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Table 2-1 Nutrient of egg as raw and fresh type.

(Source =

USDA National Nutrient Database for Standard Reference Release 28)

Value per 100g

Dottt Uhatly whole egg white yolk
Proximate
Water g 76.15 87.57 52.31
Energy kcal 143 52 322
Protein g 12.56 10.90 15.86
Total lipid (fat) g 9.51 0.17 26.54
Carbotydrate, by g 0.72 0.73 359
Fiber, total dietary g 0.0 0.0 0.0
Sugars, total g 0.37 0.71 0.56
Minerals
Calcium, Ca mg 56 7 129
Iron, Fe mg 1.75 0.08 2.73
Magnesium, Mg mg 12 11 5
Phosphorus, P mg 198 15 390
Potassium, K mg 138 163 109
Sodium, Na mg 142 166 48
Zinc, Zn mg 1.29 0.03 2.30
Vitamins
Vitamin C, t(_)tal ascorbic mg 0.0 0.0 0.0
acid
Thiamin mg 0.040 0.004 0.176
Riboflavin mg 0.457 0.439 0.528
Niacin mg 0.075 0.105 0.024
Vitamin B-6 mg 0.170 0.005 0.350
Folate, DFE ug 47 4 146
Vitamin B-12 ug 0.89 0.09 1.95
Vitamin A, RAE ug 160 0 381
Vitamin A, IU U 540 0 1442
Vitamin E
(alpha—-tocopherol) me 1.05 0.00 2.58
Vitamin D (D2 + D3) ug 2.0 0.0 5.4
Vitamin D U 82 0 218
Vitamin K
(phylloquinone) g 0.3 0.0 0.7
Lipids
Fatty acids, total g 3.126 0000 9551
Fatty acids, total g 3.658 0000 11738
monounsaturated
Fatty acids, total g 1911 0.000 4204
polyunsaturated
Cholesterol mg 0.038 0 1085
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Fig. 2-4 Incubation and hatching of hen’s egg. (Source
pinterest.se /pin/1243416 39690202120/)
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= 2dS wE9 o, SEPE 1352 9 H97t 5% oto] =9t

Bamels(2005) & VIS/NIR F#3& o] &3t Aol Wi +
AS dAAstaar s AN ZeE 600719 &S 7EA A 0¥
1847}A] 18CeollA HslHA HUS pHE =A3ith Unscrambler

2

software(version 7.8, Camo process AS, Norway)ol4l A& 3=

E=

full MSC (multiplicative scatter correction) A# g & 3tH<S
Haugh Unit A% 229 37 4(Correlation coefficient)= 0.816,
pH o5 24 HF Bd FJaA s+ 086103t HUS pHY ®
3} oS A= 570nme} 750nm7F L8 3 g ol sk
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25. A71EH I MRD 7 == o &3 W A4
fAvoR A BYsE Qe AP wue sl
st Blolth o]E 94 Klein(2002) 52 7T MRIZH & ©] 8314
Bl A M gaEEe] o & udk XS x y, z FFAS o] &
stel ZAs Agre] AT gel wmBHoE Hahg Pai A

A BAEEA] vk st Falen(1991)5 & WA gl 1&Fo] <&
25 AAstE BAS gstdnh. F3f 3R] T2 owj A& §3
of wel U7 A7|aL o]l H#stE YFUHHAC; Amniotic Cavity)

Bain(2007) &< 7T MRIZ ©]&3&to] §AS 37.5CaA F3A]7]

WA & 7 AR 5 A7 g A S 129 ~2197HA] RUE Y

Fnh wlolel A%E 2Ae oAely] Ala) 4TAA 147 AE
AASRe W g A9 ovAE AL & Ygen wEE-
W7E3 MRI Z9jo] wjole] Wa e %34 =vy a9y

Suzanne Duce(2011) &< "5 2] (Japanese quail)¥¢] -3t 4=
71T uMRIE o]-&3ste] EUE &3t Fig. 2-64 9 3D o|v XA A=
Atk 0~7 &<k 38T Fap7]ol A F3pspi A Sl 7o
Hjole] FA g Fol7] flal 3wzt WZAIZL F 19TelA F4(A
W =)o 27| e] @aFo] Fatel mAl= GFS et
el 0L 3ol TARHS A7l WA SIS o
ol & A o] vkal sivk. F3prb xd e wep Ralo] 2k

23l wjol ¢ &= A (EEF; Extra Embryonic Fluid)o] 57}8}A]qh
w22 F FIE 5Y e & Wt glava sk vk(Fig. 2-7).
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Fig. 2-6 Color 3D image of Japanese quailegg during the
first 5 days of incubation. (A) Day 0, (B) Day 1, (C) Day
2, (D) Day 3, (E) Day 4, (F) Day 5. (Suzanne et al, 2011)
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Fig. 2-7 Changes in the volume of inner material of Japanese
quail’ egg during incubation. (Suzanne et al, 2011)
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3.2. =4 A
32.1. 7WA/2A A FF

o

o =
7‘<—1;§5

[40

AR e BA 2ASE BA WA A A AY 7=
o wet oje] 74 Fejel U Holst BABT oFeIA A9
e A AUAT e Agel oA FAE ol
5ot AA4ES VA S e BAEE AEE.
7FA13(VIS; Visible light) &4eol #Agle] A WA AA

AT AL B4 A ool W wf AEF oA

of APt 54 el quAw FrE

k2
il

zH Ao (-5, 2001).
<4 2] A (NIR; Near Infra Red light)= 2500mm ©]4¢] T2& <A
FGoll A dojyb= C-H, N-H, O-H, C=0 53 2 #8&7]9 7]
2 9 (fundamental absorption)®] ¥j%l-&(overtone vibration)¥ 2
3+ Z & (combination vibration)o] YWEel= 3 tj ot} F4 9
S 018 B9 FBE7F =ob ARE B4 soF shARE A9
=

< olgstd Alme HA Y Aol o 7] "ol AEFSHA &
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322, 7WA/2A 98] FHE
TIA/Z A JHAE o] 7HA] AEOZ o]Folr AlFo JAA7]H
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¥k AL(Reflectance),
%3} (Transmittance) 59 o2l 714 Fej&a EALRAT, Avals
J &} 7}

hee wiee 24 Er 4% A4 AR F A4
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& 4= (Absorbance)
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7F A
Fig. 3-13} o] T3 N A5 A9 AnkApel Gubab= 5
Al Ar A7) o] FESs FAste] JE EA e o] &t
£ R FREA)F SUHESFE Aashy] didd Faeet
3= ¥AE Beer-Lambert ®Z ol el 2] 3-13} 2ol A os}
S(A)E A 3-29 #Zo] FAFHZIA <, 1999).

Pi
=

Absorbing solution
with concentration, c

Fig. 3-1 Attenuation of a beam of radiation by an

absorbing solution. (Source = Ryu, 2001)
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(5) A3 Normalization)
~HEY Aytst= 5 e ~HEF oz Zh mAgol A

o @ e AL wad B9 WEt AT A 54 35
PN
T

(6) 1A (Outlier) A7
o] 4] (outlier)= A A dlo]Ele] Auraol RAL Adko| E3Fw] X
S5kal wpgel o9l dlolH o] tH(Moore and McCabe, 1993). ©]
BAZE AAHA F2 ZEolA ¥ dHolE & calibrations 3L
predictions F33HA HH Ze A= 7 2do] yo A It

to]E] AEAA o|AE A AS7] 8] L xH(Martens and Naes,

Fl

1991), Euclidian Distance(ED) % Mahalanobis distant(MD;
Mahalanobis, 1936) 5 <] leverage(De Maesschalck et al., 1999, De
Maesschalck et al., 20000 &3 5 AF&3tH(A 9L, 2008). o] <
Toll A A 3vi(30), H it (average)2] 38le} it (average)?]
1/30] HA &= A T2 o)A E Tkl BE oA A &fe}

[ex]
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3.24. THEA d5 2d gy A Ut

A9 FFEAR Qo] CdF RdS Jdeled dukg o=
AbEE = AL 5379 2 D(MLR; Multivariant Linear Regres sion)
ojlt), o] 34 RUE F&H WF FAAATE de 5H W5 2

Aol W e AdE dEle ZERA oY THH SA

Principle Components Aanalysis)©] At} o] A S o] &3 A3 37
rdg= FAEIFAEA(PCR;, Principal Component Regression),
] A2A 53] 1 2 (PLSR; Partial Least Square Regression), <3
AR (CR; Continunm Regression)e] lth H|A&E EAE &) 43s
71 91814 PLOY-PLS, NN_PLS o] A&#t}

woAFaAE F3 f55 st 98l PLSR E®23 PLS
-DA(Partial Least Square — Discriminant Analysis) 2 2-& ©]-&3

Atk A= T o w2 dAol Wo] 2o]= PLS 34 EH
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ki
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X
of\
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d o]t} (Richard et al, 2014).
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S v 2 NIPALS(Nonlinear Iterative Partial Least Square, S. Wold)
dagFol o8 AstEnh ¥ dATelxE PLSR E®3 PLS-DA
md FES 93] PLS_Toolbox (ver 2.0, Eigenvector Research,

USA) % Matlab(ver 5.3 and 2016b, Mathwork, USA)S A}-&3}%
o, o]gt A PRESSWHS o|&3ste] A
factor(Latent variable) #t= A A3t} o= 23 Al ¥ & (Prediction

Akt o,

cross—validationH ol

PRESS = 3 (v,— 7)) (3-3)

v, - SA o7 A=H

A B A8 FEALASIARES ATde W A

9 ZHSEC; Standard Error of Calibration)$} AF=%

3
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¥ A4 (r, correlation
Ao, o
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7 4 Qv EF ARl SEC®F SEPE
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T — 3_4,
3-5, 3-6, 3-73% ZH(F5 5, 2001)
& (vi—W)?
SEC—\/ 12:"1 n—p—1 (3-4)
Bias = i =) (3-5)
i=1 n
J 311 (v, — 7) — Bias]?
SEP= 7 (3-6)
= 2(y1_§)(§7\1_§) _ (377)
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Fig. 3-2 Absorption spectra of the major carotenoids of the
photosynthetic biomembranes of green leaves of higher plants in
diethyl ether (pure solvent). B-C, B-carotene; Lut, lutein; Neo,
neoxanthin; Viola, violaxanthin. (Source = Hartmut et al, 2001)
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Fig. 3-3 Mean transmitted spectra of fertile and infertile egg after
72hr incubation under halogen light source.

Fig. 3-4°14 R wpe} Zo] H A LEDE 450nm F-Loll A, 54
LED+= 520nm F-<olM 2tz v =7F yepdth o] a8 gee
va sgs #Fer] A Fde] 29S WA st FAT Ao
2 A4 APl S = st g3 9 wekx] FA A
AHom HAL iR Azt FrhskH, o] 5] wig oA E &
Ab el A 7F AT



4000

3500

— Blue LED
3000 -

-~ Green LED

t)

S 2500 -

COU

>~ 2000 -

1500

Intensit

1000 -

500 |-

L — |

0 : 3 4
300 400 500 600 700 800 900 1000

Wavelength(nm)

Fig. 3-4 Relative radiation intensity of blue and green LED
light sources.
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Fig. 3-5 Raw transmitted energy spectra using green LED light
source with USB4000 spectrometer at 72hr incubation.
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Fig. 3-6 Raw transmitted energy spectra using blue LED light
source with USB2000 spectrometer at 72hr incubation.
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T 2 ERS 467 99 ¥ A= Fig. 3-7A49 A5
A== LEDH 29} d2aAl s o] g3lo] Al 2sldeh Al 79
o 9¥om 43y HNFS FPst= MR-16 B9 LED#H =
(CR, China)& 27 4714 wiAlstdtt. 25 DC 12V, 4W3 o
500nm SH-Eel FH FEHE B f8 48w uiy A A
LED# 2 (Cree, USA)E Sl iAol FLA(Light
source type A)Ztil &%

271 FEAC AL dgelM Y FFS FTHATIZT s
DCI2V, 20W<] =273 (Phillips, China) 17M& +4<9 HA
LED#EZ o F7t2 dX st ol A4 e ~¥EH
Wsts wu WEshA A ey 913 slow o9 e B AA
= 3AB(Light source type B)z}aL A&} 9lt}.

T 2 ERS F457] 93] USB2000(54H ¢ @ 300nm ~990

nm) AW EREE ALger.



48W Blue
LED

Fig. 3-7 Array of LED lamps and halogen lamp to make combination

light source.

Table 3-1 Specification of egg

sample and experimental

apparatus.
Specification
Breed : Hy-line Brown (layer hen)
Total number : Fertile egg (34)
Egg Sample Infertile egg (20)

Weight : 58~62¢g

Light source

Light source type A | Light source type B

Blue LED(4) + Green| Blue LED(4)+Green

Composition | ED(4) + Center Blue[LED(4) + Center Blue +
LED() Halogen(1)
Model name : USB2000
Spectrometer Manufacture : Ocean Optics

Range : 300~990nm
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-

Window7(Microsoft, USA) 32bit 7|4¥Fe] SpectraSuite(Oceanoptics,
USA) Z2 1388 o] 8319t}

A 2FEY ZHo] Ey AEZL2 H3}7](Saesil, Korea)oll ¥o] F
st AlEstdom T2A Fo] detste] =Xt Wy diol
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Table 3-2 Conditions to measure spectrum date from the egg
samples during incubation under different light source. (Light source
type A: Combined LED lights, Light source type B: Combined

LED+Halogen lamp)

Number of measurement
1st | 2nd | 3rd | 4th | 5th | 6th | 7th | 8th
Incubation time(hr) 0 22 | 32 | 40 | 48 | 56 | 64 | 72
Integration time 700msec
No. of spectrum for 5
average
Boxcar for smoothing 6
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Fig. 3-10 Mean of the transmitted energy spectra of fertile
and infertile egg at O hour incubation in VIS range. (Light
source type A)
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Fig. 3-11 Mean of the transmitted energy spectra of fertile and
infertile egg at 40 hour incubation in VIS range. (Light source type A)
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Fig. 3-12 Mean of the transmitted energy spectra of fertile and
infertile egg at 72 hour incubation in VIS range. (Light source type A)
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Fig. 3-16 Mean of the transmitted energy spectra of fertile and
infertile egg at 72 hour incubation in VIS/NIR range. (Light source

type B)
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Fig. 3-17 Mean of the normalized energy spectra of fertile and
infertile egg at 40 hour incubation in VIS/NIR range. (Light source
type B)
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Fig. 3-18 Mean of the normalized energy spectra of fertile and
infertile egg at 72 hour incubation in VIS/NIR range. (Light source
type B)
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Fig. 3-19 Change of correlation coefficient obtained with raw energy

spectra in visible range (Light source type A) during incubation

period.
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Fig. 3-20 Change of correlation coefficient obtained with the spectra

normalized by the raw spectrum in visible range (Light source type

A) during incubation period.
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Fig. 3-21 Change of correlation coefficient obtained with energy
spectra in VIS/NIR range (Light source type B) during incubation
period.
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Fig. 3-22 Change of correlation coefficient obtained with the spectra
normalized by the raw spectrum in VIS/NIR range (Light source
type B) during incubation period.
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Table 3-4 Effect of preprocessing of spectrum data on performance of

validation model in determining fertile and infertile egg at 48 hr

incubation. (Light source type A)

NN ok | Dt | e | v | Yomat | gz | SEP | bias
1 - - - - - 0.44531 | 0.42301 | -0.14772
2 - - 0 - - 052257 | 0.34877 | -0.07261
3 0 - 0 0 - 0.49941 | 035647 | -0.10253
4 0 0 0 0 - 0.59881 | 034287 | 0.03411
5 - - 0 - 0 068126 | 0.28554 | -0.01840
6 0 - 0 0 0 061708 | 03137 | 0.00393
7 0 0 0 0 0 0.23628 | 0.4609 | 0.11293

Table 3-5 Effect of preprocessing of spectrum data on performance of

validation model in determining fertile and infertile egg at 48 hr

incubation. (Light source type B)

N e | | e | s || R | sER | s
1 - - - - - 0.27095 | 0.41955 | 0.02255
2 - - 0 - - 045370 | 036622 | 0.02661
3 0 - 0 0 - 0.40360 | 0.38098 | 0.03311
4 0 0 0 0 - 061977 | 030308 | 0.06942
5 - - 0 = 0 0.65915 | 0.28841 | -0.06587
6 0 - 0 0 0 052968 | 0.34839 | -0.08176
7 0 0 0 0 0 0.14638 | 053943 | 0.10383
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Lolt}. Table 3-6°14 3} A #3e wf(Ohr) FE&o] 938%=E H&
AL AT FAGY Fdolgr|Hoe AAg F7F Afole] 9
g duk EA 9 Aol wie WA Bow AZbET R 22411
OB dEEo] 865% A Lol Eatn, F3f AR 5641 7F 7241 (el
A wEge Z7F 955% 2 97.2%% =A UEFGCHEERE 05). ©]
o} o] BHgol e AL AFE, MSC, SNV 22 AAg o=

Table 3-6 Calibration and validation result of PLS-DA model in
discriminating fertile and infertile egg in VIS range during incubation.
(Light source type A)

Incub. . No. SEC
- Preprocessing o T R2 CDR(%)
Sample our ° SEP
. MSC . 0.79366 | 0.24717 97.2
SNV 0.64595 | 0.30119 93.8
L, e ] 0.6687 | 0.2996 92.0
Normalize 05018 | 0.3445 865
Fertile se 07666 | 0.2515 97.2
Vs 40 Normall 5
Infertile ormalze 0.6455 | 0.2936 91.7
MSC 0.8226 | 0.221 97.2
56 | SNV 6
Normalize 0.7637 | 0.2390 95.5
MSC 0.8420 | 0.2115 97.2
72 . 7
Normalize 0.7337 | 0.2580 97.2

* LV : Latent variable, CDR : Correct Discrimination Rate
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Table 3-7 Validation results of PLS-DA model in the
discrimination of fertile or infertile in VIS range after 56hr
incubation. (Light source type A)

Actual
\i Class 0(18) | Class 1(29) | CDR(%)
By mode
Class 0
17 1 94.4
(Infertile)
Class 1
1 28 96.6
(fertile)
Average 955
Calbratin Plot Valdation Plot
11 v 2
1 4' 1
08 ! i
0 0
20 205
> >
H{Y 804
EM? 302
0 0
0 w
040 i 4]40 1
Actual Valug Actual Value
(a) (b)

Fig. 3-23 Calibration and validation results of PLS-DA model in VIS
range after 56 hr incubation. (Light source type A)
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Table 3-8 Calibration and validation results of PLS-DA model in
discrimination of fertile or infertile in VIS/NIR range (Light source type
B) during incubation.

Incub. . No. SEC
- Preprocessing i R2 CDR(%)
Sample our 0 SEP
Smoothing 0.65668 | 0.31074 92.8
0 MSC 7
SNV 0.64182 0.29433 89.3
” MSC . 0.68470 0.29225 91
Normalize 064988 | 029419 | 907
Fertile MSC 0.86858 0.19103 94.4
vs 40 Normalize 6
Infertile 0.59865 0.32640 87.2
MSC 0.88692 0.17615 97.2
56 Normalize 6
0.6304 0.29987 91.7
- MSC o 0.93113 0.14378 97.2
Normalize 081715 | 0.21745 97.2

* V. Latent variable CDR: Correct Discrimination Rate

L4

>

LT



Table 3-9 Validation result of PLS-DA model in discriminating
the fertile and infertile egg after 56 hour incubation. (Light source

type B)
Actual
By Mo d;u Class 0(18) | Class 1(29) CDR(%)
Class 0
15 3 83.3
(Infertile)
Class 1
0 29 100
(fertile)
Average 91.7
Caliratin Plot Valdation Plot
" 14
11 | 12"
%ua— | 3 i
> i >Uﬁ !
88 1t
;
o 04t ¢ ]
i L0z
0‘2? o
0 g
a a
0 1 0 1
Actual Valug Actual Value
(a) (b)

Fig. 3-24 Calibration and validation results of PLS-DA model in
VIS/NIR range after 56 hr incubation. (Light source type B)
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No. of egg sample
Breed : Hy-line Brown | Measurement

No. of fertile

No. of infertile

Breed : Hy-line Brown
No. of fertile: 34

No. of infertile

MR

R

1

o

T

#1
(Shape Index)
#2
(Prediction of

tslen, 57

5
shape index)

Sample Group

H

Table 4-1 Egg samples for analysis of shape
prediction of shape index with spectroscopic method.
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Table 4-2 Specification of MRI system.
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Fig. 4-2 Egg sample and tray.

Fig. 4-3 Appearance of sample holder and tray to
measure MR image.
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2.4, 53 34

3=

2UEY 2 MR 94 85

TE=4ms, flip angle=202
H 3}
23] A SAHL F3} 224

%712 Table 4-2

A 19 Fete 2

Table 4-3 Conditions to measure MR image from the egg sample

during incubation.

Number of measurement
Ist | 2nd | 3rd | 4th | 5th | 6th | 7th | 8th
Incubation time(hr) 0 22 | 32 | 40 | 48 | 56 | 64 | 72
Sequence name Amos Gradient Ec
Flip angle 20°
Slice thickness 1mm
TR 14ms
TE 4ms
MR 94 85 A AR 93 FAE Immz & 64709 287
A GES A olFellA oA EA o= Edeld 1ol
Bl 9t $9A9 8-370A & YF(axia) Fekol WS ol 3%
=




1 mm_ Slice thickness
- -

ssaLIIy] 89

"'mnu ||l|ﬂ"

(a) axial (b) coronal

Fig. 4-4 Measuring direction.

(Dicom) #¥E& ¢1o] £ ¥ gray scale® % 3ka} S th(Fig.
(a). 299 Hi Y= AAE o] &5k o3 e Wy
A2 90 ZEFS 0608 HAAste] m2x REWHS HAEsy
© 1 Fig. 4-59 (b)*x1 4 sobel maskE A-&3to] F&ZAE FE3
ok &g el R J9s fleiy] S8 AT B s
st AEHoR Fig 459 (@AW dvds oo £42

gl o U

Olr

&

S A S-2] gray scale ©]7| Aol 3|2 (255%k) &

e
2 529 FEUeS SelsAHFig. 45 (D).
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gray scale image

(a)

edged image by sobel mask

(c)

segmented image

(e)

threshold image

(b)

imdilated image

(d)

outlined original image

(f)

Fig. 4-5 MR image process to acquire boundary of egg vyolk.
(a) converted to gray scale image, (b) threshold image, (c)
edged image, (d) dilated image, (e) segmented image, (f)
overlaid image with boundary of york



Table 4-4 Given values for image processing function provided

by MATLAB.
Function York outline Egg_white(cell) outline
edge sobel mask sobel mask
threshold 0.6 0.26
strel line, LEN=3, DEG=90 | line, LEN=3, DEG=90
imdilate [se90 sel] [se90 se0]
imfill holes holes
imclearborder | conn=4 conn=4
strel diamond, R=1 diamond, R=1
imerode strel strel
bwboundaries | conn=8, holes conn=8, holes

3 A AR ASE
el on FAIS AFlA
sttt TE(Echo Time)<
Gradient Ec’ sequence, ©]v]A] 3=+ 256
2 A&tk TR(Repetition Time) W3
gk wjol FEe] FEGXE

AT,




TR %S 40ms, 60ms, 90ms, 150ms, 230ms, 500mso. & W3}&
FHA - wjotel M3 FEo HWr|E AT =8x T &
(40pixel x 20pixel) &% }Fo] TREte] S7hstol] ug gt~
#kol 1804 37bA F7kete= A gl

Hjop F-io] WAL ol WY, H B Yo dRw Y
o] 9tk MRI 9 97 256 x 256 A3 (unit 16)2] dicom¥}d =

Ho] glom wjo} Fiol sbg womz ol PR 1, /bF ofF

& FEE 02® sh& 256 x 256 A& (double) &&= WFsto] TE
gk 085& AAT H Table 4-4° Yehy sl dFE2 94 A

TR @ol 37189 we ZEsrEd e FtdAw FEW

WAl ke Aobd 4L HIrhFig. 4-6). 53] 230msS gl
A 74 winke] W) olakel REo] v EAdte] 9dS F=3)
717k olel st 2elan F-3b gl &Sk s A ek st
v Algxzd e 7hFA TR #2 22 i@hs Agstel 2 4

o] 4 TR=14ms, TE=4msZ o] &3}



Original image

outlined original image

(a) TR=20ms, TE=4ms

Original image outlined onginal image

(b) TR=40ms, TE=4ms

Original image outlined original image

(c) TR=90ms, TE=4ms

b % ¥
-":l'\-\._! _'k.l.- 5 1_.!i
I T 1]



(d) TR=150ms, TE=4ms

Original image outlined original image

(e) TR=230ms, TE=4ms

(f) TR=500ms, TE=4ms
Fig. 4-6 Change of image contrast and area of germinal
disk due to TR(ms).
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), WA (Area), s 4! (Centroid), &5 (Maj_Ax)¥} = (Min_Ax)
Aol AAA Zo]l(Boundary length) % 31z <34 7

AA) 5 TEdth w4 WsE Uedr] 9 ATF=E
¥ = (Circularity), dw=2] H|(Ratio of major axis/minor axis),
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AR5 Fig. 4-7914 =849 o3 & dMdow yed F
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Circularity ’l

Fig. 4-7 Measurement variables to define shape index of york.
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Table 4-5 Definitions of shape index presenting changes in
geometrical features of york image during incubation. (Refer to Fig.
4-7)

No Shape index Definition

A
) CYE : Circularity of 422 : A= area of york. v = length of
York Ellipse vork boundary

RYE : Ratio of : : . . .
2 . (Major axis/Minor axis)of york image
York Ellipse

io of the 1 h f h i
YLR : York Length Ratio of the length from the centroid
3 to the top surface and the length to

Rati
aho bottom surface of york (NL/SL)

Difference between the distance from
YSD : York Space the centroid to shell and the distance

4
Distance to the top surface of york (NL_C -
NL)
126, B A5 2% 98 v ~duEy 24 9
B4

0§ 28 RHos T 2HEde S48 99 Fig 4-3004
ANE AE Eeol9) Fig. 37, Fig. 3-8914 AR #a% 24
FAE AHeSGTh 2NEDS ol 8T F A F dFe AAEY

(¢}

4 BAe MR 974 &4 4

B=)

e e e e
459 Y A5 ZERS

A\

ol

o
©
ofo
_O‘L
o
& R

} 17 PLSR(Partial Least Square Regression)= 2!

29 AL g 43S ANSREY 29EY 34 243 FuEL
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Table 4-6 Conditions to measure MR image and transmitted

energy spectra from the group #2 egg samples during incubation.

1st

2nd

3rd | 4th | 5th| 6th | 7th | 8th

Incubation time(hr)

22

32 | 40 | 48| 56 | 64 | T2

Sample No. fertile 34, infertile 3
MRI. ' Sequence Amos Gradient Ec
acquisi
—tion TR 14ms
TE 4ms
Sample No. fertile 34, infertile 20
Light t A
Light source 1'g souree Lype
Light source type B
Spectra Spectrometer USB2000
acquisi I.ntegration 700msec
-tion time
No. of
spectrum for 2
average
Boxcar for 6
smoothing




4.3.1. 73} Al gte] W& MR G7delA e d4 wst

MRI &4 FA oA Algsts olnA YL 256 x 256 Y =E
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(a) Ohr (b) 22hr

(c) 32hr (d) 40hr

(e) 48hr (f) 54hr

(g) 64hr (h) 72hr

Fig. 4-8 Change in the image of fertile egg’s york during incubation.
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Fig. 4-9 Extraction of boundaries of york and shell using the

#34 slice image of a fertile egg and its shape change during
incubation.
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Fig. 4-10 Change of the appearance of infertile egg’s york

during incubation.
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Fig. 4-11 Extraction of boundaries of york and shell using the #34

slice image of an infertile egg and its shape change during
incubation.
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Circularity of York

0'4 | | | | | |
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Incubation time(hr)

Fig. 4-14 Change in CYE(Circularity of York Ellipse) of fertile and
infertile egg during incubation. (Green circle : fertile, Red square :

infertile)

Table 4-7 Discrimination of fertile and infertile egg by

circularity of york ellipse at 72hr incubation.

By Circulan'tyACtual Class 0 (10) Class 1 (30)  CDR(%)

Class 0 (Infertile) 10 0 100

Class 1 (fertile) 1 29 96.7

Average 98.4
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Fig. 4-15 Change in YLR(York Length Ratio) during incubation.
(Green circle : fertile, Red square : infertile)
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Fig. 4-17 Change in RYE(Ratio of York Ellipse) during incubation.

(Green circle : fertile, Red square : infertile)

Table 4-8 Discrimination of fertile and infertile egg by the ratio of

major and minor axis of york(RYE) at 72 hr incubation.

Actual
g Class 0 (10)  Class 1 (30) CDR(%)
By model
Class 0 (Infertile) 8 2 80
Class 1 (fertile) 0 30 100
Average 90
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Table 4-9 Change of mean shape indices of fertile egg.

72h

54h

40h

22h

8442

8769

8825

9126

0.9889 0.9693 0.909

0.995

1.001

1.0108 1.023

0.9975

48.439 50.727 96.437

46.333

1.496

1.267

1.229

1.182

Time

Shape inde

Area

CYE

YLR

YSD

RYE




Table 4-10 Change of mean shape indices of infertile egg.

. 40h 54h 72h
Shape index
Area 8564 8508 8543
CYE 0.998 0.985 0978
YLR 0.9820 0.992 1.003
YSD 51.988 57.128 58.108
RYE 1.1825 1.229 1.268
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Table 4-11 Effect of preprocessing of spectrum data on performance of

PLSR model in determining Ratio of York Ellipse at 72 hr incubation.

(Light source type A)

Different

Normali-

No Sm;(;th* Al 1st | MG | SNV tion R? SEP bias
1 - - - - - 0.21883 | 0.25371 | -0.03927
2 - - 0 - - 047733 | 013313 | 0.00256
3 0 - 0 0 - 0.32331 | 0.17902 | -0.00057
4 0 0 0 0 - 0.32208 | 0.17434 | -0.00598
5 = = 0 = 0 058516 | 0.13259 | 0.03922
6 0 - 0 0 0 0.03519 | 0.42406 | 0.05714
7 0 0 0 0 0 0.07952 | 054796 | 0.22113

Table 4-12 Effect of preprocessing of spectrum data on performance of
PLSR model in determining Ratio of York Ellipse at 72 hr incubation.
(Light source type B)

Smooth-

Different

Normali-

No ing | cal1st | MY LN ation R SEP | Dias
1 - - - - - 0.01107 | 0.36786 | -0.19786
2 - - 0 - 045524 | 0.11289 | -0.03264
3 0 - 0 0 - 0.35727 | 0.12959 | -0.03473
4 0 0 0 0 - 0.36059 | 0.11803 | -0.02064
5 = = 0 = 0 046132 | 0.11634 | -0.00712
6 0 - 0 0 0 0.19644 | 033792 | 0.02201
7 0 0 0 0 0 0.09605 | 0.67242 | 0.25069
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(b) Validation plot
Fig. 4-18 Calibration and validation results of PLSR model
developed with ratio of major and minor axis of egg york

image in VIS range. (Light source type A)
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Fig. 4-19 Calibration and validation results of PLSR model
developed with ratio of major and minor axis of egg york
image in VIS/NIR range. (Light source type B)
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Table 4-13 Discrimination of fertile and infertile egg by the PLS
Validation model with shape index, Ratio of York Ellipse at 72 hr
incubation. (Light source type A, threshold value = 1.31 )

Actual
cud Class 0 (4) Class 1 (24) CDR(%)
By model
Class 0
4 0 100
(Infertile)
Class 1 (fertile) 1 23 95.8
Average 979

Table 4-14 Discrimination of fertile and infertile egg by the PLS
Validation model with shape index, Ratio of York Ellipse at 72 hr
incubation. (Light source type B, threshold value = 1.31 )

Actual
e Class 0(4) Class 1(24) CDR(%)
By model
Class 0 5 5 50
(Infertile)
Class 1 (fertile) 0 24 100
Average 75
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day 15
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62.2
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day 11
58.1
67.6

storage
day 6
63.2
69.9

storage
day 1
80.0
82.1

Fertile egg
(HU)
Infertile egg
(HU)

Table 5-1 Change of the Haugh unit during storage period at

room temperature. (Source = http://www.nias.go.kr)
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HU=100X log(h—1.7u"* +7.6)
h = observed height of the albumen in millimeters

w = weight of egg in grams

Fig. 5-1 Measurement device of the Haugh unit.
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Table 5-2 Specifications of egg sample, light sources and

spectrometer.
Egg . .
Hyline Brown White Leghorn
Item
No. of sample 60 36
Weight 58g ~63g Hg ~62¢g

Combined light source type B( Green

Light
1ght source LED + Blue LED + Halogen lamp )

Model name : USB4000

Spectrometer Manufacture : Ocean Optics

Range : 480~1,200nm
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Table 5-3 Time to measure transmitted energy spectra with brown and

white eggs, and setting conditions of spectrometer.

Measurement
Ist | 2nd | 3rd | 4th | 5th | 6th
Items
Storage period(day) 0 4 5 7 9 11
Brown egg 10 10 10 10 10 10
Sample No.
White egg 6 6 6 6 6 6
Storage Brown egg Temperature : 25C
condition | White egg Humidity : 40% Relative
time White egg 30ms
No. of Brown egg
spectrum ' 2
for average White egg
Boxcar for | Brown egg 6
smoothing | White egg
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Fig. 5-2 Mean of the transmitted energy spectra of brown egg
during storage in VIS/NIR range. (Light source type B)
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Fig. 5-3 Mean of the transmitted energy spectra of white egg during
storage in VIS/NIR range. (Light source type B)
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Table 5-4 Effect of preprocessing of spectrum data on the performance

of validation model in predicting Haugh unit of brown egg.

o Smoothing Dif_feirtltal MSC | SNV R? SEP bias
1 - - - - 0.69532 9.7263 0.14986
2 - - 0 - 0.72132 8.8442 0.11729
3 0 - 0 0 0.68809 9.3674 0.38166
4 0 0 0 0 0.58201 11.4461 -0.23389

Table 5-5 Effect of preprocessing of spectrum data on the performance

of validation model in predicting Haugh unit of white egg.

“ smoothing | D | MSC | SNV | g2 SEP bias
1 - - - - 0.92125 5.2875 0.27691
2 - - 0 0.92162 5.2747 0.26917
3 0 - 0 0 0.90178 5.8736 0.48167
4 0 0 0 0 0.85701 7.1495 0.08597
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Fig. 5-5 Calibration and validation result of PLSR model
in predicting Haugh unit of brown egg.
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Fig. A-3.1. Raw spectrum with normalize preprocessing at 72 hr under
light source type A.
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Fig. A-3.2. Raw spectrum with normalize preprocessing under light
source type B.
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Fig. A-5.1. Transmitted energy spectra of brown egg during storage in
VIS/NIR range. (Light source type B)
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Fig. A-5.2. Transmitted energy spectra of white egg
VIS/NIR range. (Light source type B)
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=74 24 (PLSR, PLS-DA)E ¢3 wWEyY =

<F9 FA> 9% B3I FJ A
load 'result_incubation_03.txt’'% % FA# 0, TAH 12 A3
vak 3

SI=(1:1:100)";

spectrum=[ABS_LEDC(:,380:1428)]; % VIS ~HE™ W X4 501
~916nm

% ABS_LED =43 @ A 29 EY

concent=result_incubation_03; % ¥4 zk(y)

2626%%% % H| ©1 B & 8%%%%6% %

data=[SI concent spectruml;

datal=data(1:63,:);

data_u=datal;

data_u(40,)=[1; % F7Ad °ol&

data_u(7,)=[1; % FA4& °]F
mean_u=mean(data_u(:,3:end)); % F+A & HT ~HAE
Anorm_u = (mean_u - min(mean_u))/(max(mean_u)
-min(mean_u)); % [0,1]17 73}
index643_u=mean(mean_u(:,570:576)); % 643nm
normal_mean643_u=mean_u./index643_u; %643nm= 1 3}
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sdatal=shuffle(data_u); % 4 729 =3
x1=sdatal(:,3:end);

yl=sdatal(:,2);

SIl=sdatal(:1);

ratio=0.5;
[xcl,xv1,ycl,yvl]=PrepareDataSet(ratio,x1,y1);

data2=data(64:100,:); % A&

data_mu=[datal(7,:); datal(40,:); data2];
mean_mu=mean(data_mu(:,3:end)); % FAH & Hi
Anorm_mu=(mean_mu - min(mean_mu))/(max(mean_mu) - min
(mean_mu)); % A1 3}
index643_mu=mean(mean_mu(:,570:576));

normal_mean643_mu=mean_mu./index643_mu;

sdata2=shuffle(data_mu);
x2=sdata2(:,3:end);
y2=sdata2(:,2);
SI2=sdata2(:,1);

ratio=0.5;
[xc2,xv2,yc2,yv2]=PrepareDataSet(ratio,x2,y2);
xc=[xcl;xc2];
xv=[xv1l;xv2];
ye=lycl;yc2l;
yv=lyvl;yv2];
SI=[SI1;SI12];

graph=1;
%HAAT Y=

wave=[400 1200]; %freg2=Xlabel’;
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X=spectrum;

y=concent;

graph=1;

load 'freq2000.txt’;
freq2=1req2000(380:1428,:)";

save freq2.txt freq2 -ascii

x=data(:,3'end);
y=data(:,2);

[corr]=CorrCalc(x,y,wave, freq2.txt’,graph);

% e 2 v A
xc=savgol(xc,31,2,0);
xv=savgol(xv,31,2,0);

2oMSC

ERES DL

[xc,xref,alpha,beta]=MSCData(xc);

xv=MSCDataApply (xv,xref);

2%6oNV

mc=0;
[xc]=SNVData(xc,mc);
[xv]=SNVData(xv,mc);

%PLS =& F3}7]
maxfactor=10;
mc=0;

conc=1;

optfact=8; % E = )

-

TERE

EN
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[optfactor,R2C,SEC,R2V ,SEP,bias,cumpress,b]=PLSCalc(xc,xv,yc,yv,

maxfactor,mc,graph,conc,optfact);

AEE FETCO0DEFH At Aoz & =79 F7

<PLS ¢xgF FH>

function
[optfactor,R2C,SEC,R2V,SEP,bias,cumpress]=PLSCalc(xc,xv,yc,yv,maxfacto
r,mc, graph,conc,optfact)

%PLS routine by NIPALS algorithm

%

%I/0 Format :

[optfactor,R2C,SEC,R2V,SEP bias,cumpress]=PLSCalc(xc,xv,yc,yv,maxfactor,mc,gra
ph,conc,optfact)

%

%[INPUT]

%xc - Calibration Spectrum, xv : Validation Spectrum

%yc - Calibration Concentration, yv=Validation Concentration

%maxfactor : Max. No. of PLS factors

%mc : Mean Centering Flag (0=no,l1=yes)

%[OUTPUT]

%optfactor : Optimal Factor No. by Cross—Validation(leave-one-out)
2%R2C : Determination of Calibration, R2V : Determination of Validation
%SEC : Standard Error for Calbration,SEP : Standard Error for Validation
%bias : Validation bias

%

% received from Dongsoo Ryu(2001)

[m1,nl]=size(xc);
[m2,n2]=size(xv);
%Mean Centering
if mc ==

[xc,mx] = mncn(xc);

[yc,my] = mnen(yc);
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xv=scale(xv,mx);
yv=scale(yv,my);
end
%PLS Routine
b = pls(xc,yc,maxfactor,0);
%Cross Validdation : via SIMPLS algorithm, leave-one-out
[press,cumpress,rmsecv,rmsec] = crossval(xc,yc,’sim’,'loo’ maxfactor,[],[1,0,0,[]);
%0Optimal Factor Selection
[pressmin,optfactor]=min(cumpress);
if nargin < 9
optfactor = optfactor;
else
optfactor=optfact;
end
%Calibration
if mc ==
ycal = rescale(xc*b(optfactor,:)’,my);
elseif mc == 0
ycal = xcxb(optfactor,:)’;
end
% Validation
if mc ==
yval = rescale(xv*b(optfactor,:)’ my);
elseif mc ==
yval = xv#b(optfactor,:)’;
end
if mc ==
%Rescaling of scaled(mc) yc,yv
ye=rescale(yc,my);
yv=rescale(yv,my);

end

%Calulation of R™2, SEC, SEP
%%For Calibration
R2C_temp= corrcoef(yc,ycal);
R2C=(R2C_temp(1,2))."2;

%rmsec=sqrt(mean((yc-ycal)."2));
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SEC=sqrt(sum((yc-ycal).”2,1)/(m1-optfactor-1));
%%For Prediction

R2V_temp= corrcoef(yv,yval);
R2V=(R2V_temp(1,2))."2;
%rmsep=sqrt(mean((yv-yval)."2));
bias=sum((yv-yval),1)/m2;
SEP=sqrt(sum(((yv-yval)-bias).”2,1)/(m2-1));

R2C_str=num2str(R2C);
SEC_str=num2str(SEC);
R2V_str=num2str(R2V);
SEP_str=num2str(SEP);

bias_str=num?2str(bias);

if graph == 1
if conc==0 %for Acidity

%Plotting Results
%Press Curve
figure;
plot(cumpress);
xlabel('Number of Factors’);
ylabel(’Cumulative PRESS’);
title'PLS Cumulative PRESS Curve’);

optfactor_str=num?2str(optfactor);

text(optfactor,pressmin+10,’Opt. Factor = ');

text(optfactor+10,pressmin+10,optfactor_str);

xmin=min(yc);

xmax=max(yc);

xaxis_range = [xmin xmaxl];
yaxis_range = Xaxis_range;
textx_pos = xmin+(xmax-xmin)*2/3;

texty_pos = xmin+(xmax-xmin)*1/4;
% Calibraion Plot

figure;

plot(yc,ycal,’'ro’);
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line(xaxis_range’,yaxis_range’);

xlabel(’ Actual Value’)

ylabel('Predicted Value');

title(’ Calibratin Plot’);
text(textx_pos,texty_pos,’R"2=");
text(textx_pos+1,texty_pos,R2C_str);
text(textx_pos,texty_pos—0.2,'SEC=");
text(textx_pos+1,texty_pos—0.2,SEC_str);
% Validation Plot

figure;

plot(yv,yval,’ro’);
line(xaxis_range’,yaxis_range’);

xlabel(’ Actual Value’)

ylabel('Predicted Value');

title(' Validation Plot’);
text(textx_pos,texty_pos,’R"2=");
text(textx_pos+1,texty_pos,R2V_str);
text(textx_pos,texty_pos—0.2,'SEP=");
text(textx_pos+1,texty_pos—0.2,SEP_str);
text(textx_pos,texty_pos—0.4, bias=");
text(textx_pos+1,texty_pos—0.4,bias_str);

else % for SSC

%Press Curve

figure;

plot(cumpress);

xlabel('Number of Factors’);
ylabel(’Cumulative PRESS’);

title('PLS Cumulative PRESS Curve’);
optfactor_str=num?2str(optfactor);
text(optfactor,pressmin+0.1,’Opt. Factor = ');

text(optfactor+10,pressmin+0.1,optfactor_str);

xmin=min(yc);
xmax=max(yc);
xaxis_range = [xmin xmax];
yaxis_range = xaxis_range;

textx_pos = xmin+(xmax-xmin)*2/3;
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texty_pos = xmin+(xmax-xmin)*1/4;

%Calibraion Plot

figure;

plot(yc,ycal,’ro");
line(xaxis_range’,yaxis_range’);

xlabel(’ Actual Value’)

ylabel('Predicted Value');

title(’ Calibratin Plot’);
text(textx_pos,texty_pos, R*2=");
text(textx_pos+0.1,texty_pos,R2C_str);
text(textx_pos,texty_pos—0.05,'SEC=");
text(textx_pos+0.1,texty_pos—0.05,SEC_str);
% Validation Plot

figure;

plot(yv,yval,’ro’);
line(xaxis_range’,yaxis_range’);

xlabel(’ Actual Value')

ylabel('Predicted Value');

title(’ Validation Plot’);
text(textx_pos,texty_pos,' R"2=");
text(textx_pos+0.1,texty_pos,R2V_str);
text(textx_pos,texty_pos—0.05,’ SEP=");
text(textx_pos+0.1,texty_pos—0.05,SEP_str);
text(textx_pos,texty_pos—0.1,"bias=");
text(textx_pos+0.1,texty_pos—0.1,bias_str);

< AAEY dngydF - FE3>
function [xt,cm]=SmoothData(x, width, order)
%Smooth the spectral data by Savitzky—-Golay Method

%I/0 Format : [xt,cm]=SmoothData(x, width, order);

% received from Dongsoo Ryu(2001)
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[m,n]=size(x);
[xt, cm]=savgol(x,width,order,0);

function [xt]=SmoothDataApply(x, cm)

%Smooth the spectral data by Savitzky—Golay Method
%

%I/0 Format : [xt]=SmoothData(x, cm)

%

9% received from Dongsoo Ryu(2001)

[m,n]=size(x);
Xt=x*Ccm;

<AAY gnyF - HE>

function [xt,cm]=DerivativeData(x, width, order, derive)
%Derivative the spectral data by Savitzky-Golay Method
%

%1/0 Format : [xt]=DerivativeData(x, width, order, derive);
%

%x : mXn, m=No. of Samples, n=No. of lambda

%xt : transformed data

%

% received from Dongsoo Ryu(2001)

[m,n]=size(x);
[xt,cm]=savgol(x,width,order,derive);

function [xt]=DerivativeDataApply(x,cm)
%Derivative the spectral data by DerivativeData function
%

%1/0 Format : [xt]=DerivativeDataApply(x,cm)
%

%x : mXn, m=No. of Samples, n=No. of lambda
%xt : transformed data

%

% provided by Dongsoo Ryu(2001)

[m,n]=size(x);
Xt=x*cm;
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<AANYY ¢xnF - MSC>

function [xt,xref,alpha,betal=MSCData(x,mc)
% Transforms the spectral data by MSC method
%

%1/0 Format : [xtxref,alpha,beta]=MSCData(x,mc)
%

%x : mXn, m=No. of Samples, n=No. of lambda
%xt : transformed data

%mc : 1=Mean Centering, 0=No(default)

%

%Modified from PLS_Toolbox by Dongsoo Ryu
% received from Dongsoo Ryu(2001)

if nargin <2, mc=0;end

[m,n]=size(x);
xref=mean(x);

[xt,alpha,beta]l = mscorr(x,xref mc);

function [xt]=MSCDataApply (x,xref,mc)
%Apply the MSC transformation to new data
%

%1/0 Format : [xt]=MSCDataApply (x,xref mc)
%

%x : mXn, m=No. of Samples, n=No. of lambda
%xt : transformed data

%xref : from MSCData function

%mc : 1=Mean Centering, 0=No(default)

%

% preceived from Dongsoo Ryu(2001)

if nargin<3, mc = 0; end

[xt]=mscorr(x,xref mc);

<HAE ¢izykF -SNV>

function [xt]=SNVData(x,mc)

% Transforms the spectral data by SNV method
%

%I/0 Format : [xt]=SNVData(x,mc)

0,

%
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%x : mXn, m=No. of Samples, n=No. of lambda
%xt : transformed data

%mc : 1=Mean Centering, 0=No(default)

%

9% received from Dongsoo Ryu(200

if nargin <2, mc=0;end

[m,n]=size(x);
for 1=1:1'm

xm(i)=sum(x(i,:),2)/n;%mean of wavelength-direction
end

if mc ==
[x,alpha]=mncn(x);
for i=1:1'm
xt(i,)=(x(,)-xm(1))/sqrt(sum( (x(i,))-xm@) ).*2,2)/(n-1));
end
elseif mc == 0
for i=1:1'm
xt(i,)=(x({,:)-xm(1))/sqrt(sum( (x(i,:)-xm(@) ).”2,2)/(n-1));
end

end

2
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C. MR image

< MRI &4 =71>

Example : 715% #2 239 632 5 A= 34&to|~9 =

A Z7A(EH A Dicominfo(‘60534.decm’) 2 3Y)

Filename: 'D\=% dlo]H 3 <Y\File_Numbering\Egg_170321_08
\60534.dcm’

FileModDate: '21-3-2017 08:11:36'

FileSize: 132948

Format: 'DICOM’

FormatVersion: 3

Width: 256

Height: 256

BitDepth: 16

ColorType: 'grayscale’

FileMetalnformationGroupLength: 186
FileMetalnformationVersion: [2x1 uint&]
MediaStorageSOPClassUID: "1.2.840.10008.5.1.4.1.1.4"
MediaStorageSOPInstancelUID: “1.2.826.0.1.3630043.81276.1732173925.306.10005.34
TransferSyntaxUID: "1.2.840.10008.1.2’

ImplementationClassUID: '1.2.826.0.1.3680043.8.1276’
ImplementationVersionName: 'Aspectl.0’

SpecificCharacterSet: 'ISO_IR 100’

ImageType: 'ORIGINAL\PRIMARY\OTHER'

SOPClassUID: '1.2.840.10008.5.1.4.1.1.4"

SOPInstanceUID: '1.2.826.0.1.3680043.8.1276.1732175925.305.1000.5.34
StudyDate: 20170321’

SeriesDate: "20170321’

AcquisitionDate: 20170321’

ContentDate: '20170321'

StudyTime: '075925.000000’
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SeriesTime: "080717.000000
AcquisitionTime: '080717.000000’
ContentTime: '081135.070763’
AccessionNumber: "’

Modality: 'MR'

Manufacturer: 'Aspect’

InstitutionName: 'Chonbuk National University’
ReferringPhysicianName: [1x1 struct]
StationName: 'Empty’
PerformingPhysicianName: [1x1 struct]
OperatorName: [1x1 struct]
ManufacturerModelName: "M3’

PatientName: [1x1 struct]

PatientID: 'Egg_exp_170321_2'
PatientBirthDate: '20170321'

PatientSex: "M’

BodyPartExamined: 'BODY’
ScanningSequence: 'GR’

SequenceVariant: 'SP’

ScanOptions: '’
MRAcquisitionType: '3D’
SequenceName: 'Amos Gradient Ec’
SliceThickness: 1

RepetitionTime: 14

EchoTime: 4

NumberOfAverages: 1
ImagingFrequency: 44.5215
ImagedNucleus: 'H1’
EchoNumber: 1
MagneticFieldStrength: 1
SpacingBetweenSlices: 1
NumberOfPhaseEncodingSteps: 256
EchoTrainLength: 1
PercentSampling: 100
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PercentPhaseFieldOfView: 100

PixelBandwidth: 156.3000

ProtocolName: 'egg test 170319’

ReconstructionDiameter: 70

AcquisitionMatrix: [4x1 uint16]

InPlanePhaseEncodingDirection: "'ROW’

FlipAngle: 20

VariableFlipAngleFlag: 'NO’

SAR: 0

dBdt: 22.5314

PatientPosition: 'FFP’

KSpaceFiltering: 'NONE’

AcquisitionDuration: 232.9830

MRFOV GeometrySequence: [1x1 struct]
MRImageFrameTypeSequence: [1x1 struct]

StudyInstanceUID: '1.2.826.0.1.3680043.8.1276.1732175925.305.1000"
SeriesInstanceUID: "1.2.826.0.1.3680043.8.1276.1732175925.305.1000.5
StudyID: 305

SeriesNumber: 5

InstanceNumber: 34

ImagePositionPatient: [3x1 double]

ImageOrientationPatient: [6x1 double]

FrameOfReferenceUID: '1.3.76.9.1.2.1.1.1001.110’

Laterality: 'L’
ImagesInAcquisition: 64
PositionReferencelndicator: "’
SlicelLocation: 1.5000

SamplesPerPixel: 1
PhotometricInterpretation: 'MONOCHROME?2’
Rows: 256

Columns: 256

PixelSpacing: [2x1 double]
PixelAspectRatio: [2x1 double]
BitsAllocated: 16

A 2] @

- 134 —



BitsStored: 16

HighBit: 15

PixelRepresentation: 0

WindowCenter: 8388

WindowWidth: 16399
RealWorldValueMappingSequence: [1x1 struct]

A 2ol &
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< MRI 3# o]n] =] >

Fig. C-1. The coronal MR image of

Chonbuk Naticnal Un

Fig. C-2. The sagital MR image of
of hen's egg.
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Fig. C-3. The axial MR
hen’s egg.

- 137 —

image of

)



=

o
< ‘E‘TQ'A =~

=
1w |

ot

g AG AR >

e

tw

CC=ll;, %A 54 4
st=8;

for b=1:40 9% ¢lo] 5 Hdeo] H9
new_b=800+b;
s=['cd D:\egg06\' num2str(new_hb), \Dicoms'];

eval(s); % =U] 47| £ 28

for g=1:10; % ¢lo] 54 Efol=29] H 9
k1=27+q;
if b < 10

filename=[num?2str(st),’0’ num2str(b),num2str(k1),” .dem’]
; else
filename=[num2str(st),num2str(b),num?2str(k1),”.dem’];

end;

f=dicomread(filename);
g=mat2gray(f);

h=flipud(g); % s} ¥ 7]
ho=flipud(g); %<olmn|# ==&
%l HHAAE YT
r=h(158:167,234:244);

%dl ¥ 2 914

R=r(}); %3s}itte] <&
M=mean(R);

h=h/M; %l H AR L F7]
h(155:175,232:252)=0.1;

h2=(h>=0.26); % &4 2

el=edge(hl, sobel’);
e2=edge(h2, sobel’);
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se90 = strel('line’, 3, 90);

se0 = strel('line’, 3, 0);

BWsdill = imdilate(hl, [se90 se0]);
BWsdil2 = imdilate(h2, [se90 se0]);

%imshow(BWsdil);
BWdfilll = imfill(BWsdill, "holes’);
BWdfill2 = imfill(BWsdil2, "holes’);

%figure, imshow(BWdfill);

BWnobordl = imclearborder(BWdfilll, 4);
BWnobord2 = imclearborder(BWdfill2, 4);

%figure, imshow(BWnobord), title(’cleared border image’);

seD = strel('diamond’,1);

BWifinall = imerode(BWnobordl,seD);
BWfinal2 = imerode(BWnobord2,seD);

BWfinall= imerode(BWfinall,seD);
BWfinal2 = imerode(BWfinal2,seD);

o .
96 F3E Gk

[bl,L1]=bwboundaries(BWfinall,8, holes’); % +=ZAF &34 3%
[b2,L2]=bwboundaries(BWfinal2,8, holes’); % A& 24 3k

P=regionprops(BWfinall, area’, 'centroid’, 'Perimeter’); %W 4, + 41,
S 4ol
P2=regionprops(BWfinall, convexhull’, 'majoraxislength’,

"minoraxislength’);

MNET

u |
 —
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Area(q)=P.Area; % %S4 4

Al1=P.Area;

Outline_length(q)=P.Perimeter; % 2%} &2
Outl=P.Perimeter;

Circularity (q)=(A1#4.0%pi)./((Outl)."2); % L= A4l
MajorAxisLength(q)=P2.MajorAxisLength;
MinorAxisLength(q)=P2.MinorAxisLength;

% ConvexHull{g}=cat(1,P2.ConvexHull);

A

i

i)
i)

o]

C1=P.Centroid,

Centroid=fix(C1); % +4< AFihow Hsh

x_Cen=Centroid(1,1); % <4 xat

y_Cen=Centroid(1,2); % <4 v#k

BWoutline = bwperim(BWfinall);
BWoutline2 = bwperim(BWfinal2);

Segout = ho;

Segout(y_Cen-2:y_Cen+2,x_Cen-2:x_Cen+2)=0; % 3} A Z4
Ao g FA

Segout(BWoutline) = 0; % 3}l &4 HAgAM oz F A
Segout(BWoutline2) = 255;

N1=[];

N2=[];

S=[1;

x1=b1{1,1}; % =E=F
x2=b2{1,1}; % A= =dle] it

xx1 =x1(:,2); %xF 3%
xx2 =x2(:,2);
xyl=x1(.,1); %%y=Fit
xy2=x2(:,1);

fﬂ i
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j=0;
e=0;
for i=1:length(xx1)
% if 100<x(i,1)<160 && x(i:2)>Centroid(1,2);
if x_Cen-20<xx1(i,1) & xx1(i,1)<x_Cen+20; % <4 XZ3iE
HARY -10, +1094 st W19 AH
if xyl(i,1) < y_Cen;
=L
Segout(xy1(i),xx1(i))=255;
N1(j)=sqrt((xx1(i)-x_Cen)."2+(xy1(i)-y_Cen)."2); %
FTAHANA 5E Wgor G 4ol
else
Segout(xyl(i),xx1(1))=255;
e=e+l;
z(e,)=[xx1(1) xyl1({D];
S(e)=sqart((xx1(i)-x_Cen)."2+(xy1(i)-y_Cen).”2); %
FTAANA FE o r FAMATHY 4ol
end;
end;

end;

m=0;
n=0;
for m=1:length(xx2)
if x_Cen-20<xx2(m,1) & xx2(m,1)<x_Cen+20
if xy2(m,1)<y_Cen;
n=n+1;
Segout(xy2(m),xx2(m))=0;
N2(n)=sart((xy2(m)-x_Cen)."2+(xx2(m)-y_Cen).”2); %
FTAHAA 52 3o A FHAA7A S do]
end;
end;

end,
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% A
max_N1(g)=max(N1); % =22} Fa A =22 9%
Wk EE)o® oA HE 72 Min(N1
min_S(q)=min(S); % »E#}
W) o ® QA FHY A
ratio_D_1(g)=max(N1)/min(S); % =4} FT4lol A w=2x)
o w ff/obel W3 Azl M
length_D(q)=max(N2)-max(N1); % =24} SAalol A (72 7pA] 9]
Hol AYN2)-=22 2 74419 Hj A g Max(N1)
ratio_Length_D(qg)=length_D(q)/max(S); % (ZAoA] &=
AANA A - TANA 5 =247k 9] Ad)/ (THAA =
Tk 9] Ad)
ratio_Axis(q)=MajorAxisLength(1,q)/MinorAxisLength(l,q); %
FEa G5 v
end;
result_Area(b,))=Area; % 4193 ks fE R
result_Circularity(b,:)=Circularity;
result_ratio_D_1(b,:)=ratio_D_1;
result_length(b,:)=length_D;
result_ratio_Length_D(b,:)=ratio_Length_D;
result_MajorAxisLength(b,:)=MajorAxisLength;
result_MinorAxisLength(b,))= MinorAxisLength;

result_ratio_Axis(b,:)= ratio_Axis;

m

end;
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Abstract

Early Detection of Infertile Egg

during Incubation and
Determination of Freshness
during Storage using
Spectroscopy

Hak Sung, Kim
Biosystem engineering
The Graduate School

Seoul National University

The first inspection which is called candling to pick out the
embryo—free and infertile eggs 1is generally carried out by
manpower between 5 and 7 days during incubation, and all the
embryo—free eggs are discarded. If an automatic technology is
developed to discriminate the embryo—free within a shorter time
(3 days), manpower and energy required for incubation can be
reduced and the embryo—free eggs can be utilized for other
purposes.

The purpose of this study is to develop a technique for early
detection of infertile egg by using spectroscopic analysis method
which has been applied to evaluate quality of agricultural

products nondestructively and by using 1.0 tesla MRI which was
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recently developed for industrial use, and furthermore to develop
a freshness measurement technique of the egg in storage. The

results of this study are summarized as follows.

1. The transmitted energy spectra were measured from the egg
samples with illumination devices which is composed of blue and
green LEDs (Light source type A) and which is of halogen lamp
in addition to the LEDs (Light source type B). and a PLS-DA
model was developed to discriminate the embryo—free (infertile)
egg. The developed PLS-DA model shows discrimination rate as
high as 90% from the incubation time of 40 hours under the
light source type A and from 22 hours of incubation under light
source type B. As the time passed, the discrimination rate
increased slightly and the stability of the model improved. As a
result, the detection rate was found to be 929 or more at about

56 hours of incubation.

The result of this early detection is believed due to the
enhancement of the blue light source near the 450nm band in the
illumination device and due to the normalization using the
original spectrum in preprocessing of spectrum data which is
developed in this study.

2. Sixty four(64) slices of each egg in the axial direction were
obtained using 1.0T MRI with TR=14msec, TE=4msec and Flip
angle=20° during incubation. In order to quantify the change of
the york shape during incubation, an image processing algorithm
was developed to analyze contour, centroid, circularity, ratio of
major and minor axes and shape indices of the yolk image.

Average image information of the three central slices was used

to calculate shape indices which are useful for discrimination of
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fertile and infertile egg. Among them circularity and ratio of
major and minor axes of york showed discrimination rates of

98.3% and 90.09% respectively at 72 hours of incubation

The ratio of major-minor axes of york image obtained by MR
image analysis was predicted by a PLSR model of spectroscopic
analysis. The result presented that R*> and SEP were 0.46132 and
0.11634, respectively. Further studies are recommended to improve

the relationship between the two methods.

3. PLSR models were developed to predict the freshness(Haugh
Unit) of the infertile eggs with the transmitted energy spectra
measured from Hy-line brown and white Leghorn eggs in
VIS/NIR range(Light source type B). The results of HU
prediction  presented that R?=0.72132, SEP=884HU and
measurement error=13.63% for the brown and R?*=0.9216,
SEP=5.27 and measurement error=8.70% for the white. Further

study is recommended for practical use in case of the brown.

4. According to the shape analysis of the MR image of the
embryo development in egg and the discrimination analysis of
infertile egg by spectroscopic method, the shape of the yolk
began to change rapidly from about 40 hour incubation, and it
was found to discriminate the infertile at about 56 hour

incubation.
Keyword : Incubation, MR image, VIS/NIR Spectroscopy,

Infertile hen’s egg, Haugh unit
Student Number : 2003-30371
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