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Abstract. The growth of unacceptable molds on Kashkaval cheese is a quality problem that can be caused
by various factors relating to storage conditions and packaging. Computer vision methods are preferred for
solving many food quality problems due to their benefits, such as fast, non-destructive evaluation and low-
cost equipment. Thus, the current research focuses on the opportunity for computer-based identification of
areas containing mold on the surface of Kashkaval cheese using images processing in HSI color space. Since
the predominant mold species on Kashkaval cheese is white, its detection poses a significant challenge for
conventional image processing methods based on thresholding or segmentation. Regarding this, the current
research investigates the effectiveness of segmentation in the HSI color space together with the prioritization
of color components. A set of images manually processed by experts is used to assess the automatic
localization of mold. Based on arithmetic and logical operations, segmented images of Kashkaval cheese
are compared with those of the corresponding manually prepared set, and the results indicate that the

prioritization in HSI color space is relevant to the task of automatic mold identification.

1 Introduction

A rapidly growing human population is a crucial
factor in the development of sustainable technologies in
key areas related to quality of life, such as the food
industry, environmental science, medicine, etc. At the
same time, the rapid development of digital technologies
in their main role — to support all human activities
provokes their widespread incorporation in the main
fields of human activity, such as food production [1].
Thus, modern industries are strongly supported by
computer-based technologies for data storage and
processing, quality control, and overall maintenance of
their functionalities. Regarding this, the food industry
has also started its transformation, going to industry 4.0
based on digitalization and automation, and later
continuing the development to industry 5.0, which
focuses on human interaction with a built digital
environment to support green thinking and
sustainability, and provides future development through
an interdisciplinary approach [2]. As an important part
of digital data processing, digital image processing has
provided many opportunities for image analysis to
support the extraction of valuable information about
examined objects and to prepare data for knowledge
accumulation and additional processing through
methods of Al (Artificial Intelligence) in the context of
object recognition and decision making. Using
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techniques for images segmentation, some researchers
report positive results exploiting automatic or semi-
automatic (user-supervised) identification of specific
structural elements in cheese, such as technical holes,
areas occupied by growth mold of type Penicillium
Roqueforti, ingredients (vegetables or spices), etc. Dias
et al. use digital images of examined samples of “Queijo
de Nisa” cheese to analyze the evolution of gas holes
during the ripening period, processing them in ImagelJ
software [3]. Kulmyrzaev et al. state that multispectral
image processing can successfully identify blue cheeses
from different manufacturers due to their distinct
Penicillium roqueforti distribution profiles [4]. Jelinski
et al. report results indicating the effectiveness of digital
image processing for the localization of ingredients in
cheese containing vegetable ingredients to support their
analysis of ingredients distribution [5]. Mladenov et al.
present experimental work on recognizing mold growth
areas on Kashkaval cheese, demonstrating that the
processing of hyperspectral data significantly reduces
identification errors [6]. Accumulated experience in the
field of mold identification on the surface of Kashkaval
cheese speaks to the complexity of the problem
regarding the variety of color hue of localized molds.
Thus, some authors propose the use of additional
information for examined objects by acquisition of
signals not only from the visible part of the
electromagnetic spectrum [6, 7]. Such an approach
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involves the utilization of additional hardware and
software resources, and thus, it is not sustainable with
respect to energy consumption. Thinking about
sustainability, the authors of the current research
propose the application of an algorithm for images
segmentation in the HSI color space for effective
identification of areas with growth mold on the surface
of Kashkaval cheese using only digital images acquired
from the visible electromagnetic spectrum.

2 Materials and methods

Taste, rheological properties, appearance, and
nutritional value determine cheese quality. Any
deviation from the characteristic, typical qualities of a
given type of cheese is considered a defect, and is a
problem that affects the dairy industry. Microbiological
defects can appear on the surface of the cheese block
(formed as discolored areas in certain places or over its
entire surface) and under the rind of the cheese.
According to previous studies, these defects are
considered to be a result of omissions during production,
or improperly carried out ripening and storage processes
[8]. Although these defects do not necessarily impair the
organoleptic cheese profile, their appearance does not
meet consumer expectations. As a result, depending on
their characteristics, these cheese defects require
alternative processing methods, such as preparation of
grated, processed, or powdered cheese [9, 10].
Nowadays, it is necessary to analyze knowledge of
cheese defects to provide useful information for
determining production process parameters and
predicting final product characteristics [10].

In the current research, quality defects in Kashkaval
cheese resulting from wundesirable microbiological
changes are analyzed to assess the potential of image
processing in automatic detection of mold growth areas.

2.1 Cheese samples

The tested samples of goat's milk cheese were produced
using classical technology (BNS 14:2010) at the
educational and production base of the Department of
Milk and Dairy Products Technology, University of
Food Technologies at Plovdiv. As a raw material, goat
milk supplied from the farm "Plovdiv 1", Orizare
village, Plovdiv region, which meets the requirements of
Regulation (EC) No 853/2004, is used. The samples are
stored in a refrigerator for 30 days without a plastic
package, and these conditions cause microbiological
changes visible on their surface (mold appearance).

To perform computer-based mold identification on
the surface of Kashkaval cheese, three samples are
captured using a smartphone (Samsung A34) in the
laboratory of the Department of Milk and Dairy
Products Technology. The acquired images are
transferred to the computer, converted to BMP format,
and used in the next processing steps. This format is
preferred to prevent color transformations during image
processing, which can influence mold identification.
The images of cheese samples are presented in Figure 1.

a) Goat 1

b) Goat 2

c¢) Goat 3

Fig. 1. Samples of Kashkaval cheese

2.2 Algorithm for images segmentation in HSI
color space

The HSI (Hue, Saturation, Intensity) color space is
designed to model the color in such a way as to be close
to the human sensing (perception) of colors. Thus, this
color space plays a significant role in many applications
related to modelling sensory assessment of food quality
indicators. The current research utilizes an algorithm for
images segmentation in HSI color space based on the
prioritization of color components [11]. The algorithm
(its name is SegPC) converts the selected image into the
HSI color space as a preliminary step and then,
according to the priority order of color components
(defined by the wuser), performs comparisons to



BIO Web of Conferences 236, 03003 (2026)
FoSET 2025

https://doi.org/10.1051/bioconf/202623603003

thresholding values for every pixel of the input image to
define its color in the segmented image. The colors for
the segmented image are calculated using the following

formula.
256

Ci= %t M
where & is the number of colors for the segmented
image, which is a user-defined integer value, and 7 is an
integer value in the range (0, £-1). The number of
thresholds depends linearly on the number of colors (k).
It is equal to £-1 because all pixels with color less than
first threshold should colored in the same color (Cp) in
the segmented image, all pixels with color between first
and second threshold values should colored with C;, in
resume all pixels with color between threshold values 7;
and Tj+; should colored with C; where j is an integer
value in the range (0, 4-3), and finally all pixels with
color value greater than last threshold value (7}-2) should
colored with last color Cj.;. The discussed threshold
values are defined as global medians for every color
component (channel) separately. Depending on the
user's choice, a priority level is assigned to every color
component. Thus, the color component with the highest
priority is used to define the colors of all pixels that have
an original color, bigger than the first threshold value
(Ty). The second and third color components (according
to their priority order) are exploited to define colors for
those pixels whose original color has a value less than
the first threshold value. As a result, the output
(segmented) image is composed of sets of pixels
according to the following formula.

Imgee, = AV} U BR? U CE? @
where Imgi., is the output (segmented) image, the set 4
contains all pixels that are colored using the first priority
component, the set B contains all pixels that are colored
using the second priority component (actually these
pixels are those that have original color less than first
threshold value for the highest priority color component
of the HSI color system), the set C contains all pixels
that are colored using the third priority component
(actually these pixels are those that have original color
less than first threshold value for the second-order
priority color component of the HSI color system), and
pl, p2 and p3 are color components of the HSI color
system numbered by such a way, so the number (1, 2 or
3) indicates their importance (1— the highest priority, 2—
second priority and 3— third priority). The indices (i/
and i2) in formula 2 have values in the range (1, &-1),
and they number the subsets with colors C; to Cy.; that
are defined according to the exploited color component.
Only index i3 has values in the range (0, £-1) because
for the first color (Cy) defined by the third-order priority
color component, there are no next refinements.

2.3 Metrics for images matching

Since the examined samples of Kashkaval cheese
contain mold-covered areas, which are the focus of our
research, it is highly relevant to evaluate how these areas
can be located by automatic processing. Thus, two
methods for images comparison are chosen for the
current research. One of them is based on calculation of
the SSIM (Structural Similarity) index, and the second

is based on a logical operation known as excluding OR
(XOR).

The SSIM metric is proposed by Wang et al. as an
alternative to previously defined quality evaluation
metrics, which are based on error sensitivity [12]. The
main advantage of this metric is related to modelling the
human perception of image quality, which is based on
keeping details that are significant for the overall
structure of objects captured in the image. This means
that not only the quantity of the noise signal is enough
to interpret the quality of the image in such a way that
the human accepts, but structural changes are also
important. In the current research, the referent images
are the result of human-guided processing to localize
areas with mold, and the SSIM metric is considered an
appropriate tool for quality evaluation of images that are
the result of automatic processing. The SSIM index has
a value in the range (0, 1), and it is calculated according
to the following formula.

_ uxpy+C1)(2oxy+C3)
SSIME.Y) = (zngren@iragee
where x and y are two signals respectively — the
compared two images, u and u, represent mean
intensity of the examined signals (images), ox and o, are
calculated as standard deviation for the compared
signals (images) which is interpreted as contrast of the
signal, and C; and C; are constant values which depend
on dynamic range of the signal (it is 255 when examined
signals are 8-bit grayscale images). The SSIM index is
often recommended as a metric that represents saliency-
based error, and thus it could be considered as a more
reliable indicator for image quality [13]. Furthermore,
many authors report the effectiveness of the SSIM
metric in the assessment of the quality of images that are
a result of some segmentation procedure with
application in real-time data processing, medical images
processing, etc., which is in accordance with the
reasoning to utilize the SSIM index in the current
research.

The main principle of logical operations is to
compare logical variables using a specific boolean
function, which is typically defined based on a well-
known truth table (it contains only two values — one to
interpret the positive result, and the second to represent
a negative one). In terms of digital image processing,
logical operations are applied for binary, grayscale, or
color images with the same sizes, and the result is an
image that is produced based on the truth table of the
used logical function [14]. As one of the popular logical
operations, the XOR function is widely exploited in
digital image processing to present a difference between
two images, due to its functionality to distinguish the
same values (true or false) from the different values in
the compared images. The XOR logical function is often
exploited in the field of cryptography and
steganography [15]. In the current research, it is used to
compare images that are the result of automatic
processing with those that are the result of human
assessment, in order to evaluate the potential of the
SegPC algorithm for application in the field of
automatic mold identification.

(3)
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2.4 Experimental settings

All images are cropped to form ROI (Region of
Interest), which don’t contain background elements, and
thus BMP images containing only the Kashkaval cheese
surface are prepared. These ROI images are processed
manually (supervised by an expert) to locate all areas
occupied by mold. The above-mentioned manipulations
are performed using Imagel software, which is chosen
due to its rich tool palette for image processing, and a
convenient, intuitive graphical user interface. Thus, a set
of images that are used as a referent image is composed,
and they are interpreted as an expert evaluation due to
the presence of areas occupied by mold, which are
localized by an expert. These images are used for
comparison with binary images that are produced using
segmented images (result of processing with the SegPC
algorithm), and the SSIM metric and XOR function are
used as comparison tools. The processing with the
SegPC algorithm is based on two input parameters (set
by the user), one for the number of colors and the second
for the priority order of color components of the HSI
color system, and the result image is a grayscale stored
in BMP format. A Matlab program is developed to
produce binary images from every segmented grayscale
image in such a way that every binary image is
composed of black pixels, which correspond to the
pixels with the selected color (gray level), and white
pixels that replace all other pixels (with a color which
differs from the currently selected gray level). Thus, a
set of binary images whose number is equal to the
number of colors selected by the user for segmentation
is produced. After comparison with the Matlab function
ssim(), the return values (calculated index for structural
similarity) are stored in a text file. When the comparison
of binary images is performed using the Matlab function
xor(), then the resulting images are processed to
calculate the ratio of white pixels (they present a
difference between the two processed images) to all
pixels in percent, and this ratio is also stored in a text
file.

Original Cropped
image image

v
Expert assessment

Com a;ed with SSIM

Processing

with SegPC|
algorithm b .
(4 colors)

e

LS

Fig. 2. Workflow of the experimental images processing

s=size(datal);

width=s(1);

height=s(2);

[counts,binLocations] = imhist(datal);

color=[];
for i=1:256
if counts(i)~=0
new=binLocations(i);
color=[color,new];
end
end

s_color=length(color)
for n=1:1:s_color
for j=1:1: height
for i = 1:1:width
if (datal(i,j,1)==color(n)) &
(datal(i,j,2)==color(n)) & (datal(i,j,3)==color(n))
A (i,j) = uint8(0);
else
A (i,)) = uint8(255);
end
end
end
end

Convert to binary image for every color

Figure 2 presents the workflow of experimental
work using image processing. In this figure, it is
presented the process of image manipulation using one
of the images of Kashkaval cheese and four colors for
segmentation with the SegPC algorithm, and priority
order of color components H — I —S. As a result of
image analysis, five images showing the comparison
using structural similarity (SSIM) are produced, because
the segmented grayscale image with four colors is
compared to the original image, and four binary images
generated from the segmented image are compared to
the binary image with mold, which is expert-defined.
Images that are the result of applying the XOR operation
are four because this operation can be applied only for
binary images, and the current example (presented in
Figure 2) is based on segmentation with four colors, and
consequently, four binary images are generated by color
extraction.

. Compared with SSIM
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number of pixels in the whole image in percent, and for
Goat 1.1 was obtained 39% mold, for Goat 1.2 — 2%,
for Goat 2 — 6%, and for Goat 3 — 11%. Each of the
examined images is converted to a grayscale using the
SegPC algorithm, all possible orders of the priority
components, and with 2,3,4,5,6,7, 8,9, and 10 colors.
Table 1 presents the calculated ratio of pixels of every
color to the total number of pixels in the image for three
priority orders of the color components for Goat 2.

3 Results

For the Kashkaval cheese sample Goat 1, two ROI
images (named Goat 1.1 and Goat 1.2) are formed,
which correspond to the two visible surfaces with
growth mold for this sample (see Figure 1). It is
calculated Ry, as the ratio of the number of pixels that
are localized by an expert as areas with mold to the

Table 1. Ratio of pixels for each color to the number of all pixels in the image for three color component priority orders in percent

I->S->H
2 colors 3 colors 4 colors 5 colors
0 255 0 128 255 0 85 170 255 0 64 128 192 255
13.24 86.76 292 3947 57.60 0.70 28.09 31.03 40.17 0.14 20.74 2283 2400 3229
6 colors 7 colors
0 51 102 153 204 255 0 42 84 126 168 210 255
0.11 1959 1675 1846 1894 26.15 0.07 1699 1289 12.64 1442 19.54 2344
8 colors
0 36 72 108 144 180 216 255
0.05 1392 1398 1225 13.61 12.86 14.03 19.30
9 colors
0 32 64 96 128 160 192 224 255
0.03 1126 13.29 7.92 12.63 1373 1172 1246 1696
10 colors
0 28 56 84 112 140 168 196 224 255
0.00 10.53 12.01 6.83 12.07 9.99 8.13 11.52 1358 1533
S->I->H
2 colors 3 colors 4 colors 5 colors
0 255 0 128 255 0 85 170 255 0 64 128 192 255
1324 86.76 292 4430 52.77 0.70 3320 2527 40.83 0.14 2323 2289 2237 3136
6 colors 7 colors
0 51 102 153 204 255 0 42 84 126 168 210 255
0.11 2138 2045 1441 16.14 2751 0.07 16.61 1479 1593 14.16 1398 2446
8 colors
0 36 72 108 144 180 216 255
0.05 1347 1486 15.80 9.84 1325 10.19 2253
9 colors
0 32 64 96 128 160 192 224 255
0.03 12.03 15.12 9.78 12.82 9.00 11.51 1154 18.16
10 colors
0 28 56 84 112 140 168 196 224 255
0.00 10.82 13.47 7.80 13.59 6.85 10.02 10.90 9.13 1743
H->I->S
2 colors 3 colors 4 colors 5 colors
0 255 0 128 255 0 85 170 255 0 64 128 192 255
1324 86.76 292 47.02 50.06 0.70 3230 31.13 35.87 0.14 2843 2311 2615 2217
6 colors 7 colors
0 51 102 153 204 255 0 42 84 126 168 210 255
0.11 2326 1850 18.63 2140 18.10 0.07 16.67 1741 1675 16.79 16.89 1542
8 colors
0 36 72 108 144 180 216 255
0.05 1448 8.80 1845 14.67 1237 1758 13.51
9 colors
0 32 64 96 128 160 192 224 255
0.03 11.61 11.73 10.78 1544 1091 1442 13.14 1194
10 colors
0 28 56 84 112 140 168 196 224 255
0.00 0.85 19.19 8.90 13.10 9.80 14.80 1127 1137 10.73
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The cropped images of cheese samples and those
transformed with the SegPC algorithm were compared
using the SSIM metric, and Figure 3 presents the
obtained results. It is observed that for Goat 1.1 it is
calculated the lowest similarity index when the color
hue is used as major color component for segmentation
with SegPC algorithm, which could explain the very
high similarity of color hue for areas with and without
mold for this image (the color of formed mold is near to
white and consequently it is near to the color of cheese
matter which is creamy to yellowish). For this image
(Goat_1.1), the calculated SSIM values are higher when
intensity and saturation are used as a major color
component for segmentation. For images of Kashkaval
cheese Goat_2 and Goat_3 it is observed that the highest
structural similarity (SSIM index) for all used numbers
of colors is calculated when color hue is used as a major
color component by segmentation, which could be
explained by the presence of mold with blue color,
which significantly differs from the color hue of cheese
matter.

Another observation is related to the influence of the
increasing number of colors that are wused by
segmentation on the structure of the image. It can be
noticed that for all modes of segmentation and for all
used numbers of colors, a decreasing trend for structural
similarity between the segmented image and the original
one is observed when the number of colors increases.
This observation corresponds to our expectations
because our object of interest is the mold, and there are
no other specific structural elements that appear on the
examined surfaces of Kashkaval cheese samples. In this
way, a small number of colors (2, 3, or 4) is enough to
distinguish areas with mold from the remaining cheese
matter.

The images transformed by the SegPC algorithm are
converted to binary by extracting each of the colors. The
resulting images are compared with the binary image
obtained from the experts’ evaluation using the XOR
and SSIM metrics. Figure 4 presents the results for the
SSIM metric for the binary images, and Figure 5
presents the results for the XOR metric for the binary
images.

The major thing that we can notice when exploring
Figures 3 and 4 (they present results for the SSIM
metric) is the higher values for structural similarity
when binary images are compared, in contrast to the
case of comparing grayscale images. Thus, our research
focuses on these binary images and their semantics,
regarding our main purpose, which is to evaluate which
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settings for segmentation with the SegPC algorithm will
be the most effective for the task of automatic mold
localization on the surface of Kashkaval cheese.
Assuming that one of the colors in the segmented image
will be the most important in mold identification, all
binary images that are generated using the extraction of
only one color are processed with the logical function
XOR, together with those binary images that are defined
using expert guidance, to identify the most important
color. For this important color, the difference between
binary images should be the smallest because it shows
the matching of the examined images, and when the
compared images are very similar, then the number of
pixels that present their comparison with the XOR
function (their difference) will be a small value, even
near zero. Exploring Figure 5, we can see that an
increasing number of colors leads to decreasing values
of difference for all binary images of the examined
samples. The minimal calculated difference is 2.2376%,
and it is measured for image Goat_1.2 for a binary image
that is extracted using color with gray level 32 from an
image segmented with 9 colors. For this color, the
structural similarity between binary images is highest,
which indicates that high structural similarity
corresponds to low difference for those images. For
every image and for every mode of segmentation, the
minimal difference is found, and the average value of
these minimal differences is calculated separately for
every priority order of color components. For priority
order I->S->H the average value of minimal differences
is 6.56, for priority order I->H->S the average value is
about ~7.08, for priority order S->I->H the average
value is about ~6.63, for priority order S->H->I the
average value is about =7.71, for priority order H->I->S
the average value is about =7.57, and for priority order
H->S->1 the average value is about =7.29. It could be
noticed that the average value of minimal differences is
below 10%, which indicates the potential of the SegPC
algorithm to be applied in the specific task. The
efficiency of the discussed algorithm to solve the current
problem is based on its detailed segmentation due to
secondary processing for color components (channels)
that are not identified as the most significant (color
components with second and third priority order), but
they also contain information related to the current task.
Thus, mold localization could be implemented in visual
range only without the use of additional equipment to
acquire hyperspectral data, as other researchers propose

[6].

$ 910

(SIH)

Fig. 3. Results for the structural similarity metric (SSIM index) comparing original and converted grayscale images
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Fig. 4. Results of the structural similarity metric (SSIM index) for binary images
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4 Conclusions

The current research presented a study on the
application of a novel image segmentation algorithm,
which works in HSI color space, in the automatic
localization of areas occupied by mold on the surface of
Kashkaval cheese. To evaluate the results of
segmentation, two metrics were used: one that analyzes
the visual similarity of examined images (SSIM metric),
and the second that performs logical comparison of
binary images to evaluate the correctness of automatic
mold localization. The results could be summarized as
follows:

- the structural similarity between grayscale images
decreases when the number of colors that are used by
segmentation increases;

- the usage of binary images for mold localization on
the surface of Kashkaval cheese is preferable regarding
very high structural similarity (about 0.9 as a maximal
value) and low difference level between automatically
generated images and expert-defined ones;

- the areas containing mold with blue color are
effectively localized when the color hue is used as a
major color component in priority order for
segmentation;

- the areas containing mold with white color could
be effectively localized using color intensity as a major
color component in priority order for segmentation;

- the main characteristic of the exploited image
segmentation algorithm (SegPC), related to precise
pixels grouping depending not only on one color
component (color channel) but using the second and
third priority color channels, allows identification of
areas occupied by mold more accurately in comparison
with other approaches based on the visual characteristics
extracted from popular color models (RGB, HSI, Lab).

In the future, work will continue in two directions:
first, an accumulation of a database of images of
Kashkaval cheese with growth mold on the surface
should be done, and second, using this database,
research on the adjustment of parameters for
segmentation with the SegPC algorithm should be done
to create an appropriate model describing mold
localization when its color varies from white to blue.
Such a model could be integrated into industrial quality
control systems to support experts’ work.
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