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SUMMARY

I. Subjective
Development of real time operating sensors to detect weeds and to

measure soil organic content

II. Background and Objectives of the Study

1. Background

Precision agriculture is a very effective tool to achieve the LISA (least
input and sustainable agriculture). To realize the precision agriculture,
site-specific informations, like potentials of productivity, growing conditions
of plant, and quantity and quality of annual products, are needed to decide
amount of various Inputs to each site. However, collection of the
site-specific informations 1s very labor and cost intensive. Hence
development of technology on various automatized real time operating
sensors to collect the informations is necessary. This study is aimed to
develop sensors to collect informations for weed control and application of
fertilizers.

2. Objectives
This study was carried out to develop sensors to detect weeds in paddy
field and to measure organic content of soil those are necessary to develop

machinery for precision (site-specific) farming.

M. Scope and Contents of the Study
1. Determination of Technical Approach Methods
- Determination of a method to detect weeds and selection of sensitive
wavelengths of light
- Selection of sensitive wavelengths to measure organic content of soil
and examination of relationship between soil organic content and reflectance

of light of the sensitive wavelengths

2. Design and Construction of the Sensors - both H/W and S/W
- Selection of H/W and development of algorithms to detect weeds

using machine vision



- Construction of H/W and development of algorithms to measure soil

organic content

3. Carry out Test of Performance in the Field
- Carry out test of performance of the sensors in the field and
correction of H/W and S/W needed

IV. Results of the Study

1. Development of a weed sensor in paddy field : A machine vision
system consisted of an optical band-pass filter equipped monochrome
CCD camera and a frame grabber installed on a personal computer was
selected for the purpose. Three optical filters of different wavelength
were tested before developing algorithms for the system. An algorithm
for the vision system was developed using image processing procedures
and pattern recognition techniques.

The sensor proved that it had a good potential to save a considerable
amount of herbicide when it is used as a weed detector even though it
could not detect all weeds in paddy field and made mistakes to treat rice
plant as weed. Working width, speed and field capacity of the sensor
were estimated as 90 cm (3 row), 20 ~ 24 km/hr and 18 ~ 22 a/hr,

respectively.

2. Development of a sensor to measure soil organic content @ An
electro-optical system consisted of a light source, five optical band-pass
filters and a electro—optical detector was developed and installed on a
shank of tractor attachment. The sensor was proved as having 1%
tolerance of organic content due to soil moisture content. Algorithms for
application of the system with GPS data and for classification of soil
site-specifically into 5 or 3 grades according to organic content were
developed.

The system was tried in the field to test its performance, and resulted
accuracies of soil classification as 81% and 91% in 5 and 3 grading
systems, respectively, which are good enough to use it as a sensor for

variable application of fertilizer.
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Fig. 1-1-1 Rice plants and weeds at various growing stages

_22_



Jvmo

g A

o
N~

il

p

3

alol

—_

<

s
g

iy
-

o]
50

=

AAsR ES

2k

Bl

il

il

iy

—~
o

g 82 At A

1
L

3

=)
LR

e

il
X
ol

ofp
T
g
e
il
T

ol
T O

"

ofp

=y

il

g

il

TR
=

=K
i

1) 2d48 2 717

il

U, BFE wiAA

!

g
il

&R

il

[e]
34

79)

bl mopal Wk oje] %

5

g 9

_23_



Xﬂ

N
A

el

A(10 days after transplant: 10 DAT) %

10
A
2

<
T

o}

]

LR

=
b

Al 57l A
sl

2klof A

1

8
o

1
=

]_

Jof w2t
oj"

Ak, o
A o

12
A

A
gk
=2

7]
7t

3t
=

stAl 57T

Al AxAE &

d] o]& “3skhardening)

1
L

5

2be R

= 2
= T

]

7

o]
-

har Ay

il

Z 8]

gl

%

ofp

]

9

il

el

o]

3

9

]

517

& A

A7) 9] el Fxe] Bagubal 54

3243 3899 23]

27

2000 7}
oA A

1
L

]

[e)

Eps=alh

2

A

SeAER

el A

ST
R

A

d|

o

-
B

]

A

Hoh zhzel

200119} 219

1
L

0
~

fron!

upe} ol

v a9 1-2-194 Be

Fack Lol

5

Fig. 1-2-1 Overlooking view of weed and rice at 44 DAT

_24_



0 = O‘UI“W

H M TE O WT TR
e S L wm_/o_ﬂ% urno?ﬂmﬂwmaw

N o M N % I I ! o ,,.ﬁ_mo < o ™/ W e o - w B iy mhy Wﬂ
M%.W@%% %%ﬂ%@ﬁ@% L N A ol
© : ® T 5 g w = TR 5 om

TR T il mr%mrmhu%ﬂdr (T = B 7m%wﬁ%%%$
i R oy Chl RS S aR o Do

4 o T S oo 2 9 EE B5 ~ 9 o °F _ N
L i o O Ny LS ) — N2 o WM oo
= Ro M m TT 4 2T NS o T %o N
< ~ o B oW X %0 M X g ® oy = R LN SIS

A . S IS W oot 3R R WG = LT B oy e
- L S B oo E o A X _S2 wgrag ¥l
el =T o EY S H T T 2w B o H S 8 g W oo
o W L @ N 0 o F oxTw T P =2 T ENPI S

2oE OB o™ 4 & s~ x o do B oo MF T I T G
Mo X w W Miaulq_,%ﬂﬂoﬂr m 2 ° o T oo W om

. NME % o Ho ol : <N n_bnﬁko_ B mo NI 1y|ﬁro
ey G N I B2 NB Wt W o o

i o| o o o 2 50 & b=y ™~ oo O w2 T X ooy = 70
ST g R FERLR g oa agEtie
o MO_M o BN ,,UADH bayml ol Mﬂo ] . % i~ Ao ol T3 = = %7 i +5 N TR Zo ‘I"UF = - o
e ) =
® o W N WLMLL:@EMMQ%%MHM T OB K I g g P EE T w3
ozﬁmﬂ%_ éaﬂﬂﬂ ) ’W%AT%X e o my X ﬂ%ﬂoﬁodﬂ@ T
o %@M@EEW%MWW.Mﬁ%%.é gL R I I <
RLwew E M EEE s W o ER LT wrs e X

m@] EO.EV%%@% uwﬁmmﬂ&]ﬂ %(7.@1 ﬂmﬂéﬂﬂﬂmﬂi;’
%uﬁuﬁ@@mg1%ﬂ%alsADT D DR - o Y
CER MR B e e So oo HX ) or BTG A NP e ST 5
Jxlﬁol%m%o],n_/uoT_ﬂ_nv_ﬂumiﬁMETﬂwwwoﬂu% mi%mugww ﬁoﬁﬂmﬁﬂmu_ﬂ%%

HT Oﬂl P - O‘I‘HA_I oF =o up _HE [
ﬁ@%ﬂ%%%%?%iaflmoierﬂ o EH Mﬂdr.ﬂ%ﬁ%%
B o 18 T 3 N = ‘_do 0| ~ - S . (- BE O o
U o 8 dp - o i~ o folm = pral = g R .

o . SN o N )
SE3 TN Aa ET TR T L SETRcHETaTIET DY
—_ ﬂ.ﬂ” X o leﬂ i w0 O = I — N ™ OLO _EH_ T
g X N ool X Aow ;OH‘WI S ‘._t = T

Expluadserd sy ol S I O T
OC ~ X o ‘WI N A.rl Jh.uﬂo X T._ ‘%ﬂ ~ A_I ~ o = qo..E = ,AO ;OL o ‘ﬂAII
NE_UTMMEw,%ﬁaEgﬂZTﬂmHﬁﬁf TER afémgﬁﬂoi&ﬂaww
T oo m oy oy X = T dy . x° T O .3 <! - TR S ia ﬂmo]]m_.
S ElesizEeREies DA RERUTETEocub
%oﬂw%ﬂwﬂﬂ Nﬁunudowg i.&%ﬂ P E W T o BT T owEopE ) of
[a\| ‘I,VI HT._ N %o o \Urﬂ jant A_I o e ‘HA_I ~ VC = E#ﬁ T B ~ o

ST wrRTE RT R w W

o

_25_



Table 1-2-1 Growth priority ranking of weeds in paddy field (number in

parenthesis is percentage of growth priority)

Gyvong Gang Jeon Jeon Gyeong Gyeong Chung Chung
Rank ) Total
-gi -won -buk -nam -buk -nam -buk -nam
El1 El1 WM WM WP WM El1 WM WM

(1.0 (11.1) 180y (264) (122) (109 127 (109 127
E8 E8 E1l1 E8 WM WP WG WP Ell

: 88 (11.0) (1400 (156) (65 107 (ALD (1060 (95
5 WP WM E8 WB WG Ell WM EIl WP
84) (108) 124) (75 (55 (64) (105 (B8 (94
4 WM WP WP EIll E1l1 E8 WP El E8
(78 @5 960 74 (62 G 967 @D (D
. WG WG E2 WY E8 WG E8 WG WG
63 (74 660 72 49 49 @88 (700 (5638
6 WY E5 WB WP El wY WYy E8 WY
62 (74 49 BG6) 38 44 ©66) (65 (49
7 E12 E2 El El WY E4 El WY El
49 k9 G9 Ao G7D (38 (G663 44D
g WB EI0 WG E2 E12 E2 E12 WH WB
44 (B9 G5 4o GD 34 G667 40
9 El E9 WY E7 E4 E6 E4 WB  E2
43 @360 @5 @BH 22 33 B3 G4 38
10 E2 WB E3 E4 E3 WH E5 E3 E4

@4n @G0 @2 e e G2 G2 46 G

« WP: ¥, WM: Ed7in], WH: 8% WY: oj¥juls, WB: 2592 WG 7
AHe]
El: AWFAE, E2: &3olatago], E3: dbeAld, E4 97, E5 7, E6: Y=A
Z, E7: &7,
E8 WE, E9: v=7hAlE, E10: Eaide], E1l: &40, E12: AH#
3 A5 FxdE AAE s Sle] "8 CCD sl of% 4 o]
ZAA goe] sdo] EMUGORA EYsitte

}.o
=y
o2 H
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AFA M= 400 - 900 nme] 3 F9S SAHUAeE AFSH,

st B oAl ek 400 - 900 nme FFHOIHE & FAA AT
NSAS(Nirsystem Spectral Analysis Software, Foss-NIRSystem, USA) =7
WS o83l MAEE Wste] Ageldith FUES walge] WBe WANE T
3z

A=log(1/R) (1-2-1
o714, A = FHE
R = WA

AL 2 HEkE A¥xsE= MS Excel (Microsoft Co)% 7§35l SAS 6.12
(SAS Institute Inc)& ©]-&¢ T8 spe] MA +7F RFe 2 2 A A
£ ¢ JEE YL

A AGAIZIL o]} F 38AM= 2 F 7t kel F 67F

Table 1-2-2 Weed species used in this research

Date DAT Weed species
7/18 32 WP, WM, WH, WY
7/24 38 WP, WM, WH, WY, WB, WG
* WP ¥, WM: EY700], WH: 3t % WY: o¥uls, WB: 259 WG
bt
o pzel oigh SERkAbE A AL ZF oAl disl 308 wHE SAsks o,
ot B ATq EAMALE S4a7] e A48T 2H9H BREAe S49
o] 2& Tmm A%9 fiber-optic probe®]”] WliTd tidAe EFvAlES =43

_27_



=
A E (silt) A o]

<3}
2] staelst

4o
ﬂ.xgﬂ@
ﬁﬂu% o s
%0 %oﬁe?bﬂ
1o ﬁﬁ Eo m.u oy ,_mmo H
A
w P o% oo AT e 4z
Vﬂogﬁm.\ﬂuoﬂe% =
dl_Llll OOES ]ﬂ,lﬂ Eo‘.ﬂ
%%ygs&a‘ = § ™
=t ] o R
@ﬁfo@a%m T o kTwa:
H._L HT._ ﬁO/W\_rO 0P Mﬂ;o o ‘mL.m_rOﬂ -
mg Nr % b i % ” A = i £ - el 5
mﬁf 3 LY FTy 3
W%Eﬂ%aw %271, m&még g N
@401?“%%, }o%m %.mﬂa ez _Lmo%ﬂg%
QM@@@?W Amﬂ_ﬂ@ Wﬁ.m%ﬁr %%% Jmo@ﬁwﬁ —
) B H;o; ﬂaa 5 W 2 #o ﬂaﬁﬂzl
—_— = o R = e w X or
%qugmw =B o mwmga =7 %ﬂg&%%m
1Myﬁqmg ok w%@?ﬁ %4@@ax@%wv
;ou_ébﬂs 1 & _:%ﬁgﬂwr = .uf7odr
%ﬂmoﬁnodé aLaEM@%mEi% &éﬂama7tmar1ﬁm4$
?Qéz g HT_?ﬂoL %L. A 1zo»cﬂﬁ5v
ﬁLu_lzﬂnuMLa vaﬂlo_unfﬁhm orbﬁ ﬁo%ﬂjﬁf?%\mﬂ?ﬂu?
%ﬂp@gm% @@OMQ@ T tILiE
] d;}amog %E%]oﬂo%% Bﬂof n P a@@ e
uumMmﬂ%a%a? .zo?_/oﬂwwmq%ﬂw @%ia@aﬂﬂxdb ﬁﬂf
© r ~ S o e O%E & L.E @) — = ed E Wm [} EE N
= iwal(_ou xdrqﬂrzl% B .HALA rou WSAA b=
;oe,:r = 50 Zl#o‘l»A_IDL _ﬁoq_/ iy & _I_I]A
ﬂﬂwhu_ogwmiﬁ m%mmwrﬁvm@.?ﬂﬂmaaf %VTfmmeLE_/dr
_H%o_ogy o ajﬂwo_/%MAL.m]z ff?ga:%(.m i
~ B T A= ~ Soﬁfmu] L_L|1mamuu LEQJL:
ﬂb?m% T o ol = 1102515% pwﬂ%
%uo_sLu\uTma REﬂoﬂLm .4_4/5 < X %wﬁw&zm?
ny Nro‘_ouoolLoLo mﬂﬂuwxrwrtg @m@r: A_.Jon#ﬂﬁaw ML/Q\VAT_: cal
NiL?mﬂEoLE ﬂdm§7710€ &L%W?ﬁ &i%ma ?oﬁ%
,DTEL%UELWL ﬂéSztﬂﬁmﬂuﬁﬂ_mgﬁiwiﬂﬁ%ﬁdrmﬂ
‘.m_l %E‘LI,AOZI. A = ‘m,A‘_Jl‘.ﬂ m‘gl‘.mwoﬂ]r‘lf‘lb_LUL ‘uAILiE ,|f|l
o#mﬂ,x uLLdr ﬁﬂu,.muum »hoz.o EEAOOMOOWEEEEAT %Zz
ﬂﬂﬂﬂoﬂl@_éﬁﬂ %ﬂa.};fru&mpmw o =y X Bﬁo?ﬂ@ogduﬂﬁ
}EEQEMW@E zTNﬁEmeﬁoﬂmAMEWWTﬂu%@@ ,aﬁEamL
Tu=t s mﬂH?QWSCMMggﬁﬁééﬁﬂM%qi@
‘_I. = \L.‘Olmmuul_ iz T —
- wwg@ﬁ%m%@¢u?jiﬁm%%g¢w@
g%%wﬁmqmgog@wg@ M%%@@
iLLouTuI/n\yoo}oboauxuwaPiwututa_uuo
7_|1r‘_p ~ OLO:A‘.ﬂ‘_LI ﬂnﬁ#o‘_l_lt .H;r
%0 maégolléz?% %saﬂq 5 M
ﬂuf)oﬂrufmﬂ Eoc@lb.mﬁrkarﬂ
HongFomaﬁ%wowﬁ ﬂmmﬂokﬂ
Dﬁz%1pfﬂ€§ e]ioﬂ
OL XH;OE‘Ll A_lowa o _
N e o el = N o} iy X
;%@QQWWM@w@
o Mﬂ «V@%ELW
‘ﬂﬁMﬁo%La
(1;0E§
ofrq@?
=

- 28 -



Data input
Data set
Significant variable
selection & renoval
Selected variables

400 - 900 nm T e} 2517 W)

1

Fig. 1-2-2 Flowchart of stepwise variable selection method
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Discriminant function

Cross-validation

1. Classification sunmary
2 Validation summmary

Fig. 1-2-3 Flowchart of the discriminant analysis and cross-validation
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Wavelength (nm)

Fig. 1-2-5 Typical spectral reflectance of rice and weed leaves at 32 DAT
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The SAS System g51

15:32 Thursday, December 27, 2001
Stepwise Discriminant Analysis

Stepwise Selection: Summary

Variable Number Partial F Prob > Wilks’ Prob <
Step Entered Removed In R¥%2 Statistic F Lambda Lambda
I T e e e T T e T I T T T o T T T I e T T e T e T e T e
1 X139 1 0.9379 3593.765 0.0001 0.0BE11E237 0.0001
2 LG L] 2 0.9007 2150.794 0.0001 0.00615495 0.0001
3 K30 3 0.0431 10.634 0.0013 0.00589914 0.0001
4 HES1 4 0.0B62 16.663 0.0001 0.00550856 0.0001
5 X138 5 0.0648 16.216 0.0001 0.00515156 0.0001
6 K40 3] 0.0440 10.711 0.0012 0.00492515 0.0001
T KES0 T 0.0425 10.297 0.0015 0.00471584 0.0001
8 K246 8 0.1077 27.881 0.0001 0.00420795 0.0001
9 K181 9 0.0225 5.293 0.0223 0.00411329 0.0001
10 KEEE 10 0.0509 12.274 0.0006 0.00390404 0.0001
11 K1EB 11 0.1096 £8.060 0.0001 0.0034TBE3 0.0001
12 HES 12 0.0421 9.984 0.0018 0.00332978 0.0001
13 K30 11 0.0008 0.134 0.7T148 0.00333174 0.0001
14 HEYEB 10 0.0055 1.270 0.2609 0.00335030 0.0001
15 X199 11 0.0459 10.957 0.0011 0.00319669 0.0001
16 KEY 12 0.0349 8.214 0.0045 0.00308506 0.0001
17 Hyy 11 0.00639 1.571 0.2113 0.00310641 0.0001
18 K12 12 0.0425 10.078 0.0017 0.00297436 0.0001
19 H1 13 0.0522 12.450 0.0005 0.00281906 0.0001
2o KE14 i 0.0E850 5.TBE 0.017E 0.0027T48BET 0.0001
21 K208 15 0.0202 4.B289 0.0325 0.00269301 0.0001
4] X198 14 0.00B2 1.400 0.2378 0.00270985 0.0001
23 HE1B 18 0.0304 T.032 0.0086 0.002B27T37 0.0001
24 HEZZE 14 0.0017 0.388 0.5339 0.00263182 0.0001
(4] K11 18 0.0127 £.891 0.0904 0.00259839 0.0001
(4] K10 16 0.0305 T.016 0.0087 0.00851913 0.0001
27 X389 17 0.0180 4.0B67 0.0448 0.00247382 0.0001
28 K40 16 0.0001 0.033 0.8556 0.00247418 0.0001
£9 KEHYS 17 0.0112 £.509 0.1146 0.00244653 0.0001
30 HEEY 18 0.0214 4.831 0.0E90 0.002394E0 0.0001 -
31 HEEg 19 0.0117 £2.613 0.1075 0.0023B6610 0.0001 hd|
4 | b

[ [EEE I,'}:;%i

Fig. 1-2-7 A sample result of the stepwise variable selection using SAS

Table 1-2-3 Selected effective wavelengths to discriminate soil and plants

regions in an image

Dry soil Wet soil Watersoaked soil
498
542 - 560 546 - 566 5h4 - 556
674 - 684 674 - 680 610 - 612
802

2
o2
o
o8]
[N]

498
ood - 556
674 - 684 674 - 680 610 - 612
802
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Table 1-2-4 Selected wavelength to discriminate weed leaves from rice

field scene

Selected wavelength (nm)

676 - 678 806 - 814

026 o74 - b4 608 650

32 DAT

676 - 678 806 - 814

026 o74 - b4 608

38 DAT

ZRHS o

SAS

1-2-59 3t}

P

5}

of wvarious combinations of the

Table 1-2-5 Error count estimation(%)

selected wavelengths to discriminate weed leaves from rice field scene by

the discriminant analysis

550
550 580 680
680 80 ey 810 810 gfg

80

Wavelength
(nm)

279 96.3 0.8 35.0 29.6 0.8

37.1

32 DAT

22.8 45.3 10.3 41.1 18.3 9.7

41.4

38 DAT
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Table 1-2-6 Constants

discriminate soil and plants (Xego, Xsio@ reflectance of light of wavelengths

630 and 810 nm, respectively)

Soil

Plants

-420.72

-10.41

constant

Dry soil

26.35
-124.50

415
-10.79

Xes0

constant

Wet soil

14.59

429

Xes0

-8.51
1.10

-58.60

constant

Watersoaked

2.88

Xs10
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The SAS sSystem 21:42 Friday, January 4, 2002 8 =
Discriminant Analysis Classification Results for Calibration Data: WORK.NIRS
Resubstitution Results using Linear Discriminant Function
Posterior Probability of Membership in GROUP:
Obs From Classified
GROUP into GROUP plants soil
132 plants plants 1.0000 0.0000
133 plants plants 1.0000 0.0000
134 plants plants 1.0000 0.0000
135 plants plants 1.0000 0.0000
136 plants plants 1.0000 0.0000
137 plants plants 1.0000 0.0000
138 plants plants 1.0000 0.0000 =
138 plants plants 1.0000 0.0000
140 plants plants 1.0000 0.0000
141 plants plants 1.0000 0.0000
142 plants plants 1.0000 0.0000
143 plants plants 1.0000 0.0000
144 plants plants 1.0000 0.0000
145 plants plants 1.0000 0.0000
146 plants plants 1.0000 0.0000
147 plants plants 1.0000 0.0000
148 plants plants 1.0000 0.0000
148 plants plants 1.0000 0.0000
150 plants plants 1.0000 0.0000
151 soil soil 0.0000 1.0000
152 soi | soil 0.0000 1.0000
153 soil soil 0.0000 1.0000
154 soi |l soil 0.0000 1.0000
155 soi | soil 0.0000 1.0000
156 soil soil 0.0000 1.0000
157 soil soil 0.0000 1.0000
158 soi | soil 0.0000 1.0000
159 soil soil 0.0000 1.0000
160 soil soil 0.0000 1.0000
161 soi | soil 0.0000 1.0000
162 soil soil 0.0000 1.0000
163 soi | soil 0.0000 1.0000 ®
[ |=casas \,_A:,‘%i

Fig. 1-2-8 Resubstitution results using linear discriminant function of SAS

for classification of dry soil and plants
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Table 1-2-7 Constants and coefficients of discriminant function to
discriminate rice and weeds (Xsg, Xego: reflectance of light of wavelengths

530 and 680 nm, respectively)

Rice Weeds

constant -20.27 -15.54

X580 5.03 2.96

Xeg0 -4.30 -0.33
SASH ot g ow ZF FSAE EFEF 98 weo Fxz Fdst di)
& dAlgt AL a7 1-2-99 Erh a8 fok vRIRAR ZF #EA]d tiste] o
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| The SAS system 21:42 Friday, January 4, 2002 24 =
Discriminant Analysis Classification Results for Calibration Data: WORK.NIRS

Resubstitution Results using Linear Discriminant Function

FPosterior Probability of Membership in GROUP:

Obs From Classified
GROUP into GROUP rice weed
132 weed weed 0.2744 0.7256
133 weed weed 0.2320 0.7680
134 weed rice * 0.7612 0.2388
135 weed rice * 0.6120 0.3880
136 weed weed 0.1073 0.8927
137 weed weed 0.1048 0.8954
138 weed weed 0.0294 0.9706
139 weed weed 0.0226 0.9774
140 weed rice * 0.7065 0.2935
141 weed weed 0.4868 0.5132 pn
142 weed rice * 0.6E271 0.3729
143 weed weed 0.0434 0.9566
144 weed weed 0.0383 0.9617
145 weed weed 0.1045 0.8955
146 weed weed 0.1111 0.8889
147 weed weed 0.03B6E 0.9638
148 weed weed 0.3739 0.B6E261
1439 weed rice * 0.6040 0.3960
150 weed weed 0.1578 0.8422
151 rice rice 0.9681 0.0313
152 rice rice 0.9675 0.03E5
153 rice rice 0.7106 0.2894
154 rice rice 0.7587 0.2413
155 rice rice 0.9921 0.0079
156 rice rice 0.9954 0.0046
157 rice rice 0.9861 0.0139
158 rice rice 0.9843 0.0157
158 rice rice 0.9981 0.0013
160 rice rice 0.9921 0.00739
161 rice rice 0.9593 0.0401
162 rice rice 0.9384 0.0616
163 rice rice 0.9839 0.0161 =
H |
[ [ETE A

Fig. 1-2-9 Resubstitution results using linear discriminant function of SAS

for classification of rice and weeds

Table 1-2-8 Classification result by the constructed classification model for

rice and weeds (number in parenthesis is number of observation)

To

Rice Weeds
From

Rice 98.3% (59) 1.7% (1)

Weeds 17% (51 83% (249)
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Table 1-2-9 Constants and coefficients of discriminant function to

discriminate soil and plants (Xss: reflectance of light of wavelengths 630

nm)
Plants Soil
constant -12.73 -219.09
Dry soil
Xss0 3.49 14.47
constant -12.96 -64.42
Wet soil
Xes0 3.55 791
Watersoaked constant -13.06 -42.32
soil Xeso 3.58 6.44
ole WHBSE o gl SASEYEH Eo NEAE TR FAE e =
o vl EOF i mopiE bl Ae 27 ¥ 1-2-10, -11, -129 2tk
2 B4 Aev EYY HEAE @ds] et Ao® Yeiyton wjar B
Fo A AEA BEA P ERoR QERIE A0 vrmAw 4449
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Table 1-2-10 Classification result by the constructed classification model

for dry soil (number in parenthesis is number of observation)

To

Plants Saoil
From
Plants 100%  (360) 0% (o)
Soil 0% (o) 10096 (30)

Table 1-2-11 Classification result by the constructed classification model

for wet soil (number in parenthesis is number of observation)

To

Plants Saoil
From
Plants 99.7% (359) 0.3% (1)
Soil 0% (0 10096 (30)

Table 1-2-12 Classification result by the constructed classification model

for watersoaked soil (number in parenthesis is number of observation)

To .
Plants Saoil
From
Plants 96.1% (346) 3.9% (14)
Soil 0% (0 10096 (30)
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Table 1-2-13 Error count estimation(%) of various combinations of the
RGB center wavelengths to discriminate weed leaves from rice field scene
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Table 1-2-14 Constants and coefficients of discriminant function to
discriminate rice and weeds using 530 and 630 nm wavelengths (Xsz, Xaso:

reflectance of light of wavelengths 530 and 630 nm)

Rice Weeds
constant -50.42 -35.35
Xs30 18.20 14.21
-17.82 -13.20

Xe30

Table 1-2-15 Constants and coefficients of discriminant function to
discriminate rice and weeds using 450, 530 and 630 nm wavelengths (Xus,

Xsz0, Xezo: reflectance of light of wavelengths 450, 530 and 630 nm)

Rice Weeds

constant -83.89 -81.42
X0 21.57 25.30
Xs30 21.93 18.58

X630 -33.29 -31.35

Table 1-2-16 Classification result by the constructed classification model
for rice and weeds using 530 and 630 nm wavelengths (number in

parenthesis is number of observation)

To .
Rice Weeds
From
Rice 10096 (60) 0% (0
Weeds 21% (63) 79% (237)
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Table 1-2-17 Classification result by the constructed classification model

using 450, 530 and 630 nm wavelengths (number in

for rice and weeds

parenthesis is number of observation)

Weeds

Rice

To

From
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Fig. 1-3-1 Relationship between photometric illumination and radiation of

sun during summer time
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spectralon &%=

Fig. 1-3-2 A sample image of experimental ohjects by the b/w CCD

camera

Table 1-3-1 Various indices tested to obtain illumination compensated pixel
value using the 99% reference reflectance standard (RRS) where A is mean

pixel value of the 9926 RRS and B is pixel value of an image

Index 1 = B/A Index 4 = (A+B)/B
Index 2 = (A-B)/(B+A) Index 5 = (A-B)/A
Index 3 = (A+B)/A Index 6 = (A-B)/B
B dFdAE olHet 6 7HA| 2EEAAF F MY 2ERGTE Hargste
A 4E AAst=d o], st 2xstolA 9 AU EA 949 4
ol 2t 2EEAAFE Agoto] A agks e o o] AdlA g4
k2] " o] A<= (coefficient of Van'ation; CV)E & A 9osl star 1 A3
S Hluste] FHA4e WHolAeE H 2EHEAATE AYsteE WHoR 519
=
CV(%) = =100 —=—===——mm—mmm—m- (1-3-1)
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Fig. 1-3-3 Variation of pixel value of tested materials at various
illumination conditions — images taken by a low sensitive camera with a

manual iris lens

a9 Po] BE AR Hdggagte 25 S wet Fobste 4
#E BYa, 1 F/AEE B9 20% FFEWUAAY S 2E FFo] 182



kLuxell A 101.6 kLux®= S7}F¢ 45 Ho g2 5990014 10422 <F 20
ZAste ARE we 39 gl

& e Ao,

4
*B/A B(ABR/(AB AWB/A XAB/B XAB/A e AB/B
sar X X X X x X
g 24
g 1.6 [
A A A A A A
° L] ° [ ° ]
0.8
¥ ¥ ¥ ¥ ¥ ¥
] ] ] ] ] ]
o]
o] 20 40 60 80 100 120 140

lNumination (KLx)

Fig. 1-3-4 Variation of the index values obtained from the pixel values of
the 20% RRS at various illumination conditions — images taken by a low

sensitive camera with a manual iris lens
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Table 1-3-2 Coefficient of variation of the transformed data by the 6
indices tested to reduce illumination effect using the 99% RRS as a

reference - images taken by a low sensitive camera with a manual iris

lens
. Materials
Repli. Index 1 Index 2 Index 3 Index 4 Index 5 Index 6
Tested
20% RRS 6.09 8.46 2.05 4.32 6.24 13.12
Green Paper 3.90 551 1.33 2.53 4.20 7.99
Ist
Dried Soil 6.13 9.37 2.14 4.15 7.12 13.74
Wood Plate 3.97 5.69 1.36 2.71 4.28 8.52
20% RRS 3.95 7.43 1.48 2.44 5.98 9.81
Green Paper 5.66 11.08 2.15 3.45 9.02 14.37
2nd
Dried Soil 6.45 3.84 2.18 4.19 6.74 12.87
Wood Plate 3.89 8.24 1.15 2.35 6.77 10.52
2) AAsA=-APw e A
A% A=E 43}e A
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Fig. 1-3-5 Variation of pixel value of tested materials at various

illumination conditions — images taken by a low sensitive camera with an

auto 1iris lens
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Fig. 1-3-6 Variation of the index values obtained from the pixel values of

the 20% RRS at various illumination conditions — images taken by a low

sensitive camera with an auto iris lens

Table 1-3-3 Coefficients of variation of the transformed data by the 6
indices tested to reduce illumination effect using the 99% RRS as a

reference - images taken by a low sensitive camera with an auto iris lens

Repli. Materials Index 1 Index 2 Index 3 Index 4 Index 5 Index 6

20% RRS 3.19 4.15 1.05 2.17 3.08 6.35
Green Paper 8.24 18.54 3.24 5.17 1616  23.87

st Dried Soil 477 7.46 1.69 314 574  10.67
Wood Plate 1037 2069  3.95 6.68 16.60  27.50
20% RRS 1.04 2.69 0.42 0.62 2.27 3.32
o Green Paper 6.69 14.28 2.38 5.37 1759  21.42
n.

Dried Soil 424 0.94 2.85 3.90 3292 39.65
Wood Plate 2.98 1002 1.97 3.03 10.03  14.04
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Fig. 1-3-7 Variation of pixel value of tested materials at various

illumination conditions - images taken by a high sensitive camera with an

auto 1iris lens
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Fig. 1-3-8 Variation of the index values obtained from the pixel values of
the 20% RRS at various illumination conditions - images taken by a high

sensitive camera with an auto iris lens
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19.35

RRS as a

reference - images taken by a high sensitive camera with an auto iris lens
2.73

8.05
13.49
1.06
9.13
481

0.72
0.25
0.81
0.40
0.24
0.20
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7.00

4.24
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161

Index 1 Index 2 Index 3 Index 4 Index 5 Index 6
0.68

Tested
20% RRS
20% RRS

Materials
Green Paper #  0.60

Green Paper #2 2.39

Green Paper #1
“AZE AuE Gae) AT ww

2nd  Green Paper #1

Ist

Table 1-3-4 Coefficients of variation of the transformed data by the 6

indices tested to reduce illumination effect using the 99%
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a) Cameras with manual iris lens b) Cameras with auto-iris lens

Fig. 1-4-1 Fixtures of the monochrome cameras
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distribution of pixel value in images of rice plant and weed for their

classification

Lo

L0

n_/u

—

L)

[a\

[

LY

g

—

=

N

[ e}

o | = LY
u2 (8N

_ | | |
S|~ —

> L)

N [a\

o)

Wl o |ln|lol vl v
A R To BN o BN BN (o BN I e}
SR g g )
S oA | =3 = | =] -
C Nl ||
522222
%VOOOOO
S NI mF DD
SRR
B o= o= o= | = |
— | | | = | &N
Al | AN | AN AN | N
o o O o | o
— | Y | | &N
et
— | o= | = | = | =
o O O O o
AN | AN | AN | AN
o O O o | 2
o Q@ Q@ Q@ | 2
DR R
— | o= | = = | =
Sy | Oy Oy O | O
P O e O = B
m
TYABCDE

3) A FA

il

e 2 ATelA

)
Egloz A7

b

A

WA 7)1 2kl Abekar gl= ¥ ot

%

B

<
T

s

ek Az

W

A

T

e} 2,

Hl
=

Edo] 7
1) AR #A7% AA LA

s

3

<
A

M

CCD 7} e}

By
Al

ks
=

ﬂ

2

=
=

=

800 nm €¥ ¢ AF

R
1

Eg o]

A

7

_65_



2SR = 94 0w e 4% 99e AFte A% TR s 74
39k
F27% 2xEdole) A%e 4Y FAANA AP FYAL A4 frame

grabber?l Matrox (Canada)®] MeteorI/MCE & 2ts AFEHZS o] &3lo] 7
st AZEo] Agd AF&E Aol Microsofte] Visual C 6.07}

A=A AE library?) Matrox® Matrox Imaging Library (o]sF MILe] &}
A3 6.05 A&

Visual C™ 6.0 SDI (Smgle document interface)3 4 o2 Hol glow 7]
240 7 Document, View, Application®] A 7}A| E#H 2=z o]Fo] A it} 7
el A Eg o= o] A A EHAE wEoR Shal, 2 Aol A ?Lﬂzrﬂ
ddAE dng w8 AEstE Algorithm & =+
o] At & ARVl AEE AR FILHRE F URE 5}9?\‘4.

S
oF
o}

J

oAy e
Algorithm

17

A

View

v

Document

Application
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Fig. 1-4-5 Relation between pixel value of 20% standard reflector image

and intensity of illumination
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Fig. 1-4-6 Picture after threshold process to segment plants images from
soil background

Fig. 1-4-7 Median filtered picture of the fig. 1-4-6 to eliminate noise
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Fig. 1-4-8 Picture of morphologically eroded plants image and applied

structuring element represented in a rectangle
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Fig. 1-4-10 Areas of rice planted and inter-row and areas of all of the
isolated plant images represented by rectangles-shows 68 isolated plant

images
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Table 1-4-2 Possibility to segment plant images from pictures taken by a

manual iris monochrome camera with an optical filter attached

DA L er 560 nm 630 nm 800 nm
17 0.50 0.83 0.82
24 0.61 0.56 1.00
30 0.58 0.68 1.00
36 0.37 0.16 0.89
Mean 0.52 0.56 0.93

Table 1-4-3 Possibility to isolate weed images from pictures taken by a

manual iris monochrome camera with an optical filter attached

DAT ——lter 560 nm 680 nm 800 nm
17 0.22 0.61 0.61
24 0.39 0.33 0.22
30 0.16 0.58 0.26
36 0.26 0.1 0.32
Mean 0.26 0.41 0.35
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Table 1-4-4 Possibility to segment plant images from pictures taken by a

manual iris color camera

Frame

DAT B G R

17 0.13 0.13 0.63

24 0.0 0.45 0.18

30 0.0 0.30 0.0

36 0.29 0.86 0.43

Mean 0.11 0.44 0.31
o) Aoz FAF Aol Fzwe A% AsAe £% 27 2%
zu) sjulete] 499 e wyon zASAor 1 dvt ¥ 1-4-59% 7
th R-G-B 3 %] swlel gx 0% /beae sawz sty st
ek 4 4o Hergks 7 A3, 19 2ol 77 28%, 26%, 11%EA R G
e Fx fAE 7teAdS AR v o RA B stAET A ey
ool ¥} Fxe ARkALE Aolrt B gH9 ¥ 3 d9dEy RY G
wHe w3 gddx £9 F=EHAS oued, gy RY G A9 2
A E Hep gz o] Fual o] H|elr] wwd 3 Fx A=
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Table 1-4-5 Possibility to isolate weed images from pictures taken by a

manual iris color camera
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Table 1-4-6 Possibility to isolate weed images from pictures taken by a

manual iris monochrome cameras with an optical filter attached

Weeds in row Weeds in inter-row
DAT
560 nm 680 nm 800 nm | 560 nm 680 nm 800 nm

24 0.61 0.61 0.61 0.64

27 0.59 0.90 0.65 0.57 0.85 0.65

30 0.25 0.70 0.57 0.63 0.96 0.67

33 0.70 0.80 0.58 0.62 0.81 0.70

36 0.22 0.56 0.35 0.62 0.86 0.70

39 0.24 0.49 0.48 0.81 0.69 0.69
Mean 0.40 0.57 0.44 0.65 0.73 0.67

i

a9
s A= 5 ghuEte] 3 Fo EdHE A3 3}
A AAZ Aol oa wmule AR AeA dde £
Algk RS 17 1-4-13% Z2v) A Z 5
wsd 560 nmet 680 nm ¥ WA= =48 1dA7F 800 nm
sho] ARsl AWetA A= 2 AR G £4 A 9]

o fae 98 A3
°
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Fig. 1-4-13 Images taken through the 3 kinds optical filters and their
threshold processed result
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Table 1-4-7 Possibility to isolate images of various weeds from pictures

taken by a manual iris monochrome cameras with an optical filter attached

In inter-rows In row
Weeds
560 680 800 | 560 680 800
Aeschynomene indica ( AFHE) 043 080 0.17| 046 086 0.27
Lindernia dubia (7)=72]E) 067 068 064|047 045 050

Ludwigia prostrata Roxb (1¥]8}E) 054 070 096|034 074 0.74
Cyperus amuricus Maxim (-gA) 038 058 069|051 064 068

Monochoria vaginalis (E2711)) 0.89 093 0.80| 043 090 0.70
Eclipta prostrata (3v¢ ) 079 084 057|030 048 0.22
Rorala indiica Koehne (v}H%) 076 063 092|027 060 0.65
Echinochloa () 072 070 064|041 0.73 0.56
Mean 065 073 067|040 067 054
ol ARe 4 EAd ol A& AL IHER £15 B9 Ao
5 Btk R AE9 dAS AES 43 JdAGS 93 29d 1
Iowge LA oM HIAT wep Adde Aot des o
AATh ol AAGEE G HFA B AW gk 7, ek A
L a8 = 3 FAloly FEd Juks e Ador FAHHG o o
H dAs FH= Febd sl
bk shaghe] dAgE Ao oa JFERE AEste AZEYOE NS
A 2 AZES s A R JUERE Ay BEAHEA E9 B2 F
2 A& wte HA dAGE dA4sts AZE 2gstlof & Aojth 1y
woolgfek HA AARE dAste AL AFAe] St og s A7
2ol ZTlEs ARSI SEEtE, 2 7S A4 F ok olE Y
stEdle A &S HFEH A4 AZEE Fa 2 & Folna oA g ofst
Fx AE=s AR AeEsted 8 el 8Qle] & Aoz FuHUTH
olF st & AFolM= FAx2 HdE AZTEYOE Jige=d Slo] Ut
S A AR AThE HAagetr] Yt A=A Jx AEE g A
#el 2d #AARZe o #Zo] dedstneE Stk S AREEE frame

L)
AARE 7 W BAA P AARE N2 se] H
A48k olel wak 800 nm SHAA A Helg
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Table 1-4-8 CCR and MCR of the selected 5 types of dividing pixel value
range to represent the distribution of pixel value in images of rice plant
and weed for their classification (CCR=correct classification ratio;

MCR=misclassification ratio)

CCR MCR
Type Area Rice Weeds Rice Weeds

Inter-row 0.71 0.64 0.29 0.36

A In row 0.75 0.27 0.25 0.73
Whole 0.70 0.63 0.30 0.37
Inter-row 0.66 0.64 0.34 0.36

B In row 0.75 0.27 0.25 0.73
Whole 0.68 0.65 0.32 0.35
Inter-row 0.68 0.64 0.32 0.36

C In row 0.75 0.27 0.25 0.73
Whole 0.69 0.65 0.31 0.35
Inter-row 0.71 0.64 0.29 0.36

D In row 0.70 0.80 0.30 0.20
Whole 0.71 0.65 0.29 0.35
Inter-row 0.68 0.64 0.32 0.36

E In row 0.75 0.27 0.25 0.73
Whole 0.69 0.63 0.31 0.37
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Table 1-4-10 Performance of developed software to detect various weeds in
paddy field

Weeds Weed detection ratio
In inter-rows In row

Aeschynomene indica (AF-AE) 0.86 0.23
Lindernia dubia (7|5 9]%) 0.57 1.00
Ludwigia prostrata Roxb ( &]¥/ul=) 0.63 0.75
Cyperus amuricus Maxim (8-52Fo]) 0.70 0.61
Monochoria vaginalis ( EE7¥8]) 0.76 0.36
Eclipta prostrata ( 3t =) 0.58 0.00
Rotala indiica Koehne (P}H]% 0.67 0.00
Echinochloa (7)) 1.00 0.61

Mean 0.72 0.45
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Fig. 2-1 Preparation of the soil samples of various organic contents and

their measurement
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TFig. 2-2 Spectrometer (a) and experimental apparatus (b) to measure the

organic content of soil samples
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Fig. 2-3 Concept design of the developed soil organic sensor
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2nd deriv.(nm)
431, 556, 1105, 1542,
606, 1311, 1238, 849,

1639, 499, 660, 903,

1063

%l-

700,
1214,

026,
1020,

4 At 5

928,

=

1st deriv.(nm)

1420, 1657, 416, 606

023,
1200,

3, d= 1)

616,
879,
2168,

l‘ﬁ:

Ssensitive
wavelength (nm)
747,

704,
1868,
()

1008, 1335, 529

480,

1372,
1736,
2212

D47 A

Yoo

Sung
(1999)

Table 2-1 Reported sensitive wavelength to soil organic content
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Fig. 2-5 Relationship between soil organic content and moisture content
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Fig. 2-7 Comparison between predicted values and real values of soil
organic content (21 data point in paddy field, MC=18 ~ 29 %)
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Fig. 2-11 Parts of the sensor and a view after their assembled

Fig. 2-12 The sensor assembled to main body
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Fig. 2-13 The sensor mounted on a tractor
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Fig. 2-14 Flowchart of the developed software for measurement
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Fig. 2-17 Collection of the soil samples in field
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Fig. 2-18 Comparison of soil organic contents measured by the sensor
developed and chemical analysis in lab. (37 data points from paddy field,
MC=18 ~ 29 %)
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Fig. 2-19 Comparison of soil organic contents measured by the sensor
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Fig. 2-20 Comparison of soil organic contents measured by the sensor
developed and chemical analysis in lab. (379 data points from paddy field
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Table 2-4 Comparison of 3 step classification results between the sensor

measurement and chemical analysis
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(a) the sensor measurement (b) chemical analysis

Fig. 2-22 Comparison of maps for soil organic content measured by the

sensor and chemical analysis

S S

(a) the sensor measurement (b) chemical analysis

Fig. 2-23 Comparison of maps for soil organic content measured by the

sensor and chemical analysis
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