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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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II. Preliminaries

1. Related works

1. Spectroscopic analysis
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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
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Fig. 9. Potato with Holes
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Fig. 11. Apple with Holes
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