9% FARe G ok

ecmd = Rs {5 + TS coSs 52 (g.-des - K2S2 )}

Ao R AEA WHgke Bt 2ok o)A Koe Aol gsolth

T
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3
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I
&
f_J;\

S+, coséz[g(é)_gdes —KZSZJ}

(th AlE# oA

29F Aolrle] AEFL A CarSimolgs HF AEHolEe gl EFE 2dg o g

0

st Y 2o AYe & 3-3-7T3 o] AEdHAE AR B s AT =

Sk 13 3-3-189A Hi= ule} o] 2] 49} 2] 59 2 Y Foolg A Frlste] FA S
Atk O¥ 3-3-19% Y =299 3 AlEdelAdE 918 waypointe} ol & AAS FAAZX S
HoFa Qo
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% 3-3-7 =g u}e}u] g

Specifications

Engine Power 20 Kw Width 122.6 cm
Overall length 266 cm Height 102.9 cm
Wheel base 150 cm Weight 720 kg

)
L1

1
40 60 80
Longitude (m)

ol -
¥
=]

19 3-3-18 Y B9 23 AFdoly =d 13 3-3-19 Y =9 e} waypoint 913

Aolzlel 4% AES ASA Al JkAe) QA Wt nEEth A WAE dd mele) &
) oolele] B54 Wl 12T shAvte wHel s8] Wt

g TRk o dobsk AR Aolrle] s % FAHE HelFy] M BRIA ol
F Qe OB F Aolslsh mms) notth AMARE 2F AF0lEE 1A e ®

b

WHetolal F WHAE = o

e

do tislA Sliding Mode Control(SMC) 7S 283 HAE 99 2& o&3std g3 &
o] Ao & Uth.

5des = tanil {# (éy + dl/.jd + KISI )}9 ecmd = Rsé‘des

= A RE AZ=dolE e AA AL wEEle] Ao olHE 93 FYAor|E BERE A
A Fxolth. F, 91 219 SMCo th3-3 #Zo] Pl Aloj7]& F7lat 3t

e=68, —-5,0, =R {er + jo’e(r)dr}

e
X
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o
d
fo
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P AY&=l 3.6km/het o

4

£l 10.8km/h oA A7l 4

oL
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ftlo
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DSC SMC+ PI
Curve Path
Mean(m) Std(m) Mean(m) Std(m)
1 1~2 0.0805 0.0786 0.1134 0.1041
2 2~3 0.0653 0.0802 0.0930 0.1161
3 3~4 0.0902 0.1059 0.1160 0.1470
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Aol S5 AF AdFclolEo =3dnt
2 d7odAs Y 249 24 A 248 AT IS 34 2 B4 F A gFo
Elo] AtFS AAsom HST Alo] Al=®l F5& 93] A8 AFoolEle] Aato] 7be3st

LU
K

re

ind

i

2

Aolg Yyl s /| F-P 2B HA 8 ARSHAC

Warlous
Quiet Motar
Ay iz "
Ketvar-Polyurathana Options Alru":n?ic::ri Wiper Seal Q-Ring Seal
Dirive Belt Housi .
Acme or sing /S

Ball Mut

Paolished
- Slainless
Steel Shafi

Bidirectional

. e ’ . " End-of-Stroke
-Jg"' 3 ) - Anltﬁmation cushion
T AT o
4 Pﬁcisinn
et ¥ . Inear
e s Perionar
Pudley Assembly
a7 3-3-26 Ay HFoolH e FA
HST Ao} A28l A9 ezolole] 912 A5 2 ) =9 7% 45 243 48 930
ol Ao AT 95 fdl old=I/MAE FA H AT Yol JhesiAl MEskdt
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M

Aojr "ol A4 2E 2 Y 299 =9 As £ 9 AE 9T /O JAHFH o)~
2E, ¥y 44 52 1oz Agste] PCl 408 AolRz A%l FPGAField
Programmable Gate array) ®&, 149 4lsAg] 2 A7t 7hs$ RT (Real Time) REZ
o] FojK Ut o] wjo] FPGA X &(Crio-9104, National Instrument, USA)2> o 3 Mhze] &
o2 879 1/0 QEHl~ RES FAd =A 7l%sslH, RT =EE(Crio-9012, National
Instrument, USA)-2 400 MHze] Z=2AM| A7} A2Eo] B 49 A5 AHgE ALt 73 7Ms
g ARl Atk

NI 9205(National Instrument, USA)¢} NI 9219(National Instrument, USA)E o}d =21 YHEE
2 AREER =, NI 9205 11x9] 250,0007/E ¢l & AL, 16719 olgd=2a d#HES 7HA
o, 16HEQ H3soZ +£200 mV, =1, £5 +£10 V] td 235 o] 7pesit) opdz
E(NI cRIO-9263, National Instrument, USA)-> 4719 otd=1 &¥H-& 7FAH Ho 100
kS/s9] £=2 £10 VY M-S 9o T3 NI 94037 NI 9401 OXE YESHEEE A}
2319 =0, NI 9403(National Instrument, USA)-& 32719 AdE 71AH xo|=7} B 4
TE SAY o S FFA7I7] A s =H gl A 2(hysteresis)7F T

w3 B3 AXNE FAY, FAF 2D a2 3271 ok NI 9401(National Instrument, USA)-S
87/hel AEde 7FA™ Hd 100 nse 14 H2x AT =Ho| 7lestth NI cRIO-94742F NI
CRIO-9411¢ txE EHYnE=Z AME3l9 . NI cRIO-9474(National Instrument, USA)E 872
Azt A 1 ps 22 S 88t 724 Ad e dHE yEh= LED7F iz, NI
cRIO-9411(National Instrument, USA)2 67} Ad& 2zt 500 nse] £E=E T|oJEE Ao =
S = Atk o3 /O B FPGA 2EF 9 RT EE9 AFYFL 3F 3-3-90] HZth

ﬂHN'

(a) Crio-9012 (b) Crio-9104
a9 3-3-27 RT =& and FPGA =

_87_



(a) NI 9205 (b) NI 9219 (c) NI cRIO-9263
13 3-3-28 HST A|oJA 2" 9] Analog input and output =&

(@) NI 9403 (b) NI 9401
19 3-3-29 HST Ao} A]2~Hl9] Digital input and output =&
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3 3-3-9 data acquisition board and I/O modulee] A

Module Specifications
. * 400 MHz processor Real time embedded controller
Real time

cRIO-9012 * 128 MB nonvolatile storage, 64 MB DRAM

+ 10/100 BaseT Ethernet, USB/RS232 port
* Control and signal processing circuitry

cRIO-9104 * 8 slot reconfigurable embedded chassis

* 3 M gate reconfigurable FPGA core
+ 32 single-ended or 16 differential analog inputs

NI 9205 * 16-bit resolution; 250 kS/s aggregate sampling rate

* +10 V programmable input ranges
» 250 Vrms channel-to-channel isolation

NI 9219 * Thermocouple, RTD, resistance measurements

+ 100 S/s/ch simultaneous inputs
* 4 simultaneously updated analog outputs, 100 kS/s

cRIO-9263 * 16-bit resolution

* NIST-traceable calibration
* 32-channel digital /O module

NI 9403 * 5 V/TTL, sinking/sourcing digital /O

+ 1000 Vrms transient isolation
* 8-channel and 100 ns ultrahigh-speed digital /O

NI 9401 * 5 V/TTL, sinking/sourcing digital 1/O

Digital /0O « Industry-standard 25-pin D-Sub connector
module + 8-channel, 1 ps high-speed digital output

cRIO-9474 *5 to 30 V, sourcing digital output

* Extreme industrial certifications/ratings
* 6-channel, 500 ns digital input

cRIO-9411 * +£5 to 24 V, differential/single-ended digital input
* Extreme industrial certifications/ratings

processor

FPGA
gate

Analog 1/0
module

d¥d AEE RT BEo &Ko7 dLstr] 913 /0 =&, FPGA =&, RT 2&3e §4l
e 3 Ag % AFS & 5+ vk FPGA =
A% 223 F2 VHDL &2Ao] AREHM, B AFoxe A5 Ag 2 F3o] §o|F
LabVIEW (version 2011, National Instrument, USA)E ©]-&3sle] 73t ot

FPGA &2 19 3-3-309} Zo] Aad 1/0 REHY dHeoly F21L s8] /O ZE9 LSB
(Least significant bit)2} 2 ZAI(Offet) 52 HRE RAZ F RT ZEo] A3} wigj2 vt
2 RT e 1% 3-3-31¢ #Zo] As 3 He 8 Fi4 59 A5 F4& 93 A4
o] M4 7+& FPGA REJ A$sts WO E FPGA &3 RT REL 57|39, 181
FPGA RE3 RT ZE-2 FIFOFirst in first out) M3 E Al d o2 UAsta 3l FPGA Z&
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= T8t 9 A5 E RT 2E9 FIFO H3o] ¢atzer Mdsiy, RT 52 494 4
TE 102 Wekste] USB 52 AA&uAlol xAsiAl dot.
&' m W
a. Module calbration b. Inkakse canfiguration FIFD . Load corfiguratian data on FIFC
I'IF | : !
N ¥ oy % i
8 - B | BHerea
Ea e | 3R
. Load configuration data an FIFD d. Acguire sensor signal
% 3-3-30 FPGA =239 /s
e s 5 |
It - = |
o} =-al L
0, Install FPGA b Read 100 modide calbration data . U2 module configuration
- 1 i """E] EIEE
. L
= 1]
d. Read sensor signal in FIFD & Camvert binary to nomina
19 3-3-31 RT 2E Z2 99| s
h Aol dargls
B dFoM s dFololE el ZHE A, £= AoE Tl Fx dee 24 ¢ F 9
= A% dFololHE AT ARk Ao WRoRE RAV|EZH S Ao, STlo|dREE
Aoy, Fuzzy Ao}, AZAIA Alof, PID Ao} o] AREHI Aot & AFolA= nld &2
(Proportional action), &% &2HIntegral action), "% &=ZHDerivative action)& Z3std T4

st Aoz g FollolE o] A& ko] hdstHA EEo] Fof de 2:0]= PID Ao 7Y
= ARESTh tide 2R gtem fAS] fe A" w3 e AAEHA s w2
ol AT el wis mlElolS, HECIE, HEoSS AE, FYS s Aoy
ANzElE Aojsts WAor eate] A7])8t WEte WE FHE ol 5ol wet MAHJD Al
o] = B Aodeol 2AHdAH.
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@ PID A o}7]

PID Aloj= wld(proportional) &2}, = &(integral) &=, ©l&(derivative) 202 F4 & o
nom 7HA F2e 2ot Ao did AlzElE AlojstAl HeH, Aol did AlzHEles AA
23 gog2 fFA87] s AfAE et Aol LT E ALtetal olddl ik PID Ao
719] Hlg o5, A& o5, uE o5 AT date] i A 2="lE AlojstA "ot ol <l

A= HHE3I PID A Ao He

rok

i
o
I
[
v
T
™
>
wn
Q
Y
)
2
o
o
=
ox
O
o
¢
ox
o
[
™
offt
1o
™
filo
Iy
)
o
rr

soiul= A7)

7I5e ZAT AL RS AASHA Edke 540l U

ole] Ao ulg3} Lol HREAL oxte] ARghel st FARE Ao WHoR A
stel ALgETh WlE BAA BAY F e
e ot AA7 Fbsstth sA T AEAAtime delay)e FAAA A2

7 43 AAEE ARANE FO AESHENE AStAUTE BHol Atk

frc)
offt
»
o
rlo
=3
AL
offl
2
H
iy
01

filo
2
off
>
A

Ut) : 225, K, « 48 o5

e(t) : SN 2% Aol

R At obd A3} o] 2xbe] Alzkel i Eghe] Helste] o] Fojx ), HAGe
AL @ 5o aglow ZAgtel WAlS W SA@T MA@ Aol A wWaTh mE
B4 FAG o] tal 2 AiYPLS Fol A% Uk Ao} FHE HFhES
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Fozx A =2AREES ME2A AN 2o Aty WEE fEshr| = skal, Bl

S&oly AEFHANA TS EAMS 2 F= €S Io AYHER HAAE F

d
Ut) = KDEG(t)
Ut) » 233, K, : #& o5

Ult) © 23, K, Bl o5
K, A% o5, K, : W& o5

- Ao Ag AeE 53l I &N Hates TFAHTS 4 F e Ao
PID Alojo] ZAxdolm o]9} zFo] Al2Hle] HAF Alo] AF HAdste= HAAES PID A7)
Tuningel2} &k=dl, ©] Tunnings &3 PID Ao Algo ©E AxH H%F ¥Hdes s &
3-3-10% o] vehdet

3% 3-3-10 PID Alof Alsroll W& Al 2"le] A5 W3t

Rise time Overshoot Setting time Steady state error
KP Decrease Increase Small change Decrease
KI Decrease Increase Increase Eliminate
KD Small change Decrease Decrease Small change

@ fFoolEle] PID Al 2A

PID A= dFollolEle] Alo] Al=Hl sl 7H

riu

FEFS v 7] wFol HFoo]E 2]
AAE 93l 19 3-3-323 o] PD A4 A4 &uglES Mdstg o o5 53 PID Ao

L



715 AASATY AF AF duglE&e Z-N (Ziegler-Nichols) WH-& A&3le] oS0l o] 2
PID 7] A& AR &, 27] AFet dFoolHe AEddrE 7|E2=E KP, K, KD &4
2 gt Agdold Z2IHE Mdslda, S/ AR Hr AAE FAO WS

N7l= BFE Az A8t

Fix optimal K,
Open loop method
I.'J

Calculate ] Selection of optimal Selection of optimal Selection of optimal| | Optimal of

Initial parameter K, by simulation “| K, by simulation “| K, by simulation | Ky K. Kp

Fix initial K, Kp Fix optimal
K, K;

a9 3-3-32 PID HA Al AR dgs

HFollo]Elel, PID A|oj7], ZEIAQWEIS] HEFFE o] &3te] HFoolg A2H
o AEgrt MEEAT AFoolHE ot A WA 23 Zo] DC RHO AGTTE ALE
stsow, PD Aloj7]l& ofel F ¥R 23 2 dubHd JeE o] &5tk THA v E
AL HeE ot Al WA 23 o] Jed <
E 71EA%E)0] 5V, AHAFWN)7F 270 T /360 © 2 AL 1o S FE THARE G
HFzE 7Pt g ER qFdolE Aol Ax" HAYEFsE HEOE vebd & o
W, AA Al2ee 38 3-3-3337 o] Yehd £t

Km (K082 + KPS + [([) K;IL

T(s) = , Gls)=—F—=
7+ (1+ K, K,)s* + K, Kps + K K, =) s(rs+1)

K
r=RJ/(RB+KK,), K,k =K/(RB+KK,), Gp,=Ky,+Kys+ ?’

m

K: AZ7] E3 A4(Nm/A)
Ra : oo A3H0)
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B : AA w2 AL (kgm?/s)

Ke : 97148 A<=(Vsec/rad)

r(t) e(t) u(t) y(t)
| . | & . . o ..‘
oy Actuator
| S
ll H(s) \

9 3-3-33 A4 AFoolE Alzwle] WEFS

PID 7] Alee 19 3-3-343 o] MFxZ A" Ald §EE T3l Aozl AAAITHL)
I ANAHF()E PID AFE AAse Z-N Ald S5 Hopen loop method)< ©] &3t T Z-N
AT e oty 23 o] HwA 3t mdS ALR3LY] wEo] A A 2L &

HAsS ZItstrl= of@AN, Ao A AAe AT 7IEH AFo] st
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c(t)
4—7-1»—&' t
1 T

1% 3-3-34 Z-N method?] AT EA

o71A, L : ADAZHs)

o A

PID Al49] AAS 9% AEHod T2 a3 19 3-3-359} o] LabVIEW (version 2009,
National Instrument, USA)E ©]-&3&td 7T ATt AlEHold 2232 Z-N o) o) 4
AE 27 AFE AFolEH 9 Ao AzH AGIFE 7|F0 2 K, K, Kp AR HZH3HA]
71M, 8457 B8 Bt AHAE A MEAIIE AE AFE AAS AT

PID coefficient optimization simulation

PO coeflicien Slep respons Bzt ol

i T
Easborg e AER
Tieamo B
Cloand Lazp Shkiry | wishia
B i B
FPrars wewgla B

19 3-3-35 PD A% AHsE 98 AEdold =29

SEBAS HUle A A ZHsettling time), H o W< E(maximum overshoot), A7l 2=}
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(steady-state erron= AA o, 71x] F& ZFEE H4LE UEdE A AFE AN
o Ay dFdolHe A A2FHA o] Fo wel HEZFAo] MASHA] gkofof Bl
ol LHFETL glom AZAIZE W A AdE oA

]_
B A8 Azde Arha ebgAel ohd A HYEE Brbshs WP tolH1E A

o]
o} o]5 o fE A7t F£X7F F4F Azdo] FHo R AsthE A ovEiH, 5
Agolls Aoz Alxagle] Bkt ZE oujste o=, A
= ARZE AREHETh

PID AloJA =8l 27] Ao Al AAE 3l Z-N AT §Ho2 548 43 A7 A
AZEE A 42 0229 0322 UE o, o] ol &3t 27| AFE A Ads
Kp=1.8, Ki=4.5, Kp=0.18 2.2 L}E}ie},

Z-N Wi 93] AAE 27 AFE AAAN2E AGFFE 71F22 K, K, Kp AR F
A3l A EHolHS FHF AF}E 19 3-3-36, 3-3-37, 3-3-38¢F 2Th Kpo] SHASS 1Y
3-3-36()¢t #Zo] Kp7b 1259 o Hol WwE, AFAIZE, AAE a7t 7 @A vERG
N 2o SHEAS Rolx glon, Kprb 3.25 o]l Ao S@ASol A AslE o
Ao7k olEE& & Ak Ke7b S/l whet o5 ofi= 1" 3-3-36()%t Zo] 2.2 §

2

v APH R Fadt Alx"o] EIGE FHE UE

I
ol
1o
[-JO
ol
bl
ﬂJlﬂJ
°
o
=

<
WAtk Kp7t 2.2 wRbel M= 14 Aok o5 A7 25 dAFH HZA Ke 1252 AA
= At

KpE 1252 A7 FEoAM Ko 8 dAEE AEdeold & 23, S84 1
H 3-3-37(@¢} #Zo] Kb 25591 Aol 7 ¢ SEHEAS EATh 255 vt Agele

8 AH ah =4 vEhte, Al LHFES ALK R FUMEE AdFe Hol] WE
o

Kps 125, K& 2552 A7 ZHjolA Kpol 845 =S AEdeld & 23, &
HASS 1Y 3-3-38@<t o] Hol eWES AZAITto] Kp7t 0.05¢ o 7 A e
sror], A oA Ko7k 020014 718 2 ghe BATh Kozt S718tel M) o5 o
+ 1% 3-3-38(b)¢F #o] 0.05 o] el HMAHoZ =2 #e 7HA AR oH, A AF
E Kp7b tiR8e 7oA = e fAaAth wekA Kol HF AS5E 0052 4AEA
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100 12 100 ‘ 40
=~ 75 K, =125 | o 2 m 75 Phase margin 30 g
H o . . =)
S i | & 2 ] Gain margin 2
o | | = g o R o
&0 : (2] B | =
g 50 | i fl 6 g Z 5o / / 0 3
5 || Max. overshoot - E g 3.
2 | A — & ‘ ?
o | ! - w b= ul
o N\ | / o 5 ‘ { 3
25N\ Steady state error _ 3 & 25 10 -~
k / | -~ Settling time | '
0 —e— = 0 0 >~ 0
0 1 2 3 4 0 1 2 3 4
K; Kp
e} 1
(@ % A% () A4
- & o=
19 3-3-36 AE Aol Alg A 23 Kp).
100 0.8 100 \ 16
=, Y Gat 1
M Phase margin '\ AT
- 0.6 w % 75 e ./ 12y
g | = = : ; 5
e X . 5 =] \ @
g : Settling time 3 B \ o
& : 2 L5 B \ bt
8 50 ! 04 o= & 50 ; 8§ 2
E 1 o — N - 3 £
Q — - ] ) =
o =] \ 3
5 | % K \ ®
B2 Steady state error Max. overshoot g3 8 0 25 4 2
= == \
0 = 0 0 0
0 10 20 30 40 0 10 20 30 40
K; K
o A
(@ 9 Xs (b) B4
-3- & o= 2=~ -
19 3-3-37 A¥ dFdolg o Ag AA A K.
100 0.4 100 20
Phase margin
e o 03 ., o 75 T / 15
o I ] Settling time a I y == =
5 | : Ry
2} ! n ! 5 5 . o
g 50 I i = ANl A= g0 & 2 50 | = 10 3
! | J \ [ =g = [ 2
2 ; : =] g 3,
d'f | o = | G S u%
i - < = [+ | ain margin el
25 / Steaidy state eno/r’”‘ s«<—— Max. overshoot 0.1 § 0 25 / / g 5 3
'3 ~ /
0 =— 0 0 0
0 0.05 0.1 0.15 02 0 0.05 0.1 0.15 0.2
Ky Kp
T
@ % 4% (b) 244

19 3-3-38 @ dFololE ] A A 23 (Kp.

(th Ao ds B7t
@O fFoolg] Ao z=aH 7N
a9 3-3-393 #Zo] LabVIEW (version 2009, National Instrument, USA)E ©]-&3}o] <} F=of o]
g A& A% AsAel Z2adS TSR AW AR Aot JhestEE Ao =

_97_



b
o
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}01(
A\
o
_?l_,
N
bl
Nl
o
ol
)

23S MEden dAXeD ofyg 7=, A= ML

Ao 22O dFooly e zHlA e B thi SAF B HIFS AR

r s DD,

& B 37 Bl R L rreaed 11 kT AT

AT

i'Jll

HIAJIJLI

Jmmmmmﬂ

|

I B | BT T I e il

H LR R CEE LT ] N Kirwn :I

q 4 Ml DR o e il

T Tl B

-1

. i i

o — - - L

0 - S S - wiils_iihee o1 i

H W Ta a1 ‘

el [ 1 -'- T '.I=
_____ S— —

e gEn | (N o, - S G | _E L, - Ll |

a1, ) o e (1 : N SR

s o (Tl e T arwpirmy e 7, ] [ il |
ae ‘ 1 .I a= | =i | a | = ‘ 7| woll.m | = | -

19 3-3-39 dFollo]E Az Alo] =1

@ Ao A5 B7F

Yo olBlE o] &3k HSTe W& Ao As H7FE fal AW AFAR A HFololg 1
%

cydeg 9 — A4 — Y - 3 - FYo 53 cycle WHE W& On], Aol
1 cycle 9 43 . Aol A5 W] Ae & ALS AdHer 9 - A7,
29 — ¥29 290l e 59 A 2
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E 3-3-11 A Ffole W&k Aof 4%

N ->F 1st 2nd 3rd
Total duration time (sec) 2.21 £ 0.05 2.22 = 0.06 2.42 £+ 0.05
RPM reaching time (sec) 2.61 £ 0.04 2.51 £ 0.05 2.65 £ 0.04
Transmission RPM (rpm) 66.0 = 0.05 78.7 = 0.09 92.1 = 0.14

% 3-3-12 3o o8] W&k Ao 4%

N ->R 1st 2nd 3rd
Total duration time (sec) 2.32 = 0.06 2.22 = 0.04 2.32 £ 0.05
RPM reaching time (sec) 2.60 = 0.07 2.43 + 0.05 2.62 + 0.04
Transmission RPM (rpm) 555 + 0.14 63.9 = 0.07 76.8 + 0.64

3. OBy SEA 2

A0 A% ARE ANROR S5 I A% ZPAN2EG A% Juo| get mE
AEFS 2AsHE WFAN A28, 293 GPS, MU, 29 2E 53 2o 487 JARE

o 2] EdEe] galste] g5y FrIES AR E AL,
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19 3-3-40 AT AR FHALY AE]

(D) =9 =49
A-&3d Y 2 Ax"He] EdEE 18 3-3-419F Zo] 423 EHE(J2030H, LSMtron,

Kore)® ol &-3tom, AMT e & 3-3-13% 2t

a9 3-3-41 B9 ELE (J2030H)

A3 &S 2,700 rpmeoll A 20 kW(27
w2 (hydrostatic transmission, HST)& o] &3} a1
o] A7t 7hsstH PTO= S H(independent) WAl o=
H(rear)] PTO <] <, S Afo]o] wl=(mid) PTOZF &A%kt
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£ 3-3-13 =9 EfEY Ad

Item Specification
L X W X H (mm) 2,616 X 1,140 x 2,159
Weight (kg) 719
Engine Rated power 20 kW @ 2700 rpm
PTO Type Independent
Speed mid (2,000 rpm), rear (540 rpm)
Drive Tranmission Hydroststic drive type
) number of speed 2 ranges (forward, reverse)
train . : -
steering Hydrostatic power steering

@ A AR

AgFa 2] wele] Ag FAL 98] el CCD Aviekel AT AR AT ®
9 Ao 2H RES AAST Avietet AAE FAT 5 U= FEES AASAL A7
Tool& CAD 2004(AutoCAD Inc)& A-&atdch @ CCD 7hwleh Aars 19 3-3-423 2
o] 2D =W &Y B3 svete] 9x % 4SS 2T 5 Ut FHD AASRAL At
$HAR Ao FE247)E BHstel vzt 9N 9 A=E s 2Pse] FHY

T AEF AFsAdn. 2" 3-3-432 2D =S 7|22 AAE st ZEHgo] givEE A

o

o
e iy
e, i
W
W
A

k1 3
L= L

— | = =

719 3-3-42 CCD 7hvlzt &2+ 2D ASSY =4
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3 A7) Z2HH
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N
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ox
olr

TEES AW ol 2y B9 A FodE PCr E58A gv T72E A|ZEoof
Stk B ARE 288 PC AN FRES AFE G T 3 AT ¢ A=S AF
Hglon, Agae] Welg melstel PC7L BW B 10| Aed FEE AL HUth 19
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o

3-3-45% PC AXE 9% F22e| 2D Swoln, 1Y 3-3-462 A A% T2E B
ERR L Sk,

3}
=
[

= )

J—::;j

b TS |

R
OCAANAR

=
L
=
lEEﬂM!E!E!m
FRARRCEAR
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(4) d =7
A&Fd RS A2"Y s 98] IH 3-3-48%F o] B EHEH FH o x7]

(LM2560, LSMtron, Korea)E A3+ sl o™, A3 Abeke 3

i
w
oo
=
o
i
kv)

138 3-3-48 o =71(LM2560, rear-mower)

Y 299 o %7 FHS 204 kg, AA £ 1,879 mm, ol Z& 1,524 mmolH, HA
F ol 254mmeolth o] d%7]= PTO 9 X" mid-mower == rear-mower 3 E)E

2ol
7hestH, B AFeAMe Jx H Jx719 9 HE 15t rear-mower® F3Esk At
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® 3-3-14 A x7]19 AY

Item Specification
Cutting Width (mm) 1,524
Overall Width (mm) 1,879
Cutting Height Range (mm) 25.4 ~ 101.6
Spindle Speed at 2800 RPM 3300 RPM
Blade Tip Speed (ft./min) 18,800
Number of Blades 3
Blade Length (mm) 533.4
Blade Width (mm) 63.5
Blade Thickness (mm) 6.35
Shipping Weight of Base 60 “ Deck (kg) 204

(5) AlH17]

NAES AeB7EE fAdAe AeFd deBrE Ertotyzl, HFAH] e =T A ZE

2% AeH7F ajle]l Bd. wEtM M AW Fe FVHE AR AWZIE AAlste] Az B
Azt ARt 198 3-3-492 AutoCADE o] &3t AAS AH|7]¢] 2D =¥ela, 19 3-3-50=

AA AzE ] FRE AMr)e] BREge YeEhla ok

o] || AT

- H-H%“:,:_,f_f_f‘i
.
 —
et .

A
I._;L;.g::, Ll
1% 3-3-49 Au]7]¢] 2D ASSY £ 18 3-3-50 AJul719] m

U 5% Ao Axw AR
1) B Ao} A2

AgFd BEs) EAE B Ao] A8 19 3-3-519 2ol PASAG. H49 Ao

N2 wER AFRHE ASHAOH 2Dt Aoi7)s TCPIPE F3l FASAT. s vzt

Q4R R} GPSe AAR, IMUS] AMARE =ER AFE A7 Qs THsHL

2T AA, Y lFelolEeh 23 AFololE, AulZlE LB Alolld AAHY
E

& YR EFEE dAAAd 27 &Y 7 AEEF dAA N EEo] fIEY Al

L}
o
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of 7ol AAForn & Ao 2Rl AssFL 19 3-3-523 AT
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13 3-3-56 Schematic diagram of curve path.
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1% 3-3-57 Schematic diagram of 1m offset path.
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1% 3-3-59 Deviation of curve path.
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3 3-3-17 Deviation of straight path unit(cm)

Trial GPS RMS Measured RMS Max Error
1 6.46 4.13 12.18
2 14.73 11.59 19.73
3 8.30 5.41 12.56
4 10.94 8.98 29.26

- 113 -



0.6

Trial 1

——GPS Measurement
0.4
——Manual Measurement

0.2

M/\MAM

0.6

0.4

Distance(m)
o

0.2 0.2
0.4 -0.4
0.6 -0.6

A
VTIPS YE!

Distance(m)
o

Distance(m)

06

Trial 3
04 —GPS Measurement

——Manual Measurement

o

|VAVAV.WAYARS

06

04

0.2 |

Trial 2
——GPS Measurement

m —Mafiual\Measurement

Y

Distance(m)

&

Trial 4

—GPS Measurement

——Manual Measurement

>\/\M A A AA

Distance(m)

YTy

=

L 1)

Distance(m)

AT

Distance(m)

Distance(m)

13 3-3-60 Deviations of straight path.

T Y ot THE AL & Ak

ad 3-3-612 A4 FE2E weh FFo] Im LZAH HAd ]
d=2o eAE Yeda o 29 EUEVE 93-S 7

97
oA AHS ol tuA Hio] AZ BRA I &

_>‘£
N
i
N
i
iul
v
lo
?\‘; J
<
'z
=X,
»
rx
o
1L
—

e 71719 2 EES] WIS XA
1 m 23ZAM(offset)d 30m ZAAF3Y dFS o,
AARH A X3l Helel A4kt RMS 235 Y

0 m 3

- 114 -

AFHA RMS &xt¢] HAFL 21.85 cmZ UEYoH, Hoexts= 77.47cm=E
A Uetgth Ao ex7F GA Uebd ol LZAE AXMAEE YT &8 H

mlo
ol
Og{;,"
e
o

3 Fole AW slEow Fuwa Huw



¥ 3-3-18 Deviation of straight path with 1m offset unit(cm)

Trial GPS RMS Measured RMS Max Error
1 22.40 20.38 51.81
2 13.63 12.68 38.20
3 29.19 26.19 62.33
4 31.58 28.17 77.47
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g el B -
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13 3-3-61 Deviations of straight path with 1m offset.
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3 3-3-19 Deviation after 90° turning path unit(cm)

Trial GPS RMS Measured RMS Max Error
1 13.65 8.37 16.80
2 11.82 7.17 24.57
3 12.18 7.03 21.81
4 11.96 7.65 18.70
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19 3-3-62 Deviation of 90° turning path.
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¥ 3-3-20 Deviation of curved path unit(cm)
Trial GPS RMS Measured RMS Max Error

1 28.39 23.64 42.91

2 36.83 33.34 65.47

3 27.19 20.51 56.02

4 29.06 23.44 55.76
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AP A/FAE ALK, IHo2 Zh7} 43 vHE A S AASAH. AA FEFES vA=

ZE|(Band Pass Filtering, BP)E o] &3le] Q1zte] BHES L7 A% #MejQl 1~10 Hz o
A& At YA Fupg F9= A A s LM uzanne, 2007) L AF Az 7tEs
9 A WIS FAo=E Hody BEAEYt LabVIEW (version 2010, National Instrument,

USAE olgstel 49 24 9 BAL 98 zZead AU o Taade ojFedl
Qm 7

1Ele W& Al 7hEE W3t A4S AT 7HER AAE T3 Ao

3 3-3-23 A9 B FY 2o BE FAY (P g

F/R shift Working speed Shifting shock
Low speed 0.26+0.027"
Forward :
High speed 0.35+0.021
Low speed 0.26+0.016
Reverse :
High speed 0.32+0.023

U Average +standard deviation
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Automated rice An optimal operation Turning function for
=5 transplanter with path of agricultural robot tractor based on
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O Auto Turn - automated headland turns
Q Proportional technology for faster steering performance and track finding
QO Wheel angle sensor for high precision parallel tracking

QO Retrofit for almost all standard tractors

OAutonomous headland turn
OHighly accurate line acquisition of the next track

ono gaps or overlapping

Oexact turn in onto next track especially in row crop application
OSelection and definition of the next track

oto the right or left

ointo the 1st or 2nd or 3rd or -

QDisplay of the turning sequence

<Qutback STS>

OElectronically integrated Outback Steering Guide(TM),

-QOutback Sts uses GPS data and specific job details to provide real-time
data and precision guidance.

OSolution offers various guidance patterns and ability to set/adjust guidance

lines.

internal memory or

ORecording job-specific notes - can be stored on

transferred via USB port

- 145 -



Al

o

<CFX-750>

OGuidance and Mapping

-Coverage, point, line, and area mapping

-Manual guidance for a number of field patterns, or add hands—free guidance
with the EZ-Steer®, EZ-PilotTM, or AutopilotTM steering systems

Olnformation Exchange and Farm Software

~Wireless data transfer between vehicles in the field or from the field to the
office with Connected FarmTM

-Data analysis with Farm Works Software®

<ARAG SKIPPER
GPS>

ODriving mode - parallel, contour and curved parallel

OArea can be measured by driving perimeter

OTracks and covered area are displayed continuously, cursor indicates
position relative to track position.

ODisplays multiple data including speed, area sprayed, calculated area of field,
elapsed time, productivity, perimeter, date, time, direction, GPS signal
strength, track number, target rate, available memory.

ODisplayable GPS data: latitude, longitude, No of satellites, index of signal
degradation (IHDOP) last DGPS correction time and availability.

OComplete job overview - zooming in and out to display completed and

untreated areas of field.

<C-Farmnavigator
>

OWhen entering a field to commence work, the field can be measured on
first drive around perimeter of the field and area size indicated. Contour,
parallel, or irregular contour guidance can be selected.

OFarmnavigator also incorporates virtual spray boom commander which gives
a visual indication when to turn off spray boom sections, if overlapping, for
greater savings with pesticides.

OWorked field area, field size & current speed clearly displayed on field view
screen.

OArrow guidance indicates in which direction steering should be corrected.

QField File indicating total area of field, worked area, max speed, duration of
work and any overlapped area can be downloaded and evaluated on Google
Earth.

OThe Farmnavigator with John Deere Starfire 300 antenna gives a typical

accuracy in field of 30-40cm.
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