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ABSTRACT

Spectroscopic analysis of soybean kemels were made in the wavelength range of 400 to 1100 nm to find

effective discrimination factors which are required for developing an opitical soybean sorter. Soybean samples used
for the test were the sound and five classes of the defective kemnels such as the immature, discolored(brown and
violet), damaged by insect and diseased. Effective discrimination factors to classify the soybean kernels into the
sound and the defective were found to be Rey Rsso/ Roso, Rep-Rezo and (Rseg-Rezo)/ Regy with classification error of
less than 4%. Mahalanobis distance was used as a criterion to select significant wavelengths involved in the

discrimination factors.

Z 2 8-o}(Key Words): F(Soybean Seed), i3 5FAH Spectral Reflectance), 3-8 1 *H(Discrimination Factor)

1. M 2

F9 &nlFE Fuith FE3] Frhsto] %6d A A
T AHFE 1637 Eo2 4 Au| 9 25%0] o]
21 Qth gy AR FAE A FY A
AFL 168 o2 AFEl 10% F=o 38
o A9 dF-Es Fdol &t ok T Y
JEET 2 ol T 2 FAHF 2 4
A8 R A FUF vl 7HE FA o] HojA| 7]
ot wbA HAHY AFEES FA T TA
AR E FA717) A8iME 71A%E T8 A
Bl Azto] Aottt 53] FujolA AAEE F
FFel v# Fdo] ¢&3vhe F& nHE o,

EFAo] 5% FUTS 8 £UTH AEs o
ER FA BAES FAA7 4 5 F 44
249 71Ags A3 2FH3 Aok 2 &
Y 8 T UYL ged 37 AEe A8
o A0 Qo) gFEstn e Aol

v g Bl R MRAFZAE 1063 AR Gy
Aot BPUAL B9E o] 4% T Al #%
A7} 2] giet. Paulsen 5(1989) Zef G4+
A2 g ol&3te AW A&HF L& v g
&S Ae A3 8% FHE2 3z ¥
o] 7te3td, TaYP oA Yy FTHE ¥
3t dole 99%9) AT T2 25271 A8 B
n8k3dch Casady 5(1992)2 AAY, v|sd 4 &

A}

Yol dTE #FHEAFAGAM AUF “SAEY FHY BH Y Y AIAN PLLS AR N1 2ATZ 95U

*Agusta YAFHNA G JEALTEY

-343-



ERER7IARAA A3 A45 1998 8¢

F gads wEs] 48 2 YA s olg
g, 24719 dfBA AR ois B4 YA
o] RGBRPE 78 r g g g& AH4 39 8
AEEE 93.9%, HEAI7HE 252 3% 2ogcn
BIO8gth £ oJ5L Wi Hae APg A
et Zetgd ALY Alx ABE AHEstaA
300~850nm FHofr HAY, vigd, 4F A4y
o EFAL BA S 24 v itk

2 A7 400~100nm sdid ol A4, v
H, 249%, 299, 3398 5 4% 9F A8
FRAL BA S BAs] FAMNE o] 48 TS
FgA S AFAAR o] Has F83 gy
g Arstaxt st

o e W&

2. Mg 3 Uy

7 BAAE

o

A

61 Al s g g5 F 13 a4
HE A € 3= Adw A TUstd 4Y
ME2 AT T2 Al o8 A, o
5%, 2493, A8, S99, 343 3R ¥
Fatgon, PEENE A5 IR %
g Ay P8 E P57 A AR F
2 473088 A

A
A2

L, BRHIAL AR 2

[== ety =1

¥

3

At

ARG EFWA AFERYRS Agdsa U
S$2EV 74 e 2FFEAModel 6500,
NIRSystems Inc., USA)Z A}83to] 400~ 1100nme]
B3 Jold m %F o2 EHEAT. G A
2 Fo BANA AHMEY S £330 st 19
1M B wiel 22 JEF0E A 5%
8 T AUER ZX(EME T4 05mm A
dels dgol AE omme] TR Fol YAt}
ZAHER 33k o] o, 79 F9o T4 nfA
HA g H&stol ARy w43 BERQg o] &
P& Fod SR TE nAANY Aol &

Black sponge

Soybean kernef -\ rubber

e

Window

Sample holder

Detector

incident bearn
of radiation

Fig. 1 Sample holder for reflectance meas-
urements on a single kernel.

HEYE SAS

AEEHY o T2 ¥ BTH 94E galed
A 2 EY 9] A A(reproducibility)g Al B 5 ot
JAY NaAdelA g 8 &g d9ste] wa)
SHEYE 308 4% YT 98 G A B
At e RERAY] HEd 248 29 34 A=
FACoL)Y BF &AL 1/4 =k et
A FEEC AT AR A Hate FAE F
AE Aoz g

Ch B EA Wy

1) BrE IR}

B dRdMe FAFEY T4H3E 98 9l
AAZ sy st Mg HAIER,), F gAY
HEALE ) ZHR i~ Ry ® ulR /Ry, A 9o A
o] whabxe] AEe  aHnormalized difference)
(R~ R)/RYE ARSI SAIES] A= A
AE PO wokg Hzan 71FH(baseline)d) o) F
T AAsE FPol Ao, vl FAYTEN F
& YAl Al 28 dFE Fa47E R
ol oith. wd 4L & AAYUHY EFHeE F
357 4 £98res EFgrey wd 24
& 33 gtk

2) obE M8 aHY

wE 24E oA Ao Ef2(class)E o
&7 A8 WEAR X" = (X, X, o, XI7F ChEES
B EXE wEvke AR siA Yy Ay &

~344—



g% Fey AEgA AL A48 4d 92 79

YA HEHY oigelxnjA  Azl(Mahalanobis
distance)g At 747 77k E;Ao] AKA
71e Rolth wlA 9 AR A FAHX FF R
vlgaleH A A DXL 4 13 Zo] A g

D? = (x—X)T ST (X=X () cereeesennesssenenenans )

4714,
x = oA A x A 9

x; = A a2 HFY 4K HE
o= WA 2929 ¥ -FEAL Y

BEA] LY e 44502 0 4 Q)
9 ge a2 Bt BPoz HEsgo B
@ £AH Aae) g HAY dEg Hatn A
$5E MY BT ARAA HFE QD) A
TS REEE 22 498 P HEsRch

Criterion( A1) = X X}
i=1 j#l DijZ(A)

................ @

o714,
D;2(A) = ERHF 1A iHAL A 2
2 8@ LY rtgEtenls A

P = @33t nA 3

rir

949
3.43 4 D&t
Jh A BY HIALE ABIEEO| EM

AAYH EHY F, 0|45, 29, A4E, 53
g, Hag AP 400~1100nm h3Hg A of A
9] HF WAL AHEYHL T¢ 200 B nte
Zth AAPY MAEE HAFA ddAAH EF
Hutk A4 Jelgth vl4EL 454 I8 F
Fo 2 whAltE st 73] BojAE 670nm F-Zo], v)
%2 E AYe oA EFYPL 500~700nme] vl @
A ge fgogdo) g AT & F AUt

Lt B A3t

Ao

1) BHALZ R,E 0| 88 HE 24

BAYS EFH S vdste o A FAdFE @
HE& A7) AsA 4 A3 Criteriong 78
A3 29 2¢] BAE wte} Zo] Yt 290l
A & 4 Ql%o]|Criterion2 580~650nm }3<d & o]
A ZA vergeH, £4 23 64mel A $EP

0.30 5100
0.25¢
I Ay awnsss 10
] c
= o
4] =
g 0.20 _g
5 (5]
[ N
—— Sound —a— Immature 11
0.15 [\ ™ —»— Brown —=— Violet = 7
—e— Insect damaged —=— Diseased
= Criterion
0.10 0.1

400 500 600 700 800 900
Wavelength(nm), R;}""

1000

Fig. 2 Mean reflectances of the sound and the defeactive sample sets and the Criterion( 1)

computed with R, ;.

—345-



@27 IALEA A23A A45 1998 8¢

7} bR 53 Ao g B EH.

< YN BE ute} go] 39

dolx 1 FAME

(As A = (400, 600) oA Hcighs HERAA

2) BIALE Q] A} (R,-R,)E 0|83 B 24 o} 221} 1/Criteriono] Htji olUjA % BTk B
we] g S8 AAE AAer) 98 WA 9T BF AdolH waA 2 e 2= (4, )
= 3 4, 2,9 BE 2o s Criterion( A, 4) = (600, 800) 3-29) H3e FAAQA 9 HFoR
2 Fam, 1 449 BEE ZABYHIY 3. Agstoch o9 go| i AL YA 7

Criterion ZtS W27t AA ©HYA Aol 1/
Critriong AFE-819 00, REEOIH X2L 2.2,
Y%L 48 AUt BEEE Y =X HAd o
s iAol 1/Criteriono] 1 0] #g9] =7

434 A

1050

1000

950

900

850

800

750

700

650

Wavelength A

600

550

500

450

1050 1000 950 900 850 800 750 700 600

Wavelength Ai

650 550 500

450

400
400

o) zgo| ARHE 1Y 49} L YT E 53
AAs F, 29 3& 53 A,
=600nmE FFZH A AA FFoz AFsa 4
of & ¥R} Ryp— R0l thdt 1/ Criterion?] ¥

1/ Criterion

m125-13

®m1.2-1.25

B81.15-1.2

01.1-1.15

Fig. 3 Distribution of 1/Critertion( 1, 1) values computed with the differences of reflectances,

R, — R,; depending on the wavelength combination of 1,and A;
1.4
12 ‘/‘/H_\\\ /W‘ R |
\ Py \ o
10F e £ \
. B A “\
c | T \\ ‘ f\ \JA 2
§ - \./ [ v — R(600) — R(A])
S o6} \ y ~-R(A)) ~ R(820)
04} o ‘.l . i \\
H W
021 ' /
Ve
0.0 Lo 2
400 500 600 700 1000

Wavelength(nm), /1 or A i

Fig. 4 Varation of 1/Criterion values computed with Ry, — R;; and R
change.

~346—

—Rgp as the 1;and A,



dFd F8y AEFA AL A A A% 79

S Yehie 20ZE 338 o) gl M 2n, 1
ZWzte W3st 2L 53Q 820mmE A2 M3
Aok &2 22 PHoR BEUA Rii— Rexol
th 3t 1/Criterione] XS 77 4.5 AASH.
olg} 2 FAL WEFoZH FF}E EF F
H3e HFAQ goz Mgt #H
Aol A= F /9 g3go] A2 AR
= B4 AAAFT 2 o] fE R(600) — R(4))
Pz oA & 5 AKX A;7F 580nm A wfolj& F
9] 1/Criteriono] F73] W2z A4 AEAAME
TAE AS ke AInie] Walst AEF Fe]
¢ 9lzs JES vjd £ 7] WEo)oh 1Y 3

-

7 4% ZAZ BAE B 2854 600nms}
820nmof A 8] WHIAIE S 2B olRFE HAS 1/

Criteriono] 743 231 3 Hol %)

*

83 g 24
gpgol Al 9] wiAbE Sl ¥ R,i/R 0l 2FE
5 shge dusts PEe A8 oge B
Hold 4B A3 fAET 29 SE 5 A
2 E ZFo ths] 1/Criteriono] 1 oj4tQl IS
B ez, XEL 2R 0 4,5, YL B
A2 F3 4Z dujgct. 2glA 1/ Criteriond)

3) H] R,;i/R,E 0]
=

3

pdd

£ o e fo

e 29 spgnts £x49 e of 9z
Wato], 2219 33o] 600nm 2 w 1/Criterion
o] Adigte Vel g & & U

I SA oz AR B 3 49
ol A A& A3 sla, 4 AelA 229 B 4
o] ¥3}o] ul& 1/Criterion g9 W& A8 A1
o s1a A T A B 4,=580nm, A;
=990nmZz WFEHUT 19 62 B2 fye=
580nmE A}& &}9S #f 1/Criteriono] 7} 2 £ 1
9 L 990nmmo|n}, Wz ¥R P&
990nmz &% Wi Exte] mto] 580nm Y w1
/Criteriono] Htjgto 2 Vel gdg B{F1 9t} o]
BEAdao] A FA9 #3-E S8nmz AL
A% 259 g und YA G 43
25U & 7 3ot

T

[ 3]

j=R=1

4) gnstel & (Rii— Ry)/R,E 0|88 ©E
24

A8 AR A R,i— R,)/R,00 235

A FF TN 2 4 38 T BRAE 2

Aok F, Fol a0 dh3) 200m FHOR 3,

g A9 BE 2ol i) $EA" R~ R)/R,

ol &8 AArsElE Criterion?) ¥& T8 1, 0|59

L

L

1050

1000

1/ Criterion

950

900

m13-14

850

800

750

m12-13

700

Wavelength Aj

g 650

@1.1-12

600

550

500 01.0-1.1

450

) = =

-

1050 1000 950 900 850 800 750 700

Wavelength Ai

650

400

600 550 500 450 400

Fig. 5 Distribution of 1/Criterion values computed with the ratios of reflectances, R,;/R;
depending on the wavelength combination of A,and A,

—347-



BEU7NATEA 23 A4E 1998 89

16

14¢

A IR

o.sf\/ : i

0sh | | —- R(580)/R(x)
\ ] \ -~ R(x)/R(990)

0.4f 5" . \R’

AT A Ty

400 450 50C 550 600 650 700 750 800 850 900 950 1000 1050
Wavelength (nm)

1/ Criterion

Fig. 6 Change of 1/Criterion values computed with Re/R;; and R,;/Rg as the A; and A,
change.

1050

1000 1/Criterion
950
=SS! 900  lm14-145
850
800

1.35-1.4

750

700

Wavelength Aj

650

B1.3-1.35

< 600
550
500

01.25-13

450

400
1050 1000 950 900 850 800 750 700 650 600 550 500 450 400

Wavelength Ak

Fig. 7 Distribution of 1/Criterion values computed with the normalized differences of
reflectances, (Rso—R,))/ R, depending on the wavelength combination of 1, and A,

ol a7 He 33 1:F FFAY 12 BFF o)F 4% A 2FANT EAR Ru-Ry)/

R R, A/ o) B Criteriong #Aste] b2 A2
min 2 X Criterion (A, A; Ag) reesrevererecseens 3) B A/ Fahch o) W A9 AgF EA Qo
Ai Ar A

A0S A2 ARB I A8 g A B3

2R 5 AR 3F A0 A AR B Ak 4 Gth ol 22 HEE A% AvH 2 WA B
£ DANY QPOIH AT o188 WE BAN  BPOoH AFAL A, 4, 1 E AFHAT
APe A% 2 Yo T o, olAAeR 1Y 7 Criteriond gol Hash HEA =

—348—



%9 FEA AEFA AL 4 A8 AR T3

590nm 4 W ;9 4,8 BE B3 28] dif 1/
Criterion®] £X.& ehd Ao|tt. o] Ato] o3
F A S4 A7F 600nm 29 & A 9 U/
Criterion2 HE Vep A o] o o]u} A
A 590nms} A2 Q1A 8] HEo B4 A<
N7l oA fZFolA A8 23 (4 A =
(820nm, 1090nm) & @) 1/Criteriono] &2 el
oh Aty o g P o) AMSEE FAA Y
H 45 e JMNFG LA BoALE F43] Fa
&7] &l o] B3E AAY B¢ HFH2LE 990
nms} A3e] fFoz AR 1Y 8 HF 3
oz Add A w3 =gl dig 1/Criteriond] £
EE Jed oz, #FAYE 4% 7IzARE

AHEE 5 A& 2ol

5) 2t eIt pEYET HE

o449 WHEA A% A E & WEAAE ol &
gto] plA o ghF AE(FFE 0D E g2 2
AYAA ol dAE VAT A7 Z wEAA 4 A
Y wEoate B 13 2t o] Eof 9atd
AR R A% vl &, T4, A4, T34, ¥
A9 59 vF4hol dAYL R oBHE B4t
ARew, 1 9 wEAAY F+ FAHl WY
o7 ogE: Hlgo] 7HF & RLE e #
oA, ddAMe N8 T A¢e A dF
A g FFHAE Rao/ RS BEAAZ AHE3HE

167
1
14} f*;x,\
12k oo x
tof . . X
é A . :L‘\M V
g osl o . O -+ (590, 820, X)
= Ny o - (590, X, 990)
N | ' %
06} T ‘ \ (X, 820, 990)
o~ R / ’/r’\*
0.4} » : ' ' " \
* * LA
)(’( A / MH
02¢f i >
) -
00 V \N |
400 450 500 550 600 650 700 750 800 850 900 950 1000 1050
Wavelength (nm)

Fig. 8 Change of 1/Criterion values computed with (Rs—R )/ R, (R;i—Rad /R, (R, —R)/
Regoas the 1, A;and A, change.

Table 1 Classification results by each discrimination factor indicating number of kernels
misclssified, the sound soybean kernels into the defeactive and vice versa

No. of kemels misclassified among 30 kernels/class

Factor Error (%)
Sound Immature Brown Violet Insect d. Diseased
Rew 0 2 1 2 1 1 39
Reoo—Rgxn 1 1 0 0 4 0 33
Rsgo/Roso 0 1 0 0 4 0 2.8
(Rsgo — Raz) / Rogg 0 1 0 0 4 0 2.8
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