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ABSTRACT

Our main objective was to implement a dynamic color correction method applicable to any type of CFA image. To achieve this objective, we
developed a set of mathematical equations based on numerical models. The implementation of these mathematical equations allowed us,
by taking a white background as a reference, to restore all the colors that make up our product to be imaged, and in a second time to cor-
rect the imperfections related to the acquisitions of images. We also note that the noise related to the acquisition conditions and the inter-
action between the light and the product to be imaged were eliminated more than 95%.
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Introduction

The benefits of an image will not really be realized and reliable measurements can only be obtained at the cost of a good correc-
tion. Correction or pretreatment is an essential step in image analysis; these are the only truly essential treatments in the agri-food
industry [1]. Before specifying the different impairments affecting a raw image, as well as their origins and their possible corrections,
it is necessary to redefine two very different and yet frequently confused notions: the signal and the noise [2]. A signal is a measura-
ble quantity related to a state of a given object or physical phenomenon: temperature, speed, intensity, number of photons. One of
the fundamental characteristics of a signal is to be reproducible: ideally, one should find it identical to itself in a series of measure-
ments. We can classify the signals in two categories: on the one hand the useful signals, the ones we are trying to measure (for ex-
ample the photons coming from a food product), and on the other hand the useless signals (that is, undesirable) that come into it
(for example photons from the bottom of a food product). Being reproducible, an undesirable signal can be known by taking a meas-
urement under conditions such that this signal is isolated (or easily isolatable). Since we can know it, we can eliminate it. Unfortu-
nately, in our real world nothing is perfect, and every signal is degraded by multiple causes: nature of the signal itself, variations of
the state of the object to be measured, inaccuracy and defects of the measuring instrument, parasites. In the end, several measure-
ments will give, in the current case, similar but not identical results. The variations of the measured signal compared to the “average”
signal represent the noise. One of the most important (and annoying) features of noise is its random nature: it is not reproducible.
Not being able to reproduce it, we can not know it. Not being able to know it, we can not find the 'real’ signal [3]-[5].

The role of the correction proposed in this paper is to get rid of the raw CFA image of unwanted signals that are present and
that prevent it from being exploitable.

Methodological approach of correction of a raw CFA image

The correction of a raw CFA image is done in the reverse order of the successive alterations it has undergone. First, the offset im-
age is used, followed by the thermal image. The corresponding signals being added to the photon signal, the operation to be per-
formed is a pixel to pixel subtraction. The degradation to be corrected here being of a multiplicative nature (it is a sort of ‘gain’ to be
compensated), the operation to be performed is a pixel to pixel division. In order to maintain intensity levels close to those of the
raw image, the division is in practice accompanied of a multiplication by the average value ( /7*V) of PLU (uniform light range) image.
Let J°F4 the corrected CFA image. The fundamental equation of correction developped by Yang et al. [6] =is defined asfollows:
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We propose an approach that further simplifies equation 1 by multiplying each component of the CFA image by a specific coeffi-
cient, which corresponds to the gain to be compensated for each component; which results in the following equation 2:
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Where a, b and c represente the correction coefficients. The consequences of missing or defective pretreatment are generally dis-
astrous. When the CFA image is incorrectly corrected, pixels that are too bright, or too dark, appear in the image. The use of such an
image for the analysis is then strongly compromised.

In practice, the parameters a, b, c depend on the image in presence; In this case, it is necessary to carry out empirical tests to de-
termine a, b, and c.

Determination of parameters a, b, and ¢
To determine the parameters a, b, and ¢, we will choose a zone L of the CFA image I¢F4 representing the white background. L is de-
fined by:
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The zone L designates a white zone of the background of the image of which we have:

I p)=I"(g)=255V p,q€L 4)
Let RL the means levels of the red colors levels of 174, G the means levels of the green colors levels of 174, and BX the means
levels of the blue colors levels of I°F4. Theses means levels are defined as follow:
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Let Rf the reference value. This reference value Rf is defined by:
R = max{R%, G*, B}} (6)
The CFA image corrected as follows: p >
r?j'dlfp_ﬁ.:a.}':ﬁ’l“_p]‘?"peﬁ .:z=E':.-
i L= T CRAf
} i If_p_.—b.I I;p_.VpEG with Gt )
T p)=c 1) ¥ peB \b==t
G,
==
B

B \
The CFA image corrected /°F4 and the CFA image before correction 1¢F4 will have he respective coordinates as follow:

} R R
[FA = |G| and ITA = |G
B B

Biologicals Material used for CFA images acquisition

Two varieties of beans have been used for the acquisition images, and theses are presented in table 1.

Table 1. Bean samples used for our study.

Samples Varieties Captured images
Red beans DOR701
Speckled beans MACS55

Results and Discussion

The histograms of means levels of pixels of the white background before correction and after correction, for the different varieties of
beans, are shown in Figures 1, 2, 3 and 4 below.

The histograms of the pixels levels of the white background before correction of CFA images, shown in figures 1 and 2, show that the
levels of the pixels of the neutral zone are not uniform. The means pixels levels are well very less than the value of the white refer-
ence which is 255. These non-uniform values of white background pixels confirm the results reported by Pérez et al. [7]; the results
reported by these authors show that the interactions between light and the objet capture degrade the quality of the image, there-
fore it affects the pixel levels. However, the green pixels levels are higher than the red and blue pixels levels. Blue pixels have the
lowest levels. These differences in white background pixels levels also show that the green electromagnetic spectrum remains better
at noise compared to red and blue spectrum. This result shows that the green color component is less sensitive to noise compared
to the red and blue components. The high insensitivity to the noise of the green color component was similarly reported by [8]-[10].
We also note that the noise levels in the images of the varieties DOR701 and MACS5S5 are similar; which confirms the results reported
by [2] and [3], which stipulate that the presence of noise in an image depends in part on the conditions of acquisition of the image
and the interaction between the light source and the product to be imaged.
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Figure 1. Histogram of the means pixels Levels of the white background before correction: case of the variety DOR701

255
240
22
21
19
18
16
150
13
12
105

oo oG

o a

5848

3
1

o

Pixels levels of the white background afetr correction

&

0

0 1 2 3 4 5 6 7 8 9 10 11 12 13

m| Red pixels
m| Green Pixels
B Blue Pixels

Nomber of times we have acquired CFA images

Figure 2. Histogram of the means pixels Levels of the white background after correction: case of the variety DOR701
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Figure 3. Histogram of the means pixels Levels of the white background before correction: case of the variety MAC55
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Figure 4. Histogram of the means pixels Levels of the white background after correction: case of the variety MAC55

The results presented in figues 2 and 4 show that the levels of the white background pixels of the corrected images are similar to
each other; the average levels of the red, green and blue pixels are comparable from one image to another with levels substantially
close to the reference value which is 255. Taking as the reference threshold for the correction the highest average value of the green
component, it is possible to eliminate more than 95% the noise present in the different CFA images. This result obtained confirms the
thesis according to which a CFA image is made up of a large number of noises, which must imperatively be eliminated before any
other form of use of said CFA image.
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Conclusion

The work presented in this paper focused on the implementation of a method for the efficient correction of CFA images in order to
eliminate any noise that could affect their quality. To achieve the expected results, we have developed a numerical method based on
the determination of a correction coefficient specific to each component color component of each CFA image. By taking a white
background as a reference, the results obtained show that our proposed method of colorimetric correction, allowed in a first to re-
store the corresponding white color effective to our white background, and in a second time to reduce more than 95% the noises
present in the CFA images.
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