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SUMMARY

Two commercial systems for the egg quality measurement have been imported and
available in Korean market. QCM+system manufactured by TSS Co., Ltd, is composed of 5
independent units which measure color of the egg shell, weight of an egg, value of the
haugh unit. height of the yolk of an egg, and height of the dense white part of an egg.
Measurements using QCM+system are mostly performed manually and color is examined by
the naked eye via comparing with color model templates. The accuracy and repeatability of
the measurement are low since it utilizes the mechanical probe and naked eye in measuring
the height. Egg Analyzer utilizes the ultra—sonic wave to measure the height of the yolk of
an egg and the height of the dense white part of an egg. It takes long measuring time and

can not also measure the color property of an egg.

In this research, nondestructive automatic measurement system via color computer vision
system was developed to measure the color properties and variation of the heights of the
yvolk and the white of an egg. Load cells were also mounted to measure the weight of an
egg. The egg quality was obtained from the top and side view images of an egg via
measuring the height of the yolk and the dense white, color of the yolk. and time variation
of the heights of the yolk and the white.

The image processing algorithms were developed to recognize the existence of an egg for
the difference of the images, binarization, labeling, and Hough transformation using Microsoft
Visual Studio 2008 C# language and OpenCV of the Intel Co., Ltd. Halcon 10.0 image
processing library of MVtec Co., Ltd. was also used in developing image processing routines.

Heights of the yolk and the white of an egg were obtained from the side images of an egg.

In other to measure the yoke color of an egg, RGB image was transformed to HSI color
image after performing illumination compensation. The noise of the image was removed via
labeling process and edge extraction was performed. Contour of the yolk was extracted and
location which is 1 cm apart from the boundary of the yolk was selected to measure the

height of the dense white of an egg.

The egg livestock is excellent with good proteins and various nutrients. But egg cause
quality changes of internal due to breathing and moisture evaporation in the distribution
process. Therefore, It is necessary to grade eggs inside the physical and chemical changes in
the distribution process observed by quality factors of clear standards set. In this study, The
new method of non—contact was introduced in order to improve the accuracy based on the
problems that caused by measurement time, manpower consumption, and the user's skill in

operating the contact measurement method in the system of existing commercial eggs quality.

_13_



Experiments were carry out in the 5, 20, 35 C temperature conditions to make indicators for
the changes of egg freshness according to distribution temperature and duration of
distribution conditions utilizing non—contact devices. Existing factors; Weight, pH, and viscosity
were used as the criteria to make freshness indicators for each the temperature range
through the unit. The weight of egg decreased depending on the storage period by

respiration. PH increased due to the emission of CO2 dissolved in the internal.

In addition, the viscosity of the albumen decreased due to the liquefaction of the egg
white, yet it was impossible to be used as an indicator of freshness in case of thick albumen
which does not record constant viscosity figures, and no significant change in viscosity was
found during storage period in case of thin albumen which has too low initial viscosity. In the
measuring of the degree of diffusion using non—contact device, and Haugh unit based on the
height of egg white albumen, the degree of diffusion decreased as storage temperature
increased due to the liquefaction, and Haugh unit declined due to the weight reduction during
the storage period and to the liquefaction of thick albumen. In the evaluation of freshness
during 30 days of the storage period in the low temperature conditions, A grade was
successfully maintained until the end of the term in the storage at 5C, and for 20 days at
20C, and 12 days at 35C.
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Fig. 2 Egg Analyzer
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Fig. 4 Egg weight measurement system
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Fig. 8 Brookfield viscometer

ol BHEE FHe ZAlsl Yl A=A

o|FAE TUestA HEstA the 2o
EA % (Kinematic Viscosity) @ Stokes(cr/sec) 1 Stokes=100 cSt(Centistokes)
Az FHTS #A o(FHEE)= n(ZUHT)/ p(EZ)

HEA (Viscometer) = HEE FA3te HE=A FRHE FALS oA9A A= wat
oA 7kA] F/7E AU

1. 9838 o2 CannonAldlA] Lo = A= AEA7 gJon =2 adxae 40C, 100Ce]
A= A F2 2ol 9lF.

2. 717182 2= Brookfieldd T A7} 9o F=2 dAE A= WEAAH —10, —20, —30Co]s}
o exdAe HEES 23T}

olefel = A=A, ¥ A=A, 428 H=A, 179 FHAE SHA A=

3. 1 =
2y FEAFo] AUk
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STEHE xFo AAJ] yHF HFAA {5 voll "I} s
71 vldste WEE X=ndv/dy7} &3} o]
= Pas2 FA|g)

I Yo% CGS H@AEE g/em sE AMESHEH 1g/cm'sE lpoise(Fol=)ata 9, 1P2
FEA3t) w3k Fol=o] 10089 18 centi—poise(cP)tal 319, A Ao Hxo &g o
o] Ag3t vl & 1 poise =1g/em's =100cP =0.1kg/m's®2 JTA|E &4 lom, 1cP
=0.01g/cm's =0.00672Ibm/ft's =2.42Ibm/ft-hr2 FEASt} ZA G A @92 TR AT
o B (N-s/m" )& AL-&-3hr).

AEANE ofe TR/ QuH, $4 e B £2 97 239 fA7 B2E ABe AE
b B fAS FH B RF(EEY e Ax, FolHfel ¥H'e AgsA FHE
& FoE Ae AV FEAD B 2 FoM LEEVEREAL B HHES EF
Mol 2T MIHE e ASShE oA dAE-dgHoE JEA AEAZ DA

AT

o ol AT fA Lol %
SHTHEA, 7120 HHEEE
AF S AAAA BAATE 7

Ae AFHTA, AFHEES

TR GetEES

= Z1ZHEA, B5 ) 4F 7
SHA=A, FA &9 AFA7L k= H]
te A=A Sl i

fo

F[F _IINI
o,
_O|L

i Jo 1o
__).4_2
it
-
ki
=

e Hzorr

B[}Y
ol
ol
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1A AFw B3 D

AF9 EFFAE (Low—pass filter)= o2 Otz AFy A3E EFGAI L 1F9 AETE
AHle 75E ok dutdez 24 FuldA FAHsHE dHolHe AFa JEolL ko]
2482 1792 FHo ok owdt dHolHo Fos W 2 HolH kolz2= Azt
SHA R HEgs WH A2 Fol2 HolHe Fogkd HFEo A= HolEe gug oy
Aot 7|4 Dete AT T3 ZEHE ol dS Hes FE & 4 AT

= az,_,+(1—a)z, ()

A A(DLe 12 AF7 B3 FHo|Y. o 0<e<1 AFoltt. z, ¥ BT, 7, , 2
"Hoh A(De] HelHe xolzE Al MER HolHZE HAuolEe B H
T B3RS Bas A1) tig AFLE oy 2o

Tp—1= axk*2+ (l_a)xk*l (2)

A2 A A FEF( v, ) e 2ok o] AL Ao ysty Asd e
2t

r=az, +1—a)z,
=alaz,_ o+ (1 —a)z,_ )+ (1 —a)z, 3

= a2xk,2+ a(l—a)z,_,+ (1 —a)x,

A7 FA "HolH (g ,z )l FlZ AF all—a) 9 1-a Z71E B BEH o= 0<a
<1%] AolB=R T Al Alolde o3 2t




2ol el

Ty_o=az,_3+(1—a)r,_, (4)

Sl Ae A(3)el WA Felshd thet 2o,

17.: a2xk,,2 +a(l—a)z,_;+ (1 —a)x,

=ad*(axy,_3+(1—a)r,_,)+a(l—a)z,_, +(1—a)z, (0)

= (Lngr a’(1— a)ry_yta(l—a)r,  +(1—a)z,

=4 HlolE 9 AT Atelde thed 22 BATE 4yt

a2(1—a)< a(l—a)< 1—a

thest 2 BAS FA oA 24 HOlHUFE o Fe ASv Fu Ave AL &
S gtk aeEz A% 53 PHE odd SARYSS O 4L AFAE ¥ = Uy
otk ol @ AFAE Else YHom AFT By BHE FFoldE Fe AA 543
N2 HolEd tF AAAL BE DI WHY T 4 Atk
g 94 9% 27

dere] A=E AW B W WolSoly] gIsh AL HL. Wl o] MW Fhu o]
Bo1E wolzt F7b shel 9] Bdol AstErt. T A=E AgSA U@ BAHo|

G ot AS7I71A e eke] F7 o=
of 3t xp&o] F7tstng whEA] sjdsfof st &40l

o] @3l A& AE Fhdleke 2 A (focal length)ol] &3] ZHHr.
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ojar B pzad B /////TX

e

>
% > < >

CWE THosRE 94 WEAAe AYs 24 Ast =
gl o 0E A 2AAelH, 25 Aulds AAAels AdE ek
o Xe} xi 247 AA ARG dafe] AA 22 depdnh 27 994 24Ee] BAE
HE —o/f=X/78 BAE FE S Ak o2 ot A4 Yol AR 2r)E gL 2o

—z= f(X/Z)

Az AW 2de x3 Agele] a1 e 2ok

Q=(X,Y,2)
@

- a=xyh)

o
(ic]
n
v

02
o,
i

4m

2%
Fig. 10 General image acquisition

2% 1048 722 WRSE A W T QEWe| Aol DA HT 4ol ohd Zu
2 = ogAto] AAHETL vl 1Y <

AA A2l 3 Ho A "k W
uhjr‘— He 27]<j(1:>r1nc11:)al pomt)O]

s

59 ’,\J(center of prOJectlon)A = Eg 8}74] =
Oé‘

O3 108 B F3-o] & 94 Al (imager)9] F4o] x| £33t} o] 100%HEe] 19
ez G4 AME FFsof st dAd AAZ F=o] MM FHE Zé@r%} A Av7b=E
4 EVbssith 2eER B FHddA R 2“4 olF WSE Fds] A F M A
28 FFuE ¢, & ¢7F oo aHER 3P 24 H Q= (X,V,2) 7} Gl H

]:5- Oﬂ gﬂ ‘s_] J‘E— ;](j e }J—EE (:L‘S(JT'CCH, ys(ﬂ'(ﬁ(ﬁ” )J‘E— q—%:ﬂ/]- Zg_-q—'
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:L‘S(JT'CCH = f.’IJ (

N~

X
7) Jr C.’IJ 5 ys(ﬂ'(ﬁ(ﬁ” = fy(

9 Aol T e 27 Al AST AL B
AE HaSo] Aol ol AP mopo]
A Aglel 374

SJNAE FQEA Agect

(2) A= Y=

9 (distortion)o] A Qe d=E o|l2Foz ZAT 4 vt a8} AR d=dEs 9
o] EAJ5t7] ridolt). o]y 3 A= I3

Az g AT FEFHoF o]
A (parabolic) A=RX T} ™ (spherical)9] =5 glt== AHo] 4}, T3+ A=} JA AME
s Adsle Ax olze delrh A=

<f

S|

il e m{n
(R

Qo= ZA LA = (radial distortion)z}
uk &Y

I (tangential distortion)o] Ith. WAL Sl F2 A =e] Bkl o) BWASIH, HA 2

2!
7hil 2} ZHol A AT

I 115 BAF djFo] AVlE ofE HAHLRE Ho F= Jgo|th #=9 FA4loa |
& Ae FAL F 4 ke e Ave 3R § Bo| oA Azttt durFe s
FA7Ee] M2LFE ol g AAto]l ¥ Wo| BATTE AL T2 FA AAe] FAlollA]
= A9 BAsHA ¢al, FRHeE A5 E go| dATTH AA WA HFE r = 0 FHAAE
A gt ol Hldelg(Taylor series)d] B 7] ez FAT 5 k. A7k 94 74
Hgle] Ff AL F A oz e BIAY & AW A=z o] H4TFE A HA o
AR A @ E7EA] ARESITE dubE o R Ak AlAdlA FF o] WAL fIRE o Aol
o =HHTt

Toprrecteq = (1 k7?4 kgt + kgr®)
Yeorreetea =y (1 + k‘lT'2 + k'27'4 + k'37'6)
A7 (zy)e AFE HY L& ARV, @rorrecteabeorrecea) = BBE MZE $IXE YE
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ATk 33 122 AR Az"elA el BY duFL AeH IS BAW HWoz I
¥ () 53 A 39, 09 (e 28 F Fuolth B 448 Bee W WA 9Tl B

(a) Uncorrected (b) After calibration

Fig. 12 Distortion Correction

L

T 138 AHY Bl A XM WAL jFo] o8] o BHE B
o) FHNH BoldsE dBoE %}E o|F o] ATHE AL ¥ & k. Az 9o

T HAZ 24 vehbe 28 FH A= (trangential distortion)eo]Tt}.

!/ /
/
N\

N\
\

NN

Fig. 13 Distortion Model

Lol et A3t o] Fhde} Alx oA = F4 FHo] SHstA
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ZtHi2} Bl=
Y

CMOS £l o A}

/ 6 [ ° L] Y e
4 e o o e o o
> e o ° o ° ° °
0 [ I [ ] [ ] o ®
= [ ] L ] ° L L] L ] L ]
-4 [ ] o L] L] L] L] L ]
6 |a B . - - - o

1
FHHI2}

(a) Tangential distortion of the camera (b) Tangential distortion of the rectangular structure

Fig. 14 Tangential distortion

‘rcorrected =T + [2p1y + pQ (TQ + 2.’EQ )]
Yeorrected — Y + [pl (TQ + 2y2 ) + 2p2(£]

t}. o]z 3} (binarization)

Fgel ol e 0 Be 12 EFste Aotk 2y 94S 0 £ 19 7o A
2 BEASH wo 2 HWEsI7t o|gy] Ee gl ojdstel A= HA (pixel) FE 0 EE
2502 W 949 oRgte G AT EoklA el A HE AAY AAE 27 4
& AAY HHOR ARG olHE FAste W2 I aHol=Ad Feld 54
Hoh 29 2552 whpal, ed 002 uhte e ARSI olu H4A e AT Hla
she 71EHS ?Jﬁlﬂ(threshold)a}i gt} o]zt F4Hor BHEE oo 2ot

gley)=0 if flz,y) < T
255 iff(x,y)>T

A HNA fley) % gley) B 22 48 G 29 GFL JgugH, 1= JAGE o)
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(al (b}

. & . -

(c) ()
(a) Side of the screen (b) The side binarization
(c¢) Top of the screen (d) The top binarization

Fig. 15 Egg of binarization

a3 15 44 AZ7l0A 2HE olnAE 1509 YAGe R 45T o)A Fiolrt
98 ()= 99 olulAe) Arolw, 1y (b)e 18 ()9 o8 G4, 138 (0)= A sl
4 At QB Gaeln, 27 () 2d (Oo]sh Aol oA Tl WA FatolA
Aste G4 223+ dot

2} HSI 22+

HSI M o 7]—%01 Z A (Red), =28 (Green) IL}H Blue)o.2 %38 sld A8 A A (Hue),

2} = (Saturation), B = (Intensity) 2H# S £ 3 /‘—‘.“ <

EE}/‘“ 59 Ao FRE YUt A== Yo
| theted AME7F o™ HEAd 77k A

E} e 4% szl 2 2d9t. 3= g
T e dEE AR 2oFS JHE FoEHo
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aglm et Axp Z7) shE 1205004 =4, 24050 A gheh 283 T 3605 A] Wk o 2
Eoto A Frh A% gro] 0ojE ML o2 grrtoz FTHHT. FE7l 0ol Jl7HH Aol o] Fg A1
BE7l 19 7P7heH g =ARh HSI Arde RGB 4 2de Es) wg & 4 gtk RGB 4 24
S HSI Amdz alps 4 63 2o

(6 ifB< G
= {360—91fB> G
0= cos— 1L (R—G)+(R—-B) (6}
2 V/(R—G)*+(R-B)(G-DB)
S= I—Lmin(R, G,B)

R+G+B

I= %(RJF G+ B)

dolEd ol AHI dAAF Y BE Fiho FL3 HI ()L Eols AL Ty
TE A2 A = 2 HaE ol Fdelth. dolEd H oA 499 "I E 7HX
FYTt F2o1H Hdste Y d9vks 227 & F Aok dFe] EFHWA SEE g f
Agr Aol z7], 4o FHE, do] T& FEF3 U= Aol 7IesHAl Hoh. o)dstd J4
& del&8 st 7MY a3k WS Glassfire g Folth
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o275 W] B olgolth. o] WHE RE APass) HolEd B u 71X AR B
Agae FH ARHLE AAR FASRA HolBY s wgel

stAel dEe FAAZANAE FAY AdFAA g zHolt. g4 AHA
4—Connection ¥+ 8—Connectiong ©|-&3kc}. 4—Connection A T8 1794 X&2 A=
Agliol F20o A3 49 A ou|dka, 8—Connection A= I8 11 oA #A3}
of AH3 87/ F4AE Hslt}.

B e

(a) 4-Connection (b) 8Connection
Fig. 17 Connection for labeling
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Fig. 19 Difference operations of the egg

(a) Reference image (b) Input image (c) Difference operations
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Fig. 20 Hough Circle Transform

& = ® 3+ (Hough transform)
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Fig. 21 Pro direction of outline tracing considering 8—directional connectivity
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Fig. 22 Process of outline tracing
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Fig. 23 Egg of the system configuration
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(a) Egg system front (b) The side of Egg system

Fig. 24 Egg of the system
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G GSRE A4FA U Basy] s DYVEE st 29 AW 4o
= ool shlgtz TRt 99 sles 4EFel tuw
USB2.0 Qo] 28 AMg-akm 4% shul ek 1394- ARt bl 242 ARgshel Mol 1394-A

7. Fhl e

B oERd ASHE AFH FA4AY A29e 9 g, e Auselay, FgHe
oA AgHE FFE, 28 9 2YY, 2PN FRUG 2P s Al 249
FEE PSR MM AgSE 94 $4 FAE 39 2560 Ued st 2ok sl
g 53 4PY GPIUE Yol YFHUE HYstel Be RUHG HHoE 2HtE B
Aol ANE JHE ANTOE HAFE AP FPITH SHsbGE dFH g Eo|
ol ohe} Uge] 4% WESEE 9 st obd W sd e A

Fig. 25 DFK 72BUOZ camera

Table 1 Specifications of DFK 72BUQ2 camera

Model Name ImagingSource DFK 72BUCO0O2
Pixel Size 2.2um X 2.2um
Array Format 2,092H x 1944V
Imaging Area 5.70mm x 4.28mm
Color Filter RGB Bayer color filters
Optical Format 1/2.5 inch
12 fps @ full resolution
Frame Rates 30 fps @ 1080p resolution
(1,920H x 1080V)
ADC 12-bit, on—chip
Scan Mode Progressive
Electronic rolling shutter(ERS),
Shutter
global reset release (GRR)
Exposure Time 10us - 32s; Bulb
Maximum Data Rate 96 megapixels per second
Connection USB2.0 (A-Mini)
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3 AL TE g sleg 2 592H x 1,944V SIAEE A= He CMOS 7y a2 A4
L X 13 2ok Ay sEs AddE 23d sieg aTek] o) Wi
g A £=7h w2 1394-AEkY] FHBE ALEEte HE] £EE =S

5

H

Fig. 26 IMB-15FT CCD camera

Table. 2 Specifications of IMB-15FT CCD camera

Features( IMB-15FT)

Image Sensor Type

1/3-inch Interline CCD (Sony ICX204AL)

Effective pixels

800,000 pixels 1034(H) x 779(V)

Picture Size

1024x7768, 800x600, 640x480, 320x240

Cell Size(um)

4.65x4.65

Lens Mount

C Mount

Scanning System

Progressive System

Binning Not supported
Format? Partial Scan (Unit: 4x4)
Strobe Active High, Support Normal Mode or Trigger Mode.

Multi—-camera auto sync

-144 us ~ +144 us at 30,15,7.5 frame rate

Memory Save/Load

16 Channels{(O:factory, 1 4:feature, 5~ 15:mode/Teature)

One-shot/Multi-shot

65535 Shots

Control Functions

Brightness, Sharpness, Gamma, Auto-Exposure,
Shutter, Gain, Pan/Tilt,
High speed up trigger frame rate

SIO(RS-232)

IIDC v1.31 version : Path through or IMI-Tech
Command

Frame Delay from Read-out

Min. 70us

Digital Interface / Transfer Rate

IEEE 1394 1 port(6pin) / 400Mpbs

Gain 0 ~ 27 dB (Manual or Auto)
Shutter Speed 1 usec ~ 3600 sec (Manual or Auto)
Data Depth 12 bit
S/N Ratio 56dB or better

Supply Voltage & Power

Less than 2 Watts (@ 12 V DC)

External Dimension / Weight

29(W) x 29(H) x 39(D) mm / Approx 63g
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ERES R

FHdo 2= LED BAR 471 (2] 30cm)7F AFEE AT AF8-38F LED BAR= DCARE AFE-5HE
2 ACE DCUYOR HRE § Gt VALY 2] NFHI. AZE FAFL 1
majele] ztzt 29 279 Zo] AAs We nEA BEAPo R AERL PASAG E
$ LEDZ%7]E ol§3lel ASA7t 47 258 28 ¥ & =S st

Fig. 27 Lighting devices Fig. 28 Inverter

% #s YARSE AMEStA oXZE T F
TS 7] g B Ho .JA ) uﬂge zbA| "k mElA] 10709 7k2 =2 (Corner)$}b 771
o] A2 = (Corner)E 7H Z4 o] ZAol7h 24mmel Ar EAtol= HAw-S AT

nggde]l AAZE A5 Wl ol ve) AW e Busy] ogr] el 3
AZFE mobel Bl ALg L.

o]},

el

2% 29= = 2 AFFAA 229 olm|A] BAY

Fig. 29 Compensation Panel
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o]7] 918 AelN Yl Ake] 8bit MCUQ! Atmegal28E €3+ 2E(JMOD—128)
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A AYL £ 47 2o agla 224 HAYEEE FUshy] S8 a® 319 Zo] 19
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Fig. 30 HD-Lcell-01

Table. 3 Specifications of HD-Lcell-01

HD-Lcell-01
£ (Kg) 1 | 3 5 | 10
T H A (%F.S) 0.05 Y29 FH%F.S/105) <0.15
= (mV/V) 1.0+0.1 AAZY (mV/V) +/-0.1
v] A 2 A (%F.S) 0.05 A7 AR 1000+50
WA (%F.S) 0.05 Y70 AFEQ) 1000+50
(%F.S) 0.05 A A F (M) > 2000(100VDC)
28] 2 (%F.S/3min) 0.05 A7FA V) 5710
Al = e A (%F.S/1min) 0.05 34T (1) -107+50
A 225 9 FH(%F.S/10C) 0.2 -5 5 2 150
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JMOD-128 T

EPX4XM8A
/

Fig. 31 EPX4XMSA

Table. 4 Specifications of JMOD-128

g = &

MCU AVR vlo]Z 2 ZE 28 ATmegal28A-AU,16Mhz

ISP ISP tbe =t &, USB-mini A49H
UART(RS232C) USB-to-Serial(RS232C) Wg7] W CP2102

EEEEE

2x29(58+1)2.54mm A& H,537] GPIO A A A<

Ag AR5 (Zigbee, Bluetooth) 148 89 Qg H o] A~

A€

el S5V(USBA o] & FdF)®= 3.3V EV(YE VEXT #A +)
A7) 274mm X 762 mm (7}Z x M=Z)
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A3 A AT AlLHe 4 dads

2 E ¢ o] = Microsoft Visual Studio 20082] C# A1o]E o] &
A=l 2] Intelrl9] Opencv ¢} MVTec AFe] HALCON
10.0& A3l A 2 4 A58 d3AE LAZTEdos B I8 dE5 I F

=
g 4 AES SHom, Ad BE vue HAL Akos

Ay
Au)

NAEES T Awel o FAANSL 2487 Slsted Y £ZEdS BES 7
EET W B3 ol WAy £ AFH AY BE, AR A F A =
249 FHe 449 2EAL og3ldd ZHHE W aTHE 97 B BE, ZW G4
g% ol ol oA FAulesl BAA el Aol hE AFEold 0T BYFE =
&, 7telet d=ol o3 WAl FT HAYFES EAste BE, 2F A4A HEUOEE FF
So el 4L EF Lab AXER BPSHE BES TR Utk B AL 27 9
Hozn Labgho s Azt

_34_



|
B

Fig. 32 The main screen of Measurement System of Egg Quality

st 2YYI AT FT £
2%, 1) 2= FF R
dol TPE BE F5L AHEAT} 3

Fig. 33 Screen calibration window

a8 338 3lW B3 mE=Z Halcon 10.00.2 gAxE st IANA UR 239 7|5
2 ARV AA A T S JAEFE s RE=olt.
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Fig. 43 Cube object

Fig. 44 Squared sheet
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Table. 5 Pixels change according to the position of the side of the camera

CyvEHRE(-7 ~ +7)d) s HstE pixel 3k
CyE FHE7F S AL u pixel Fk

o A pixelztel s FE= vHEE
D8 A EE B 49X yE R

 HAS AL pixelgk

YZ 9% pixel 2 Sllc(igm) Y& ¢4 pixel 2 o] (cm)
1 395.00 3.21 0.5 384.00 3.12
2 415.00 3.37 1.5 405.00 3.29
3 443.00 3.60 2.0 428.50 3.48
4 466.00 3.79 3.5 452.00 3.67
5 495,50 4.03 4.5 480.50 3.91
6 531.00 4.32 5.5 512.00 4.16
7 559.00 4.54 6.5 544.50 4.43

-1 358.00 2.87 -0.5 366.50 2.94
-2 342.50 2.74 -1.5 349.50 2.80
-3 325.00 2.60 -2.5 333.00 2.67
-4 313.50 2.51 -3.5 319.00 2.06
-5 300.00 2.40 -4.5 306.00 2.45
-6 286.50 2.30 -5.5 292.50 2.34
-7 275.00 2.20 -6.5 281.50 2.26
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Table. 6 Weight change according to the position

Y= e 2 & Atol XS 2 A &Atol
7.00 207.64 0.08 7.00 212.84 0.38
6.50 207.96 0.26 6.50 213.48 0.26
6.00 208.82 4.40 6.00 213.26 0.04
9.90 208.94 4.28 9.90 213.49 0.27
2.00 209.67 3.95 2.00 213.41 0.19
4.50 209.40 3.82 4.50 213.34 0.12
4.00 209.94 3.28 4.00 213.72 0.50
3.90 210.39 2.83 3.90 213.66 0.44
3.00 210.59 2.63 3.00 213.80 0.58
2.90 210.59 2.63 2.90 213.94 0.72
2.00 211.67 1.55 2.00 214.02 0.80
1.50 212.16 1.06 1.50 214.05 0.83
1.00 212.68 0.54 1.00 213.87 0.65
0.50 213.52 0.30 0.50 213.90 0.68
0.00 213.97 0.75 0.00 214.15 0.93

-0.50 213.72 0.50 -0.50 213.84 0.62
-1.00 214.50 1.28 -1.00 214.15 0.93
-1.50 214.78 1.56 -1.50 214.11 0.89
-2.00 215.07 1.85 -2.00 214.16 0.94
-2.50 215.73 2.51 -2.50 214.39 1.17
-3.00 215.62 2.40 -3.00 214.48 1.26
-3.50 216.32 3.10 -3.50 214.28 1.06
-4.00 216.84 3.62 -4.00 214.10 0.88
-4.50 217.59 4.37 -4.50 214.36 1.14
-5.00 217.77 4.55 -5.00 214.19 0.97
-5.50 218.28 0.06 -5.50 213.64 0.42
-6.00 217.67 4.45 -6.00 214.21 0.99
-6.50 219.10 0.88 -6.50 214.25 1.03
-7.00 219.47 6.25 -7.00 214.13 0.91
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Table. 7 Pixels error after calibration
AR HA R WA S HA S oxeg | g4 A | A
e 24 | Aol | A Aolmm) | (0 | Gixed) | (mm)
7.00 552.50 43.68 365.05 29.86 0.48 175.50 0.14
6.50 534.50 42.25 367.80 30.07 0.25 157.50 0.07
6.00 513.50 40.59 362.07 29.62 1.26 136.50 0.38
5.50 499.50 39.49 364.52 29.82 0.61 122.50 0.18
5.00 484.00 38.26 363.47 29.73 0.89 107.00 0.27
4.50 470.50 37.19 365.07 29.86 0.47 93.50 0.14
4.00 452.50 35.77 364.08 29.78 0.73 75.50 0.22
3.50 438.00 34.62 361.82 29.60 1.32 61.00 0.40
3.00 429.00 33.91 362.98 29.69 1.02 52.00 0.31
2.00 421.50 33.32 366.60 29.98 0.06 44.50 0.02
2.00 409.50 32.37 371.20 30.34 1.15 32.50 0.34
1.50 397.00 31.38 368.12 30.10 0.33 20.00 0.10
1.00 388.50 30.71 370.60 30.30 0.99 11.50 0.30
0.50 378.00 29.88 370.83 30.31 1.05 1.00 0.31
-0.20 360.50 28.50 371.06 30.33 1.11 -16.50 0.33
-1.00 351.50 27.79 378.18 30.34 1.14 -25.50 0.34
-1.50 343.00 27.11 369.77 30.23 0.77 -34.00 0.23
-2.00 336.50 26.60 371.81 30.39 1.30 -40.50 0.39
-2.50 328.00 25.93 370.12 30.26 0.86 -49.00 0.26
-3.00 321.50 25.42 372.30 30.43 1.44 -55.50 0.43
-3.20 313.00 24.74 370.64 30.30 1.00 -64.00 0.30
-4.00 307.50 24.31 369.16 30.18 0.61 -69.50 0.18
-4.50 300.50 23.75 370.30 30.27 0.91 -76.50 0.27
-5.00 294.00 23.24 369.53 30.21 0.70 -83.00 0.21
-5.20 289.00 22.85 367.82 30.08 0.25 -88.00 0.08
-6.00 283.00 22.37 367.43 30.05 0.15 -94.00 0.05
-6.20 277.50 21.94 369.73 30.23 0.76 -99.50 0.23
-7.00 274.00 21.66 270.53 30.29 0.98 -103.00 0.29
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Fig. 48 The top of the camera calibration models
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Table. 8 The center of the measurement results of model 1

Fig. 49 The center screen of model 1

B J 3

271 2°] (mm) 2oleAmm) | Ga | ad | o4

7} =2 A = 7} = A = 7} =2 A = mm?2 mm? %
83.96 83.79 21.67 21.62 0.07 0.02 367.62 1.18 0.32
83.93 83.78 21.66 21.62 0.06 0.02 367.62 1.18 0.32
83.91 83.76 21.65 21.61 0.05 0.01 367.59 1.15 0.31
83.89 83.80 21.65 21.62 0.05 0.02 367.58 1.14 0.31
83.92 83.81 21.65 21.63 0.05 0.03 367.53 1.09 0.30

Fig. 50 The right of the top screen of the model 1
Table. 9 The top of the right side of the measurement results of model 1

== J J
271 2°] (mm) 2oleAmm) | Ga | ad | o4

7= A = 7= A =2 7= A =2 mm?2 mm? %
85.10 84.65 21.96 21.84 0.36 0.24 376.80 10.37 2.83
85.10 84.66 21.96 21.85 0.36 0.25 376.84 10.40 2.84
85.06 84.59 21.95 21.83 0.35 0.23 377.71 11.28 3.08
85.08 84.62 21.95 21.84 0.35 0.24 376.78 10.34 2.82
85.12 84.67 21.96 21.84 0.36 0.24 376.82 10.38 2.83
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Fig. 51 The top of the left side of model 1

Table. 10 The top of the left side of the measurement results of model 1

4 Z2) (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
84.22 34.41 21.73 21.78 0.13 0.18 371.93 549 1.50
841.18 84.39 21.72 21.78 0.12 0.18 371.92 548 1.50
84.24 84.40 21.74 21.78 0.14 0.18 371.97 554 1.51
84.21 84.39 21.73 21.78 0.13 0.18 371.970f 5.53 1.51
84.19 84.36 21.73 21.77 0.13 0.17 371.91 548 1.49

Fig. 52 The bottom of the left of model 1
Table. 11 The bottom of the left of the measurement results of model 1

41 7] (mm) 2oleAmm) | Ga | ad | o4
7= A = 7= A= = A2 mm?2 mm?2 %
84.25 84.29 21.74 21.12 0.14 0.48 371.33 490 1.34
84.31 84.24 21.76 21.74 0.16 0.14 371.47 5.03 1.37
84.31 84.27 21.76 21.75 0.16 0.15 371.33 490 1.34
84.23 84.32 21.73 21.76 0.13 0.16 371.56 512 1.40
84.27 84.24 21.75 21.74 0.15 0.14 371.36 492 1.34
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Fig. 53 The bottom of the right of model 1

Table. 12 The bottom of the right of the measurement results of model 1

== 3 3
271 2°] (mm) 2oleAmm) | Ga | ad | o4
7} =2 A = 7} = A = 7} =2 A = mm?2 mm? %
85.15 84.50 21.97 21.81 0.37 0.21 37574 9.31 2.04
85.11 84.60 21.96 21.83 0.36 0.23 375.89 9.46 2.58
85.15 84.54 21.97 21.81 0.37 0.21 375.87 9.44 2.07
85.15 84.57 21.97 21.82 0.37 0.22 375.83 9.39 2.56
85.20 84.60 21.99 21.83 0.39 0.23 37591 947 2.58
Fig. 54 The center screen of model 2
Table. 13 The center of the measurement results of model 2

== 3 J
271 2°] (mm) 2oleAmm) | Ga | ad | o4

7= A = 7= A =2 7= A =2 mm?2 mm? %
89.26 89.08 23.03 22.99 0.17 0.13 416.47 6.04 1.47
89.23 89.04 23.06 22.98 0.20 0.12 416.46 6.03 1.47
89.28 89.09 23.04 22.99 0.18 0.13 416.47 6.03 1.47
89.27 89.05 23.04 22.98 0.18 0.12 416.49 6.06 1.48
889.29 89.10 23.04 22.99 0.18 0.13 416.49 6.05 1.47
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Fig. 55 The right of the top screen of the model 2

Table. 14 The top of the right side of the measurement results of model 2

41 7] (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
90.48 90.11 23.35 23.25 0.49 0.39 426.24 15.81 3.85
90.43 90.10 23.34 23.25 0.48 0.39 426.09 15.66 3.82
90.45 90.09 23.34 23.22 0.48 0.36 426.03 15.60 3.80
90.47 90.06 23.34 23.24 0.48 0.38 426.11 15.68 3.82
90.45 90.11 23.34 23.25 0.48 0.39 426.04 15.60 3.80

Fig. 56 The top of the left side of model 2
Table. 15 The top of the left side of the measurement results of model 2

94 2] (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
90.14 90.10 23.26 23.25 0.40 0.39 423.81 13.38 3.26
90.07 90.17 23.24 23.27 0.38 041 423.81 13.37 3.26
90.02 90.08 23.23 23.25 0.37 0.39 423.76 13.33 3.25
90.08 90.12 23.24 23.25 0.38 0.39 423.99 13.55 3.30
89.93 90.07 23.21 23.24 0.35 0.38 423.82 13.38 3.26
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Fig. 57 The bottom of the left of model 2

Table. 16 The hottom of the left of the measurement results of model 2

4 Z2) (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
90.36 90.48 23.32 23.35 0.46 0.49 426.08 15.65 3.81
90.35 90.46 23.31 23.34 0.45 0.48 425.81 15.37 3.75
90.40 90.46 23.33 23.34 0.47 0.48 425.96 15.53 3.78
90.34 90.46 23.31 23.34 0.45 0.48 425.91 15.48 3.77
90.39 90.48 23.33 23.35 047 0.49 426.22 15.79 3.85
Fig. 58 The bottom of the right of model 2
Table. 17 The bottom right of the measurement results of model 2
4 Z2) (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
91.23 90.68 23.560 23.40 0.70 0.54 431.59 21.16 5.16
91.28 90.72 23.50 23.41 0.69 0.55 431.61 21.18 5.16
91.23 90.62 23.54 23.39 0.68 0.53 431.40 20.96 511
91.18 90.70 23.53 23.40 0.67 0.54 431.31 20.88 5.09
91.26 90.67 23.50 23.40 0.69 0.54 431.30 20.87 5.09
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Table. 18 The center of the measurement results of model 3

Fig. 59 The center screen of model 3

B _ B ™ Z ™ A

94 2] (mm) 2oleHmm) | w4 | ed | o4

7} =2 A = 7} = A = 7} =2 A = mm?2 mm? %
93.27 93.14 24.07 24.03 0.07 0.03 454.57 2.18 0.48
93.27 93.06 24.07 24.01 0.07 0.01 454.49 2.10 0.46
93.31 93.12 24.08 24.03 0.08 0.03 454.65 2.27 0.50
93.24 93.10 24.06 24.02 0.06 0.02 454.70 2.31 0.51
93.27 93.09 24.07 24.02 0.07 0.02 454.65 2.26 0.50

Fig. 60 The right of the top screen of the model 3
Table. 19 The top of the right side of the measurement results of model 3

== J J
271 2°] (mm) 2oleAmm) | Ga | ad | o4

7= A = 7= A =2 7= A =2 mm?2 mm? %
94.26 93.89 24.32 24.27 0.32 0.27 462.93 10.54 2.33
94.31 93.90 24.34 24.23 0.34 0.23 463.18 10.79 2.38
94.38 93.87 24.35 24.22 0.35 0.22 463.59 11.20 2.48
94.35 93.85 24.35 24.22 0.35 0.22 463.55 11.16 2.47
94.38 93.95 24.35 24.24 0.35 0.24 463.01 10.62 2.35
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Fig. 61 The top of the left side of model 3

Table. 20 The top of the left side of the measurement results of model 3

41 7] (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
94.40 94.07 24.36 24.27 0.36 0.27 463.98 11.59 2.56
94.40 94.02 24.36 24.26 0.36 0.26 463.87 11.48 2.54
94.40 93.99 24.36 24.25 0.36 0.25 463.85 11.46 2.53
94.43 94.08 24.37 24.28 0.37 0.28 463.92 11.53 2.55
94.38 94.04 24.36 24.27 0.36 0.27 463.89 11.50 2.54

Fig. 62 The bottom of the left of model 3
Table. 21 The bottom of the left of the measurement results of model 3

271 2°] (mm) 2oleAmm) | Ga | ad | o4
7= A = 7= A= = A2 mm?2 mm?2 %
93.81 93.99 24.21 24.25 0.21 0.25 461.41 9.02 1.99
93.83 94.07 24.21 24.27 0.21 0.27 461.52 9.14 2.02
93.85 94.02 24.22 24.26 0.22 0.26 461.61 9.22 2.04
93.82 94.05 24.21 24.27 0.21 0.27 461.57 9.18 2.03
93.86 94.04 24.22 24.27 0.22 0.27 461.57 9.18 2.03
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Table. 22 The bottom of the right of the measurement results of model 3

Fig. 63 The bottom of the right of model 3

== 3 3

271 2°] (mm) 2oleAmm) | Ga | ad | o4

7} =2 A = 7} = A = 7} =2 A = mm?2 mm? %
93.89 93.11 24.23 24.19 0.23 0.19 460.55 8.16 1.80
93.97 93.67 24.25 24.17 0.25 0.17 460.65 8.26 1.83
93.86 93.69 24.22 24.18 0.22 0.18 460.67 8.28 1.83
93.94 93.67 24.24 24.17 0.24 0.17 460.78 8.39 1.86
93.91 93.65 24.23 24.17 0.23 0.17 460.70 8.31 1.84

Fig. 64 The center screen of model 4
Table. 23 The center of the measurement results of model 4

== 3 J
271 2°] (mm) 2oleAmm) | Ga | ad | o4

7= A = 7= A =2 7= A =2 mm?2 mm? %
102.82 102.90 26.53 26.55 0.03 0.05 bh2.72 1.18 0.21
102.83 102.88 26.53 26.55 0.03 0.05 552."70 1.15 0.21
102.83 102.85 26.53 26.54 0.03 0.04 B552.75 1.21 0.22
102.87 102.85 26.55 26.54 0.05 0.04 b552.73 1.19 0.22
102.83 102.81 26.53 26.54 0.03 0.04 B552.72 117 0.21
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Fig. 65 The right of the top screen of the model 4

Table. 24 The top of the right side of the measurement results of model 4

41 7] (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
104.36 103.96 26.93 26.83 0.43 0.33 566.20 14.66 2.66
104.34 103.90 26.93 26.81 0.43 0.31 566.21 14.67 2.66
104.31 103.94 26.92 26.82 0.42 0.32 566.24 14.69 2.66
104.38 103.96 26.94 26.82 0.44 0.32 566.38 14.84 2.69
104.40 103.93 26.94 26.82 0.44 0.32 566.50 14.95 271

Fig. 66 The top of the left side of model 4
Table. 25 The top of the left side of the measurement results of model 4

94 2] (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
104.01 103.55 26.99 26.72 0.49 0.22 562.16 10.62 1.92
104.65 103.58 27.00 26.73 0.50 0.23 561.91 10.36 1.88
104.60 103.56 26.99 26.72 0.49 0.22 561.99 10.45 1.89
104.69 103.54 27.02 26.72 0.52 0.22 561.98 10.44 1.89
104.66 103.53 27.01 26.71 0.51 0.21 562.02 10.48 1.90
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Table. 26 The hottom of the left of the measurement results of model 4

Fig. 67 The bottom of the left of model 4

94 2] (mm) 2oleAmm) | Ga | ad | o4
7= A = 7= A= = A2 mm?2 mm?2 %
103.67 103.74 26.75 26.77 0.25 0.27 561.55 10.00 1.81
103.79 103.68 26.78 26.75 0.28 0.25 561.41 9.86 1.79
103.72 103.64 26.76 26.74 0.26 0.24 561.39 9.84 1.78
103.72 103.64 26.76 26.74 0.26 0.24 561.39 9.84 1.78
103.71 103.62 26.76 26.74 0.26 0.24 561.46 991 1.80

Fig. 68 The bottom of the right of model 4
Table. 27 The bottom of the right of the measurement results of model 4

=F 2] (mm) 2oleAmm) | Ga | ad | o4
7= A =2 7} =2 A =2 7} =2 A 2 mm? mm? %
104.31 103.56 26.92 26.72 0.42 0.22 566.25 14.71 2.67
104.35 103.55 26.93 26.72 0.43 0.22 566.47 14.92 271
104.25 103.62 26.90 26.74 0.40 0.24 566.29 14.74 2.67
104.36 103.72 26.93 26.76 0.43 0.26 566.54 14.99 272
104.37 103.67 26.93 26.75 0.43 0.25 566.91 15.36 2.79
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Table. 28 The center of the measurement results of Model 5

Fig. 69 The center screen of model 5

4 Z2) (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
102.82 102.90 26.53 26.00 0.03 0.05 5b2.72 1.18 0.21
102.83 102.88 26.53 26.00 0.03 0.05 552.70 1.15 0.21
102.83 102.85 26.53 26.54 0.03 0.04 552.75 1.21 0.22
102.87 102.85 26.00 26.54 0.05 0.04 552.73 1.19 0.22
102.83 102.81 26.53 26.54 0.03 0.04 Db2.72 1.17 0.21

Fig. 70 The right of the top screen of the model 5
Table. 29 The top of the right side of the measurement results of Model 5

4 Z2) (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
104.36 103.96 26.93 26.83 0.43 0.33 566.20 14.66 2.66
104.34 103.90 26.93 26.81 0.43 0.31 566.21 14.67 2.66
104.31 103.94 26.92 26.82 0.42 0.32 566.24 14.69 2.66
104.38 103.96 26.94 26.82 0.44 0.32 566.38 14.84 2.69
104.40 103.93 26.94 26.82 0.44 0.32 566.50 14.95 271
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Table. 30 The top of the left side of the measurement results of Model 5

Fig. 71 The top of the left side of model 5

4 Z2) (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
104.01 103.55 26.99 26.72 0.49 0.22 562.16 10.62 1.92
104.65 103.58 27.00 26.73 0.50 0.23 561.91 10.36 1.88
104.60 103.56 26.99 26.72 0.49 0.22 561.99 10.45 1.89
104.69 103.54 27.02 26.72 0.52 0.22 561.98 10.44 1.89
104.66 103.53 27.01 26.71 0.51 0.21 562.02 10.48 1.90

Fig. 72 The bottom of the left of model 5
Table. 31 The bottom of the left of the measurement results of model 5

4 Z2) (mm) 2oleAmm) | Ga | ad | o4
7= A = = A= = A2 mm?2 mm?2 %
103.67 103.74 26.75 26.77 0.25 0.27 561.55 10.00 1.81
103.79 103.68 26.78 26.75 0.28 0.25 561.41 9.86 1.79
103.72 103.64 26.76 26.74 0.26 0.24 561.39 9.84 1.78
103.72 103.64 26.76 26.74 0.26 0.24 561.39 9.84 1.78
103.71 103.62 26.76 26.74 0.26 0.24 561.46 991 1.80
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Table. 32 Weight according to the direction of the calibration results

Y& 54 IREEE X& 54 IR EEXY
2 oA g % A F
Y& ek A T T 2% | X5 %% | 2% A T =%
=%(g) =% (2) =% (2)
2ko] (g) 2ke](g) 2ke](g) 2ol (g)
7.0 207.64 5.58 212.97 0.16 7.0 212.84 0.38 213.31 —0.18
6.5 207.96 5.26 213.38 —-0.25 6.5 213.48 0.26 213.21 —0.08
6.0 208.82 4.40 213.99 —0.86 6.0 213.26 0.04 213.23 —0.10
5.5 208.94 4.28 213.38 —0.25 5.5 213.49 0.27 213.30 -0.17
5.0 209.67 3.55 213.36 —-0.23 5.0 213.41 0.19 213.26 -0.13
4.5 209.40 3.82 213.99 —0.86 4.5 213.34 0.12 213.17 —0.04
4.0 209.94 3.28 213.85 —-0.72 4.0 213.72 0.50 213.08 0.05
3.5 210.39 2.83 213.40 -0.27 3.5 213.66 0.44 213.04 0.09
3.0 210.59 2.63 213.92 -0.79 3.0 213.80 0.58 213.00 0.13
2.5 210.59 2.63 213.92 -0.79 2.5 213.94 0.72 212.73 0.40
2.0 211.67 1.55 212.79 0.34 2.0 214.02 0.80 212.94 0.19
1.5 212.16 1.06 213.50 -0.37 1.5 214.05 0.83 213.32 -0.19
1.0 212.68 0.54 213.03 0.10 1.0 213.87 0.65 213.17 —0.04
0.5 213.52 0.30 213.01 0.12 0.5 213.90 0.68 213.11 0.02
0.0 213.97 0.75 213.21 —0.08 0.0 214.15 0.93 213.30 -0.17
-0.5 213.72 0.50 213.15 —0.02 —0.5 213.84 0.62 213.44 —0.31
-1.0 214.50 1.28 213.41 —-0.28 -1.0 214.15 0.93 213.57 —0.44
-1.5 214.78 1.56 213.80 —-0.67 -1.5 214.11 0.89 213.61 —0.48
-2.0 215.07 1.85 213.28 —0.15 -2.0 214.16 0.94 213.58 —0.45
—-2.5 215.73 2.51 213.70 —-0.57 —-2.5 214.39 1.17 213.23 —0.10
-3.0 215.62 2.40 213.64 —-0.51 -3.0 214.48 1.26 213.40 —0.27
-3.5 216.32 3.10 213.78 —0.65 -3.5 214.28 1.06 213.21 —0.08
—-4.0 216.84 3.62 214.01 —0.88 —4.0 214.10 0.88 213.09 0.04
—4.5 217.59 4.37 214.01 —0.88 —4.5 214.36 1.14 213.85 —-0.72
-5.0 217.77 4.55 214.01 —0.88 =5.0 214.19 0.97 213.12 0.01
—5.5 218.28 5.06 213.70 —-0.57 —5.5 213.64 0.42 213.57 —0.44
-6.0 217.67 4.45 213.73 —0.60 -6.0 214.21 0.99 213.28 —0.15
-6.5 219.10 5.88 213.17 —0.04 -6.5 214.25 1.03 213.68 —0.55
-7.0 219.47 6.25 213.68 —0.55 -7.0 214.13 0.91 213.48 —0.35
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Table. 33 Weighing scales and measuring results

22 (70g0] ) E2(70~60g) 2 (60~54g)
A2 AZ7 |[FARel ()] AL AZ7 |[FARel ()] AL AZ7l |FEAR] (g)

1 70.64 71.25 0.61 62.38 62.85 0.47 53.60 53.83 0.23
2 67.79 68.65 0.86 62.91 63.74 0.83 57.16 57.27 0.11
3 67.23 67.62 0.39 65.22 66.02 0.80 56.48 56.87 0.39
4 67.97 68.15 0.18 60.93 61.76 0.83 55.27 55.64 0.37
5 68.08 67.85 0.23 60.62 61.21 0.59 57.03 57.08 0.05
6 71.82 71.87 0.05 59.34 60.30 0.96 56.48 56.91 0.43
7 68.64 68.31 0.33 65.41 66.50 1.09 56.14 56.76 0.62
8 70.89 70.85 0.04 62.76 63.75 0.99 57.66 58.15 0.49
9 68.60 68.65 0.05 62.93 63.98 1.05 56.64 56.83 0.19
10 74.53 75.17 0.64 61.97 62.74 0.77 56.11 56.56 0.45
11 70.34 71.53 1.19 61.10 61.92 0.82 55.38 55.93 0.55
12 68.85 69.47 0.62 62.45 62.71 0.26 57.69 58.37 0.68
13 68.37 68.71 0.34 60.89 61.67 0.78 56.97 57.44 0.47
14 68.37 68.44 0.07 65.68 66.66 0.98 57.56 57.70 0.14
15 68.28 68.71 0.43 60.11 60.69 0.58 56.69 57.30 0.61

FF FuFA(g) 69.36 FF FAA(g) 0.40

=g A2 (g) 62.31 EF 7AA(g) 0.79

e Hw52A(g) 56.46 i FALX(g) 0.39
S EF FARC] (2) 7.05 S fqiF FARe] (g) 5.86
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time (days)

Fig. 78 Weight loss values(5) of shell egg samples during 28 days
ofstorage at 25C. Control(4p):not packed; Air([]):packed in air;
N2(@):packed in 100% N2; CO2(A):packed in 1009 CO2
[Rocculi et al.(2009)]
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Fig. 79 Egg albumen pH according to the store period for eggs stored at 35T
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Fig. 81 Egg yvolk pH according to the store period for eggs stored at 35T
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Fig. 83 Viscosity of thin albumin according to the store period for eggs stored at 35T
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Fig. 84 Total Egg Albumen of thin albumin according to the store period for eggs stored at 35T
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Fig. 85 Evolution in the viscosity of fresh albumen with increasing shear rate.
[Kemps et al.(2010)]
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Fig. 87 Viscosity of egg yolk according to the store period for eggs stored at 35T
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Saturation Image Contrast Image Logical subtraction images
Fig. 95 Saturation & Contrast extracting outlines of images of the two images and image subtraction logic
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Fig. 96 Weight loss according to the store period for eggs stored at 20T
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Fig. 102 Spread measure according to the store period for eggs stored at 20C
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Table. 34 Power model coefficients for Egg Albumen spread values

Storage day a value b value R-square
0 12.62 -0.04 0.97
5) 9.10 -0.04 0.98
10 8.00 -0.04 091
15 7.99 -0.02 0.94
20 7.86 -0.06 0.92
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Table. 35 Viscosity model coefficients of egg volk

Model Herschel-Bulkely Power law Newtonian
Storage time

(day) K n 00 2 K n 2 K 2

0 1259 | 0.89 0.00 1.00 | 1267 | 0.88 1.00 716 0.99

5) 9.66 0.89 0.00 1.00 9.52 0.89 1.00 5.25 0.99

10 491 0.92 0.00 1.00 5.44 0.90 1.00 3.07 0.99

15 4.28 0.93 0.00 1.00 4.28 0.93 1.00 291 1.00

20 3.97 0.90 0.00 1.00 3.97 0.90 1.00 212 0.99

25 3.84 091 0.00 1.00 401 0.90 1.00 2.21 0.99
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Fig. 105 Weight loss according to the store period for eggs stored at 5, 20, 35T
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