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Abstract

In the last decade, there has been a growing interest in the field of application methods of computer vision for cheese
quality evaluation and Bulgarian WCB (white cheese in brine) is also an object of research in this direction. Certain
quality indicators of WCB are successfully evaluated using image processing based on thresholding and multi-level
thresholding algorithms. The current study aims to examine one novel algorithm for image segmentation (hamed
SegPC) for its effectiveness in the quality evaluation of WCB. A database of images that present the structure of WCB
is used for this research. A software with GUI (Graphical User Interface) is developed for easy usage of the SegPC
algorithm and images of eight trademarks of WCB are processed using different settings for the algorithm’s two
parameters (humber of colors and priority of color components). All segmented images are used for analysis using
PSNR (Peak Signal to Noise Ratio) metric. Statistical information about the distribution of pixels in segmented images
is used for comparison with experts’ assessment for the quality of cheese structure. The best matching results are a
basis for further analysis to build a regression model. The settings of experiments are values from 2 to 10 for the
number of colors parameter and all possible permutations for the order of priority components parameter. Regarding
calculated PSNR values it could be concluded that at least four colors are necessary for segmentation to preserve more
details in images and thus significant information about cheese structure to be extracted. The highest correlation
coefficient that is achieved is 0.88 which indicates a very strong relationship. The results indicate that the number of
colors influences significantly on the quality of the segmented images and consequently, influences the process of
information extraction, the order of priority components has to be preciously selected based on specifics of the input
images, and PSNR metric allows better understanding the segmentation results.
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Introduction

The reduction of colors in some image could be a
result of some type of processing which is typically
related to the transformation from color to grayscale
type of image, to conversion from full-color type
file format to format using reduced palette for colors
or to image segmentation. Depending on the
purpose that motivates color reduction there are
developed a lot of image processing algorithms.
There are known compression algorithms that aim
to reduce the size of an image file (Hussain et al.
2018) and algorithms that keep the size of an image
file but modify its content to prepare the image for
extraction of some key characteristics of the image
such as segmentation algorithms (Yu et al. 2023).
The simplest mode of segmentation is known as
“thresholding” which is a method for image
segmentation that uses one threshold value and
based on it the input image is transformed into a
binary image (it contains only two colors) (Zuodong
and Handong 2018). The process of selection the
threshold value could be manual (supervised by the
user), semi-automatic, or automatic. Manual
thresholding or its combination with methods for
automatic thresholding together are applied for
color or grayscale image processing in many
different areas such as microbiology (Danev et al.
2018), medicine (van Eijnatten et al. 2017; Jardim
et al. 2023), agriculture (Ostovar et al. 2018;
Cerruto et al. 2022), food quality evaluation
(Caccamo et al. 2004; Impoco et al. 2012), geology
and mine engineering (Shi et al. 2023) and many
others. The advantages of this method (manual
thresholding) are related mainly to its vitality
regarding opportunities for fast adoption to changes
in used computer vision systems and environment
but this advantage depends on user experience.
There are a lot of algorithms for automatic
thresholding that have various applications in
industry and scientific researches but the most
popular are algorithms dealing with grayscale
images. These algorithms use different strategies for
threshold finding and their common taxonomy is
based on two parameters — one for the explanation
of the strategy for selection of the pixels that are
involved in the threshold finding and the second for
the explanation of the origin of the defined threshold
value (Bosakova-Ardenska and Danev 2018). The
main advantage of these algorithms is related to
their adaptability to changes in illumination

conditions that are a basis for variations in image
brightness, contrast, and shadow presence. To
achieve a better understanding of the nature of
algorithms for automatic thresholding Sezgin and
Sankur propose six groups to separate these
algorithms depending on the type of used
information for the threshold finding (Sezgin and
Sankur 2004). Based on some known thresholding
algorithms such as Otsu’s thresholding there are
performed steps for transformation into
segmentation algorithms using a multilevel
thresholding approach. In this way, Liao et al.
(2001) propose a fast algorithm for multilevel
thresholding that later is implemented as a plugin
for open-source software ImageJ. Houssein et al.
(2023) develop efficient multilevel thresholding
algorithms using Otsu’s and Kapur’s methods. It is
obvious that work in the field of enrichment of the
science for thresholding algorithms continues
because it has not developed an ideal thresholding
method that could be effective in processing every
image.

Regarding the application of image processing
using thresholding in cheese quality evaluation, it
could be noticed that some structural elements that
are typically assessed by human through visual
observation, have been an object of research last
twenty years. Areas occupied by gas holes in a semi-
hard type of cheese are measured by image analysis
(Caccamo et al. 2004), amount and distribution of
ingredients (vegetables and herbs) are also
evaluated through image analysis using
thresholding techniques to locate these ingredients
(Jelinski et al. 2007). Bulgarian white cheese in
brine is also an object of research regarding
application of image processing for assessment of
some quality indicators such as presence of
“Porcelanov lom” (specific areas appeared like part
of broken porcelain bowl that are located on
surfaces of broken part of cheese lump) (Danev et
al. 2019) and quality of structure (Bosakova-
Ardenska et al. 2020; Bosakova-Ardenska et al.
2022). A segmentation algorithm Statistical Region
Merging (SRM) (Nock and Nilsen 2004) is also
applied for quality assessment of Bulgarian white
brined cheese produced from cow milk (Bosakova-
Ardenska et al. 2023). This algorithm uses only one
parameter to control the segmentation process and
thus additional pre-processing steps are needed to
improve the quality of output images by smoothing
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the contours of different areas in cheese structure so
the  regions' merging  conditions  allow
distinguishing more details (mean and median
filters are used as pre-processing operations).
Another restriction related to the usage of SRM
algorithm is the requirement related to images’
colors- only grayscale images could be processed
using this algorithm when its implementation as
ImageJ plugin is used (Schindelin et al. 2012).
Reported results of the above-mentioned researches
for correlation between statistical parameters of
segmented images of cheese structure and experts’
assessment for quality of this structure are
encouraged but not enough strong to be used for
reliable automatic quality assessment of cheese
structure using image processing. Thus the work in
this direction should be continued and the current
research supports this topic.

The aim of the current research is to examine one
new segmentation algorithm named SegPC for
applicability in the field of white brined cheese
structure evaluation.

Materials and Methods

Algorithm for image segmentation SegPC. Often
the popular segmentation algorithms deal only with
grayscale images (Gonzalez and Woods 2018; Wu
et al. 2023) but such limitation is related to their
usage for typical engineering applications and their
behavior for non-trivial and specific scientific
applications is not effective. Thus, regarding the
specific task for quality evaluation of cheese
structure the discussed SegPC algorithm is going
actual because it works with color images using
thresholds in HSI color space. The SegPC algorithm
provides two parameters that control the
segmentation process and these parameters are the
order of color components that could be prioritized
and the number of used colors for regions in
segmented images. The first parameter (order of
HSI components) influences the amount of pixels
that go to be processed on the second and
consequently on the third level of processing but
independently of this amount the number of used
colors is constant (it is set by parameter for number
of colors). Using the same number of colors for
image segmentation, the number of regions varies
depending on the characteristics of the image, and
thus how detail will be the segmented image
depends mainly form its contrast, brightness,

presence of light spots, presence of a lot of small
elements, shape of the histogram, etc. Regarding the
space neighbors of pixels, it is observed that the
comparison of pixels’ color is influenced by global
characteristics of the image (global effect) instead
of local relations (Bosakova-Ardenska et al. 2022).
Thus, the number of regions located in the
segmented image increases when the number of
colors increases too but usage of different order of
color components for image processing when the
number of colors is a constant also influences the
amount of regions in the segmented image, so the
result of segmentation with constant number of
colors and different order of HSI components could
be completely different. Table 1 presents the
segmentation results using one popular image with
vegetables (Pilevar et al. 2015) that is part of demo
images of the Matlab (R2024a) software, and
different settings for parameters of the SegPC
algorithm (the original image is presented on Fig.1).

Figure 1. Image pappers.png
*Adapted from Pilevar et al. (2015)
Copyright 2015, The MathWorks, Inc.

It is observed that usage of only two colors is not
enough for object extraction in all possible order of
priority color components. Another observation is
related to details in the background cover— they are
visible only if the Intensity component is chosen for
the major color component. Looking at images by
columns significant differences could be seen for
different orders of priority components when the
number of colors is a constant (excluding the first
column— where only two colors are used), and
respectively when looking at one row the segmented
images present different details depending on the
number of colors that are used for segmentation,
keeping the order of priority color components
unchanged. These observations indicate that
depending on details that should to extracted from
the processed image, it is necessary to pay attention
to SegPC parameters adjustment.
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Table 1. Image pappers.png processed with different combinations of the SegPC parameters
2 colors 6 colors 10 colors
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The sets of pixels that build the output (segmented)
image are defined using formulae 1, 2, and 3.

Chey € A UA,UA3 U ..UA, = UX4, (1)
Cig, “B,UB,UB;U..UB,=U*B, =4, (2)
Cii ¥ CLUCL,UC3U..UC,=UYC,=B; (3)

Application of formula 1 results in an intermediate
production of colored pixels that are defined using
only one of the HSI color components (which is
selected as the first component according to the
chosen priority order). Application of formula 2
results in the next intermediate coloring performed
over pixels that are defined as black after the first
step using the color component which is selected as
a second according to priority order. Application of
formula 3 affects only those pixels that keep their
black color after execution of the second recoloring
and it is performed using the third color component.
It has to be noted that every pixel finally belongs to
only one set, the number of colors is noted with k
and the used colors are black (numbered with 1),
white (numbered with k), and gray levels defined by
formula 4. In this formula, i notes the number of
gray levels (1, 2, ..., k-2).

Color; = g % 4)

It is developed an application with GUI (Graphical
User Interface) that implements the segmentation
algorithm SegPC (Fig. 2). The application interface
is built on Java using three windows— one window
for settings (noted with number 1 in Fig.2), a second
window for results (noted with number 2 in Fig.2)
and third window for images visualization (noted
with number 3 in Fig.2). As a common, Fig.2
presents screenshots of all windows that are part of
the interface of the developed application (the
segmentation results for one image of Brand 1 are
shown, using five colors and order of priority
components Intensity->Saturation->Hue i.e. the
major color component is Intensity, second is
Saturation and third is Hue). The first window
presents options for:

- processing mode (single or multiple image
processing);

- choosing file (or directory) for selection of the
file/files for processing;

- setting the parameters of the SegPC algorithm;
- starting the processing;

When “Single Image” mode is used then once after
the segmentation is done the second window and the
third window will appear. If the “Multiple Images”
mode is used then only the second window will
appear to present segmentation results as a set of
values that give statistical information about
segmented images (ratios of the number of pixels
with the same color to number of all pixels in the
image). Depending on the selected processing
mode, the button for file browsing implements file
or directory choice. Selection of values for the
algorithm's two parameters, that control its
performance, is implemented using a text box to set
the number of colors (the entered value must be an
integer that is smaller or equal to a quarter of the
amount of existing colors into the grayscale version
of the input image) and a list box to select order of
priority color components (the user have to choose
one of six options). The processing of image/images
starts using the presented on Fig.2 button (“Start™)
and the number of processed images is visualized
also. The window for results (Fig.2, number two in
the blue circle) presents calculated Kseq values for
all colors in the segmented images. Formula 5
defines Ksg as a ratio of the number of pixels with
the same color (Ceolor) to the number of all pixels in
the image (Can) in percent.

_ Ccolor*
Kseg = Ccun 100 (5)
If “Multiple Images” mode is chosen then average
values of Kgg for all colors in the processed images
will be presented on the right side of the window.
The third window (Fig.2, number three in blue
circle) will appear together with the second window
only if “Single image” mode is used. This window
presents selected image before and after
segmentation and time for image processing.

Images of white cheese in brine. As a traditional
dairy product Bulgarian white cheese in brine
(WCB) is a preferred food in the region of the
Balkan Peninsula which motivated a lot of studies
related to its quality control and the current research
also corresponds to this trend (Teneva-Angelova et
al. 2018; Ivanov et al. 2021).
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Figure 2. A software for image segmentation using SegPC algorithm.

A database of images that present the structure of
WCB produced of sheep milk is used for this
research. This database is formed as a result of work
by scientific project 08/20-N “Application of
images segmentation algorithms for cheese quality
evaluation” supported by the University of Food
Technologies. Eight brands of WCB are selected to
gain information for the database and three lumps
(samples) of every brand are manually broken into
two halves to perform expert evaluation of cheese
structure. All cheese samples are purchased from
commercial chains using financial resources
granted by the project. The parts of every sample are
captured with a digital camera Canon EOS 2000D
under daylight conditions (the laboratory has a north
orientation, without direct sunlight and it has
luminescent illumination mounted on the upper wall
which gives standard illumination on working
tables— about 500lux) and all images are stored
together with experts’ score for cheese samples into
the database. All captured images are stored in BMP
(Bitmap) format to store all necessary details
without information losses.

The expert assessment was made according to
standards BDS 15:2010 Bulgarian white cheese in
brine and BDS 15612-83 Dairy products.
Organoleptic evaluation. According to standard

BDS 15612-83 for organoleptic evaluation of
cutting surface, structure and color, the maximum
number of points that can be given is 15, and their
distribution is as follows:

- Smooth, with “Porcelanov lom”, without or with
single bacterial cavities up to 5 on a cut surface,
without mechanical pollution, without visible
distinguish of individual layers, white color or with
a slightly creamy shade, for cow's milk cheese - a
yellowish shade— score 15 points;

- Assumed from 5 to 10 bacterial cavities on the cut
surface and barely visible demarcation of the cheese
cubes are allowed- score 11-13 points;

- More than 10 bacterial cavities, no spongy
structure, uneven coloration— score 5-10 points;

- Irregularly smooth, with an indistinct “Porcelanov
lom”, weak distinguish of the layers— score 7-10
points;

- Strong distinguish of the layers— score 5-7 points;
- Single pale yellow or pale red spots— score 2-6
points.

Table 2 presents the expert evaluation for each of
the three lumps of each examined brand. The size of
captured images is 6000x4000 pixels. From each
image, only the part containing the structure of the
lump of cheese is cut. Table 2 presents the
resolution of the cut ROI (Region of interest) for the
two halves of every sample (lump of cheese). These
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ROIls are cropped manually as a rectangular area
using a simple image editor (Paint) which is part of
used Windows operations system and they are also
stored in BMP format.

Table 2. Information for images of WCB

Expert ROI resolution
Sample - )
hame evalqatlon [pixels]
[points] Part 1 Part 2

Brand 1_1 7 3673x2689  3961x2825
Brand 1_2 7 3857x2841  3609x2753
Brand 1_3 13 3609x2425  3641x2393
Brand 2_1 10 4209x2913  4177x2825
Brand 2_2 7 4225x2841  4281x2977
Brand2_3 10(11) 3873x2889  4169x2977
Brand 3_1 10 3873x2673  3993x2777
Brand 3_2 12 3897x3129  3737x3145
Brand 3_3 9 4049x3001  4089x2993
Brand 4_1 11 4449x2737  4105x2553
Brand 4_2 10 4793x2457  4905x2361
Brand 4_3 10 4401x2393  4785x2449
Brand 5_1 11 4169x2769  4265x2577
Brand 5_2 13 4505x2849  4393x2929
Brand 5_3 12 4185x3057  4241x3241
Brand 6_1 10 4129x2969 -
Brand 6_2 7 4089x2961  4081x3041
Brand 6_3 7 4081x3137  4081x3065
Brand 7_1 13 4017x2161  4121x2185
Brand 7_2 15 3977x2377  3841x2089
Brand 7_3 11 4033x2353  4033x2345
Brand 8_1 13 4353x2745  4561x2593
Brand 8_2 15 4313x2641  4225x2745
Brand 8 3 13 4201x2393  4337x2337

Only for sample 1 of Brand 6 (Brand6_1) there are
presented resolution only for one part of the sample
because the second part of the sample was destroyed
during the manual manipulation for sample
preparation.

It could be noticed that the resolution of defined
ROIs is high which is crucial for their analysis due
to specifics of the visual appearance of the
examined cheese structure where a significant
contrast among different structural elements is
missing. Only BMP files that contain ROIs are used
for segmentation through the SegPC algorithm and
all presented results are based on their processing.

Statistical analysis. To evaluate the effect of the
number of colors and order of priority components
on the quality evaluation of white cheese in brine, 3
types of statistical analyses were chosen to process
data produced by the developed software. As a
preferred tool for data analysis in food quality

control (Liu et al. 2022), the first statistical analysis
that is chosen is known as correlation analysis. It
compares the correlation coefficients between one
or more pairs of variables to establish statistical
interdependencies between them. Correlation
analysis can be applied when there is data collected
on two different variables. Conditionally first
variable is noted X and the second — Y and for each
of them, there must be obtained values. The most
widely used linear dependence index is called the
linear correlation coefficient, denoted by R, and
calculated according to formula 6.

__I@x-%)(-P)
Rxv = omesa-rr ©

where X and Y are mean values of quantities from
n number of measurements. Depending on the
obtained value of R, this coefficient could be
interpreted, if it is in the range 0 - 0.2, a very weak
correlation is obtained, if it is 0.2 - 0.4 — weak
correlation, 0.4 - 0.6 — moderate correlation; 0.6 -
0.8 — strong correlation and in the interval 0.8 - 1 —
very strong correlation (Gmurman 2004).

Another popular statistical analysis widely used in
food manufacturing (Illa et al. 2021) is regression
analysis and it is chosen as a second analytical tool
for the current study. It is a statistical method for
analyzing and modeling dependencies. The main
purpose of the regression analysis is to present in an
analytical form, in the form of a mathematical
model, the investigated correlational dependence.
One way to express the relationship between the
variables is in the form of a mathematical
expression. In simple linear regression, we assume
that the relationship is linear and it is defined by
formula 7.

Y =a+bX (7

where Y is the variable that we are trying to predict,
X is called the independent variable because we
assume it is not dependent on Y, and b is the slope
of the regression line. The slope reflects how large
or small the change in Y will be for a unit change in
X, a is the intercept or the point at which the
regression line will intercept the Y-axis. The
regression model was created with the help of
Microsoft Excel, in which the values of the
coefficients a and b, as well as the statistical
parameters standard error and significance F, are
obtained. The standard error is a measure of the
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precision of the model. It reflects the average error
of the regression model and its value should be as
small as possible. The standard error is used to get a
confidence interval for the predicted values. The
significance F gives the probability that the model
is wrong. As low is the value of significance F as
reliable could be considered the model (Mathews
2018).

The third analytical tool that is chosen for the
current research is based on the analysis of peak
signal-to-noise ratio (PSNR). This metric is often
preferred when denoising techniques are evaluated
but the comparison between original and segmented
images also could be based on PSNR calculation
(Sara et al. 2019). PSNR is a term for the ratio
between the maximum possible signal power and
the power of the distortion noise that affects the
quality of the representation. This ratio is usually
calculated as a logarithmic quantity using the
decibel scale. PSNR is described mathematically by
equations (8) and (9).

MAXIZ)

PSNR = 10 log (s

®)
MSE = — Y5 SR, ) — K (0 )2 ©)

where MAX is the highest possible value of the
signal. If the input is a grayscale image of 8 bits,
then MAX = 255. MSE is the mean squared error
between the original image and the reconstructed
image. The parameters m and n are the number of
rows and columns, respectively, in the image, | is
the input image and K is the segmented image. The
PSNR is inversely proportional to the MSE (Fardo
et al. 2016).

Results and Discussion

Each image of the used database is converted to
grayscale through the developed software that
implements the SegPC segmentation algorithm.
Before the segmentation is started, the desired
number of colors and the priority of the components
are set. The images are tested with 2, 3, 4,5, 6, 7, 8,
9 and 10 colors and all possible different orders of
priority components. Table 3 presents an original
image for 3 of the investigated brands. The brands
with the lowest and highest expert ratings are
presented, as well as one brand with an average
expert rating. It could be noticed that the presented
sample of Brand 1 contains significant defects on

the upper half (which is a result of cutting) whereas
the other two samples (Brand 4 and Brand 8) have
smoother cut surfaces. The low score for the quality
of structure for a sample of Brand 1 is also based on
observation related to very rough broken surfaces
without the presence of porcelain structures. For
each of these three brands, the image histogram and
segmented image using I*H2S® priority of color
components with 10 colors are shown. The resulting
Kseg Values for each of the 10 colors are also
presented. The segmented images (especially the
image of a sample of Brand 1) contain a lot of dark
areas which could be explained by the presence of
technical holes on the cut surface and shadows on
the broken surface which are a result of presence of
too many fragments. It could be noticed that the
shape of the histogram for the presented three
samples is quite distinguishable which also
corresponds to a difference in their quality. For
samples with low scores for quality of structure type
of histogram seems to be bi-modal whereas the
histograms for the other two samples haven’t typical
bi-modal shape. Two peaks are presented in the
histogram of the sample with the best quality (Brand
8) which corresponds to its quite different structure
of cut surface and broken surface. The good quality
of the WCB structure is related to a very smooth cut
surface and a broken surface that contains big areas
occupied by porcelain structures which is defined
by the standard for WCB quality.

The results indicate that existing parameters
(number of colors and order of priority components)
of the SegPC algorithm provide a lot of
opportunities for effective control of the process of
segmentation so the output segmented images are
more informative.

Correlation analysis. A correlation analysis was
made of the obtained values for Ksg of all colors of
each brand and the expert assessment. Table 4
presents the absolute values of the calculated
correlation coefficients for all colors of three of the
possible orders of the priority components. For
I'S?H® priority order, the highest value of
correlation coefficient is 0.86 registered for Kseg of
white color (255) when 10 colors are used for the
segmentation process. For StI?H? priority order, the
highest value of correlation coefficient is 0.81
registered for Ksq of white color (255) when 6
colors are used for the segmentation process, and for
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Table 3. Samples of different brands

Original image

Histogram

Segmented image

180 600

Brand 1

3609x2753 pix
expert evaluation = 7

ko=2.24; k2=12.77; Kss=11.69;
ks4=11.23; k112=10.87; k14o=10.10;
k168=10.26; k196=10.52; k224=10.22;
k255:10.09

180 600

Brand 4

4401x2393 pix
expert evaluation = 10

ko:2.24; k23:12.29; k56:10.66;
k34=11.39; k112=10.89; k14o=10.80;
k168=10.89; k196=10.25; k224=10.38;
k255=10.21

Brand 8

4337x2337 pix
expert evaluation = 13

ko=1.69; k28=12.34; k5(;=10.82;
k34=10.51; k112=11.69; k14o=10.75;
k163=10.50; k196=10.92; k224=10.32;
k255=10.45

H1?S® priority order the highest correlation
coefficient is 0.65 registered for Ksg of white color
(255) when 8 colors are used as setting for
parameter number of colors of SegPC algorithm.
But the highest correlation coefficient (0.88) is
achieved using 10 colors and 1*'H?S2 priority order
of color components whereas the highest correlation
coefficient reported in previous research has an

absolute value of 0.77 using four colors for image
segmentation in HSI color space (Bosakova-
Ardenska et al. 2020), and 0.86 using segmentation
with SRM algorithm and median filtering as a pre-
processing step (Bosakova-Ardenska et al. 2022).
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Table 4. Correlation coefficients of three colors component priority orders

115243
2 colors 3 colors 4 colors 5 colors
0 255 0 128 255 0 85 170 255 0 64 128 192 255
058 058 040 008 045 026 042 057 048 029 064 044 040 0.70
6 colors 7 colors
0 51 102 153 204 255 0 42 84 126 168 210 255
026 033 006 045 028 074 025 003 067 059 010 051 0.69
8 colors
0 36 72 108 144 180 216 255
021 020 043 038 004 078 0.09 0.69
9 colors
0 32 64 96 128 160 192 224 255
025 029 006 036 057 044 018 064 0.08
10 colors
0 28 56 84 112 140 168 196 224 255
031 025 044 054 038 038 016 041 0.02 0.86
SHI2H3
2 colors 3 colors 4 colors 5 colors
0 255 0 128 255 0 85 170 255 0 64 128 192 255
058 058 040 044 013 026 007 027 037 029 035 040 012 0.70
6 colors 7 colors
0 51 102 153 204 255 0 42 84 126 168 210 255
026 005 004 035 012 081 025 003 044 064 007 039 0.66
8 colors
0 36 72 108 144 180 216 255
021 013 024 033 0.07 049 024 0.36
9 colors
0 32 64 96 128 160 192 224 255
025 010 019 035 056 018 044 003 0.33
10 colors
0 28 56 84 112 140 168 196 224 255
031 010 047 037 027 008 016 045 066 041
HI2S3
2 colors 3 colors 4 colors 5 colors
0 255 0 128 255 0 85 170 255 0 64 128 192 255
058 058 040 003 023 026 012 0.01 009 029 024 021 026 056
6 colors 7 colors
0 51 102 153 204 255 0 42 84 126 168 210 255
026 013 026 001 017 048 025 008 037 023 033 033 055
8 colors
0 36 72 108 144 180 216 255
021 010 019 024 0.05 004 015 0.65
9 colors
0 32 64 96 128 160 192 224 255
025 006 019 021 024 005 0.00 016 055
10 colors
0 28 56 84 112 140 168 196 224 255
031 004 021 018 027 010 0.28 017 044 057
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Previously reported results for segmentation in HSI
color space are based on the usage of a combination
of the ratio of the number of pixels with the same
color to the number of all pixels in segmented
images for pixels with two different colors (dark
gray and white color). In the current research due to
the usage of a variety of orders for priority color
components and the usage of more colors, a higher
correlation relationship is achieved.

It is observed that the worst correlation relationship
is calculated for those modes for order of priority
color components that are based on the Hue
component as a major component (HI?S® and
HS21%). These results could be explained by weak
informativeness of color hue regarding recognition
of specific structural elements observed in WCB
structure because all samples have uniform color
without spots. Regarding the results, the best
correlation relationship is achieved for those modes
for order of priority color components that are based
on the Intensity component as a major component
(I'S?H® and 1'H?S®). This observation could be
explained by the high informativeness of this color
component because its variations are related to
differences in light reflection for different structural
elements located on the examined cheese surface.

Regression analysis. A regression analysis was
performed on the Ky results calculated for all
priorities and different numbers of colors. Table 5
presents the values for the coefficients of the
regression equation, the standard error, and the
significance F for a specific color for each of the
different modes for priority components. The colors
for which the highest correlation coefficient was
calculated were selected. It is observed that the

lowest standard error is calculated for two modes of
priority color components which use color intensity
as a major color component. The usage of data
produced in these two modes also leads to the
calculation of the lowest values for significance F
which also indicates a high probability for a model
to be correct. Fig.3 shows a dot plot of each of the
examined brands represented by their expert rating,
which is the x-axis and the average value of the
program-derived Kseqg Values. The red line represents
the regression equation for the represented color of
each mode. It is observed that registered Kseq values
are not near the red line that presents the
regression’s equation for two modes that use Hue as
a major color component (Fig.3). This result could
be explained by the nature of processed images that
present the structure of white cheese and
consequently the variations in color hue are small
and they are not enough informative to build a
reliable regression model. Thus, the calculated
standard error has the biggest value when the data
produced using modes with Hue as a major color
component, are used for regression analysis (Table
5).

PSNR. A program has been created in Scilab for the
automatic calculation of PSNR values. The images
segmented with the SegPC algorithm are compared
with the original images to calculate PSNR values.
For each image, 54 PSNR values (6 modes [orders
of priority components] x 9 values for the number
of colors) are calculated. For each brand, the
obtained values were averaged for the
corresponding number of colors of each mode. The
obtained results are presented in Fig.4.

Table 5. Regression analysis results

I'S?H®-10_255 1'H?S%-10 255 S'IPH3-6 255 S'H2I>-9 96 H'I’S™-8 255 HI'S?I°-2 255

Coefficient a 9.952 9.846
Coefficient b 0.020 0.034
Standard Error 0.027 0.041
Significance F 0.007 0.004

16.340 13.854 11.669 65.470
0.047 -0.112 0.159 0.768
0.075 0.199 0.411 2.367
0.015 0.024 0.084 0.133
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Figure 3. Regression models for different modes

In all discussed priority modes, the lowest PSNR
value is calculated for two colors (binary image). A
significant increase in PSNR value is measured for
the image with three and four colors compared to
the same image segmented with two colors. PSNR
value increases when the number of colors increases

too. Brand 2 has the highest contrast of roughness
on the surface to the total mass, which is the reason
for differentiating the colors on the roughness
versus the smooth part in segmentation, therefore

preserving more useful signal (higher PSNR).
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Conclusions

A novel segmentation algorithm (SegPC) is
implemented on Java using a convenient user
interface to ease its usage. As a continuation of
research work related to the application of computer
vision methods for cheese quality evaluation, a set
of images that present the structure of Bulgarian
white cheese in brine is processed through the
developed software. Regarding the main purpose of
the research, the results could be summarized as
follows:

- more than three colors have to be used for image
segmentation with the SegPC algorithm to keep
important details about cheese structure in the
processed images;

- intensity component has to be preferred as a first
color component in priority order when the quality
of the WCB structure is evaluated using the SegPC
algorithm;

- white color in the segmented images has to be
preferred as a significant source of information
about cheese structure because it represents areas in
cheese structure that have mainly smooth
characteristics;

- segmentation of WCB images through the SegPC
algorithm is an effective approach to predict the
guality of examined cheese samples which is proved
by the developed regression models.

The main advantage of the SegPC algorithm is its
ability to deal with color images. According to the
standard for digital color images, every pixel has a
color that is composed of red, green and blue
components, and every color component could have

one of 256 possible values (Gonzalez and Woods
2018) which leads to an extremely huge amount of
possible colors that is the main reason to define
certain parameters that have to control the
segmentation process. The existing two parameters
that control the segmentation process using the
SegPC algorithm provide a lot of opportunities for
image processing but the performance of
experiments for their optimal adjustment could be
hard work. Thus, future development of certain
modifications that could provide automatic
parameters’ adjustment seems to be a perspective
work.

The future work will continue in two directions— the
firstis related to an accumulation of more data about
cheese structure using samples of different brands
and those that are produced using different types of
raw milk (not only from sheep) and milk mixtures
which will be a basis for developing intelligent
software assistant for quality assessment of WCB,
and the second direction is related to examination of
the algorithm SegPC for its applicability in quality
evaluation of different type of food and materials
that are related to food production, such as packages
etc.
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