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SUMMARY

I. TITLE:

Development of Electronic Mapping and Precision Spraying Technologies.

II. OBJECTIVES AND NECESSITY

With great increase in the population of the world, the food problem has been regarded as
one of the important diplomatic affairs. Therefore, the government of Korea has made great
effort to increase agricultural production for national foodstuffs and security. As a result, increase
using chemical fertilizer and agricultural chemicals was unavoidable. Conventionally, uniform
herbicide and fertilizer were sprayed in a field. Therefore, the amount of them were partially
overused or deficient. For this reason, concept of the precision farming was introduced, spraying
fertilizer and herbicide in consideration of spatial variation.

Many technologies such as the sensing system measuring the spatial variation of soil
properties and the state of cultivated crop and the electronic mapping system were needed for
the precision farming. In agriculturally advanced countries such as America, EU and etc.,
electronic mapping technology has been developed with aid of sensing technology quantifying soil
organic matters and crop growth and also spot or intelligent spraying has been researched.
However, rcsearches about precision farming in Korea are insufficient, and they are eagerly
needed.

The purpose of this research was performed to develop electronic mapping system and

precision spraying technology.

. SCOPES AND CONTENTS OF THE STUDY

To develop the electronic mapping system,
1} Electronic mapping algorithm will be developed.

2) Two main components for the electronic map such as soil organic contents sensing system



and crop growth monitoring system will be developed.

3) The integrated system will be constructed.

To develop the precision spraying system,

1) The image processing algorithm to discriminate between crop and weeds will be developed.
2) An appropriate Image processing system will be constructed.

3) Spraying system and conveying vehicle will be constructed.

4) A ON/OFF controller for controlling each nozzle will be manufactured.

5) Performance test of the developed system will be executed in field.

IV. RESULTS AND APPLICATIONS

A database programmed with Microsoft Access was constructed. Electronic mapping algorithm
was developed with mapping the organic matter contents and crop grow rate.

The soil organic matter measurement model was developed with a good correlation (R*=0.82,
standard error of prediction = 0.82). The soil organic matter measurement system was integrated
with this model and DGPS.

The crop growth measurement system was composed of a DGPS and a vision system with a
color CCD camera. As the crop growth was correlated with crop leaves, it was measured with
the developed system.

The database, the soil organic matter measurement system, and the crop growth measurement
system were integrated to the electronic mapping system. Soil organic matter contents, variable
fertilizer treatment and crop growth was plotted by the integrated system.

Basic research to determine spots for spraying was carried out. As a result, a system to
discriminate between crop and weed was composed with the aid of optical properties and shape
factors.

As there existed differences in shape properties between crop and weeds, weed detection

algorithm using CCD color camera and artificial neural network was developed. Although the

vi



developed algorithm showed high precision in detection, it was not proper for real field
application because of consuming time. To solve this problem, high speed algorithm of the weed
detection made up of a DGPS, a gyro sensor and the known crop coordinate was developed.
Conveying vehicle and spraying system were constructed. An ON-OFF controller for controlling
each nozzle was integrated to the precision farming system. The developed system was tested in
an orchard of SN.U. The developed system could transmit data through RS-232C protocol. The

totally integrated program was made and tested to feasible to precision farming.
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oA A A% FY dunF

AA717F AR & g AGstd AFANRY 5F3 AN AuF 2HE
ol ooz ok & AE BHF7] ¢ HYAZE Y79 AY xed A9 F4
wet ZAgE e AEe 2] A E BHEAR BREE UFE Ro] AR u
gA A e ol| pHeg AP AJ Fasth AR AR Arle FUNY &
ZIwl2 st Ha AA AV1E Fotn BE EY AES ITHLE BA AHEdd Ad
A2 2718 AR olgA AR HHo) AU AA HA S polygonEol A4 HH,
polygong & AA AEE FHA vk EF §718 EEXIE A% B3td dHolHELS &
Zhgo whE AHA(E 2-5)°] met AluFgez HWEAHT. 283 7 polygonE S polygon ¢F
of e AuE goz WAd point FlO)HES o] &3 st AuF & A Foh
a3 polygonE2 H&FFEH HUAHAA S5FFoE BERH & Moz FAAT. A
g AR A @aeEe a9 2-199 Ao
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Table 2-6 £ ®7|8 SHE 0|8 AL AH|ZHkg/M0a) (96 SIHE)

Recommneded fertilizing Fertilizing amount for each soil OM
General equation content
Plants fertilizing YN fertiiz ; —
amount : ertilizing amoun ols N ol ¢
X: soil OM content 1.6 ofst 16~25 2501
Radish 28.0 33.6 28.0 22.4
adis B
Potato 10.0 Y = 26,169 - 1.564 X 23.8 222 20.7
Sesame 2.9 Y = 17.596 - 5.530 X 8.8 2.9 0
Cabbage 32.0 Y = 44.082 - 5.881 X 35.8 303 24.7
Lettuce 20.0 24.0 20.0 16.0
Corn 17.4 Y = 23.319-2206 X 213 19.3 17.2
Garlic 25.0 Y = 22761 - 1.564 X 19.6 18.0 16.5
Onion | 25.0 18.2 15.2 L 12.2
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AR A2 ARE BEE HU 2522 HoHE Y539 Ak HolHE Yok 3
T BF Az, ZAA] AV 248  Qeng, ofd EAE Agdta A& AAAT

9 HA WYE ¢ Im~3m W& HNA3Fh

Table 2-6 HY7| A7 22 (ME MS . sEXEH SHOIA)

7|9 55 - F 2 ol (cm) = (cm)
& g 7l 92 ~ 161 57 ~ 90
3 & 7 222 ~ 240 85 ~ 101
E 9 H 360 ~ 400 180 ~ 210

of
N

@ RE dHoly Y5 B A4 av] 244 dxndF Hog EEsE HolHY
SAXZYE B3 HEY FAAE vre PTHOZs UolHY FEALS o8& ZuA@s

YE3 = el semivariogram methodE A}8-31% v}, Semivariance A A& 2 233 2o},

e S Nl e .
KD =5y (2= Ziu) -3)
W h) = semivariance
N = number of sample
Z;, = value at i position
b = lag between samples

AL Eol dHolH ZFrE 2070l Holezkel Ak lojEbw 269 Ao <l
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o a22a M2 dHQ nuggetd WHE AE 54 Uede oxE ontth o
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ool & fUE FFS A& HEY AHFES EY LEEE U E J1EC] € F AUt
a3 F71EY A8 EFY By 5o 9Fe T, EGY FERAN, ¢ 4 gL
o] REY FU, 424 &4, 2= 5 % VU E #F5 £ 59 HHEAD ane 27
ol s A st AN EEIEY, 2000). A AlYHE #71E FEF FHHS
EZ U EYY AES AAsE A¥4d WM ANBHT glen, F2 Walkeley-Black ¥
g ol &3t gk ZEY, olF BAMF B 53 EMHFE LR JAE 1Y 2adgn,
BNl dolA Y AXNE |f71E #F £2EXE FHIe APEA Gk wEHA
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B AT E ZHIH EFEAEE o1& EG #7118 FF AF AA @ AT E
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g o8 EY fU1E &% AF A ARAE ARste

2. J7|&ES EY RV ¥ T HH(Walkeley-Black Method)

EYF 75 gFY =3 L2 Walkeley-Black WY & o] ®(Nelson, 1982). &3 wpy.2
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EG £ ¥ I Wt 20-40%0) B, §AANL QEE BF 58
747k 20, 30 9 40%8 ZA 3 A 8BE =g
2) BEFY EBE 273

94 BBA(Model 6500, NIRSystems Inc., USA)E o} 23t 71AF 993 229 ¢

oQl 400nmol A 2500nm7AX 2mtA R WAEE ZFARCM, o %S FFEZ W
S o W, §AY B AEE AP S48 ANN B £H4e 2E F 3

£ 09 2249 2o FEHF FE A T 2L FHHA

— 26 -



il

Fig. 2-22 &2 &4 &% Fig. 2-23 M &5 HE 2

3) "oy Xy
Hole M) NIR Systemoll A A Fehe $A 2 =198l NIRS(Ver. 3.10)8 AHg3}
Q. dolHe A wgoms 400-25000me FFE 2m FALE W HolHE
A &% BA4e 98 Sam Ao U HE $% P BBHsmoothing) I 13} M2, 2

2} & o] 8o Ak

I

rlr
A
i)
0%
i
tio
i
hul
=
=
30
vy

A i g o) gsla) ol HolEE AT 1Y 2-25

E=1



HIOIEl =&
el s

Smoothing

T A

Fig. 2-25 E1|0|E1 =4

SRE-E R X
DAL QAR A% ERY 98 BT A%
SR HED QA 29 IS WA Asta BEFe Az T
2489 FRES ol 88 BEY 4718 BFol g A4S
39T olul AP Aol 40749 o
3 AFo)] AHgH bolHE 11079 oy
EREEREN

AgAe Fay] 99 9F H7 AL AL
27} A9 gl 2164, 2220, 2388 I 2412nmolTth. o] & o] &3 I E
9 2oh ATe 19 2269 BoW R=

o

0.9849} SEP=0.481% AZ5 v}

§718 d%(%) = 1.063+28.166log R 1
+58.423 log Rl - 57.35710g
2412

— 25.505log

1
R 238

R: 7 pge MAE

olH, HAZ 39719 utlolelE AM&3A

FolA NIRS =z 1zlo) ofaf g o

R ...........................

}m £

#3 BgNe 4 2



o o *
ke R =0.9778 P
= 10 ] * s
E SEC = 0.5960

[is

=

.. 8

0

%

g 6

€

6]

Q

B

o

=

O

‘c

S

@ 2

(o]

0
0 2 4 6 8 10 12
Organic matter content(%) by Walkeley-Black method
(@) o/ ZEES 2t calibration
12
*
R™ = 0.984

= 10 ) & e
o SEP = 0.4806 .0
©

I}

%

S 8

8

g

6 8

o

e

[¢]

o 4
L

O
ke
o4
o,
0
¢} 2 4 6 8 10 12

Organic matter content(%) by Walkeley-Black method

(b) 1= 2o HE

Fig. 2-26 Ct5 3|7 RH & 0|8 AXEOGA L dHSE EY2 RIIE

i

o

/]

Ao ALL Y 2164, 2220, 2388 9 2412nme] A& C-0, C-H, C=0, (CH;), — C(CH,); -

C, C-C, C=C, C~H, --OH, COOH, C~-N, aromatic ring(¥<%% A7} 38 & o1 Y&

. 29 —



?‘}—), %1 C=N %9] g%ﬂ %;ﬂoﬂ 942‘)‘“ %%Eg} _j_aﬂ_j_):_oﬂ peak7]- A<E7]'E_ Zi-g-i ’Er—&],‘__
CHWilliams 5, 1990). & A¥olA +89Y EFe $718 §3Fg WolT 04%olA 11.6%7}
ARQem, 9o Az 2HAM £AN

A
T
B %% 2Ho) 7xda waach

o

g% EF §7

—_—

A SEP=0.48062.2 #H&

A BN A5 §71% 292 AAAE AQPH EFE A Agdor B
om, £ 9 27 AME JEL WMALA Golns] NN FAR EFE AxAA
QA 2718 72} 300, 500 W 850 EE A2 AR Egd AR A2A g €I F
FEE 2FAA 1Y 2272 49 BE YRAYY 2L §E BB e 2P
$PEE nEa A 29N UElRe] 28 $718 #¥E ] BglIE §AY
aoe] mah REd FAWE welojart 4PS ¢ ¢ Uk oY volojae HR
g B8 AAR $ gom 29 2288 FBE AHEYPY 1% v@ 2dEFolch 19 2>

295 @E 2NEFY 2% v|E AYEGo|rt

\ gebumg ME HE EY
0.6 R
RS
\ BOOumd ME M@ BY
‘\ /

Z
4 J0oum?y & B BY ////

“gg//// T g Z
AT, N
el

o4

0.3

H  O¢

a1

|
|

Tap suo 1100 13¢0 1600 1700 1o00 atae 23e0 2800

= nm)

Fig. 2-27 X7 CH2 B ABC| 2 MM 23 AHER

— 30 —



0.01

-0.01

~0.015
700 900 1100 1300 1500 1700 1900 2100 2300 2500

Wavelength (nm)

Fig. 2-28 A7} 22 EY AR Z2HM 2& AHEZ(X} 0 F)

0.004

0.002

-0.002

~0.004

-0.006

i

410 556 702 848 994 1140 1286 1432 1578 1724 1870 2016 2162 2308 2454
Wavelength (nm)

-0.008

Fig. 2-29 X7t 22 EY AR ZHAM 28 ~AHEHERR 012)

45 ¥ BAE olgda) BEYQAC BE §71% ABAS ALARAT. FBEY 1% ve

A
&

o
a2

g ¢ AFAN} HFEES FEEY 2% v AFAFAEG SEP ghol AP s

o)

hE 28004 Rl UAE A=A @S A FU) EFH GAANF 289 B9 2
2 vimsl wH, $% 9 A2 94 2719 ol Ad 98 ¢ & Ak B, B
YR 2AY FFS A ¢ dohs AL FAHAS. FFES) 1 1R Mgt 2AY

A7 ALgE vhd2 888, 2356 9 2404 nm o]l AN A 263 Zoh

— 131 —



1 1
+156.4151
R 156.4151og

F718 (%)= 10.912+251.4821og R

. 1
61.429 log Romn
a9 2-302 300mA 2 AE EFY §UE #F A5 A5 Aot

12
3 R? = 0993
= 10 s
g SEP = 02136
()]
2
7 og —
Q
[
7]
>
a
% © -
€
«
p=
o
o 4 |- -
8
T
=
o
E 2 E— .
©
o
o
o]
0 2 4 6 8 10 12
Organic matter content{%) by Walkeley-Black method
(a) & RAZ 2T calibration
14
3 R? = 0.9942
£ 12 |4
ko SEC =0.3044
1S3
3
2 10
a
2
O
o
9
5
“E 6
Q
Q
8
T 4
S
Q
[
©
o 2
O
0
0 2 4 6 8 10 12 14

Organic matter content(%) by Walkeley-Black method

(b) Ol 5 RH| &S

Op

Fig. 2-30 300mM =2 HE EY2 ®R7IZ2 Y O

i
dn

;32_



a9 2312 S00mA 2 AL EFY §UE dF dFA AF Aot

R? = 09773
SEP = 05481

Crganic matter content{%) by step-wise method

0 2 4 6 8 10 12
Organic matter content(%) by Walkeley-Black method

(@) ol & 2HE 28 calibration

R = 09731
SEC = 05919

-~
m

nater cortent’%; by step-wise method

,\
)

Organi

0 2 4 6 8 10 12
Organic matter content(%) by Walkeley-Black method

(by oll& =L HS

il
of
=2
Wk

Fig. 2-31 500mA & HE £ |I|2



29 232E $50mAR AL EF $71% §F A2 45 Ao

12
kel
o]
ES)
2 R? = 09587
E 10 R -
b SEP = 06805
z
a
o 8
0
>
e
R 6
c
g
(=
8 4
&
T
= .
o 2 ' - - -
p=t
[
o
Q
5 _
0 2 4 6 8 10 12

Organic matter content(%) by Walkeley-Black method

(a) Ol F ZHE 2Tt calibration

12
3 R® = 09936
£ 10 - .
£ SEC = 02818
@
@
i
L8
8 4
0
>
O
® 6
€
jol
£
8
C o4
8
i
€
]
5 2
o
(@]

0

0 2 4 6 8 10 12

Organic matter content{%) by Walkeley-Biack method
(b) Ol E 2L HE

Fig. 2-32 850mM 2 HE EAQ /7|2 EH S



M
o
0,
o,

a9 2-33L A 4Y B 818 BT 427 35 Aol

L
o 3
= ;
£ R? = 09957
10
o
g SEP = 02329
{
5 8
w
>
0
(O
c
i)
©
Q
o 4
8
©
&
(8] 2 -
g
«
o
S
0
0 2 4 6 8 10 12
Organic matter content(%) by Walkeley ~Black method
(@) ol& 2 Bt calibration
12
©
2 R? = 0.9926
@ 10
£ SEC = 03569
W
)
L8
Q& *
w
3 (4
= 6
b
8
[ol
3 4
&
B
F
o 2
C
©
2
@]
0
0 2 4 6 8 10 12

Organic matter content(%) by Walkeley-Black method

(b) Ol & 2 HS

b
of
=2
Iy

Fig. 2-33 Xt¢1 MEf EQFS| RIS



Table 2-8 21Xt AT|of ME = 77| & o5

UxtAaT R SEC SEP
300 #m 0.9839 0.5138 0.2405
s 3 = 500 pgm 0.9789 0.4685 0.5750
850 pm 0.9881 0.3478 0.5602
AZA L= 0.9933 0.2806 0.3672
300 #m 0.9717 0.3441 0.2136
F % = 9 500 g#m 0.9731 0.5919 0.5481
1 % v 2 850 pm 0.9936 0.2818 0.6805
ARG 0.9926 0.3569 0.2329
300 #m 0.9468 0.9221 0.4754
= H & 9 500 #m 0.952 0.7665 0.4556
2 2 u =B 850 pxm 0.9698 0.5285 0.7213
AZARES 0.9407 0.8265 0.6758
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5718 (%) = 9,835 + 67.466108 T — 168,737 logg Jg— w-rservsor e @-7)
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Table 2-9 NIR Spectrograph®| At}

Wavelength Range

900nm~1,700nm (standard InGaAs)

Wavelength Stability

less than 0.05nm over 48 hours

u Repeatability

Spectral  Dispersion 3.125 nm/pixel (sta.mdarq InGaA's) and 5.0 nm/pixel (extended
InGaAs). Custom dispersions available

Spectral Bandwidth 6.0nm. Custom bandwidths available

Photometric less than 50 # AU. Variation between 100 data points,

each point consists of 1000 samples ( 8 second accumulation)

Pixel Size

45¢ m wide; 50¢ m on center; 500um pixel height.

Number of Pixels

Typ. 13 # AU RMS (approx. 2 counts for 1024 point
Sec accumulation, reference of 65,000 counts)

sample, 8

Signal to Noise

Typ. 32000: 1

Outputs

Modular Connector: Trigger, Two Strobes, Light Source Shutter

Control and two Fiber Optic Switch Controls.
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Fig. 2-47 E8E &
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T 99 44 §71% 9L PRPon

Walkeley-Black W& Alg3sted A AE EFY
a2 E¥Es ¥ 2-103 el

Table 2-10 ESF A|BQ |72 &2t

FANEEUHsEY 2R e Ha x| COh2hd x|
A R z; _ 20 40 39
F718 vy 1.56 ~ 3.33% 2.45~3.74% 0.88 ~10.14%

g

2 A
x|

3) dlolel Xl W©

At

¥

AN 2 9

238 WIEE F2E dolHz Wi, o FBE HolEE o gl A

). 900nm ~ 1,150nm<} 1,600nm ~1,700nm A}o] 2] 732 2bgto] mro}, dlole] E Ao A}
Z gkrhar yhgsted A ASH ok A 879 (1L151nm ~ 1,600nm) FFHE FE Snm HH LS
2 &% & g (smoothing) W AxpwlE, o]x} nmE3e g BAFGIAT. o]y H o

BE PLS, PCR #4382 o §3te] wAstact

i

B Ao = Matlab(ver 5.3, Mathwork, USA)S o]l &3la Lug]Eg Adsig o,

PCR, PLS 3#21-& £} PLS Toolbox{ver 2.0, Eigenvector Research, USA)E o] &



4 A5 9 3@

EY &MEY volHERE R7E &F AFde 7332 4A f718 dFFH va 4
g §71E #F AF AME AFSASD dAE #FE AN dHoEHE PLS, PCR £4
BAE o83t EY HI1E dF did A3 435 < 3k old dFg 98 5079
HolEl, A% 49719 WolEl g ALY A& HAZ AHEE O HSE Matlabe] A
g #FE ol g3ld dgoern HeEd doleEolrth a2 FHE 49 FL, IdAY
dof we Mudd Bdo & exrt A 2HARR, AR HY
TFollME 713 dutAow ALL3ts wog HA PRESSEES RHolk AxE MAst:
4 PRESSH & AHE8Th

O 2488 AXNY HFL AN EY FFE AHEZH g Zolr) o] TFE ¢ ol E e}
HZAJAA 7€ ol &3] PLS SA PP LR BA% AAE 29 2-499 (o et *&=
AZ dlolEl9 f7E FF AFHE JYehdn, o AF HHY {§I71E FF AZuS
YRR itk A3 slolEle] ¥4 A R=0.92, SEC=0.79°]¥, & vlolH9 24 AwH
£ R= 0.87, SEP=0.920]1t}. 183 &Z = slolE 9} HHAA 128 o] &3l9 PCR EA4
Horg BAY A 2y 2499 (b)ol Jehdidct ol slolE & R=091, SEC=0.742 &
g on, A% dHolEls R = 0.88, SEP=0.950] 9] t}.
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10? pa el
> Validation A
9. PP
B’ i .
8 7 i <
§ 6‘ * EAN
g0
o g
4 R 091703
3 SECs 0.7847
2'” R« 0.88548
| SEPw 0.91847
1- factors 7
H ¥
0: <l" N : N . N
6 1 2 3 4 S5 6 7 8 9 10 11
Actual Value
(@) PLS B4 WY 0|8
11
10
o ER
8 )
i
3 P
S s 3
% s
o 4 " .vd‘ ”
T I R‘= 0.90886
3 «3:5" ’ SEC= 0.73988
) o Ri= 088031
e C SEP= 0.94715
1. ; factors 12
]

0 1 2 3 4 S [} 7 8 9 10 1"
Actual Value

(b) PCR &4 &¥ 0|8
Fig. 2449 E&58 O|8% EY /7|2 ©Y M52 HS

¥ 2502 §BE 2HEY dojHE 14 ¥g¥ aHZojnt. of 1x g HolHY
HAJAA 3& o] g3te] PLS FAYE 2 4% FdE 19 2519 @ et o
% tolEle) R=0.85, SEC=093¢|v], 3% Wol€lS] R*=0.84, SEP=1.060] 9t} 18]I 1 n)
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£E dolH% HAHAA 188 o] 83ta] PCR FALYH o2 49 AH: 29 2-519 ()
Yehd it o1& sHolH 9 R=0.91, SEC=0.790]¥, @3 t|o]El 9] R*=0.81, SEP=1.440] ]t}
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2) 49 B

Mg A 74 533 d@FE AQdAM 44 557, 58749 EF WMAEE £ &
G MEES AHAT. Penetrator Fe) o] G718 AME Y 2-567 Zo] =3 X P
of 2HEYS FFH 22X ELY vAEE FE X EGE AFsge,
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Table 2-11 E2 A2l {78 &
TAMEsUsT CH 23 X| i O3 X2
Al B o 55 9 49
718 BX 1.97~3.33% 0.07 ~0.75% 4.224.96% o

3) o8] g

238 MARE $FE dOHE NBH, o] FIE HoHE olgid AHYS 2y
th. 900nm~1,150nm$} 1,600nm~1,700nm Apole] shgg abgho] ol wlolg RAe] el
A o Bestel AARAT UWA ) (1,15Inm—1,600nm) FFE FL Som 1F O
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PLS, PCR 244 & o 83ko] BA35ch
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B Ao e Matlab(ver 5.3, Mathwork, USA)& o] &3ld L& Adstgon.
PCR, PLS %4 & 9]3] PLS Toolbox(ver 2.0, Eigenvector Research, USA)E o] &3t 3t}

4 AW W 3%

B 2MEY dolHREE §718 9T A28 FHL AA $718 BB MT 84
S $71% Y A= ANE A=sarh. W48 FEEL AH GolHE PLS, PCR £
BAG o]gdte] EY 478 O o3 A2 A2L 54k oy d=g g 6379
Hlole, 7% 50719 wolEH g Aled AT i Ao AL HolHES Matlabe]
| OAFE olgdel gz Adsgon, PLS Toolbox® PRESS #45 olgstd Ha
PRESS# & Hole HHUAE AFsArt

a9 2578 2AE MAES FPER ABST, ANYFEL AN FBE gzl
of FHE volElsh HAAA 78 ol3fo] PLS BAPWLE 2HF AoE 1 469 @
of vehigleh ol % vlolele] R=0.88, SEC=0.720]m, A% HolE¢ R'= 0.82, SEP-0.820]
Ad. zE3 &BE HolHY Al 188 o] R3] PCR EAWNMoE 2Ae Ads
a9 469 (b)oll YER ATk ol HlolEl 9] R=0.87, SEC=0.710]¥], % ulolE 9 R=0.75,

SEP=0.97°] $ t}.
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L Validation
7.
6 i
g 5. @
03 - N
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?"; 4 R’“’z 0 88087
? 3 7N SEC= 071537
[ N "
N Ri=  0.81571
2. N
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1 . factor= 7
0
-1 4] 1 2 3 4 5 8 7 8
Actual Value
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8 Calibration
Validation
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6.
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.?3 4 . Rs 087157
3 s SEG= 0 70984
% & N
1 R+=  0.74655
2 :
[ SEP= Q96717
k] factor= 18
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«1 0 1 2 3 4 5 6 7 B
Actual Value
(b) PCR 241 WY 0|8
Fig. 2-58 28 =& 0|88 EY RIIE8 &F 052
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=
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E¢ f/1% 9% 573 A0UZS 19 2649 2oh EF WAEE Zgstel AN 3
e AN AN AP AN EF §718 AM ARl W AN HPH 2o
AAY FHFol B 7 AW A% HE FFES Foh ANE Yool £G §7]

700nm ~2,500nm 2] 2 EFEATE ol &std EF FIVE FH st E AR
ot dxe EYY NIR FHEE 37 A9 Ads R=09840] 5L, 10f 9] SEC9 SEP=
Z+ZF 0.5960, 0480601}, 3 Eoko YAl die AFE Hrrsty] Y] 300xm, 500
pm, 850um =719 AE o8] AL EYIH 2 AZA g EF ARE Fo] 4
Ak FREE QA Ao we FAYEY vpojo]AvF HAs G o, ol 1X HE
g T3 AAY £ AT T F 28904 R H© o] i vl #AYl EG
F1E FFE AFE F AAG ¥, A2 GE FFEE ZE EYY NR F3=
o] g3l FIU1E FFE A3Y B FdHoE FBASF ol YRAT, FFEE 1A 7
g & 29 R=0937H4¢9 HAF 2HE 4 F ANt &
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R*=0.9574A A7 4 ATk ol AA] 278 ELFE ARAINAY 42 a71& =28
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Table 2-12 E2 77|12 & AS A o512 45 A1

Calibration Validation
R? SEC R? SEP
PLS 0.88 0.72 0.82 0.82
¥FE =
PCR 0.87 0.71 0.75 0.97
PLS 0.86 0.77 0.76 0.93
SRR
PCR 0.84 0.72 0.78 0.98
PLS 0.98 0.30 0.73 1.10
o] xpm] 2
PCR 0.78 0.94 0.63 1.24
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A3 ol F/bA 9 Aggr 9 R e BY AN FAE 9 = &
ool Il A 2ul gt Eoke] AFEH Frbe BHEET 53] AxAY wde @
As) F7bstal 95d% AAl AA @uldo] 1209 USSe] o)l&n, Zul9 AL 96dE Alx
A wuidol H7MT8] Yo o] BY(EFFH M, 1997). 19999 FAH EAAsA wEd ¥
AAYH E ¥ - ok gEol 19973 11.3%, 19983 13.8%, 18] 3 19999 A 14%=
2718 FAE dEwt. 53] 3FNEL 6.6% SFAE ST MAF S WIAE A
WA o] 4.9% Frhstel wel g - Bk AL Fol Frhste A vy 7.1% Frhe A

A gE o]l HoF ALGHL Fbe FPHl SUtel BE 99 QAL S ABAAH,
=R A8 Frte] wE FAEY FA GG g sl t&% ¥ ool IREH F
A FAx otdEFE nAA dch B8 2F B FEeg9 el HE Ik EFed

T
e #4 9 M LgRA, AL, o U HHE F IEAA 5 13 eFELo| 37
3

A% %8S B QA 2 2E 04
dARTE gAY AR 2

AR 20 6% AT

)

wWekAl olel @ HAGE AR A 2RH RAORA Bk AL Fol: ol
¥, B ST F 2

B
dge) WP e FRAQ Wold BAK AFFow F=

)

WS XA Sk AlxAle i Fek A 9] A s

AR RN AxAE
Aol oy FRACR e FrhAg @ FRF AFe ¥ 9ol + A
ol ARy AW W F Bz FAA el FRAN P& $7 Wolg el 4B

& Auiste AW ¢ (precision farming)?] Ade] A xH7) A2l
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AHA WelAMe HHEAHA #AFWolE It FHEE Awste site specific crop
management(SSCM)71 " & FkAt&9] AHE FA UM, AZFHE §49 40~80%E &Y
T Uth(Heisel, 1997) MM=#% {9 § FAAIAFAAE of BHg @4d37] d3 A 24X
EE ASGAE et st JAANZGY &84 did d7E IS Aok HEAED
F2E Foa 5J &3 A3 A7E w2z 3 Fxgyo] 4d94W 27t
t FEAT AxAE AT 5% FRYFS A 4 7 U ol EF - TR
dg aA €94 B9 oy, FAEY Y JA FEAL 5 Uk ol Jlgol Iy
HA F2 AE AAEY 7L g FE, A T, Y HEA9 AAsd me g
gAn, FYAME HEHook & F2E HE Vg A A7 AFgd 4o
BAT FUdAE Fx JEd dF Axd Bl A9 A8 9 s

deA, £ AT Z1AAGH GPS W AAIAAE o] 8ot AEY AXNPRE o]
g3t AANE F& Jbed Fx A 2 A A2de ALz v, 8% g2 T
AHA EHE Ao

) 2 A AA ¥ & dngdFe 7490

2) o533 JAYE FAE 45, A5 FHE 3 Fx HE ¢aYFE TS
o}.

3) RE AXNE TAST =ZHE ON/OFF Aot 753 Es AESHE 4 &)
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28, A9 Jla 5Y

Fzd TS A SRS A HEAN we AEHer A7 I9En gl
zZt Al A, @Z weEp B3siA Hete g9 4Eg JAAMe AEHR I o099 A
Abol 9] thul7} o] FolHof wtt. ol & &) AA HE $4, AN ¥99 d9 wAx
ol I FLY AFoM HEAE WP} FESE FEoE AXNFHAG. 2HY o
FEES & £ d9 553 54, 289 54 59 €S 27 "Egd =AdA A
Alzkol A Aol A Fohd, Welzt AX A& T oHYZ

ol EAIY AT what, Fx HAEL AP F AL ES 2A F AR Y

¢

5 % A Sy A% 2P2 HelA F2% AEE EPe PEsE ATl
thoolRe mPaEA Ui AT AE} F2TY BRY FRS A9 SHENY AF
2 ootk T2 stE AN A8 9 (R XU Aole

Ao i QATolth oW AP zol UW AN ARE A AL &
4 ARt 2 JPORE Fx FEol AT 2y 2L 2(H WA FES A
Fxel ol oEe WHL AL vk

E£x 4B} 2o 482 A9 ALY 283 #AY AT

-1

y o
i)
P
rti
tlo
Y,
1y

o,
2
fuled
2
ok
)
B
o
D
it
2
ru
2
%
m

ﬁ

EG AEA e 8
A Ed g g2
Zhang®} Chaisattapagon(1995)& o=k A AL~ Wwefia] Uil Auixoz AT
FEN ¥ UE 715 ALY, Fd9, 27 Al FHAA Bt AAB R T AR
M ZuE REE B3 A d49 gt Wel, g2, X &V, EY o8 FE
e dl FESS WA ) WA s dEe Ae W

=
=
Ao RIS dolyich HEFEA M F4 W o(eccentricity), THe X (compactness), Al

N
=

==

el w2 2wl Edinvariant moment)yt ¥ 42 7zl Fxo 9 Urs d adFHYg e
srgich A B A 9le AaE oA Fourier spectraZt AMEH AT AEe JdH &
71 FAaE o) ZeEom skl

Wocbbecke 5(19952)& QoA Fxsh WAl g 9] AFRAL SR
23 £ A4}, 2ga-bA g, =4 320} 3 H(chromatic coordinate)7} FxE FYAFozH
B o Aggho A FEgE 2Tk

Mortensen S(1995b)& S50 LiolA BAHE F2o TEL 93 Uy FEH @
Z 747re) el el WAL SRR AR ol F 459 Ere) G AWE,
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A ohu] (aspect), 4173 E(elongatedness), 771 <] Hl7bd F4] = E(invariant central moment), &
Ao AolF 5o 5L BANAT 53 Fulaspec)st 1 vzbd 2w Edis
invariant moment)7} A9 2 B3 9HQ AEZ 60%fAM 90%9 FE¥e2 FEI F UL
& B2t

Tian 5(1997)2 EdE ] NAANAALGE S 38k, 2(1R)E et 2PstHM od E
lEe Fxe 94¢ Y5EIAc AAdFAA Ao FFA Ul 7AA Y A 53
B3 gd FxAQY 5EZE oL EnEE HEoe € FE A o dve
wel A9 EvIEE 65%c]A 78%d ol2E FYRRE FEIs AdAAE B

Giles 5(1998)2 A4H AT Fx 253} AHAF} = 2% &l
Bete FAH S TP ATH. Woebbecke(19952)9] Aol A 3 2gr-bA =& o] &3t
Fx9 EFE 99%9 AR TRIFATE ol F ol &ate olx 3 A ojwAld AR
A (Textural analysis)S 3lQTh A8 ATEYoR dERT, AH ddy, #8 59 &4
e T3], AWAFFD Fxo FALHE) T2 AL 3%, 85%9] FHER FLGH
thoolE J1EY FHEAE 53 EF E oxe Aot oy ARAE F9 EYH
Feo FEL 97%Y ¥ =S BAh o AdA EGFH Fxo & F 2030
HE7b 2aH AT

Steward 5-(1998)2 #E Alo]9 FAxEF HZ:dle I AT ol FolH o gt 9

in
NS
2
o)
tio
o
X,
s}
o
ox

NIN

b

Bozg 23049 AFE vlag HZo P HAAAL Yk FE AHs AT oddl w
g AAZE AE e Fads: JAAZe #d d7E 3t CCD A SE o] &3}
o =% 270A F4E Ao FwRAAMY row Atole Bf i Fg Mwslana skl
HyAon Bid Aas A7ES 091x0.76mol] thal 0.03427F AFHov] REHAAE 0.011
S a=

Tian &(1998)& 1F xgo] oid, =FdA9 A& F+& LaYF& ML 93
EASA(environmentally adaptive segmentation algorithm)& 2] &3}¢it). gt o, FREHo=zw +
ol Z1NE o, 28 &H3] FE 7AE wWol distd FH BF gaelFol] o
EASAS) 45714¢ AT EASAE FHA 25 wael da) 28-32019 A4E
4H5e Bath & A% AAE BT83 94 GUA 45~66%to] 4T o] =
Q9] overlapoll <8} WA BFS T}
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38, WHQ PR ASS AN IE A

1T "2 ME

QWA Fore Mewiel M EgAdA w: FENAAE U F Ad AAE
AE3h Fask Al dol EFARel FEE Ptk FAE Fast 2~547] oy
Qo) AEsolor wkE AL F Dk WAtk o F A AP F FY WAL F
GAE AL A Wiolt R & AFANE ZFHAAL R Q2] Fol

AR AFANE B G

O EAQ WAEEQ g, Y, FE F, i did ZREAY 284e Frheto

, Tt Az A k7t A &) @k g Fe FA] Ak

or

o udR wol Austs waolma Fxol o3 NAx Hewry WA A ok
agg 5, s A qusidgesn Augon FUdA x84 WAM g2 I
o W et

W39 A9 Wale ¥ ol FX @y Wi §HI The o] SAAAT B P
o Avdrt SuzYE AN MFE AR U FxRo 2 FHolr] dEd Fary
g8 AARAN QA Hol WAt =R AW, TG BE HSRE s 2ol 43
a7 wiEo] ol o% Fefzh Ak wEkA o] AFelME ¥ veh R EHe N

WA s AT X84e Dedd] g dAREE A9y

0
Jm

| A

<

B

2. 8 &

o 2%

Aapolxe AfEe AxE Yede $AeAs £ 3-19 vebd vk gon, 4y
E(purslane), ¥ o} (goosefoot), v o] (crabgrass) o] 1Tk 1@ 3-1¢] 28§ - Fol5 - v o]

9 AR vl
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Table 3-1 R AHOIMO A=

2% =%|(dominant index) Z (species) NE HEY (gim?)
&) ¥ &(Portuloca oleracea L.) 3.7
ul- & o] (Chenopodium album var.) 2.6
3 v o} F(Digitaria sanguinalis Scop.) 1.2

Bage] W E FE Fxe HEFSY FEAZ A YE 7 Ut dFLE e Fx
Z vidole FETHY Ul o, AHE - JolFe FPFx2E YUY el Ay
ZEQ F 9N Y Eoth dAoe JEFHAT F e HEYd AxAE FA2 29
T AN g AR 5 AV dE) FEF Fae FHFxR TRl Hayd 2
By gAY AEAME FEUAAE 0§ AYQ JERY FRREGE UL ER
AHAAERY FHo] Foldrtie FHANA HEF Faxo FPFx9 FEol FTaLH
AAdH o g AZAA 3ehg AP NNEAE P FE S dPA) BHEF &

Fotugich 19 312 PO G FxEe ARl

2 : : >
b

'% ¢
b2 A BN T

(@) ofgl Al7|o| 4u|E

(0 BorFE (ofgl Al7l & (d) =il (ofE Al7|
Y ) Y HF =)

Fig. 3-1 <& &=x9| et 3¢

7. A g
Loluh Azk, WE § Wol & Ex BAY A U AFHOR Az Idzxoln



WAAAQ Fxoth Axrt G&ATL /e AAMY Fg s, a2 HAE A
A% @k kA MRRE gol gov Py ¥ Fajt
Qe o] 1525mm o1 AL ZAolm Tol &L Beo] Yok B FMolw A8

lem7bgkol ™ 7] deo] oA Fouk Fo] ATk FRARZ 27, A A, F& T~12740]1

ms SES o] Moli oom ARyt ARG ZEx FAE YA FA
A 9gos AL Yol g1 /HEAN FF REEENT. 2 7-8de] AT

. gl

Wol 17k Fwel WME, AUl % SAM AFHoz EIA FI A Afe Idx
otk 71E ol L5~2mo] ol2H FI A A [ HEo] AR Wo 3o
Ao "ol gtk e FEYS A4 T wEERE ZFO2A Aol 10emoldl 4
Qeom shgAgEed EAdndd £33 FuUst don, 427 Ak o d2 AT
AASE B Aoz Wt 7FA o TYol AE AL FFA To] £HIA 4R
ol BME olgch BuPe AA SAR Ao SA F&F 28 dedst Aok dlle
WAP Frol Fubyo] Mk ERE FMol FAst Uk oA o] HMow &
g Aol #YolFE(C. album Lyoln stygdoz golFe sIEFoith Fe dE,

Zo] BEPTL HL 6~7g] ATt

Lmi

i
)

o} npg ol

zbx 9] At BelA gawa EaA Ak 1dxoith E71%E 9E 719 mH A

walyh i ARE 24 AW o] 30~70cmolth Y& ol 8§~20cm, E 5~15 mmo] ™
Qxo) Aol W 71 weol gk &7 datelA 38709 FEA T FEA
9l @olate] 2l FWelA @¥Th TP BE Ufojx Fojaro A
A7)7} 23 )k 9ok WAAAD Fxolth R 8~9€ AT

Ao} 3mm7}

i

L ZEH WY 2

3. 29 AEo| W 54 24

7. %o gxe 954 #F 33
DAY 9y 9 A
B Qo) A] AFR3 Q&4 =7 7)(Chlorophyll meter, Minolta Co. Ltd., SPAD-502)= ¢ X

Wo 650nme} 940nme) W& FAbted, 600~700nme} I} P24 FF7 = F9A
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FIdA Yo wMegs F9 vxx AL i, U 45 FFE -99%E 199
Atole] gred yeh] FE FXolvh. FHFY vfle dE FHSAGAAM AA
SPAD(soil and plant analyzer development) gto.2 @849 WZe Uehfo] 23 A7t 4
fAH Aols & & Atk B FFININE o8, F 49 JE5L dFE FH %= BF

& 29 3-20] YeERf AT

2) A% 9
$& 23718 Aghel R4 g2 9%2 B8 FES 238 2A4F 29 339 o
STk Fob s, A% 30709 ol sl S Astolch.

60

50 | - '

40

 radish
9 30 | - E a0 - @ pursiane
% a crabgrass
x goosefoot
20
10
0
0 1 2 3 4 5

species

SPAD : soil and plant analyzer development

Fig. 3-3 72 &=x2 HE4 &



A W BARY FoE E 32 GEHART F X Slo1A F o9 gho]
AR BE P AH FAFE 00012 HLse] FFo] ZUE ARAYY AGARE B
ARk X 32 @), (b), ©°) P ko] felsEHY Fonm, Bo HuE, B9 W), ¥
9 wWolkel Qi gol Aok AFALL AT = T dyFrE gL @
o) Thzoh

Table 3-2 S} &Fo HEA SHO BAEY

(a) 9} &u o) BARA

wgo qel | dMEs [xHRe| A3 ER F 4l P2t | FIIZx
X g 4236.961 1 4236.961 1560311 | 1.27E-43 7.093
A % 157.496 58 2.7156
A 4394.457 59

(b) F9F whgd ol FAEH

M50l @0l Has |isc| M3FER F o P-3t F 7{2tx|
g V 9255.384 1 9255.384 1516.662 2.8E-43 7.093
Z x} 353.943 58 6.10271

Al 9609.327 59

(c) %9 ool B

mEol gol | M 28 |ASE | HMEHI F Hl P-2t F 7I2A]
S 5808.434 ] 5898.434 | 111736 | 136E39 | 7.093
A % 306.176 58 5279
A | 620461 | 59

v o Fxe a8 4 53
N Addy 9 3x
B AF 548 98 e8NS AR diter FHE AR Sgg &8 S €3
135C ol A 24A12F A2AIZ T 0.1mg7kA] el & e A&2 ¥AE 334N d &2
ol £H0] e FEL 2 EFY FHAR UE §YNETTEE T8 FFE BAG

Ak A8 mHE 1Y 340 YeRR YT



2) A% 9 1%
SEWE AgHRe FFW T G2 $W/E WFEE 29 359 Yrigon, o
& A 2AEN AR E 33 Ui g o wdels §95F 00012 AAY
W, ¥ $Pol hEuh, Toh ANE, Boh olRE HA Re AABR(FYSTE 1% o

q), ARH R FE FF Aol e Ao ddE UG

—

75
70
5 X
£ 65 ' e radish
O &
o ¥ o purslane
L b
5 . . a crabgrass
2 60 2] x goosefool
.
= A
55 | - - a
50 J
0 1 2 3 4 5
species

Fig. 3-5 29 &9 48 &2



Table 3-3 22} &tx9| & 20| Cie SAEA
(@) 5 dul 9 B4Ry
HEo ROl N o5 e R E HMa 5@ F H P-Zt F 7|12
X 52.328 1 52.328 5.668 0.0445 11.259
Az 73.862 8 9.233
Al 126.191 9
(b) ¢ utedolo] HAHEAN
HE9 K9l Al 2 AR E &g " F d| P-gt F 7| Z%
P 116.699 1 116.699 11.900 0.00870 11.259
2 % 78.453 8 9.807
Al 195.152 9
(c) F< Forxo BARAY
tHEol ROl H & g AsE ME B F H] P-Zk F 7|1Zkx|
PN 0.533 1 0.533 0.0511 0.827 11.259
A X 83.498 8 10.437
Al 84.031
2of #xo HHEN BN ZAM
7l AdAE 9 9y
1) A9 4
AA AN Az o] AL 5] st Agddny FAH w70 F& AH
Aujslgd e, ARSIy 3-601 JEMAT. A wEstd o] 3 WA 5 E, 699
g Fhu) G ASDC-33, Samsung, Korea)z F, & H|E, vt o| FolF z}zho dia] 50,
50, 40, 10718 9] Zatd e AJdch G4 5 TANZd grgs] Atk ojEo] gt
BAe vigoen #Fx 4% 719 A5 HME 99, 1Ee) FoF Fxo 448 617 ¢
E3tgth 690 =3 T - AU E - FolE - wiPoele Adg ¥ 3-7o YR ATh 1€
of 533 oS 17 3-84 e AT




(@ + (b) AHIE

(c) HFYO| (d) Borx

Fig. 3-7 &2 Ctetet X9 &t J4



Fig. 3-8 £2 &=x9| Zat g4

2) 449 9y
ANFA G4L ol &9 Fx AL 29 399 Yehd e 2 AY &
of Auka ol FolFth B} F2E TRV AW 5Pow ¥xd
gom, EAH P B de AAAFE ol &% EFHE ARA}AT

Classification

Feature
extraction

m —dimensional g ~dimensional r -dimensional
observation space feature space decision space

Fig. 3-0 MEXQ W =FH o

O A" 7lu) g 2dSDC-33, Samsung, Korea)® I, A H|E, utgho], goly ZrzZte] o3|
50, 50, 40, 10/ ¥ 2] ZeFF G 53t jpg 4 aHY FUd= AZAT

71588 EARA 2 #A3L gAxE AT EoQ Image-Pro Plus(Media Cybernetics,
USA)E‘ B3 Aa gAoA ZAE W FxE R e 97 2dd I8o2FH 7%
44 EAL dojuls FJ e B oFoFT /IR VaA £ gog WH, &



Hdo], dFGAE e 71 AL AAGYY L2 A2Y Ho], A F5 BF
o2 gelde Mg Fe AAGEY F e dolg FEIMT. od HF FYE 1d
3-100) YeER AT A Z1EeE §F @S ol&sto, dAA =TIy ojFol FEFE
WA e FAE AAA FE FEIAT FFAAY FAE E 340 dEiAT

Principal
axis

Length of

minor axis P Length of

major axis

Fig. 3-10 FAf0Ixt] of

Table 3-4 O S QX2 F9

Shape Features Definition
length of major axis
Aspect length of minor axis
Roundness _perimeter *
4% rrarea
Compactness *@%
perimeter
. length of major axis — length of minor axis
Elongation length of major axis -+ length of minor axis
- ___perimeter
PTB (perimeter to broadness) 5(Tength -+ width)
L TP (length to perimeter) _length _
perimeter
; length
LTW (length to width) width
PTAL (cube of perimeter to area perimeter
by length) 100 #area*(length of major axis)

o Fx FEA fo FEAAES AP A SAH I A (SAS version 6.11)
o WEEN HX F9 3}l {5 M€y (STEPDISC procedure) o] &3tad §23 H4e

f

AES MAE g, o)5L wWHEA P X(DISCRIM procedure)d £330 B A 5ol 714

—100 -



Fset AFE el e FAAAE ddgsta

O AFHEPE o] &ok A A4

SASHI A AFEHE ALAGY L 7teed 3 7HE {83t dgEHs WL E] RS

A= AxpgA, A9 (forward selection), ¥4 A Y (backward elimination), ©Ad

A e H (stepwise selection) Gof Utk Foixl 7lEo] w2t JarY Xolg /b F UehdlE

HEES AYz3te 722 () Al B4 die Jazte 49 738 1¥3te F-5
Zolu} U-EAH, (i) 75U 97 &(misclassfication rate)S g3ty on dxao

2 EAE A9yE AFgste Al {Fod FAJAAE Ao gAE Y

¢

7oA Feh F2x9 FEA HE foF Aes wdd FHYAAES ol &3 HA

9 RYE BHom R4 AX(DISCRIM procedure)E ©] &34 HEEN A= 99

38
o

o g Eo g AustA A A F(generalized squared distance)& T-3l= Aot}
| AN X2HE FEFAD FAAALY A wat AN XE, 22FH b JHke

Aot 2%A71E 2HPNe B 50000 248 $80) AF 2 WD o]E 2%
A HAW Aol
gy, 7 A MeHE ASRES o f¥TE AL vad A ABW Fud &

E£A171E A o9 oWl duiE JHAZ Y. ol SH W, ¢ AAE F R o) Fdd &

rr

g ggo m¥ £ A9Y e EY AL F9E AFshd, Yutstd A (generalized

distance) D,2(X)E ol &3t z+ A X7 A Gol £& ALF 8 E(posterior probability)

P,-(X):Exp(~()‘5D'f(X))/Z;Exp(~0.5D?(X)) ................................................ 3-1
& Adtake Aol wpghAstrh SAS DISCRIME P(X)7F Pp,- - -, P, oA HA%d o
XE A Gol ERste dor 4d4 gnE et
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12 = B U £

Fxo EFEHYS 237 98 dAE 749 2H(EDSDC-33, Samsung, Korea)&, o2 &
Ao A 3~5¢9 F - 2u§ - FobF - vt o] Ao d3 107449 ZagIde A o
AL TIF g9 a9 S92 AFsEn. 71834 54 3% #AFL A4 G4
A8 9 FxE By e 93 Bod 22N 7888 548 dojdie AdS
3 A ol FojHch ey ANe] LiEg el photoshop(Adobe System, USA)E o] &3ta] ¢
Aol A ddA(FE, F2)E FY3tad ANENS FPHAG Fad A ey
B d4xa Az Eo]Ql Image-Pro Plusd.l(Media Cybernetics, USA)S E3 734312 =
Fg #4339

D 738y 53 >%

FAAE A7l ¥ 499 FFoRTE G ES REztd 9 oln AR A3t
Zb A4 g ke FHATh olNE FW JA4E 2F 3-1100, T Fxe YA
Ao 24 ARE 29 3-129] G ATk £, Fo 29 YHAA A %S 2
# 3-130] b A, F4AA e i BEt 23S ® 3-5, 3-601 YEhA T

e Y~

Fig. 3-11 O|X|&tE ¥4

14 12 18 os
12 - Yo 16 - 05 :
- t4 [} - ° :
) " o - u Ll - T E . N -
a - a = - i, - = = 53 -
H - - - G - - - bl -
& 5 6 - - S - ™ 03 - - -
Tos H & 2 §°° =2 - 02 = =
4 T om 06 = s = I
] ] - - o2 =
- - - 04 01
2 - = 2
- a g 02 o1
o 0 00 [
° 1 2 a 4 0 1 2 3 4 L] i 2 a 4 L] k] 4
Species num! bor Species num ber Spacies numl ber Species num ber
(a) Aspect (b) Roundness (c) Compactness (d) LTP
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og

6.8

07

0.6

s ~ ®

25

20

805 - - - o ' E ; F4 :
g 0. - - g £ i £ =
L - E ] z - os o i o -:-
01 : - - . n B ; B8 " =
(e) Elongation (H LTW (9) PTB (h) PTAL
1, ¥ 2, AW F; 3, ol 4, vt o]
Fig. 3-12 CHJst Al BH9 HAQIX
§ | TRaden
& | mweed
Table 3-6 §2| &CIX} 4f (N=50)
Variable Mean Variance Std Dev
Aspect 0.149 0.0017 0.041
Roundness 0.449 0.0163 0.128
Compactness 0.243 0.0044 0.066
LTP 0.349 0.0027 0.052
Elongation 0.266 0.0102 0.101
LTW 0.155 0.0007 0.026
PTB 0.587 0.0054 0.073
PTAL 0.179 0.0048 0.069
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Table 3-6 &TE9

HAQIXE 2t (N=100)

Variable Mean Variance Std Dev
Aspect 0.278 0.0556 0.236
Roundness 0.260 0.0083 0.091
Compactness 0.482 0.0282 0.168
LTP 0.571 0.0260 0.161
Elongation 0.386 0.0690 0.263
LTW 0.260 0.0406 0.201
PTB 0.396 0.0028 0.053
PTAL 0.105 0.0087 0.093

2) F3EoIH Y #EEN

w5 AAFRL B U NP =

Aol LAY WHoZ Wol o]lgH e

T g AFE FAF YFAAE & 3-79) Jehd Aok

Table 3-7 SAS EHME EAM Q| HAMENH Zq}
. ... | Probability Wilk’s Average Squared
_R?
STEP Parameter | Partial-R? | F statistics > F lambda Canonical Correlation
1 PTB 0.6926 333.441 0.0001 0.30741020 0.68258980
2 ELLONG 0.0774 12.341 0.0006 0.28360129 0.71639871
3 ASPECT 0.0351 5.310 0.0226 0.27364840 0.72635160

i AR T AARD F4UA Fu)(aspect), 414 % (elongation), PTBE o] &

o, WHEN AN 2YHYT, 1 ARE E 380 Jehigioh
Table 3-8 SHIZH ZF8H A £ W3 AMFHE
TYPE radish weed Total
Hit numbers 46 4 50
radish (percent) 92.00 8.00 100.00
Average posterior probability 0.9631 0.7880
Hit numbers 2 98 100
weed (percent) 2.00 98.00 100.00
Average posterior probability 0.6083 0.9703
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¥ 3-80) ot F&= 5078 AA

100/ & 987H7F vb2 ERAAEE & & Atk BEEHL FH =28 BIRFE AE
g B¢ AA 150 Foh Fx9 AN FAA 67 F 4% LRFE HIx 2 o =
Qth e Ry AEuEd FERE BREY JLYE SRS ol &3 30 =M
BEEA Y AdE MBHozn 9gEd ¢ JJ=E I 3-140] Yeidoh
1.2
|
1 %%
3 i
2os ",
205 e o racdion
3 o 8 weed |
2 0.4 .
Y
O
a 0.2 *~,
LN
0 N
0 0.2 0.4 0.6 0.8 1 1.2

P classified into raddish

P= posterior probability

Fig. 3-14 AISS18S 0|88 MEE

Aol yett Fala AinkE ol gt A 3 A&, B FxY TR
B7] Q&ta] ¥ BA)(discriminant analysis)& < & ).

OEEERES I DEREE DI

ra
lo
]
+
o
ia
32
T
_g,‘

AR of (S Iy} A A E(EAIH T FRE shbe] AR
Fol 10719 olXgd & X AFor, UrA HE9 30719 94& YIFLE F573)
o Qi woltle]l Wit A¥ ke ¥ 399 vtk wdole] d4
o2 HA W WPAA AFAE E 39 (@, 2¥A LS FHARE

ehu 3o

—105—



Table 3-9 HIO|Z BRE ZAR2 £ HME
(a) aspect, elongation, LTP, LTWZ o] £3% @4 A%

To Aspect Elongation LTP LTW
From Y X Y X Y X Y X
Y 93.33% | 6.67% | 93.33% | 6.67% 100.0% 0.00% 100.0% 0.00%
(28) 2 (28) (2) (30) 0) (30) 0
X 0.00% 100.0% | 0.00% 100.0% | 0.00% 100.0% 0.00% 100.0%
(0) (10) (0) (10) (0) (10) (0) (10)

(b) compactness, PTAL, PTB, roundness& o]£3% sy 73}

To Compactness PTAL PTB Roundness
From Y X Y X Y X Y X
Y 86.67% | 13.33% | 96.67% | 3.33% 93.33% 6.67% 93.33% 6.67%
(26) &) (29 () (28) 2) (28) @)
X 70.00% | 30.00% | 20.00% | 80.00% | 10.00% | 90.00% | 50.00% 50.00%
)] 3) (2) (8) &) ®) 5) (5)

£ X kol Y r 3 9] A8(R, AuE, YolF)

sole 3 71 Yo WHUSAWE £ g WYY YAV A BARAA ¥
© 9age Huth 58 LTP, LTWel A& wdole} Unx) 483 22| 483 ol 2
ol 70},

(b) ¥ - HHF - ol Alol9] &

3

ir
o &

HlE - GOk ojxgtdE 307 oA E AJAA sy Ee F OAE ol gt @
HEN G Al

O FEAA stvukg o] &9 AL (XY wd)

AR suvhsg o)L BEES ARE ¥ 3-100] YUY F= AgFHez i)
o dol7k A7l ME 69 ol HHFAQ FFL e ek dPEY Pt
Al EC ®A deit HolFe dAAQA AP 54 wEol o|H|(aspect,
LTW) E= 7129 A2 Fol9 |(PTB)F #AA AR 2 ) ojo vla] 4
g2 folA £ oA 99 F7F 2~/ 2 4B X ol g A E) vle] #EE] ¥

T
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@ FAAA F AE )& TR A}

B U - golFol Y BEELS ®ol7] AN YAAA T AS o] g BEENE
SR8 ARAA YAAA F AR T A 2RA 4kA F9E xR 2
BE E 3-119] JEI AT

olxgl WAz HEE F= PTB, LTP, LTW, Elongation® #T-#H 3+ & A ate] F oA

rie
@

Z FREE ¢ 5 vk 9714 LTP, LTW, Elongation2 1x+g EMZAF A E Foj of ¢
g Eo]l EAW FHFAAolth ¥ &A® (LTP, PTB)IAM, Hotye &A%
(Compactness, PTB)# w414 (PTAL, PTB)ol Al o] Ett}.

ol ¥EAsA PIB/E FojA Bk ojdd HAWF, HolFMz $2 wdZANE
Hole JA4AARA AE&FE & & Uk ol BEFE 27 3-159 UEhiASt AF F
< WHARE B &A% (LTP, PTB)I} &A% (Y%, PIB)Y olxgd RIXILE 19
3-16% 19 3-17¢] Jeni ek 4Ax9 &A% (LTP, PTB)E AL&% 3%, 24 107149
olplAZEE BE 9N, AREE 9, GolFE 84 SvtEA FEIFOH, EMR (G

%, PTB)9 A%+ F& 970, 4ulE 7, ok e vt $asdoh

ir

Table 3-10 el HAQIXE gH HHE HRo

Percent of Correct Classification
Shape Feature -
Radish Purslane Goosefoot
Aspect ] 0 3 * 9
Compactness *9 6 4
Elongation 1 5
LTP 6 6 6
LTW 3 3 8
PTAL 7 * 7 3
PTB 7 4 *9
Roundness *9 6 4
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E[IJiAsDect

B Conrpactness
EDE\ongatlon
aLTp
lmLTW
JOFTAL
imPTB
'O Roundness
Vg
o & -
104270 €T o “ o 7 27 7 eongation
§ ¢ % ~ -/
o @ ) R ‘WL & "/ Compactness
2 5§ 5 5 B T8 et
9 o) 5 < m b
8 < = = ?
S o a ©
3 5
[e]
o
Fig. 3-15 & 7Hol EAQIXE A5t SH BHHEE 4%
2.1 22
[+ ractsh @ pusre 1 greston] 20 | ¢ [+ e © pirsino o gooselos]
- *
17
o, e 18 PR
15 ° = ‘.
: ™~ A E: . L 18 ] a
13 sam t 1.4 %o te e
; o : L AR
8
1.1 1.2 a
s <]
09 1.0
01 02 02 03 0600 0800 1.000 1.200 1.400 1.600
LTP Compactness

Fig. 3-16 (LTP, PTB) &A{4e| Jej= Fig. 3-17 (Compactness, PTB) =A<l

de=
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Table 3-11 & JHQl HAQIXE ALB3l0] £ BEE A0 4

Numbers of Correct Classification

Shape Features
Radish Purslane Goosefoot Total
(Aspect, Compactness) 8 6 8 22
(Aspect, Elongation) 0 8 6 14
(Aspect, L.TP) 7 6 8 21
(Aspect, LTW) 5 4 8 17
(Aspect, PTAL) 7 6 8 21
(Aspect, PTB) * 9 7 8 24
(Aspect, Roundness) * 9 4 8 21
(Compactness, Elongation) * 9 6 7 22
(Compactness, LTP) * 9 6 7 22
(Compactness, LTW) * 9 7 8 24
(Compactness, PTAL) 7 6 5 18
(Compactness, PTB) * 9 7 * 9 25
(Compactness, Roundness) * 9 8 5 22
(Elongation, LTP) 8 6 8 22
(Elongation, LTW) 4 6 8 18
(Elongation, PTAL) 7 7 7 21
(Elongation, PTB) * 9 7 7 23
(Elongation, Roundness) * 9 5 7 21
(LTP, LTW) * 9 7 8 24
(LTP, PTAL) 7 6 8 21
(LTP, PTB) * 9 * 9 8 * 26
(LTP, Roundness) * 9 6 8 23
(LTW, PTAL) 7 7 7 21
(LTW, PTB) 8 8 8 24
(LTW, Roundness) . * 9 7 8 24
(PTAL, PTB) 8 7 * 9 24
(PTAL, Roundness) 8 7 S 20
(PTB, Roundness) 8 4 7 19

17, g, vkdelg hE 2
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5.4 E
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S} g dis] Ak 7o F 93 BoE 24 9 DA
A g sk
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FAWHE EAN AL o8] WaHth AUAR AEH Fxol A AL YFol
F98 Aol Ut Tt 8 §FS T gk 498 Holg uehiA G
o Bed 984 $Fe P g2 $d AAEA A8 58 Aoz #udgd

Tty EMdAe AEF ¢35 F29 ZAIE4E dAE A2 d53a I

F oy A4 A%9A 542 FEHAT. o #EL o8N] FAA A FYAA @&

[e)

=

Al wEENS F999c
gesa 2L B9 AR $EEAL o8% 4B Fxo Bl By AFAR
2 aoksd thedt 2o

L st23 AES A3 JEQ oluA 404 257t v FEUA LPT Ee LTWES

ALg st B g FEH AT

2. A sHUTE FF dxd #EHAN Fe dexd d¥=Ad ¢, Huige

PTALC &, gota Zdhul g PTB o) 7138 & F&5

2
3.8HAR F AL o8 T - AWE - Yol Apole) ol XA WHANE (LTP, PTB)7

7 107449 olEAzRy 79 oJuAE 97, AuE 94, FolF sAE 2wtz B
ECT LS

4. EJAAE AHESt] 5o Fx7t HE 7Med Aoz g
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43,
g
2N 7 g g olgsla Y=
o ZHG GHdAA Q] EFuAL
9o gdFs VerHETAY, 1998). 9 BR

ST

L

T

F 45& FFo] e Rolw, WALE

T, 1350~2500 nmol| A] 2] B9
Th(Frank, 1990). £ AFelA &3 71x
SF Aot A& ALw WY
7t 229 AoR JIEAt weA, F94
&3t o] g3ttt wabEo] 1AM

1. &8 X

7k 48AEEA
AA A A ol AE P57 AH o
AN E FEUHEA,

1=

BHYR A =

QAN G Ao v WA @3

7ol A AE

Hxg

942 9453

A}

EAQUd GFARAN 2L T2AAY. I

P gH, 9ZAH, FHAFEHZ FHBH
= ZA A ghd #H(Electrophysics, 7290AX)E AF&31 4T}

o Ftul = A

Sgst gadow PR BAEY ¥ E(idicon, FAE THE o] 8F &Y BB
PE£)S o] L RS, 400nmol A 19000m7}2] &) G oA FHYSo] sset. A H
A AEE H 3-120], A BEE 2 3-18 e Aok
Table 3-12 ZAe(d FtH 2ol M2
Spectral Sensitivity 04 to 1.9um
Horizontal Resolution Up to 700 TV lines
Dynamlc Rang;c 100 : 1
Scanned Area 9.5 x 12.7mm’
Damage Threshold ImW/cm*(CW), 10mlJ(pulsed)
Decay Lag after 50ms 45~60%
Sweep Rate RS-170 (60Hz)
Scanning 2 : 1 interlace
Signal-to-Noise Ratio 55db (p-p/rms) or better
Deflection Distortion Max 1% in circle of picture height
Max 2% in circle of picture width

~ 111~



Fig. 3-18 A" & Z2HAM Ftnilet

g AEAE a7 93t FUWZ(zoom lens)E A&

TP 2= MATROXAFSY Genesis-LCE AM&3lth E£3F 12X 23 =4 o &of
A7e Qe WA g steg2ad &4 9 A2 EAF & £017] dgto A&
PCE AtgaraTh

. 2984 % o5AA

Az FAA 4AE A4S UEW £ YEES o EAAYE BEN AN A2Y
S T 4ommx40mm =] FRAEF TERAY Smm A9 G4 o}2URE o
g3 BRG] Fe Hue 27 A 60 emz AN 22 @ JET 4
AEE HPon, Ade e g A=AAY AFnE 750mmE HAFES st

2794 949 49 24994 99 Fgo]l BadnE AW, S0W) 10
Nz 282NE FARAT. G2dd=e F9 I V4T Bol YRLES} }A Ao
o Aulee) A5 T MAL 2YEN A A5 2FHEE, oF Wi ¥ A7}
130mm x 130mm ©] ™, Hth&Z o] 2.0m*minel MNMB, 4715MS-XXT-B30) 57j= A3
Ak e 2PN G0, iE 2PN PO BT/E FAJNEE AN =
HEAY Q EHNOEHEY HuAS BN, Woist UG GABL A7) P z29e
F43% HgA Aolo] Imm $AY 94 ol2Y B AL

ARG FgAe AN2he AYES APE 28 319 @ Gk 39 319 (b=
Bl USd AN A2de APeR, 2F 319 @A BE FPoE A P
2 ASARES ¢ 5 Yok E Y 319 (e 2EFNE AW FAe 95 94 4X9
B &t

o
to
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(b) Y 2g

(@ Nd%

(c) 82 x (d) FHe 2E

Fig. 3-19 HIH ALHEHS FET O[S TA

2A9M FhulE AW o] 1,100nm, 1,300nm, 1,400nm, 1,500nm ¥ oA 20nme] F&N

oo

T Z2g Ze dYEARdyE ALEstAn. dvtdes CCD Fivgte AW 1,000nm7tA|
gl

g5l Ao, B AFdME 2H4 s GE ol & 52 £ s 1,100nmF-E Y
fue X

oA ggo=z 3tgrh 1,400nm, 1,500nm i EFHIFE = 1,400nm~1,500nm7} A3 F
BEg Moyl i AR 53] Inoue(1994)2 F3 n7wto FE dFS #F
@ ok B A9 fungel L9mmL, Tee 39 138amd e WA o ek v
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A RSl gxd £E Aot B 4 §4 W=

2

N 2R 98 Hax Aoz Y
B Aoz F4d%e BHE WASAT. A &% S4FH Fo} gxe) =AY Jo
We) wAETE o}, ol E RN Q& 1079 T2 SEOW] 349 dad - g2AE

(500W)E tiste] 2d& Z3tA A Y5 J4& 28 3-200 dehi A

A

(a) CCD 7iHji2tE ol 88 | I¢

(b) 1,100 nm (c) 1,300 nm

(d) 1,400 nm (€) 1,500 nm

Fig. 3-20 ZAQM 7 ctE 0|23l0] & =8t QA
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2]

1,500 nm B9 WEE ALgtd 59 F4S A UHA oA FH dFEFH
27 e AAN ARE Egol & HA vesth JFxe EGoRYEH TEE F e
FAENE AR @Foh, AF) AE Aew FFHNAY. 23 & O S FIA A, siaX X
ol Mg ZAlste Wy FPozFH wAdE do g T FxI AE, F
49 ANE ZA ¥ F dAch FxREE BAHe FHA=SE 20nm, FIHETF 50%<
dIERGEE st M R JAEE Wl IS 58 F dv YA E
9 Z%05~10 gWem?)d] # vX e Ao FAHAJT A3, Add L€ sy &
FEAY 54 Faxo WALESL dob, 9 Fxo FES AF BEY g5o] o AL
2 oo
3 YP ZHIX WY

ShA] Wy ZE e A3 FAE HAnA dF 2 IFNE AEsA =HAS 8
o 500W WAR-G2ARE, 12719 #7] W, 2T AR Ug By A% FA=2 o]

Fold 4 28 Al2¥E 19 3213 o] AESA.

% @
! &
0“7/4, \L\@‘
NIR
o ;
® KL camera
ST \
N ; o Iz
N F
wy R
pE Ry o
=3
<0
faid
HHT
X b) EAtL
(a) ZEEX2 T4 (b)

Fig. 3-21 & =H AL
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4, A ZHEX LHojMe F4EE

=]

Azd 2E ASHAM T T2 e 53U 449 3 godo ¥54
g ¥ 3229 (a)~(K)ol dERAR L. ol N3 FAE ¥ 3-229 (Dol eI

(@) ¥ B4 (b) 700nm CHEZ () 800nm CHEZE  (d) 830nm He=

(e) 900nm CHE  (f) 1,000nm CHSZ  (g) 1,100nm THSZ  (h) 1,200nm CHSE

() 1,300nm CHZ  (h) 1,400nm CHSZE (k) 1,500nm CHSZ () O|XI5F YA

Fig. 3-22 Z2H M JA9 A4

29 3228 O)~RNH BRiwst ol olhe Yol wlal A¥ Zwol e Ay
ol FRAAOM, Y 3229 (DeIA Hiwhsh go] o] N3 AN F} 4B FUE
st 22, 5@ 2904 990N B3 heolN WAEHS o8 Fx AR
g 99 2H90d JvDg Agden YU e 99 B 43 Iq0) AH TN 2
B35 debgeh 2F 299N g o] 8% FEH P20 TEE FAuA) A2
A8 4 ot By,
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5.8 &

FALTHFAE AEsted oM 2HAM svatE A& oM B A EAH
Eo] B A}

MA A9l golola Jde A7 A £2F Held 283xE 783} Ae] ¥F
A A olw WA olgte Mojrh. e AYoA BRol Agd J4e &7 AR E 4kW
ole] aA¥e] Wajtd ol AFelA F §F AYE E7] ARAME g vl &

o &3, YA CdA dAsE R AR s AEAN &40 24d 4+ A

AA Zgel A&kl M M Z FAEL A FHeE AA Y vg 540
o &, 239 Fhvlgbs CCD7F obd W ELR o] oA ed, 2 ¥E 22
g S A el AAtew ojFatdA d4g dx Ao Ertesitti waE A
agia Ao geoXe Egd AEY FEE testR oy AEG g PEES B
7}5 8kl vt

o9t T TANE ;Y o JPol AY fu mHFHo BedA @ CCDv) e

gt WA g9 AFol &t BEH Ak

=117



58. CCD &7} Mgl MAYEYS o8¢ WUre e &
& a2| 5 Jfd

4¥e B 2H9Q 999 HFUE o §¥ NRAvAE PALTRAY AF A2H
o AP 8L HAT F EFH 4EAY FEE Q¥ CCD AvdE THo| 7
S#m CCD7P e NIRFAeIe B v Eg =g wesEd A% FFAAE ent
A gsteh WA CCDAAvW g o 3 BALTHNE AR AT
AzxATFNA T4 Fage] IARE S TEE F UAOHE 0§ o] g3 21
PFe MEHnA Bk AFALFe 1 TG G Pyl g dgHE pobt 23
A tEsle SAW, duRoz naYPre 2AL AM% B4, A Ao, dold 4=
5 thrd Bopl AA 42HoE $8¥N Utk BN B AT o] WA W
2AYel WAy YuYF AEl AFN2FE AsE Ao Ay BUAY
1. 48 A 7Y

APAA T3 2FHAA I3 Y53 A A sttt 2P & LA AHEsT A
W& RGB CCD & Jhu#JVC, TK-1070U)E AFg3tgom Auad (224, 20W)
1071E o] &3 2 AHAA g3& 8458 & A=E A

A Fo4AE Al2dd AEEE 29 3-23 (@) dehl Ao 298 321 (b)olM Fd
o2 A9y AES ARAUEE ¢+ U

3 & 3mE
2 a0yt

<> (-

(a) AIAEIQ EE (b) AN TE NEE @

Fig. 3-23 X7 A8 & <8 AYXE ALE



Z2HQ AZMFEAA Hetste] Rdslet FRAY AP o

et axpEe WY, BA A2 F2E JHAA e, R ERE BolEole Y
£ WFg(dynamic state response)S Yoy omM LRI 2L MHHAI7= Rolth
29 ATFAEE AN ABATY EFE JEAY 75E FEHo|vv 2igstaat
e YoM AANzEE Ad, &3t s Atk AFYRLE A4 AT e 5
9, A% 719 v9 e 2 mgaa gk

AN G AP A AFZANARY AZEAD, ol GFd Fxo A=
ol A o]0 Gee A% WHE AAHIL Atk AAE FEAAR (single-layer
perceptron), t}& <124l x} (multi-layer perceptron)E& Bv] £ 3}¢] Hopfield Network, Kohonen Feature
Map 5o ®ol o &35 Stk

FEAAAE A mE NFY2Y Fxe) A /1R e Ao, 195734 ©l5e)
Rosenblatt7} sj¥l 272 918} Ay Aoz Txo AFAT A4 ddta & + 3
o Geeld Al e Y 3249 22 T2 E VFAY, £34 2P E 4 3-2)F ol X
dd 5 Uk

+ Activation function

X, activation
\ ’ - Output
. W

e Y | fle) =0

input simple output
nodes perceptron nodes

Fig. 3-24 th& HUEE 2Y
Activation = 2:1/1/2 X
Output = fACHVALON) < rorerrrerreseeriesienin i (3-2)
A 7bg bel 2ok A¥ERe Fak dEAAR FRE, b B4R ¥

PR EAFEE HAsl fE 1986 Rumelharto] 3 A tE AFE T2 HEHA

(MLP)°] t}.
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AR ERE o8B %
de) 2ol 71WQl 954 shback-propagation, BP) ¥¢ol £ AT 245
M2 SQ A £ BEARE ZE AZ¥ey T2E 27 99 29%9 Hu
+8 WHAIHE GFAAT S ARE 2UHYS W FUE S E He AF

24 T2 d98%°

AAYRRY JPe AFAGYIN Fstn P9 FFAAEY 29VE o e
299 WRAA 84S BF oA AR Yol GFAAT. U9Y HolHE B
2 HolE AL WANIN EARES 03 1atolo] ER 2RI

#4, 29 FUEE 12 ZFSAT B (1 08 ZTEHOR, F 283 A w=9
Ze 1, EAREY e 00 HES, T8I F2E (0112 BEHOE G4

Aud 7 Y=Y G4 WP 50,0008 YeH o] ALV EoWY
(momentum)-S 0.95%] 3, 8t< &(learning rate)S 0.15% sttt T St&5Ald] ZET AgH
AR} o8 MAFE AT RMSE ALAAT + 1508 50, F= 10009 33
AN ZAZe] 80%E gl oAFOH, Unx 20%E G5 AAYzge ASHE )
AHEE LT

(e

fm

=

v A48 45 A

25 dAdg dagFdA dojve & A F oUrt vy (overfiting or ov-
ertraining)e] o}. FE3 ShFoz, 45 Fo] th obF FHE eXE AR o it
A2 dolgel ta) exi7t & F97F 2 dejrt

B aTAL oF QA% 2udBAA 4 ()T 2 oA g4, 4 % g W

BqE A a(modified performance function)E o] B3l &3] H(regularization) s Al-& 3}
g MR Ao
F~mse—-ﬁ (e)? = _]%i(tlﬁat)z ................................................... (3-3)
msereg = MSC -+ (1_ y)msw ........................................................................... (3-4)

y = performance ratio

= 1 2
msw N 21 W;
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g A3z gE o8 Fx HE 4597
S FaHE FRE oL F5F 6179 Y F 3 A 2FHA A= F
319 Fax 40709 A4 2 AFY2GE AR LW, v A 30748 Fol o
3 A& Hes HRAY FAARE FEHY 2T EH ], Image-Pro Plus(Media Cyb-

ernetics, USA)YE 19 3-25¢ & duglZ £48 o] &3ld F&3Ao

/ Image grabbing /

Obtaining L*a*b* Calculating feauture vector

|

Segmentating plants
-Threshiolding

¥

Are there weeds ?
-using neural network

Median filtering

Detecting weeds
Labeling

oy FUEQ £& WaAyd, el Al AL B¢ AHASR FFE U o
FAAT 98 == 7k Al A R AFPRY F2E ¥ 32600 YERAUS ¥¥ T
o) megrt Al 7FAQl B9 SASY ©AH ¥ ¥4 W(stepwise discriminant analysis)& o]
8% A gl (aspect), A% %E(elongation), PTBE JH o2 AMEE RAolw, AH7tAl
A= A8 A AR @#e BF gPoR AL &9 E 3-130] AFAEY
olg3tal, FFHA &S FAE NG AF AHE YehAAT. 1074 7 20709

o

—121-



2 3 ¢4 7EE ALE JUAD 9959 w=50 A A9l A9 2939 wEv)
T A% W A, YFEY =EF7 g AY A% Y29 w=4vk AR AY o 27
ze A%e B

Aspect Elongation PT8B

Signal Input layer

propagate 4

MMMMM

Hidden layer

Error

back-propagate ™. Output layer

1 forradish
] for weeds

Table 3-13 2HS2 L= 20 OE MAEZZ
(@ WdsAdgyo] g8 dhad Al 1A FA4AAE Y dolgE dHA0 FS

# hidden
From 10des | 2 3 4 5 6 7 8 9 10
Type
Raddish 0 | 9 | 10 10 9 9 9 9 9
Weed 19 | 19 19 19 19 19 19 19 19

(b) AG7HA9 4AAE fdY R gHA 4%

# hidden
nodes
From 2 3 4 5 6 7 8 9 10
Type
Raddish 10 9 7 10 10 10 9 7 9
Weed 19 19 18 19 18 20 18 17 19

g Fe ARET B AZHZY T2 A5 i E 3-l40] Bk A e
o G5 A2l AR HolEHA W0%IA 100%e] ozt YTz TRPS & 9
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o},

53] A4

gy FZ27F 872 (PEE RE F-242 = £-59
AZdolelol W3 100%9 EHFES BAc /Mg & 349 2Fg=9

Ql 283 =59 #Ae £A%oR

T st} 2314

Rol] =BT

o]F 19 3274 Y

12015
Table 3-14 ANA2Y RHEo| HE H2}
To 3-2-2 3-4-2 8-7-2
From R w R w R w
R 100.00% 0.00% 100.0% 0.00% 100.0% 0.00%
(10) © (10) 0 (10) 0
w 5.00% 95.0% 5.00% 95.0% 0.00% 100.0%
(1) (19) (1 (19) 0) (20)
* R : radish, W : weeds (crabgrass, purslane, goosefoot)
R,
1%,
:rjl % 05 - ’ + raddish
a2 ’ a weed
.
~(].5 0.5 1. 115
Output
node’
Fig. 3-27 &3 29 AMUE TAT 4EE
o AgR g g MM
oF AN A FAA &Y FUESY £ WA, 4Fol A AL B o
AR A2 UFo], &% dMregularization)E £t BE AAYzTL AHNE e
vk theel ® 3150 SgEA @ 109 B 2049 Fx G445 GB A3
A%, 5 §A FEE AFE JHAAG FFFY =257 4D B9 299 wE5)




2709k 770, YEFY =EF7} A S 2493 =57 24, 34, SAY | RE HF
& 9445 100% §A FE3te, Bu F4E d3E BT

Azdoletel ta 100%e B2F&S B AFY2Y 2 F 322 729 8229 #=2
9 8% w29 e eABor T3 2xY de BAIBAT. o] & 19 3-283 3-29
of Z4+Z e o

Table 3-15 JHME MZFYS §E +
(@) 37098 FHAARE 8BRS |

# hidden|
From™>12%%8) - 2 3 4 5 6 7 8 9 10
Type ‘ '
Raddish | 10 7| 10 10 10 0 | 10 10 10 10
Weed 20 19 19 19 19 20 19 19 19

(b) 8709 FFAAE A& S 1

# Nddén

nodes t
Erom 2 3 4 | 5 6 7 8 9 10
Type
Raddish 0 | 10 7 10 10 8 7 7 8
Weed 20 20 18 20 19 19 19 19 18

T
1 mu%b
“ o
ke
e * radish
5 0.5 i
8 :
2
[s]
*
a 1 = 71
~
-Q0.5 0.5 1 115
-5

output nodel

Fig. 3-28 7{ME AMBY ZHOl 3-22 732 &9
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! 0 - 7\— e
-0.5 0 0.5 1 * 1.5
__05 . B [ [ R - ‘
output node
Fig. 329 7HME AZHY DHol 822 11X &

o NZAzEe 18R Fx AF A% WA
Aol A GaNe] A2PS olgete] ASW Fo Fast 2ol Yk G4 3ARYH 2
Ao e BAAAE 22500 99 RS wgon, AP FL PF A5S HY &

-

¥ = 3)el, 8-2-2 FRBE A Iregularization)S o] &3l AFY YL FEEY} o

g ol&sta] urA 30789 Fdel U& F 307, AuiE 1270, wk@Bo] 157, ForF 5
Mol Azl A 45 AT Fx FES At F 329 Aol 2aHeH, 7
G dAANML olnAE IF 3-30] YEhASiTh X, AF G5 B7 4%E £ 3-16

of ehigich 93% AEC FAER o F2E A4Y F AL AB%E RAFT

(a) EEY (b) a* Ml F&
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(c) Fbel ofx[zt (d) nlciet Y Fo| 4

Fig. 3-30 Y4 M| &=A

Table 3-16 SH TS AL £

To 8-2-2
From R W
R 93.33% 6.66%
( numbers ) (28) 2)
W 6.25% 93.75%
( numbers ) 2) (30}

4. &3 fue|Ee Y

Z1EY AL duyF ZE Shuet TG Fxo Ui IFFEE 2HEIE S
de T AFF2ge ol &dd FEHE wY T Aded BEAZ] o 2
gl @l AT E Fo sbgd £ HFxA ddl P ABA=2TE ol §s
g o

nE A2 B U ANPAE ARFLA ¥ et AFHaRe Ga] FH
of st& EAIAFCl AUTh e FEAA HEA WA aFTd FUY HXE 9 9
X AE AN2ge B2 FATer g dFol AN wEtA o) F Bad A4 HE st
T8 24y FaFY el daddch
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7t ZA 9 74

Aze &3 FREL A8 29 3313 22 A28 FYRATH

M2 n&HP L3eZS DCPS, GIS ¥ Ao Asiee d5L S F4¥Y 9
e %A A2V 42 AN JPE FEY GNFRG G I FAP R
e AR

@t He A

foLt

& AXNFRE vaste] Fxo HE #Ee AT B O
e B WA AA FHel i B FLUd BEN AXE JHEA 2
Aguo] obd oy 7o FEL EAA BY AdozA HELEEE ¥4 F ATh

Modem Antena

Gyro Compass :
GPS antecna l | :Direction Angle :Error Correction
L [ Position
dﬂ GPS 1 Modem Properties
CCD Camera [ I
Image Process
C t
omf)u ° Database
Nozzle | | Diaphragm
Controller Pump
Spraying J
Nozzles O
Fig. 3-31 1435 ¢Yne|E58 918 Al2H 7dx

U 343 94 HE e Ee A
Az TR 19 3313 gL A2 A dudEFe FHAEE ¥ 3-329 2T
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Image Processing
Unit
Database L
Spatial data Spatial
i data with
Gyrocompass calculating module i

Originally acquired radish
coordinate information

Is it weed?

yes
v

Weed exists. Extract
amounts of weeds and
coordinate information

Y

Control signal
module

WA @49 852 dgs: REelth AN o)Xy U dolBPe i PN
=AgRe BE Y XS ANA Aok PARA SR ZFL 1Y 3333 2ot

Labeling and
calculate area
each bundle

. . Conversion Median
Windowing -H—»| to L*a*b* Threshold filtering

Frame J Image

grabber acquisition

Fig. 333 G4H = ¥

A
e
k1
n
il

Az ¢AYEE AL 9 A2dS S AXBE S YHog Ao wgA 3244
DGPS Frs} 229 FHZAEE Hnd & lojof vt 3x4d 4XFR 249 JdER

g dlase] Ro Fxo) FXE PRIE AL A G5 YIRT enelF THE 2
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g 3-340] }ehg ek

X0l :( cos — sin
Yot sind cos{

-Xml, Ym/: /(]7":;‘9] —5] 75]%]
Xeps, Yeps: @783 1

YCROP - YGPS

03
ox

A3,
G919l GRS A,

Xerp, Yerp: OB MO 220] A =G 5B AFE

Spatlal
data with
DGPS

Gyrocompass

- Sensor data acquisition

Calibration factors

- Extract crop position data

Originally acquired radish
coordinate information

4

Database
for Crop
position

A

Rotation of crop data

Weed exists. Extract
amounts of weeds and
coordinate information

Y

Create virtual image data
from crop data

y

Compare Labeled data with
virtual image data

NI

Weed

Fig. 3-34 JFE MEFol Y1el&
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5.4 E

CCD 7ivetE o) g3l Y53 Gl d3l FAF £4 F vl dsdgy L ol &3
A Zhul(aspect), Al E(clongation), PTB7} -9t F2& A¥sts] A% /M3 #od A=A
Z¥Y9 e S agm dEEHAME 9 A AAE I8¥E o, FE 2% FxE
98% ARz FEH I F ASFE B

T3 SAF Py vaAA 98 ==51 A Q) AFYRGE o)&¥e W, 3229
3-429] RN 30709 HFE Fgo) A FE 100% FRE 5% F=z AEY
F Aee Byth 28x 494 oA ) BREE o&d ASAME, 8729 EFA
2o FAxE BT F&Y FEL & ASS EAG

gk 5 e A9 FH ZAxo] AT FF(50cm x50cm)of] i EztEE] F 329 A
Zrol YHgTh oA A #BEY] B EE FHEHo sole WAV Y HA Sk
20cm/se] 2k AF 2o dol AFE 2, #EY] B EFH FHHo 2ol B S
AARE FAHE Lyt GastAch oo wet DGPSS zolg HAAE o) &%
AXNARE ol g3ta AA A A2 HE 7t uHFE AEsiich
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GH. WA AT

1. & 34

a9 3-35% B Ao ERE 3tm Qe site-specific FA V1&g BAG Y9719 A
dAQ BES vela ot ol AlEEE FEeY] A MG NG EFF A

7t bed BAIE A ol E ST

Gyro } RF antenna ; " Nozzle o Ehgine,
_ compass for DGP87> ! co,‘]“?!,'?f .transmission

GPS ‘
. antenna

 Diaphram
. Pump_,

P pa—

i

Color CCD
camera

Spra;ling
nozzle

Fig. 3-35 T YA ALHEL etz

A e o R e

GPS 421718 ol &3] ZAAH FLARE /XL e TF t3le SH4PEE 94H
o] FAAEE AFI, AFE FNATE G oz A4 EZAA FA} e 2
A8 AR W AERNE oA doh A BENAY AP E FF37] Y IS F
gRor 33 AL, Fx, BHola 59 AAFAIt 2 WNxE AFd. AFH
gk xboll &= vision system, DGPS antenna/RF modem, £%F A|AF, BFA 7] 9@ EA7]7}

geo] A

Mo
g3

ol
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WA XY F8 A A 2dL g 7ok
P AE: FEY HF AE ued o 9 3367 go] 1 2709 259 HEL Ay
71 93l 100ecmz 39k

Fig. 3-36 %tZo| M¥

b obE AN 9K R AWPFOE 150eme] F4E A7) 98 200em Eold] B
o B¢ AFuA G4 @FAE RE %) A8 Awe=m

130cm =2A1 AT}
b Aolz Ava AN 94X Aolm Avak A6 W DY FAolTh w2
Aol 98¢ PlXE EAZRE 30emol4 Fojmelokyl @
T 2 AT Agde AFL Sdwol= W ZE ANF
5 AAo 98 vAE 2] BT @9, F2uE A

ol’de ol &, AFEHFE S0cm Golx=gth

AR wmANA AN oS §F Y 2] Aol AN A2WE T
%

CD ZrgF 7} 8(JVC, TK-1070U)E A3t} W 33o) A 9

(]

C
SA B ste g FFRAES AP W9 R FX87] A auto inis 5L FH

i

RA2E AT B 22X 2wl APxds ersla]l AR £ Qe A
8 W A deolee B43e T A 498 PCE AMSRT. Fax e gH <

AR APE e ¥ 3173 gk

Table 3-17 FEAMIF X

Camera RGC CCD{UVC, TK-1070U)

Lenz COSMICAR PENTAX, C814E 0.8mm Fl1.4 . |
Frame grabber MATROX Genesis-LC N
~Case and mainboard Industrial PC

Main CPU Intel Pentium II 400
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3) DGPS System

B AT GYNAEY GPSAEE B¢ ARARY 2L Eo, AR $A
AEE o83 BASE FTEIL B ATNNE FAAE Aol ALHE 2m 23]
DGPS(NOVATEL, RT-2)& A}83th DGPS 7|AFozs %x5d ®Y7ASATL9
AAFE g

4y Aol z Ao

GPSE £ dudte} HEE A2 B A7 AR AAe) B BP0l Wadch AF
o A}FH(magnetic pole)el €3 AL PGS A7 el Aol = AFE(C-100E A8
Aok Aol AM2e) BHS 29 3370 JeAom ARALS E 3189 e Ak

flo

Fig. 3-37 Xt0O|& Z{I}A(C-100)

Table 3-18 XO|2 HutA X|#

Input 8-18V

Size - 80 x 75 % 57mm
Accuracy - i +0.5° or +10mils RMS
Repeatability - +0.2° or +5imls RMS
Resolution 0.1°

Dip & Tilt Angle - +80° /+£16 or 45°
Sensor Output - RS232. 0-5V logic level
Operati:é Tmnb&atur&”MHMW -40°C to +75°C

Shock - 90G

it

9, AFANGE 2719 FFe de EYFOIER A

:TL
E3MA @4, & W4 B4 AATIEe) MHE FAEt PR 248 a7 338



o Jeigth AFAY F& FaaA AT HF
3 G3ele 913, 42z 859 7830°, M3 69° (AEF
o} el 7830°, B 111° (AgFH)el A1, o] EL 9 <]
= 22 AT HAZAAM F 1130° 71&0lA Aok

0

oc
N JBHT JA Ay

2 dEel A4e whee B FEe $eL B

A7 gtk waN AT 39248 BAE FPE \

9. 82 wzg Lase Aoz AR2dA LA ‘e
= AsE RFIL Fig. 3-38 X7 X719 24

5) &3 A8d XE
Aol A1£3 FAAE DGPS, Aol2 AA, Aolg Hux Ao A3 E Polgoln
HEHow REFAX AojANsE Agdlool ). o9 Fo] thggt FXoA e HolE

A& Algd A2 &3 o) F

L

Aed AFEH FRE A2 AU FA TEE 27]]
. Weba, ol® $er] J8 £%8 $4 AEQ EE(Systembase, MULTI4PCHE AL &
sul, HlojE Adol @A Aol o FolAmE RS232E4 Fobe AT

. ¥y AF 9 £F ONOFF JEESH T4

FA FHE A2PS o gl A FAY F, &dkol= WE, FE, PI Y w32
olfolxl AFENE AR AosuA Wk & VAN =FEFI obd mFWE

AP o7l AEEE BE Aade FAR 9, Do) wAR A4 5o G A
238 ANNG BrE APUd NE B2 gPo B2 wxe AFNT, AA ¢4
9 HE Y §A477 98 ¢ dFAEES AL 4 dAFdolHE AN
Azole WEE Fo Azt w2 TIHW, AFHAA BUAE Ao AxE E

o

e

27l ol ROAEE BT MT A A 37 A8 o Ae wIFHE 27 Sl
o= Wr g HEHHE AN ZZe] g ONOFF AolE s158A d o o %
o HTBS Aol AN F2g wZWm ONOFF A7+S thas o 72omA @z

g HAL G & A7 AES A" FEes ¥ 3-399 gk
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Drain

Sparying
Liquid

Diaphragm
pump

ﬁ>

Regulator for
total pressure

A

regulation

Control signal
followed by
image process

[ Regulator for
pressure Spraying
: regulation of
Drain each nozzle
Fig. 3-30 W& XO|E 28 AA™M 7TME
1) HYDRA-CELL PUMP
ﬂ]iﬂ%gi'}?‘ﬁ‘l xﬂ&@?% %%3}7} -ﬂ%ﬂ E}O]o}g_%‘ég %]E_E_ }‘}"g"“%_}t’}‘ %‘_3594

A A

Table 3-19 H=o| X2

¥ 3-19¢) Zom A4 2H5e 1y 3-403 Fo)

Pump model G-03 PUMP
- Head materiza~ brass
- Diaphragm material BUNA-N
VALVE MATERIAL SST 17-4

Fig. 3-40

YH7|e H=a o
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2) @& ol g

AgdolHE 2A F HEd A8Hd WA BIA HxT Yo Axds 4ge
QHAA $ANT7 A A5l PR ABANEE AHUT ESRe AgHE
At 4Ye Sokglomolth BB Agste dEAHY Bg W FrE 1Y 3419 2
.

Fig. 3-41 EEHEEZ o 280|He 7=

Geor #HF kg ol XNt FFe x=Eo] MW ON/OFFAlel 28 ¢ e
Alagle] B3 e €017 98 tholejxy A HFHolHE mEERE YAtk =5
dZdolHe Ad2 % 3-203 Zrh

Table 3-20 2| 2| 0|&42 A2l

Maker WATTS PLASTIC REGULATOR
Model P50

Maximum supply pressure

300psi(21kg/cm?)

Resuced pressure ranges available

0~ 125psi(0 ~ 8.8kg/cm?)

Operating temperature range 0~150°F

Weight 1/4 1b.

Height 2 1727 to 2 3/4 " (varies)
Width 1127

3) Unilet Nozzle(tip n¥2] spray nozzle)

FARe] APHor FAHE =59 AFd e A8 AAE neiztoor Ak BAY, &
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Abwol, BARIE W @, FHE S Aedtolol Atk B ATAE tge F9¢ B
o HAHTGT WHEE PARES HFART. A AE ARA $53 oY, o4
Fol o MPAAYE ¥ 3-420] JERAQAT

A
4

64 degree

< »
» & —p

30cm 30cm 30cm

A
h4

Fig. 3-42 &X &9 A
25 A, BAF wol, FHE & It # 3217 22 ANAF S 24 8004 tip
& AFsATh 8004 %2 lkg/em’ A] 090 L/min 9] 323} 1.5kg/em® A] 71° 9 A}z
0.85~1kg/em’e] AL Al EALZ 65°2 FHHE 2AF 54 7tz R B A7 33}
Oa gaskd o

Table 3-21 =5 A0 At Abet & Al 2pd

Nozzle 7 4MNES 2, olF 2)

RAFEo] ' 40cm
Er 33 % |
¥ apzk 2% tan ~ 125 =64°

98 IEEZE ﬂ%t ATE AN 132 BF
P 400

AWk B Axe 300 ml/10a(Q ol & A =A)

Ay 300 ml X 400 = 120 L

A E Tl 3mx4=-12m

9 A 300 () x 3.3 (nm/H)/ 1.8 m = 367m
TP ET 0.3 m/s

AFEAZE 367 m / 0.3(m/s) = 1220s = 20min

1 min 9 A3 & 120 L. / 20 min = 6 L/min

iz 17lg Aeger 6/4=15@EH/ =2 17A)

A8E =&Y AF AdE X 3-22¢) Yeh A
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Table 3-22 Unidet nozzle2| X &l

Nozzle B1/4T-SS(PTWU-A}, 1/dinch, SYAl, 2H Q#2274

Nozzle tip 8004-SS(L. &)W 2& A 1.3mm, EAIZE 1.5kg/em? A 71°)
BALE g FA) Z ¥ (flat spray nozzle)

A Z A} spraying systems, USA

A G EAEE 0.85~1 (kg/em’)

HALE 30cm

BAZ} o} 64° (1/3 24)

BAET 1 & 90%~97%

A BES =, dEdolE F9 BEFAE Aot AP FRHAT. A2dy =
€ 19 3-439] Jehi Ut

4) B3I ON/OFF Aojy A
ik s AoE A molaz AFH 3 752 PICBASIC-1B(Compile technology)s
ALE3E R T mhola R AFEE FAFEAM RS232C FAS B3 dEHE =FE ON/OFF

B A EA bl BE BRE BolEo I e wEY

i

flimol WHE 2+7; Ao
e AEe dh =EAOFE =&Y AR o #F nE2E=E

g3l 2o -5
gR1at7) Aske} lock switchE FHa et = wolazn AFEHY 5V A9 &=
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olE FERY 12VY AYAIt EAYER TEAZHE ALFAT. Aojiy BEHEE
2R 3440 GEjRlon, ofdl d@es H=s AA AAsa 29 3454 Yo
AR Aol mHe 1y 3463 ok

Main
computer

ata transmitted
by RS-232C

PICBASIC-1B

photo coupler

c*ﬁ-{”*
12V relay
Lock switch

Solenoid val

AN

Fig. 3-44 =& 71EE Fig. 3-45 Z1E82(9| 3|2
EME

Fig. 3-46 22 L& Ho{5
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2. gx2l 45 AS

d3ede A F /A Py At s FEAUEE TR}
E 3oy o& 3y BERAZLSE 2EE dojth # APdMe REALE TAHS
Fol &2 ON/OFF A3 & wista HEat= S gt of 45 A A 7HA
AEE At opet @t

RAA, =& ON Azte] @& EFFo] AFA/E Al . FU ARTH0 A #
Fo WAyl Avtd WFAXI|ZAY GEG A RE7] fEoltt. wer =E9 ON A
ZHe HAHN AN BEZ) BEEUAI Had vE e e FASEAE FI8A

A, 4% =&Y THE #A dex FuRotol gt B AYPAA AHEsE AlLH
2 Zzte] 2o f¥ HE EPHOF BEZ oyt eI EE ok ot waA 3
=Eo] AFA & xFY FFd dH IFE T=AE FZHRAT

A, kel F 7HA Aol @EHET g W& Er =g rhE AA HEA EA
b 2Ag £ At BEdAd 32 AFH FAMY Y Ao Ay dvivd wmE g%
EE HolevtE &Ac

X9 A HA ZEAIEE AR ET] A3t GA AFXE wF Ao DEEHS 08, §
Y AME ol &3 AF AN2de TFHEAUG

B Agel AFEH 4¥ AXE sz HAYH HA 2keflem’d AXME AR SR

o A}FEe ¥ 3-233 2T}

Table 3-23 MMM X

Model P200C042KGAM

Capacity 0~2kgf/em’ ]
Output 0~5 VDC N
Powwer 18~33 VDC N

A& A" e PIC FEER M 3AE FHFE Y RS-232C F4lo] 7Msdled Lz 1d
st om, PCEOIA] =2 ONAIZFS msghgE Aojd 4 QJEE Visual C™ 6.08 o] 231

ZREIPE FG3AT PCHIAM 22 e 44 e I 3479 Zrh
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e NozzleContral

YO REE e 2% -
r RELAY2 1 0o uE
I~ RELAY3
I~ RELAY4 ©vE s {
[~ RELAYS ~

Fig. 3-47 3AE ZHREE =2 Mo Z21Y Ad¥s

A% N2ge 19 3487 go] FH3 & 5 HAEE AP

D =& Aartd we 253 53
100ms, 1,000ms, 3,000ms® wlHoi7}AA Z+z} 1080 AN & BF

G S K 3240 I FFAL £ AAALH AFL 00055 2AWA

o AAALE ol gl HF AT

Table 3-24 =20 257% 58
ON A& Azt B 2 (g E @

0.1x 6.784 0.06867

1 & 24.957 0.1037

3 = 63.305 02787
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Ay AFIN ON A% AL 0122 P& W RN %A BT 2 A&A7
of PAAE %8k He 9XE BT ok 0.1xU Y FHE ON Azte] g Selwol=

B AAe) B 98 wgol =Y A%z BVAT. FEET B2 WeLES &
ol WHE ALSY AS FUY BRI Ao A5E Rl

=

®E27} BRI YE F xF 1& TEIAS D9 HE FEE AFG2A kil
o 2Y ARE a9 3-499) deERRATH ¥ 3-4901M B ¢ xolrb vEhA o
of AA WA HEA EAV Re Aoz BEHAT ol G wE WHIE His
71 fstel A Y FHolEg A k=S d HAIHCIEHE FAste dHg 2
8ol vetuA g2 RAor dddn

06 ] — A
' — Ag?2

Fig. 349 =& otgd HAE

3) =9 MEEE HAE

TRE PCAA FY3tes Azd

2
2,
K
il

wFo]l @rty Wy wEeAE BH7] KA
PPNz e =F FAF FHE AT g Sk 4 A9s a9 3-500] e
Aek. AP A g i ol LA AFHEH 0127 A ¢ A¥ A
AA 0.1 AHX EFF £F 23 2x7F 1% WAAT #wEtA £5 AATA L 01z
At FA Alago] Hgated 4171 gl #dH o
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0.8 -
/ — Aot
0.6 / — A2

v A 98 HiE

TAE AN2goA JAAEE FHd] FEeRA g B/ A% VxdFdezA
ANAEE Aok vinA FFG XA fFHE wiX A7 DGPS #HFE 9 oz
Hpzo HAzZ+ g F4¢ thg G g3 oxE FiAY Adde 2EE I

3-5190, GA4#% WA E e delEgd3 J4e 21 3-5290 et
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AR 3% BFAe DGPS #HES JAolA Y5 AFE vastd 2XE 2FNA
oo dgAe AEE FFAMN F23 BHE Y 3539 dehiden, HANAL S
ANE ABE 129 3549 JeEhY. FAEE How YH @go] vdoln Aol
39 B2 Jgo] YO0 o]F YJUATE VFoz U YL FOZ WBAA ¥

ZaPh exbe F AR Hol2 o] dPAAE E 3259 UERIAT

HuEtE HEEOM HEE JME
~~~~~~~~~ 90— = s -1 SR
[N SNSRI Y., A G S S e —® - D00 t,,,_ e s
T ——s
— -t 100 AN SN S0 S S —
T o T fawi) | T T T
B I C S ~300._=200a_~108 _go-0e .~100- 200 300
T oo — 1 0
e '/ivvrh‘ﬁe" i ) I T : 77”“00 7? T - T
o e 20— S e e e L R
e 25 e e - e R00 b e
Fig. 3-63 L& o ZEE BYUM F& Fig. 3-54 s|MEHetE Sl =&
Table 3-25 Z# FEQ| X} &F
My zE AatgoM HEsE Jo4xE AMol Mo 2
X y X y x = # 2 A} yE B 2 X
-164 205 -173 204 -9 -2
=73 207 -65 201 8 -6
18 207 13 198 -5 -9
114 208 121 213 7 S
207 205 211 213 4 8
-167 117 -162 119 5 1
-77 117 -82 123 -5 5
17 117 19 121 2 4
112 115 103 134 -9 19
209 113 197 129 -12 16
-171 27 -186 46 -15 19
-79 26 -78 36 1 10
16 24 19 28 4 4
112 22 108 25 -3 3
207 19 224 44 17 25
-174 -66 -162 -45 12 20
-82 -69 -75 -43 7 26
17 -70 17 -42 i 28
110 -73 111 -76 1 -3
204 -74 198 -63 -6 11
-174 -157 -187 -152 -13 4
-83 -161 -93 -150 -10 il
12 -164 15 -140 3 23
108 ~164 116 -155 8 9
-62 182 -54 193 1 12
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AQFZN9 st Az 9 ANFERZEFE FFoA lemBpixeld] HFEE 7HAER &
A3 X7t B pixelo] Atk ol FEEA] A& 7€ AL W Semol 9 EH
of glems AlAgee FH&o udtAct BH AFAA = HALX7t 0em7t HA=d
ole WA X FEA GPSHE FPMA X2 I ez dddy. FEHRE FF

A ARAG AAE )8F GPSHEES ol 83%Y LAE FY 4 & Ao puEL

o &% d=E
B8 A2WA A2gg ol &3 4 55T ANFE d5g FU YALT T

A% 9 YA AES FrretaA o Aeddn sAAEAGgYge) d-g W EY
of & A3 FAANES HIEINRTY BEdA A5 FX BHgS Y 3-559 Y
e Aok

Fig. 3-55 TEOA S YA T

Agd gxdsdt A9ANE Sl TEA AR BY Teade Adags T
289 3738 Visual C+- 6.0& ol g3l e G4z Zolrgg 2+ MIL Lite 6.1&
AT Y 356 (@ GPS #Axe} AolE AsAd 4R AL dd J4E B
o EHg YEIgen 29 356 bt G9NEE B SAaTRAE AEde 2He
RS L S
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Fig. 3-56 S8 ZZIH¥o| A 3H

2ol R FA4E YSA DGPSNA BAsH: FEARS A7 @uash o)z A
2 o] g% 94X 23 ARE WA A FE AHA v dambased] YHA AXYR
2 oA Qolzl 2E9 FE Hlaych Gl AXNGERI V& REY AAH
ush ANHA gow Fxz VUBT AN Foj F2PuS B FxPARAE
Astel AA RENJ FAFIE BEg 28 3574 UeBRAow, @A F EF A A4S
Ao F4< 19 3-58 JeER .

Fig. 3-57 &X 2277t &&8ste 2& Fig. 3-58 94 & =9 9l A2
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784 =

FAl g9 A= 9 site-specific FA 7l WL St FALTEAE A&
1 d7E B9 1 A% F9H 59 3 Uy 548 ol gt FER F
W & dvta gds Ak

P2 ool AE F83 5o 2z ZAAH svas A8 94X 7
WE E3te] AEID Fxo EE A=t 28g Aod 299 dey 9 2394
Zhvete] 5ol whE g Sx Fo EAn FIdA Alade HEsrsb ol H Y

Aedt Fxo Gty 5o tE2os o #Aekdte] CCD 7o} AFH 2T g o
& a2 AF: daHEE MIAAn AEH e wghou Add ddAd T H8% 5
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