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Abstract

Purpose: Nondestructive evaluation of seed viability is a highly demanded technique in the seed industry. In this study,
hyperspectral imaging system was used for discrimination of viable and non-viable radish seeds. Method: The spectral data
with the range from 400 to 1000 nm measured by hyperspectral reflectance imaging system were used. A calibration and a
test models were developed by partial least square discrimination analysis (PLS-DA) for classification of viable and
non-viable radish seeds. Either each data set of visible (400~750 nm) and NIR (750~1000 nm) spectra and the spectra of
the combined spectral ranges were used for developing models. Results: The discrimination accuracy of calibration was
84% for visible range and 76.3% for NIR range. The discrimination accuracy of test was 84.2% for visible range and 75.8%
for NIR range. The discrimination accuracies of calibration and test with full range were 92.2% and 92.5%, respectively. The
resultant images based on the optimal PLS-DA model showed high performance for the discrimination of the nonviable
seeds from the viable seeds with the accuracy of 95%. Conclusions: The results showed that hyperspectral reflectance
imaging has good potential for discriminating nonviable radish seeds from massive amounts of viable seeds.

Keywords: Radish seed, Seed viability, Nondestructive sorting, Hyperspectral image, Image processing

N B Aol A T BlF= AAISHL Q= A FUREA T8

7h &tk U elF o= X9 =8 7 IRt whet - Ak

S-S A4 5 O}L} IL(RaphanussativusL)= 9 o] Z7l5}a it} F AR gARS Hs}] 7V 7| 2A 08 SR

2 ARE ket FE o2 Balrlo] o, k), AR WG] Fofof Sl o] Hokgo] & S A ghEolth FAt

2o A 5ol A %—Elﬂl ZHHHﬂoi Stk E3), vt 4] AollA= fARRE & 5 d 7%, 25 7153} 7

OF‘W YA 2 1A A o] w9 Fa8HA| Q1A E

o] vlx] Z7]-0] AFEZA] O W= L 1‘-,’:].9_1’1 Z]38H

*Corresponding author: Byoung-Kwan Cho Shet 7N FAel S wolE =ES 5] 2=

Tel: +82-42-821-6715; Fax: +82-42-823-6246 sfal Qlrk 1A o] FALE ShH sl flelA] A U A}
E-mail: chobk@cnu.ac.kr

-

H

Copyright (© 2012 by The Korean Society for Agricultural Machinery
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Ahn et al. Nondestructive Classification of Viable and Non-viable Radish (Raphanus sativus L) Seeds ...
Journal of Biosystems Engineering ¢ Vol. 37, No. 6, 2012 « www.jbeng.org

%‘—XP e =24 % ol-g3te] 7]k FAZF AA 3] o
2 < S Al W o, SAA 2 4

of vy 1ﬂ7§‘ 23l 219 &8 31EA|7|11(Kang and
Choi, 2006), Hel 2] 3lo] F2}0] HEALS o] @ el 7|7}
Hipo] 7h5 ol e ohe Olr:}(Kang etal, 2009). 3}A|7F

ol gt WS Fall Ak AXS TAetE A7 Ak
Zejo] AatE| il ukg Ao o] & Adsl 7] of ek S

o] =42 214 Hlo} A|# 8 5}= standard germination
test(ISTA) &} tetrazolium testQ} -2 SkabA ®b W, 72] 31 7
FHEES 24sto] Ex0) B S S4shs W 5o Stk
e o5 S skl Hol v ARkE ) w, AEvle] B
ol BasITH Blo] glrk ofo] wet $EAE Hlota 4
o2 HTTA AT Q= 7Id0] 7 E|T olrk 2 24
941 B | o) e 5 Bl s e lnt 247)
$7 hopit pAkEe] B2, 5154 54 o 2] S48 olrk
sutel7 |46 2 S8 AfeleiA| ] Bfab) AR Hlka
O R o &TIoZH E A)7]a1(Fassio and Cozzolino,
2004), 7 A3hE SHHGE BUEAS B AEE 4
= A7 A Ak (Ernst et al, 2004). FZ U]y e=z
R B 714 o] § 5 ST} Aol T AT o]
F0o]x| 1L Q)=1 v, F(Min and Kang, 2008a; Shetty et al.,
2011), ¥(Min and Kang, 2003), £<=<(Min and Kang,
2008b), AF3(Ahn et al, 2012) 5] AAZA 0} BlEA=
A= A77F A= ATk o] 23t A2 A= ©l
851 ujnha) 57 0] TR A e IR A ERjo
et AR 7hs sk 2 g Afel 857 o= A7 e
o] Z1A &] a1 §lrt. o] gt TS Hekslr] fleliAl =t &
A= 71 AIA A Zk ez sAofl AR 4= Sl B 710l =Y
wofof sh=t] g A W7 eS FET 2 7

Lo s
2 3

C-mount
Object Lens

—— -
Mo 2

ALLL L™ - |

£o| FRIIER Bgol 7Psoht 2BY YAIEL 7|2
B 63 G FAO FH BAT 5 9k 7124 1A
P 204 G el sy AeEo R 23l
S 4 glo] TR BelH, sk B4 SEA0

2 BXo] 7}‘:3}E}(Cho etal,, 2007; Kim et al.,, 2001).

B o Lo A e 28T ukaleg ARS 0]8-81o] F(Raphanus
o%qﬁwﬂﬂwwzn~m44ﬂ°§%wﬂ
G Gl S Sk Stk AR U0 2 T 5]
olo] 5 BT 4 ol 2 4e] BUS ek P4
714 Agstol 2HA WY YO HolEAE 45T

= O

9l SatEEE NdskaA St
R
It ZAANE
2 Ao A= WM F5Z AFESIITE A FollA]
RS 917) 95 AAEAE OHZ4 ol Bl 0 & E|5}A 7]
aloick B3} 222 98 LEol B8 ¥ S} A A Ex}0] gk

&5 20% %2 243 $ uidgor 11y sto] 45C 9

waterbatho]| 4] &+415] €8} & wfj7bA] 72 A7 HEIch
3 E|skA 2] 520 C ol A el AR Az 7 om, A%

A} G 3422 HEEAHEUSH 28 5 vh) Ue)
714 71241 7ick(Kang, 2008). 9140 2 214%4}9} )3}
FA 2 Ao} 5OF LE BI5f0] §910 28 94 ¢

AUt & A¥k A T4 144 G} 191H 0.2 E|SIAIT] 144 F
S Aol o] &5l BE AR AIFAEAE S (ISTA)
Aol ek 4 C &2 Hsto] Ag el ARg-atglom, AF Mol
Aol leEA|A AW =t SUSHA U & 223 9 &
% 2 ot 75 Aol o]g-stlch

oo come |

Speciral
- Spatial
. Y h S
~ X \
~ \ ]
‘\\ “\ \\ "
AN AN
Imaging RNE==—
Spectrograph \‘:
N
Halogen Line Lights
Well plate-seeds
Diffraction

Translation Stage

Linear Travel Grating

Figure 1.

412

Schematic diagram of the hyperspectral reflectance imaging system.
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Figure 2. Photo of (a) the hyperspectral reflectance imaging system and (b) the lighting sources.
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Table 1. Results of germination test during 10 days

Total day1 day2 day3 day4 day5 day6 day7 day8 day9 day10 No germination
Viable 144 0 5 85 93 132 132 132 132 132 132 12
Non-viable 144 0 0 0 0 0 0 0 0 0 0 144
*Unit : EA
sS00 e
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Figure 3. Mean spectra of viable and non-viable radish seeds and their hyperspectral reflectance image.
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Figure 6. Beta coefficients of the PLS model developed with the
spectra of the entire spectral range.

Table 2. Calibration results of PLS-DA model for viable and non-viable radish seeds for each spectral group

Wavelength Viable Non-Viable Total Accuracy
(nm) Correct* Incorrect*  Accuracy (%)  Correct* Incorrect*  Accuracy (%) (%)
400-750 16838 3112 84.4 17252 3393 83.6 84
750-1000 14642 5308 734 16337 4308 791 76.3
400-1000 18283 1667 91.6 19154 1491 92.8 92.2

*Number of pixels
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Y=(X-30)xA (2)
where,

Y : Pixel number for detection

Table 3. Test results of PLS-DA model for viable and non-viable radish seeds for each spectral group

Wavelength Viable Non-Viable Total Accuracy
(nm) Correct* Incorrect*  Accuracy (%)  Correct* Incorrect*  Accuracy (%) (%)
400-750 4219 767 84.6 4331 832 83.9 84.2
750-1000 3658 1328 734 4032 1131 78.1 75.8
400-1000 4605 381 924 4780 383 92.6 925

*Number of pixels

M N N N LA
o0 oe ol 0 L0,

<Original image> <837 nm image>

Figure 7.

<Masking image>

<PLS image> <Binary image>

Image processing for detecting nonviable radish seeds.

Table 4. Classification results of viable and non-viable radish seeds using resultant optimal PLS-DA image

Total
288

Classification
Total

Correct
274

Incorrect
14

Accuracy
951

Number of sample
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Figure 8. Detecting results of viable and non-viable radish seeds with the germination tests (circle: misclassification, triangle: not
germinated).
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X : Mean pixel number of a seed area
o : Standard deviation of a seed area in pixel number

A : Classification accuracy of PLS model

e AFHORUE t%%ﬂﬂ@@%@@ﬂ%ﬂ
ggﬁquvhx]q_ﬂm Hi=2 o0

== YEel Y, Figure 82 XA A=
T2 BojZ2r) & A2 QA HoAlE
= A A vt Aol 2 A& 9 dA
o] 2iloh $AE AE olA] Ko S POPﬂoi s
81%) orotok s1AI AEE S AZ0|H WA of AR
AR 0] o sfofof 8 B ol 2l
Iﬂ+ﬂﬂq+ﬁéﬂﬁégﬂ4ﬂ%mw+44
= AAksholek 1% Aot 288 5 1430] &
He 5]01 95. 1%_4 A w2 Hyrt 7|&9 Bt A" EZS
OI8310] 2] ol Ao} kol FAe) Aol e v
B Lk SAIT Olef /| /) B et A
R 7R Bk SR i Q1e) 2R NIARY 4 7148 018
ot vhd A71s A R gige] 24 S A9 HMJJ
BAE s B B 4 U 5 A A
L2 Aol BRI A Hs A S B 5
o] SPPRLS o §5He THE B4 7|4 E HelhES
A A8 S5 A S e 716S ko] LAt

L

7&%3

o
%0

J

>4
o

il

o
b

e

o

e

(o]
[ ﬂllo

}

oN
B

A

e
03

s
rr

B Ao 2R WA A o] §5fo] o] wolE
A9 iuiol £748 oo 122 Ml 14 ol
shgick. o) oo} G
S B ek o) 18T A ol iof 52
F42 4237 913 FAH e L E2 A
20) 1A 5] AL KR Rt 2ot

(1) ZE3ubAaE 34kl A BS54t whag A9
A|A9] §(400-750 nm) 2} 22}k
1000 nm)-& E-23}0] PLS-DA mal-& 7jjuhs
& H7Fah9T). 7hAJ A 909 calibration ©] B3 %

:x:;‘r_‘_‘

418

S =84%, test] B2 A= 1=84.2%0]%] 11, 24
241 o9 9] calibration 2] H55 HE = 76.3%, test
Ol B2 A3 = 75.8% 2 7IA|GA oJH o] mdlo| A}
1:qu Oir}] ]—EE“El/}-F/}H—]:}

(2) 7PAIBAT} 222 4S E33 400-1000 nm oS
o]-8-5}o] 7|23l PLS-DA H @l o] AZ: = calibration
292.2%, test=92.5% & 7l 7} T A4 9] A
J10) 2= Y2 NGBS T Hek Bt o]
itk ol FAk0] EBaks T A WA 7HAF
oJ 2] chlorophyll 7} 2-& m| M3t A1) 2o o} £}
WA P 24 WekE vigeks 2ol
B A= FAlol AL Sk= Zlo] E|akEAt AEel B -2
shrhe A8 Hojzalrk

(3) 400-1000 nm ¥ 2] AFEHS o] g1k 4] i
9] beta coefficients & 2-§-3F PLS F4- ]85}
of -] oAt} Trol FAE A Ak W A
= 95%0©] ATk ol 2EF WY G/ 1E0] i

o] FALZ Bl Wiz 0 2 A 26
Seh b Mol m gtk

N
a

e 3

B 00 Lol A E H )4 7) 39 710 A ks 5

H7 IS/ ARG o A Lo 2fsf o] Fo1 A dy ek

References

Ahn, C.K,, B.K. Cho, ].S.Kang and K. ]. Lee. 2012. Study on
non-destructive sorting technique for lettuce (Lactuca
sativa L) seed using Fourier transform near-infrared
spectrometer. CNU Journal of Agricultural Science
39(1):111-116. (In Korean, with English abstract)

Anatoly, A. G., C. Buschmann and H. K. Lichtenthaler.
1999. The chlorophyll fluorescence ratio F735/F700
as an accurate measure of the chlorophyll content in
plants. Journal of Remote Sensing Environment 69(3):
296-302.

Cho, B. K, Y. R. Chen and M. S. Kim. 2007. Multispectral
detection of organic residues on poultry processing
plant equipment based on hyperspectral reflectance
imaging technique. Computers and Electronics in
Agriculture 57:177-189.

Chung, H. I. and H. ]J. Kim. 2000. Near-infrared spec-
troscopy: principles. Journal of Korean Analytical
Science & Technology 13(1):1A-14A. (In Korean)



Ahn et al. Nondestructive Classification of Viable and Non-viable Radish (Raphanus sativus L) Seeds ...
Journal of Biosystems Engineering ¢ Vol. 37, No. 6, 2012 « www.jbeng.org

Ernst, L., J. Mocak, K. Serdt, B. Balla, T. Wenzl, D.
Bandoniene, M. Gfrerer and S. Wagner. 2004. Chemo-
metrical classification of pumpkin seed oils using
UV-Vis, NIR and FTIR spectra. Journal of Biochemical
and Biophysical Methods 61(1-2):95-106.

Fassio, A. and D. Cozzolino. 2004. non-destructive predic-
tion of chemical composition in sunflower seeds by
near infrared spectroscopy. Journal of Industrial
Crops and Products 20(3):321-329.

Henk, ., S. Rob Van der, F. Angela, G. Jaap, P. Van and ]. B.
Raoul. 1998. Chlorophyll fluorescence of brassica
oleracea seeds as a non-destructive marker for seed
maturity and seed performance. Journal of Seed Science
Research 8:437-443.

Kang, ].S., B. G.Son, Y. W. Choi, Y.]. Lee, W. H. Joo, C. S. Lim
and Y. H. Park. 2009. Effects of dehydration methods
and storage conditions on germinability of pelleted
carrot seeds. Journal of Life Science 19(4):526-531.
(In Korean, with English abstract)

Kang, J. S. and L. S. Choi. 2006. Leakage of seed reserve
nutrient in artificially aged pepper seeds and enhance-
ment of seed vigor by priming. Journal of Life Science
16(2):352-356. (In Korean, with English abstract)

Kang, W. S. 2008. Nondestructive determination of seed
viability by optical methods. PhD diss. Daegu University,
Department of Natural Resources.

Kim, M. S., Y. R. Chen and P. M. Mehl, 2001, Hyperspectral

reflectance and fluorescence imaging system for food
quality and safety. Transactions of the ASAE 44(3):
721-729.

Lim, J. G., S. W.Kang, K.]. Lee, C. Y. Mo and ]. Y. Son. 2011.
Identification of foreign objects in soybeans using
near-infrared spectroscopy. Journal of Food Engineering
Progress 15(2):136-142. (In Korean, with English
abstract)

Min, T. G. and W. S. Kang. 2003. Nondestructive separa-
tion of viable and non-viable gourd (Lagenaria siceraria)
seeds using single seed near infrared reflectance
spectroscopy. Journal of Korean Horticultural Science
and Technology 44(5):545-548.

Min, T. G. and W. S. Kang. 2008(a). Nondestructive
classification of viable and nonviable radish (Raphanus
sativus L.) seeds using single near infrared spectroscopy.
Journal of Horticulture environment and biotechnology
49(1):42-46.

Min, T. G. and W. S. Kang. 2008(b). Nondestructive
classification between normal and artificially aged
corn (Zea mays L.) seeds using near infrared spec-
troscopy. Korean journal of Crop Science 53(3):314-319.

Shetty, N., T. G. Min, M. H. Olesen and B. Boelt. 2011.
Optimal sample size for predicting viability of cabbage
and radish seeds based on near infrared spectra of
single seeds. Journal of Near Infrared spectroscopy
19(6):451-461.

419



