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[Abstract]

In this paper, we propose a new method for displaying colored defects by measuring the relative
density with the wide-area and local densities of X-ray. The relative density of one pixel represents a
relative difference from the surrounding pixels, and we also suggest a colorization of X-ray images
representing these pixels as normal and defective. The traditional method mainly inspects materials such
as plastics and metals, which have large differences in transmittance to the object. Our proposed
method can be used to detect defects such as sprouts or holes in images obtained by an inspection
machine that detects X-rays. In the experiment, the products that could not be seen with the naked eye
were colored with pests or sprouts in a specific color so that they could be used in the agricultural
product selection system. Products that are uniformly filled with a single ingredient inside, such as
potatoes, carrots, and apples, can be detected effectively. However, it does not work well with bumpy
products, such as peppers and paprika. The advantage of this method is that, unlike machine learning, it
doesn't require large amounts of data. The proposed method could be applied to a screening system
using X-rays and used not only in agricultural product screening systems but also in manufacturing
processes such as processed food and parts manufacturing, so that it can be actively used to select

defective products.
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I. Introduction
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1. X-ray Line Detector

2. Density Analysis of X-ray Image
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Algorithm 1 X-ray Relative Density Measure Algorithm

Input: I'mage

width = width of Tmage
height = height of Imnage

OUT is a zero malrix (size = (width height, 3))

7 is an even mumber,

for x = 1,2,...,uidth do
for y =1,2, ..., height do

& OUT is a white image
e 2n+1 is the filter size.

WAM = mean ( range(fmage[x-n/2, y-u/2|, Image|xtn/2, y+n/2]))

= WAM: Wide Arca Mean

LAM = mean ( range(Image[x-2, y-2|, Image[x+2, y+2[))

= LAM: Local Arca Mcean

std = standard deviation ( range(Image(x-n/2, y-u/2|, Image[xtn/2, y+u/2]))

density: d = (WAM - NAM)/sid

if d < 0 then

OUT[x, y] = (255, 255 + ad, 255 + ad)

else if d = 0 then
OUT[x, y] = (255 - ad, 255

end for
end for

return QUT

ad, 255)

Fig. 5. X-ray Relative Density Measure Algorithm
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Fig. 8. Sprouted Potato

2l 8o \ xE AAH '
IV. Experimental Results T3 82 Aol i R Adoltt. o7loflA] Ate] A

L e EC} W7} =otA o7 mAH) SHA]

Rotel gualzo] ASle os 9w 107} mpold  TF AHES] FHRE ARRO] oS Fato] obddl met 4

3.9.7 BIRS AlLsl9ITE 132 ofsf Akast o= ax WA BEIFHOMA A BAH. ol E &5 A
2jo|Bai2]9] WAL sckit image 0.18.3, matplotlib PEE -



Development of Agricultural Products Screening System through X-ray Density Analysis 111

Hec

Fig. 9. Potato with Holes
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Fig. 11. Apple with Holes

S AAM TS el A% 2B A
g Wolg Ao} P2 L. oA
Solel 1502 AL YA

o
= <)
Aereh dalejge Soto= = 4

EL A BES S MO MYS St ST A

A 2Elo] 83

4
)
e

>~
™ o
HJ[O r
o)
oo
e
o
cE
e
o
re
re

-

)

Fg Aorigln, 4 o] of YnF ML
SS9k Ao Res QY BUcN PN
FUES W 5 Yoix Ueo| B0 i ol

o=
L.

> 0
u)

o o
re

o

o

# i

o] \ ?T o.
ok £
o[% B 2

ol ol

s =

E % 0% % of oQ o
o
_@

" e
T

—C'_[g:

C
F

oZ

i)
o
fu
0
U

2 % o
dul
19

i)
1>
Mo ~
N
rp
g
o
2l
k)
o C

rO
r
o)

9l A2 Q75| % Q)

g"O

R
o
2

o2
15
oft
2

TR

o

1>

K1
Mo we &g

o )3

ujn

e

i

ok

TE‘ 1

oy

Pa)

i)

=]

-

[}

=)

S~

>

i) -[II rlo
=
=

2 &
ms
Jz
A
)

s}
m 2 yo
oK
Ph 0
L+ g
IRC)
[ ul
Sl
- ro
L Ar
l'l'l;,i rgf[“
oo %
-[E ox,
'; g Sl
< b
EN
e
ﬂ
N
2
e

(o]

:
m
ol
14
i
lo
ol
a)
o
a)
o
ol
)
e Qe
r>~
E b
=)
[}
Ho
a

2Ep} e ARTEE AHS3L

CF. AIHE WS AN o83 A ARl K g
of AL AW AAEIWOL ofet 7} AR, RE Alx0

REFERENCES

[1] Dae Yong Kim, et al., “Development of on-line sorting system
for detection of infected seed potatoes using visible near-infrared
transmittance spectral technique,” Journal of the Korean Society
for Nondestructive Testing, Vol. 35, No. 1, pp. 1-11, Feb. 2015.
DOI: 10.7779/JKSNT.2015.35.1.1

[2] Bal Geum Kim, Jong Guk Lim, “Discrimination of Internally
Browned Apples Utilizing Near-Infrared Non-Destructive Fruit



112  Journal of The Korea Society of Computer and Information

Sorting System,” Journal of the Korea Academia-Industrial
cooperation Society, Vol. 22, No. 1, pp. 208-213, Jan. 2021. DOL:
10.5762/KAIS.2021.22.1.208

[3] KwangEun KO, Hyun Ji Park, In Hoon Jang, “Real-Time Tomato
Instance Tracking Algorithm by using Deep Learning and
Probability Model,” The Journal of Korea Robotics Society, Vol.
16, No. 1, pp. 49-55, Feb. 2021. DOI: 10.7746/jkros.2021.16.1.049

[4] Dong-Hoon Shin, Roy C. Park, Kyungyong Chung, “Decision
boundary-based anomaly detection model using improved AnoGAN
from ECG data,” IEEE Access, vol. 8, pp. 108664-108674, Jun.
2020. DOI: 10.1109/ACCESS.2020.3000638

[5] G. M. Yang, et al. “Development of an automatic sweet potato
sorting system using image processing,” Journal of Biosystems
Engineering, Vol. 30, No. 3, pp. 172-178, Jun. 2005. DOIL: 10.
5307/JBE.2005.30.3.172

[6] Ronald P. Haff, Natsuko Toyofuku, “X-ray detection of defects
and contaminants in the food industry,” Sensing and Instrumentation
for Food Quality and Safety, Vol. 2, pp. 262-273, Jun. 2008. DOL:
10.1007/s11694-008-9059-8

[7] Jing Ren, Rui Ren, Mark Green and Xishi Huang, "Defect
Detection from X-Ray Images Using A Three-Stage Deep
Learning Algorithm," May. 2019 IEEE Canadian Conference of
Electrical and Computer Engineering (CCECE), Edmonton, AB,
Canada, pp. 1-4, 2019. DOI: 10.1109/CCECE.2019.8861944

[8] Bilel Yagoub, et al. “Single Energy X-ray Image Colorization Using
Convolutional Neural Network for Material Discrimination,”
Electronics, Vol. 11.24: 4101, Dec. 2022. DOI: 10.3390/electronics
11244101

[9] Tomihisa Welsh, Michael Ashikhmin, Klaus Mueller, “Transferring
color to greyscale images,” Proceedings of the 29th annual
conference on Computer graphics and interactive techniques. pp.
277-280, Jul. 2002. DOIL: 10.1145/566570.566576

neural networks.

Authors

Eunhyeok Baek received the B.S. degrees in
Chemistry from Jeonbuk National University,
Republic of Korea, in 2022. Mr. Baek is
interested  in  statistical  learning  and

mathematics.

Young-Tae Kwak received the B.S., M.S.,
and Ph.D. degrees in computer engineering
from the Chungnam National University,
Republic of Korea, in 1993, 1995, and 2001,

respectively.

He joined the faculty of the Jeonbuk National University in

2002. His research interests include computer vision and



