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< SUMMARY >

| EEEE | D-02

Purpose&
Contents

O 1t is necessary to develop a nondestructive, rapid and real-time total inspection
system of the artificially aged GMO (genetic modified organism) corn

O Most of the imported GMO agricultural products for animal feeding are corns
which cover up 97%, 5,779,000 ton. Besides, over 99% among imported corn
for animal feeding is genetically modified.

O Thus, the objectives in this study are development of nondestructive and rapid
total inspection system for discriminating genetically modified corn using
hyperspectral imaging technology.

Results

O Quantitative results: We issued 1 patent, published 2 SCI journal papers and 3
non-SCI journal papers, educational direct 4 times, employment 2 people.
O Qualitative results
a. Development of GMO corn artificial ageing method using microwave
* We conducted to artificial ageing GMO corn using microwave method based
on 1KW and exposure time for 40 sec.
b. Discriminant model of treated and non-treated corn seeds using hyperspectral
SWIR imaging system
* To find optimal bands for discriminant two group we compare two modalities
VIS/NIR and SWIR hyperspectral imaging systems using PLS-DA. Eight
pre-processing methods are applied to improve the classification accuracy and
compared the figures. SWIR has better accuracy in yellow (95.6%), white
(95.6%) and purple (82.2%) with raw spectra than VIS/NIR.
¢ Mask image was used 50th image at 1245 nm that remove redundant
background pixels
* Real-time sorting technique shows that treated and non-treated discriminant
results of white and purple corn are 86.7%(26/32), 73.3%(22/30) and
93.3%(28/30), 76.6%(23/30), respectively.

Expected
Contribution

O Tt is expected that development of a reliable and secure delivery infrastructure
of GM corn for feeding and total inspection system of corn seeds which can
build up the secure inspection process.

O To reduce the cost of time, money, man power for total inspection and conserve
nature from GM seeds dispersion

O Nondestructive sorting technique of GMO seeds treated and non-treated with
microwave can be applied to safety inspection in agri-food, pharmaceutical biz,
medical profession.

O Tt can be issued abroad patents and expanded to foreign government inspection
bureau or seed companies.

Keywords

Hyperspectral On-site

corn for feeding | GMO seeds imaging inspection nondestructive

technology system
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Part Item Specification
MCT Array Type : HgCdTe, Spectral band 850 nm ~ 2500
nm, #Pixels : 320 x 256, Pixel Pitch : 30 xm, Array
sensor
Cooling : TE2, Pixel operability : >99%
Frame rate: Video rate : 100 Hz, Integration type :
Imaging Snapshot, Exposure time range : 100 uxsec up to 20
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A to D conversion resolution : 14 bit
Focal length : 16 mm f/1.4
Lens . ) .
Visi Optical interface : C-Mount, spectrograph fixation holes
fston Camera control : USB 2.0, Image acquisition
System Interfaces Cameralink. Trigger : TTL levels, Graphical User
Interface (GUI) : Xeneth Advanced
) Camera cooling : Forced convection cooling, Cool-down
Physical . . .
o time : < 300 sec, Ambient operating temperature : 0
characteristics
to 50 °C
Lighting 100 W halogen lamp x 3 (2 Set)
Slit 25 um slit
Vision )
Quad core(2.4 GHz) CPU, 2 Gbyte main memory
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2l 14. Hyperspectral SWIR imaging system.
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12l 16. Microwave corn ageing treatment sequence.
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H 3. Microwave input power versus output

Nom. P(Y) Observed P(Y) e= Il 7= VI Efficiency (%)
400 293.12 106.88 73.28
500 366.22 133.78 73.24
600 458.19 141.81 76.37
700 525.14 174.86 75.02
800 581.93 218.07 72.74
900 639.35 260.65 71.04
1000 714.19 285.81 71.42

Av. Efficiency 73.3
- | ]

E 7

f PO

f .'. ..I.

i T4 -~ 3

c .‘.....' - l..

i ....

E ‘.-2- .I‘

I'I '!' '-

¥ 70

400 600 800 1000

Power

2l 18. Microwave power efficiency
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input powers and exposure times
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&l 20. Graph showing optimum conditions for microwave aging treatment of corn
kernels.
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72l 21, PC score plots for viable and nonviable vellow corn seeds by FT-NIR test
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12l 22. PC1 and PC2 loadings of FT-NIR test.
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o 2HEYY fAE

atr] ffsiAd F 1
THSATHE 4).

H 4. ANOVA between viable and nonviable corn seeds with FT-NIR spectroscopy

Source SS df MS F Prob>F
Groups 0.131 1.00 0.131 94.533 1.38x107"°
Error 0.413 298.00 0.0014 - -
Total 0.544 299.00 = - -

O ¥ 21 AT tzTel BE FF 2H9EDL deuch B FolA
1050~1250 nm T3+ BrEsbEo] gYoit). & 432 REAMRA o] AytsE Yehf]
on, 5% FAZXA AFHFE YA Faks YeETE 7 OF 1 ~HEH9]
zZtol= dAYE B3l TAY 3 B84 S0 HFHAY] wEol EA sk
Ao Behch vfolARAlo| g 0|8 AU BN G54 $A A
W, Rl Zavh s Hu, ol Holg 2] EPHE o g3k 4
A HES 5+ A HUT
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2
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2l 23. Mean spectra of viable and nonviable corns.
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T2l 24. Beta coefficient curve of PLS model.
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o FAE WHE W3 Ay & So YT SAE AFERH Y] 4R
o A A7), 25 9 Bk met XolE HATh 23 mlES AlQjsta tiAl=
1E #E AHE Yeplile OF B A ‘F{'@r(range normalization), % *] €]
o] Fg Wi Ay}t s T AAE BAJh 53] Ao E
(>95%)°] A& =v el "o A9 %/\}"5?} A3gE HAH

c =S AYRER F OFe BT 5 UMY oA A= FTNIRE| 450
ol s A ALES} A5s ey Wil Ao g AddEHn

E 5. Classification accuracy of PLS model with preprocessing methods on FT-NIR data

Total Accuracy (%) — FT-NIRS

Calibration (n=210) Yellow com White corn Purple com

Mean norm 100 99.5 99.1
Max. norm 100 100 100
Range norm 100 100 100
MSC 99.1 99.1 100
SNV 99.1 99.1 100
Savt.  Golay I* 100 100 100
Savt.  Golay 2™ 100 100 94.8
Raw 99.5 100 100
Prediction (n=90)

Mean norm 100 98.9 98.9
Max. norm 100 98.9 100
Range norm 100 100 100
MSC 100 97.8 100
SNV 100 97.8 100
Savt.  Golay 1* 100 98.9 94.4
Savt.  Golay 2™ 85.6 88.9 62.2
Raw 100 100 100

}) Raman< ©| &3 s md 7
@ dlolE &=
O & AFolA Raman shiftS 25—3}71 sl Z8E @Rt 717 (i-Raman, BWTEK

Inc, USA)E AHg3Iom, 2+ Sxke] B9 Z43kel 785 nmel Y #lolAs

gt o, Blu AXES 14 x 900 ] CCD TEER Z4sgrh g %
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2l 26. PC score plots for viable and nonviable yellow corn seeds with Raman test.
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BAPTE= Reis 5(2013)9] A7 Aot Ado] As= & Uk =L,
950~700 ci'o] EF thH2 Ao FElFAtelE AR dHo] s AeR #
2= A}
H 6. ANOVA by F-test on Raman test
Source SS df MS F Prob>F
Groups 1,961.36 1.00 1,961.36 0.01 0.93
Error 81,225,618.59 298.00 272,569.19 - -
Total 81,227,579.95 299.00 - - -
wint ko com
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2l 27. Mean spectra of viable and nonviable corns.
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12l 28. Beta coefficient curve of PLS model.

H 7. Classification accuracy of PLS-DA with multiple preprocessing on Raman data

Total Accuracy (%) - Raman

Calibration (n=105) Yellow corn White corn Purple corn
Mean norm 100 100 100
Max. norm 100 100 100
Range norm 100 100 100
MSC 100 100 100
SNV 99.5 99.5 100
Savt.  Golay 1* 100 100 100
Savt.  Golay 2™ 100 99.5 100
Raw 99.5 100 100
Prediction (n=45)
Mean norm 96.7 98.9 97.8
Max. norm 93.3 98.9 100
Range norm 933 98.9 100
MSC 98.9 98.9 98.9
SNV 98.9 98.9 97.8
Savt.  Golay 1* 98.9 100 98.9
Savt.  Golay 2™ 87.8 97.8 98.9
Raw 94.4 98.9 100

o Az L Ak

O 2 dAFolA A3 HY%o] FT-NIRZ Ramane ©|&3% A oA FT-NIRS A
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O o] EAIE si2st7] ¢ rItAEHE &3t AHLH 30).

medfilt2 [3 3]
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2l 34. Fourier transformed image 2} Gaussian high pass notch filter
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H 8 % MZ% 244 BRo| PLS-DAS Jlftoz MMz @ Zelssold 2t

Preprocessing Calibration (140 samples)
method Treated Non-treated % Treated %Non-treated Overall %
MSC 58 57 82.8 81.4 82.1
Purple SNV 58 57 82.8 81.4 82.1
Raw 54 52 77.1 74.2 75.7
MSC 68 57 85.0 95.0 89.2
‘White SNV 68 57 85.0 95.0 89.2
Raw 62 53 77.5 88.3 82.1
MSC 63 57 90.0 81.4 85.7
Yellow SNV 63 57 90.0 81.4 85.7
Raw 58 53 82.8 75.7 79.2
B9 7 MZY 244 ZXo| PLS-DAS 7o 2 TX2| ¥ WaeolH 2t
Preprocessing Validation (60 samples)
method Treated Non-treated %Treated %Non-treated Overall %
MSC 24 24 80 80.0 80.0
Purple SNV 24 24 80 80.0 80.0
Raw 20 21 66.6 70.0 68.3
MSC 29 24 90.6 85.7 88.3
White SNV 29 24 90.6 85.7 88.3
Raw 23 22 71.8 78.5 75.0
MSC 27 24 90.0 80.0 85.0
Yellow SNV 27 24 90.0 80.0 85.0
Raw 22 22 73.3 73.3 73.3
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J12l 50. Beta coefficient curve of PLS-DA in white and purple corn
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2l 54, SWIR raw spectra of corn. Raw spectra (a) and average spectra (b).
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2l 55, PLS-DA classification plot for white corn. Calibration plot (a) and validation (b).
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12l 56. Beta coefficient of white corn.
O I 52& SWIR ¥4 F53 ~HERD iz L X T HF 9
EFHS Y o F OF T B 2HEH LS BYoA zkolrt gtk
O PLS-DAZ #¥S ZAFE I 539 Yeldddd. %™ 53(a)=  calibration,
53(b)= PLS-DA] validation 235 055 7]Fo2 ¥ AA4E Yelyu
Attt o] Axp= a8 549 UERA SWIR HIEF A4S 0] &3 Ao, 1Y
ol HZo] Al A FFS F FQ AL 1050, 1158, 1420, 1820, 2090

2 2340 nmEA] ©]& 1400-1450 nmol A O-H =E

o] of¥l 1Fo] N-HO 13wl &3 dwo] e A

N

A3 12 w5 2 CONH,
S 2 AR EHAT

56



| e———
| ===treated ===Untreated

0.95- (a)

Reflectance
(=1
o o o
(-] on w
25 e

=
-1
o

0.7+

0.85
400 500 600 700 800 800 1000

Wavelength(nm)

60 —
(b) \«|40mm |

40"

20!

Reflectance

40

60 -

80
400 500 600 700 800 800 1000

Wavelength{nm)

&l 57. Visible/NIR corn average spectra (a) and beta coefficient (b)
of PLS-DA.
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# 10. Classification accuracy of PLS model with preprocessing methods on VIS/NIR and SWIR

Total Accuracy (%) — VIS NIR Total accuracy (%)- SWIR
Gum g wweon T | e
Mean norm 70.5 83.3 59.5 94.8 95.2 88.6
Max. norm 71.9 87.1 60.5 94.8 95.7 88.6
Range norm 70.9 82.4 60.5 95.2 94.8 90.5

MSC 72.4 90.5 62.4 943 95.2 90.5
SNV 72.4 90.5 61.9 96.2 95.2 90.5
S-G_1* 84.3 96.7 70 96.7 97.6 90
S-G 2™ 85.7 96.2 66.2 943 94.8 61.9
Raw 84.3 84.8 57.6 943 97.6 84.3
Prediction
(n=90)
Mean norm 71.1 82.2 64.4 91.1 91.1 76.7
Max. norm 70 83.3 62.2 92.2 90 77.8
Range norm 733 81.1 62.2 922 92.2 72.2
MSC 81.1 85.6 67.8 94.4 91.1 77.8
SNV 81.1 85.6 66.7 94.4 91.1 77.8
S-G_1* 88.9 94.4 74.4 92.2 83.3 77.8
S-G_1* 91.1 95.6 68.9 88.9 80 58.9
Raw 87.8 81.1 64.4 95.6 95.6 82.2

O Untreated misclassified

(C)O Treated misclassified

2l 58. SWIR hyperspectral image (a), PLS-DA image (b) and binary image (C).
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2l 62. Operation program for hyperspectral SWIR imaging system.
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@ Imaging Data Acquisition : HZ<2 SWIR 23T E
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& 63. Corn kernel diagram
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e Endosperm: 8% dry weight, containg starch, protein
Fiber & Sugars
Part Starch Fat Protein Other Ash \ e et
Whole 734 44 9.1 9.8 19 14 Y
Kernel -~ Germ: genetc information, entymes, ol
Endosperm | 876 08 80 21 06 03 ) 3
Germ 8.3 32 18.4 18.8 10.8 10.5 3
Pericarp 73 | 10 3.7 86.9 0.3 08 | s el s
Tip cap 53 | 38 91 78.6 6 | 16

12l 64. Nutritional composition of corn kernel and each part's name (Bourg, 2006)

O 19 630l B4 S5l WG HEY F4 2dEAL Yo, 19
6acl A= A =

o
S
1o
o
S
1o
ool
4r .
[
)
(m
o
o
v
iul
=
32
ui

08

Log(1/R)

I I I L L I L I ]
1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
Wavelength(nm)

0.1

& 65. Spectra of yellow corn endosperm part.
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12l 66. Spectra of yellow corn germ part.
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&l 67. Absorption spectra of GMO treated and untreated yellow
corn germ part.
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2l 68. Absorption spectra of GMO treated and untreated yellow
corn endosperm part.
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& 69. 1st Derivative of absorption spectra of GMO treated and
untreated vyellow corn germ part.
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&l 70. Absorption spectra of GMO treated and untreated yellow
corn germ part and endosperm part.
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&l 71. PCA results of yellow corn endosperm part with GMO
treated and untreated spectra.
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H 11. Calibration results of PLS-DA based on multiple pre-processing methods

calibration
Correct Correct %Correct %Correct
samples treated untreated treated untreated over all %

mean norm | 42 21 21 100 100 100

max norm 42 21 21 100 100 100

range norm | 42 21 21 100 100 100

MSC 42 21 21 100 100 100

SNV 42 21 21 100 100 100

sgl 42 21 21 100 100 100

sg2 42 20 21 95.238 100 97.619

raw 42 21 21 100 100 100

H 12. Validation results of PLS-DA based on multiple pre-processing methods

validation
smples | Comet™ [ Comedt [ viCormect [ vicomest [ over at %
mean norm | 18 8 8 88.889 88.889 88.889
max norm 18 8 8 88.889 88.889 88.889
range norm | 18 8 9 88.889 100 94.444
MSC 18 8 8 88.889 88.889 88.889
SNV 18 8 6 88.889 66.667 77.778
sgl 18 9 8 100 88.889 94.444
sg2 18 8 8 88.889 88.889 88.889
raw 18 9 9 100 100 100
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gl 72. Beta coefficient for PLS-DA model for yellow corn
endosperm part.
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J12l 73. Classification result of treated and untreated

vellow corn endosperm part.
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2l 74. Beta coefficient for PLS-DA model for yellow corn germ part.

H 13. Calibration results of PLS-DA based on multiple pre-processing methods for yellow
corn germ part

calibration
samptes | Comed [ Comet, | ome® | o [ over an %
mean norm | 42 20 21 95.238 100 97.619
max norm 42 20 21 95.238 100 97.619
range norm | 42 20 21 95.238 100 97.619
MSC 42 21 21 100 100 100
SNV 42 21 21 100 100 100
sgl 42 21 21 100 100 100
sg2 42 21 21 100 100 100
raw 42 21 21 100 100 100
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H 14. Validation results of PLS-DA based on multiple pre-processing methods for yellow

corn germ part

validation
samples (tjrorrect Correct Con‘ec(t’ Correcto ovir all
eated untreated treated (%) | untreated(%o) (%)
mean norm | 18 8 7 88.889 77.778 83.333
max norm 18 8 7 88.889 77.778 83.333
range norm | 18 8 7 88.889 77.778 83.333
MSC 18 8 6 88.889 66.667 77.778
SNV 18 8 6 88.889 66.667 77.778
sgl 18 9 9 100 100 100
sg2 18 9 9 100 100 100
raw 18 9 7 100 77.778 88.889
O 19 709 Hgr A4S 1%6}01 g AR5 #1394 149 YEHAS &
13042} Zo] wjoto] % 12k B 2z WS o] &3 AAYE AHEI A5
g Te BB AR GHUAG 25 14 HBE 8T BE AAE

B o33 2o 73).
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&l 75. Classification result of treated and untreated yellow

corn germ part.
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2l 76. Spectra of white corn endosperm
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Z12l 77. Mean spectra of white corn endosperm part.
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2l 79. Mean spectra of white corn germ part.
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&l 80. Absorption spectra of GMO treated and untreated white corn germ
part and endosperm part.
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J12l 81. Beta coefficient for PLS-DA model for white corn endosperm part
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H 15. Calibration results of PLS-DA based on multiple pre-processing methods for white

corn endosperm part

calibration
samples Correct Correct %Correct %Correct over all %
treated untreated treated untreated
mean norm | 42 21 21 100 100 100
max norm 42 21 21 100 100 100
range norm | 42 21 21 100 100 100
MSC 42 21 21 100 100 100
SNV 42 21 21 100 100 100
sgl 42 21 21 100 100 100
sg2 42 21 21 100 100 100
raw 42 21 21 100 100 100
smooth 42 21 21 100 100 100

H 16. Validation results of PLS-DA based on multiple pre-processing methods for white

corn endosperm part

validation
samples Correct Correct Correct Correct over all
P treated untreated treated (%) | untreated(%) (%)
mean norm 18 9 8 100 88.9 94 .4
max norm 18 9 8 100 88.9 94 4
range norm | 18 9 8 100 88.9 94.4
MSC 18 9 8 100 88.9 94 .4
SNV 18 9 8 100 88.9 94 .4
sgl 18 9 8 100 88.9 94 .4
sg2 18 9 8 100 88.9 94 .4
raw 18 9 8 100 88.9 94 .4
smooth 18 9 9 100 100 100
O E 153} 162 WA S35 A WF 29 FF 29EDLS o gte] A
g7 dz7E WES Z234E Yo 2 dAEE  calibration
validation2¥E H|W3F oW, & 7704 B 4+ 5o ZRE HAAZoA T
gt AARE YUY 71EY oA TFY AAYUEES T2 vl oE =
ZAOoE Ho ofs HA HEIE F715te validationol] A ¥t
O B AAE B £ leAE BB} M 2L ANE RAT FRE
7F BlE AA 34 1000-1900nmel]l A 3 XPOU} Ho|x] kATt PLS
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12l 82. Classification result of treated and untreated
white corn endosperm part
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Z12l 83. Beta coefficient for PLS-DA model for white corn germ part.
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H 17. Calibration results of PLS-DA based on multiple pre-processing methods for white

corn germ part

calibration
samples | (0N | unemted | treated | unrented | ©veT ol %
mean norm | 42 21 21 100 100 100
max norm 42 21 21 100 100 100
range norm | 42 21 21 100 100 100
MSC 42 21 21 100 100 100
SNV 42 21 21 100 100 100
sgl 42 21 21 100 100 100
sg2 42 21 21 100 100 100
raw 42 21 21 100 100 100

H 18. Validation results of PLS-DA based on multiple pre-processing methods for white

corn germ part

HAo

o

¥ 17, 18& PLSE o] &3t 3
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validation
samples Correct Correct Correct Correct over all
P treated untreated treated (%) | untreated(%) (%)
mean norm | 18 9 9 100 100 100
max norm 18 9 8 100 88.9 94 4
range norm | 18 9 9 100 100 100
MSC 18 9 9 100 100 100
SNV 18 9 9 100 100 100
sgl 18 9 9 100 100 100
sg2 18 9 8 100 88.9 94 .4
raw 18 9 9 100 100 100
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2l 84. Classification result of treated and untreated

white corn germ part.
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&l 85. Online sorting results of white
corn based on PLS-DA with conveyor
speed 13rpm (1.61cm/s).
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H 19. Results of white corn based on PLS-DA with conveyor speed 13rpm (1.61cm/s)

Group Correct Misclassified

Non treated
Treated

Non treated
Treated
Non treated

Treated

Non treated
Treated
Non treated
Treated
Non treated
Treated 5

Total 48 (80%)

A~ b LW B BB B D VOV BRS

— W O O ==

—_ = N = =

0
12 (20%)

12l 86. Online sorting results of white corn

based on PLS-DA with conveyor speed 30rpm
(4.16¢m/s).
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H 20. Results of white corn based on PLS-DA with conveyor speed 30rpm (4.16cm/s)

Group Correct Misclassified
Non treated 3 2
Treated 5 0
Non treated 5 0
Treated 5 0
Non treated 2 3
Treated 4 1
Non treated 3 2
Treated 4 1
Non treated 2 3
Treated 4 1
Non treated 3 2
Treated 3 2
Total 43 (71.7%) 17 (28.3%)

&l 87. Online sorting results of white corn

based on PLS-DA with conveyor speed 50rpm
(7.15cm/s).
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H 21. Results of white corn based on PLS-DA with conveyor speed 50rpm (7.15cm/s)

Group Correct Misclassified

Non treated
Treated

Non treated
Treated
Non treated

wW O~ O W

Treated

Non treated
Treated
Non treated
Treated
Non treated
Treated 4 1

Total 45 (75%) 15(25%)
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&l 88. Online sorting results of purple corn

based on PLS-DA with conveyor speed 13rpm
(1.6lcm/s).
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H 22. Results of purple corn based on PLS-DA with conveyor speed 13rpm (1.61cm/s)

Group Correct Misclassified
Non treated 4 1
Treated 5 0
Non treated 4 1
Treated 5 0
Non treated 3 2
Treated 3 2
Non treated 5 0
Treated 5 0
Non treated 4 1
Treated 5 0
Non treated 3 2
Treated 5 0
Total 51 (85%) 9(15%)

& 89. Online sorting results of purple

corn based on PLS-DA with conveyor speed
30rpm (4.16cm/s).
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H 23. Results of purple corn based on PLS-DA with conveyor speed 30rpm (4.16cm/s)

Group

Correct Misclassified

Non treated
Treated

Non treated
Treated

Non treated
Treated

Non treated

Treated
Non treated
Treated
Non treated
Treated
Total

N O = ON

LN W L W L b~ B W OB D W
—

49 (81.7%) 11 (18.3%)

J &l 90. Online sorting results of purple corn

based on PLS-DA with conveyor speed 50rpm

(7.15cm/s).
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H 24. Results of purple corn based on PLS-DA with conveyor speed 50rpm (7.15cm/s)

Group Correct Misclassified
Non treated 4 1
Treated 5 0
Non treated 4 1
Treated 4 1
Non treated 2 3
Treated 4 1
Non treated 3 2
Treated 5 0
Non treated 2 3
Treated 5 0
Non treated 3 2
Treated 4 1

Total 45 (75%) 15 (25%)
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&l 91. Separation result of purple corn seeds using linear support vector machine
(SVM).
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H 25. Technical specification of Arduino

Micro controller ATmega328P

Operating voltage 5V

Input voltage (recommended) 7-12V

Input voltage (limit) 6-20V

Digital I/O Pins 14(of which 6 provide PWM output)
PWM Digital 1/0O Pins 6

Analog input Pins 6

DC Current per /O Pin 20 mA

DC Current for 3.3V Pin 50 mA

Flash Memory

32 KB (ATmega328P) of which 0.5KB used by bootloader

SRAM 2 KB (ATmega328P)
EEPROM 1 KB (ATmega328P)
Clock speed 16 MHz

Length 68.6 mm

Width 53.4 mm

Weight 25 g
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2! 92. Embeded Arduino controller in the

control box.
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2l 93. Diagram of control output end using Arduino
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2l 94. Picture of output end control using Arduino
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