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Abstract There have been many prior studies worldwide on the development of a system to measure the
quality of beef carcass in real-time. In particular, digital image processing technology, which is one of
the non-destructive quality analysis methods, has made great progress with the development of field
application devices. However, beef carcass grading in Korea is still carried out visually by an expert.
Furthermore, the present-day commercialized beef carcass grading devices are large and have heavy
hardware, making it difficult to use them in domestic slaughterhouse environments. Therefore, this study
was conducted to develop a compact and lightweight image acquisition device for a domestic
slaughterhouse. As part of the design, the device's height was minimized to enable image acquisition in
a narrow area, and a fisheye lens was attached to acquire images in proximity. In addition, the image
distortion generated from the fisheye lens was corrected to obtain an optimized image for grading

determination.
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Fig. 1. Beef carcass grading region exposed

Wik Ak AE P S9YAE Rt 2]
el W el EE WA RAANE V2 23
ol BhsT A7} WAL MPATAINE Lt 7

Wt Ao AR 4AE FL @JH 590] AkIst

840

717} 1871 WEel 2F 30° 7]&ol7l ol FFE
P EASIGITHGL WA & =R 5EES 4
e F2 A B0l AT 5 J=F 425
B &5 FA Ago] st A BEAES o5t
4]317] J5t7] ol &3¢ 7hEh, MRI
(Magnetic Resonance Imaging), CT(Computerized
Tomography), HX27HH2t 59 ozt 7|&Eo] A
FYAFo A AREEFTHT-101. A g7 =
CMOS(Complementary Metal-Oxide Semiconductor)
Gt AXE F2 ARk, AHldEo] A AF5)
7b drhs o] ). Fdolle AREES] YE3kE
=2 TS 71X CMOS IA A4 7 F2H=7] Al1ZE
StAA G B4 T D7} tialo] AnEES &
&= A7t olRojX 1 JITH11-13]. E3], AREE
off Faksto] ARG = QlE 2B ARE W2 Aok
(Field of View, FOV)& &Xgh 4= 9loH, 7HHgte] 7+

O

o=
it 2] O z;q

|mEE =

ol ¥

e ZFANAA B2 4 9ol 24 Aol B
A e ASY 4 Uk AW, 2P A=S
B8 G HZol WS H1, A I 24
2 9JshE =) e Bgo] BAEoITH14, 15
B AFoAE & BAY B H9lel H2 W w9

of A THsshn F B2 B0l AgtES 2%
=0] Fhsole] 49 @ Agete 34 IS 4AE A
wsb7] gisl SagEigleh, TR dolHe] A 9 5ak

o] ol ARKEE sk o] 839, THAM He
Aofzhe BRs] 9% olekilg Hastgon o)
wgste] SaRel HHske e AsskuAt sk

H=E

[ S——

2.

S Al X[ 24

Fig. 2& & AFolA Azt 34 5 AIE ZAY
Eololth. I 5 AE A= 4L ZY5] 9
St AnEZ(Galaxy S10, Samsung, Seoul, Republic
of Korea), W2 Aok (Field of View, FOV)S &X3}7]
3t olRkIZ(Next -10m, &O1AHH]HEL, Seoul,
Republic of Korea), DA gt L3t 2
A7l g 24 W AdEel 98 F(Standard hng
light, Shenzhen ziranpai company, Guangdong,
China), ¥ YA AIAE 913 HZFLE(CPL filter, ®Y
2. Goyang, Republic of Korea) 522 FAJ= o] 3]
o},



2 X 5FHHE A% AntEE sute] HAr F5 AR A
Smartphone —' _———— Smartphone
105 mm
Smartphone holder Smartphone housing
+—— Fisheye lens holder Ling-light housing
Fisheye lens ———» i . )
- f—PoIanzed light filter Body tube
Ling light cover —
(2)
Internal Diameter= 176 mm
Polarized light film :
& Ling light
Light
interruption Fisheye lens
cover Polarized light filter
Ling-light
Body tube
Fig. 2. Exploded view of image acquisition
system for beef carcass grading .
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When, X, Y,Z denotes camera coordinate
system, X,,Y, ,Z denotes world coordinate
system, R denotes rotation vector, 7' denotes
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Where, A denotes depth factor, ay ay a4 0,
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Where, ME(nzels)

denotes detected vertex and re-projected points,

denotes mean error, n

(74,y;) denotes detected vertex, (z,’.y,’) denotes

re-projected point
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Table 1. Gap of incised region for beef carcass HrHol.
grading
Methods Gap of incised region (u) Table 2. Image acquisition device specification
Minimum 44 Item Specification
Maximum 180 Size 175.8x175.8x116.4 m
Average 121.18 Height of insertion part 85.1 mn
Standard Error 25.72 Weight 650 g
Color Black
_ - _ D : Upper diameter: 169.6 m
3.2 %EH% gg 2'; gxl X'”II' rameter Low diameter: 186 mn
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Fig. 6. Image acquisition device developed in
this study
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+ Reprojected points

2
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Fig. 7. Distortion compensation result of
checker board image using camera
parameter (a) before compensation
(b) after compensation

Table 4. Mean reprojection error per image

Mean Mean Mean

No. error No. error No. error
(pixels) (pixels) (pixels)

1 1.369 11 0.7611 21 0.8643
2 0.7665 12 0.8523 22 0.6665
3 1.019 13 1.138 23 0.9119
4 0.3535 14 0.8503 24 1.028
5 1.41 15 1.565 25 1.192
6 1.553 16 1.463 26 1.029
7 1.087 17 1.264 27 0.9844
8 1.529 18 1.191 28 0.9808
9 1.719 19 1.276 29 0.5256
10 1.336 20 0.9418 30 0.5944
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