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The object of research is the process of segmenting an image from an unmanned aerial vehicle based on the ant algorithm under
the influence of salt-and-pepper noise.

"Salt™and-"pepper” noise occurs due to data transmission errors, failures of digital camera sensors or malfunctions during record-
ing/reading of information. It is characterized by the random appearance of individual pixels in the image, the value of which is equal
to the minimum ("pepper”) or maximum ('salt") brightness level.

Unlike the known ones, the method of segmenting an optoelectronic image based on the ant algorithm provides image segmentation
under the influence of salt-and-pepper noise and involves:

— initialization of initial parameters;

— calculation of the length of the path segment of agents;

— calculation of the attractiveness of the route for the agent;

— updating the pheromone concentration;

— calculation of the probability of transition of agents;

— calculation of the objective function;

— movement ofagents;

— determination of the best route of agents.

Experimental studies have shown that the segmentation method based on the ant algorithm provides a reduction in segmentation
errors of the first kind on average:

— in the absence of salt-and-pepper noise — 4%;

— at the intensity of salt-and-pepper noise & = 5-21%;

— at the intensity of salt-and-pepper noise & = 15-10%.

The segmentation method based on the ant algorithm provides a reduction in segmentation errors of the second kind on average:

— in the absence of salt-and-pepper noise — 3%;

— at the intensity of salt-and-pepper noise & = 5-15%;

— at the intensity of salt-and-pepper noise & = 15-6%.

The practical significance of the segmentation method based on the ant algorithm is to ensure high-quality image segmentation
under the influence of salt-and-pepper noise.
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1. Introduction ing and practical use of observation information. Modern UAVs are
equipped with high-precision sensors (cameras, thermal imagers, laser

The modern development of unmanned aerial vehicles (UAVs)  scanners, etc.). UAVs are able to provide detailed observation and moni-
opens up extremely wide opportunities for the collection, process-  toring to solve diverse tasks [1]. For example, in agriculture, monitoring
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information is used to determine the condition of the soil and the level
of plant moisture. In environmental monitoring, UAVs allow to track
changes in the environment and respond to emergencies in a timely
manner. In the military sphere, UAVs are used for aerial reconnaissance.
In mapping, high-precision digital maps and 3D terrain models are cre-
ated using UAVs, etc. [2, 3].

One of the key stages of processing images obtained from UAVs is
the segmentation process. Segmentation involves dividing the image
into homogeneous areas or individual objects [4].

The quality of segmentation directly determines the accuracy and
reliability of analytical results, which makes it a critically important
stage in image processing systems obtained from UAVs [5].

The quality of segmentation deteriorates under the influence of
various noises. The formation of noise is due to the action of a combina-
tion of hardware, software and external factors.

The main noises caused by optoelectronic surveillance equipment
include [6, 7]:

- temperature noise (Johnson-Nyquist noise), which is caused by

thermal fluctuations of electrons in the matrix, especially when op-

erating in high or low temperature conditions;

- reading noise, which occurs during the digitization of an analog

signal by a sensor and an analog-digital device, which causes ran-

dom errors in brightness reproduction;

- dark current, which manifests itself even in the absence of light-

ing in the form of "graininess’, distorting the image.

The main noises caused by information processing and transmis-
sion are [6, 7]:

- impulse noise (salt-and-pepper), which leads to the appearance

of single black and white dots in the image;

- quantization noise, which is formed due to the limited bit depth

of the signal.

Also, external conditions have a significant impact on the quality of

images, such as [6, 7]:

- atmospheric interference - rain, fog, dust, smoke or air turbu-

lence, etc;

- electromagnetic interference.

In [8], the main types of noise that affect the quality of an optoelec-
tronic image are given: Gaussian, speckle noise and salt-and-pepper
noise, and the nature of their occurrence are considered. The main
source of Gaussian noise is electronic fluctuations. Speckle noise affects
the image, causing it to be grainy, which makes it difficult to distinguish
small details. Salt-and-pepper noise causes the presence of single pixels
of white or black color.

Thus, the analysis [8] showed that the appearance of these noises
significantly complicates the task of processing optoelectronic images
and requires improvement of their processing methods at each stage.
In this case, special attention is paid to the pre-processing stage and the
stage of segmentation of the optoelectronic image. In [9], the use of the
modified Fuzzy C-Means (FCM) method is proposed for segmentation
of optoelectronic images distorted by noise of various nature. The main
advantage of [9] is the high quality of segmentation results compared to
the classical fuzzy clustering algorithm FCM. The main disadvantage
of [9] is the dependence on the parameters of the weight coefficients,
which, in turn, requires their careful adjustment for a specific task.

In [10], it is proposed to use the power mean function in combina-
tion with a fuzzy membership function for segmentation. This allows to
reduce the influence of noise. The method proposed in [10] shows good
results in isolating objects of interest on the test image, even under the
condition of a low signal-to-noise ratio. However, it is difficult to assess
the quality of segmentation on real images obtained from UAVs due to
the fact that segmentation was not performed on such images. Another
disadvantage of [10] is the dependence of the quality of the segmenta-
tion result on the correct choice of the parameter in the power mean
function. In [11], it is proposed to use the approach of dividing labels

into "clean” and "noisy" (clean label disentangling) with the subsequent
generation of pseudo-labels and to use this approach when training
neural networks. The advantage of [11] is good segmentation results
compared to methods based on a similar label distribution strategy.
The disadvantage of [11] is the direct dependence of the quality of the
segmentation results on the correctness of the selection of "clean” labels
in the image.

In [12], it is proposed to use an approach that combines the use
of two methods when segmenting medical images. This is the method
of automatically generated pseudo-labels, and the method of "‘com-
petitive” learning taking into account weight loss functions. Experi-
mental studies on an open dataset of medical images have shown
that the method [12] provides high-quality segmentation. However,
the method has been tested only on medical images. There is also
a dependence of the method on the initial pseudo-labels. This limits
its use to images from UAVs.

In [13], it is proposed to use a neural network for segmenting
images distorted by noise of various origins. In this case, the neural
network independently makes decisions regarding the structure of the
image, separating the noise. The experimental studies presented in [13]
prove the effectiveness of the proposed approach when segmenting im-
ages distorted by noise of various types. The main disadvantages of [13]
are high computational costs and the dependence of the segmentation
result on the choice of initial parameters of the method.

In [14], a hybrid method is proposed for segmenting images dis-
torted by noise. The method is based on an impulse neural network and
an algorithm based on whale behavior (improved whale optimization
algorithm). The main advantage of [14] is the high quality of segmenta-
tion of images distorted by noise of various nature. The disadvantage
of [14] is the high computational costs associated with the sequential
operation of the algorithm and the neural network. Therefore, the
method cannot be used in real-time image processing.

In [15], an ant algorithm is proposed for segmenting optoelec-
tronic images distorted by additive Gaussian noise. The main advantage
of [15] is the adaptability of the method and the ability to self-adjust.
This ensures high quality of segmentation, even with a significant level
of additive Gaussian noise. The main disadvantage of [15] is the de-
pendence of the segmentation result on the choice of the parameters
of the ant algorithm.

In [16], a segmentation method based on the ant algorithm is
proposed for segmenting optoelectronic images from UAVs that are
distorted by speckle noise. The main advantage of [16] is to reduce the
negative impact of speckle noise and improve the quality of segmentation.
The disadvantage of [16] is the same as in the previous work, namely
the dependence of the segmentation results on the setting of the input
parameters of the algorithm.

Thus, the experimental studies presented in [15, 16] show the pros-
pects of using the ant algorithm for segmenting images from UAVs that
are distorted by noise. Therefore, the article proposes a method for seg-
menting optoelectronic images from UAVs based on the ant algorithm
under the influence of salt-and-pepper noise.

The object of research is the process of segmenting an image from
a UAV based on the ant algorithm under the influence of salt-and-
pepper noise.

The aim of research is to improve the quality of segmentation of
UAV images under the influence of salt-and-pepper noise.

To achieve the aim, it is necessary to perform the following ob-
jectives:

1. Provide a brief description of salt-and-pepper noise in an image
from an unmanned aerial vehicle.

2. Provide the main stages of the image segmentation method
based on the ant algorithm.

3. Conduct experimental studies on image segmentation using
the ant algorithm method under the influence of salt-and-pepper noise.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 6/2(86), 2025

69—)



(— INFORMATION AND CONTROL SYSTEMS:

SYSTEMS AND CONTROL PROCESSES

ISSN-L 2664-9969; E-ISSN 2706-5448

2. Materials and Methods

The following assumptions were made during the research:

- only the optoelectronic image is considered;

- the influence of salt-and-pepper noise is considered;

— the influence of other noises is not considered;

- the comparison was made with the well-known Sobel method.

The following research methods were used:

- digital image processing;

- the mathematical apparatus of matrix theory;

- system analysis;

- comparative analysis;

— probability theory and mathematical statistics;

— optimization theory;

- swarm intelligence;

- mathematical modeling.

The research methods were selected based on the formulated re-
search tasks. The choice of such research methods is due to:

- matrix representation of the image;

- the random nature of salt-and-pepper noise;

- use of the ant algorithm;

— iterative image processing process (experimental studies);

- comparative analysis of the developed method with known
segmentation methods.

In a brief description of salt-and-pepper noise in an image from an
unmanned aerial vehicle, the following theoretical methods were used:

- digital image processing;

- system analysis;

— probability theory and mathematical statistics;

- mathematical apparatus of matrix theory.

In determining the main stages of the image segmentation method
based on the ant algorithm, the following theoretical methods were used:

- probability theory and mathematical statistics;

- optimization theory;

- system analysis;

- swarm intelligence.

In conducting experimental studies on image segmentation, the
following experimental methods were used:

- mathematical modeling;

- digital image processing;

- comparative analysis.

When conducting experimental research, the following was used:

- hardware: Dell laptop Intel’ Core™ i7-8650U CPU@ 1.90 GHz;

- software: object-oriented programming language Python 3.11,

programming language Matlab 7 with application program package.

3. Results and Discussion

3.1. Brief description of salt-and-pepper noise in an image from
an unmanned aerial vehicle

One of the common types of impulse noise that significantly affects
the quality of digital images is salt-and-pepper noise. It is characterized
by the random appearance of individual pixels in the image, the value
of which is equal to the minimum (black color - "pepper") or maxi-
mum (white color - "salt") brightness level. Such noise occurs due to
data transmission errors, failures of digital camera sensors or malfunc-
tions during recording/reading of information.

Formally, salt-and-pepper impulse noise can be described as a ran-
dom change in the brightness of an image pixel {X), where X = (x, y) -
coordinates of pixels in the image, according to the expression

L., withprobability p / 2;
f(X)=4L,.. withprobability p/2; (1)
f(X), with probability 1—p,

where L, — minimum value of noise intensity; Ly, — maximum value
of noise intensity; p — noise density, which determines the proportion
of distorted pixels.

The main feature of this type of noise is its impulsive nature and
localization. As a result, single white and black dots appear. This leads
to significant distortion of visual information and complicates image
segmentation.

In [17] it is noted that median filters and their modifications
are used for filtering salt-and-pepper noise. However, in conditions
of high density of impulsive noise, the efficiency of these methods
is significantly reduced. This necessitates the use of more adaptive
approaches, among which bioinspired algorithms occupy a special
place. Such algorithms are able to provide increased resistance to
impulsive distortions.

Analysis of modern scientific publications shows that methods, in
particular methods of image segmentation based on ant algorithms,
are effective under conditions of influence of various noises. The use of
ant algorithms in image segmentation tasks opens up the possibility of
achieving high adaptability, noise resistance and improved processing
quality even under difficult conditions.

3.2. The main stages of the image segmentation method based
on the ant algorithm

The classical ant algorithm [18] has already been adapted for im-
age segmentation. Each stage of the algorithm is modified taking into
account the specifics of working with pixels and their features, such as
brightness, color, texture [19].

Fig. 1 shows a block diagram of the image segmentation algorithm
based on the ant algorithm (ACO).

This algorithm includes the following stages [19]:

1. Initialization of initial parameters:

— the inputimage is denoted as f(X);

— the initial level of pheromone on all paths — F;

— the pheromone evaporation coeflicient - p;

- the coeflicient &, which determines the influence of the phero-

mone on the choice of the route;

- the coefficient £, which regulates the degree of "greed” when

switching between nodes.

2. Initial arrangement of agents in the image.

In the first iteration of the ant algorithm, all agents are randomly
placed on the pixels of the input image

X = mnd(f(X)), 2

where Xj; = (x;,y5) - the coordinates of the agent at the starting step;
rand — the uniform random distribution function.

The number of agents is taken equal to the number of pixels of the
analyzed image. Such initialization is performed only once, during the
first iteration of the algorithm.

3. Calculation of the length of the path segment of the agents.

To determine the length of the route, the difference in brightness
between neighboring pixels is taken into account, which is given by
the expression

(1) =[x (0] +| Ay @ +Kaf" @) )

where m - the agent index; j - the algorithm iteration number; i - the
image pixel; |Axf”(])| |Ayym(])| — the agent displacement along the
xand y coordinate axes; k — coeflicient that normalizes the differences
in brightness (taking into account the scale, units of measurement, etc.);
|Aﬁ'"(j)| - the difference in pixel brightness, which is determined by
the formula

£ =] £ Gy )= G Gy, () ()

G
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Fig. 1. Block diagram of the image segmentation algorithm based
on the ant algorithm (ACO)

4. Calculation of the attractiveness of the route for the agent.
At each turning point of the movement, the "usefulness” of the
selected route section is estimated by the ratios:

1
(== 5)
! D (j)
L(j) = (©)
1+7D’ (])
0
mge s 1
L()=—%5 )
14e

where Dy — a coefficient that scales the dependence on the image char-
acteristics.

5. Updating the pheromone concentration.

At the initial step of the algorithm, the pheromone level for all
sections of the route is considered the same and equal to the value F,.
Subsequently, after each iteration, the amount of pheromone is adjusted
according to the formula

F(j+1) = p)E"(j)+ 3 AE", ®)

m=1

where p 6[0; 1] — the evaporation coefficient; AF" - the additional
contribution of pheromone after the agent passes through this section.
6. Calculation of the transition probability.
The choice of the next point of the agent’s movement is determined
by the rule

() ()’ o
S(EG) 22()

r=1

P"(j)=

where R — the number of possible turning points; F"(j) - the local
concentration of pheromone at the selected point.

7. Calculation of the objective function.

To assess the quality of the route, the functional

M N

0,(X)=2 2 (B"()-D" (),

m=1 i=1

(10)

where N — the dimension of the input image.

8. Agent movement:

Each agent starts its path from the starting point, passes a sequence
of intermediate nodes (selected according to the rule (9)) and ends its
movement in the final position.

The optimal route is defined as one that minimizes the objective
function (10). This principle fully corresponds to the methodology
of swarm intelligence. In this case, the four-connectedness of pixels is
taken into account, which is described by the relation

| () + |y (] =1, (11)
and then the objective function takes the form
M . S Gy ()=
0,()=33 P"(j){ 14k ( Al (12

m=1 i=1

(=G ()

and the optimization problem taking into account (12) is written as

— min.

0. (0= P 1+

m=1 i=1

F Gy ())- )
~f

(< (D)

The trajectories where the most pheromone accumulates become
dominant; less promising paths eventually lose their attractiveness due
to evaporation.

9. Checking the stopping criterion:

If the termination condition is met, the algorithm proceeds to the
next stage. If not, the calculation is repeated from Step 3.

10. Determining the best route:

For each agent, the optimal trajectory is calculated according to

X!, (m= m)

best?

(14)

11. Formation of the final segmented image:
The output is a segmented image that corresponds to the optimal
solution found by the ant colony.

3.3.Image segmentation under salt-and-pepper noise

To verify the operation of the segmentation method based on the ant
algorithm under salt-and-pepper noise, experimental studies were con-
ducted. The original image for segmentation is shown in Fig. 2 [16, 20].

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — No. 6/2(86), 2025

71—



INFORMATION AND CONTROL SYSTEMS: ISSN-L 2664-9969; E-ISSN 2706-5448
( SYSTEMS AND CONTROL PROCESSES

Fig. 5-7 show segmented images (using the ant algorithm) at dif-
ferent values of salt-and-pepper noise intensity, namely:

- Fig. 5 - without noise influence o = 0;

- Fig. 6 - at noise intensity o = 5;
i e - Fig. 7 - at noise intensity o = 15.

>

Fig. 2. Initial image for experimental study [16, 20]

This is an optoelectronic image from the DJI Mavic 3 Pro (DJIRC)
UAV (China) [16, 20]. Characteristics of the onboard optoelectronic
equipment:

- wide-angle camera Complementary Metal-Oxide-Semiconduc-

tor (CMOS) Hasselblad, 20 MP;

- RAW image format;

— shooting speed 5.1 K/50 frames per second.

When conducting the experiment, by analogy with [16], the fol-
lowing assumptions were made:

- the optoelectronic image has a Red-Green-Blue (RGB) color space;

- objects of interest are a vehicle and a trailer;

- salt-and-pepper noise is considered;

— the influence of other distorting factors is not considered;

— hardware: Dell laptop Intel” Core™ i7-8650U CPU@ 1.90 GHz;

- software: object-oriented programming language Python 3.11,

programming language Matlab 7 with application software package.

Fig. 3 shows the superimposition of salt-and-pepper noise with
intensity o = 5 on the original image (Fig. 2). Fig. 4 shows the superim-
position of salt-and-pepper noise with intensity & = 15 on the original
image (Fig. 2).

Fig. 5. Segmented original image (Fig. 2) without noise influence
salt-and-pepper (o = 0)

Fig. 6. Segmented original image (Fig. 2) at noise intensity (o = 5)

Fig. 7. Segmented original image (Fig. 2) at noise intensity (o = 15)

Fig. 3. Original image (Fig. 2) with salt-and-pepper noisc (o = 5)

i : Fig. 8-10 show segmented images (by the well-known Sobel
method) at different values of noise intensity salt-and-pepper, namely:

- Fig. 8 - without noise o = 0;

- Fig.9 - atnoise intensity o = 5;

- Fig. 10 - at noise intensity o = 15.

For comparative analysis, Fig. 8—10 show the results of segmenta-
tion of the same images by the method based on the Sobel opera-
tor [10]. In particular, Fig. 8 illustrates the result for an image without
noise, Fig. 9 at noise level o = 5, and Fig. 10 at noise level o = 15.

Visual analysis of Fig. 5-10 indicates a better quality of segmented
images using the method based on the ant algorithm (Fig. 5-7).

Let’s calculate the segmentation errors of the first and second kind.

fee . e = AR - Let’s calculate the errors using the expressions (15) (first kind premise),
Fig. 4. Original image (Fig. 2) with salt-and-pepper noise (o = 15) (16) (second kind error) [16]:
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SSU) "
5,(4£(X))

B, :1_54(f(x))’ (16)

where fs(X) - the segmented image; Si(fs(X)) — the number of back-
ground pixels incorrectly attributed to objects of interest in the im-
age f3(X); $(f(X)) - the number of background pixels in the image f{X);
S3(fs(X)) - the number of correctly segmented pixels of objects of
interest in the image fs(X); S4(f{X)) - the number of pixels of objects
of interest in the image f{X).

Fig. 8. Segmented original image (Fig. 2) by the well-known Sobel method
without noise (o = 0)

Fig. 9. Segmented by the well-known Sobel method the original
image (Fig. 2) at noisc intensity (o = 5)

Fig. 10. Segmented by the well-known Sobel method the original
image (Fig. 2) at noise intensity (o = 15)

Table 1 and Table 2 show the values of segmentation errors of the
first (et1) and second (f3,) kind. Different values of salt-and-pepper
noise intensity are taken into account.

Table 1

Segmentation error of the first kind (a;)

Segmentation error of the first kind (at1), %

Name of the segmentation . .
Salt-and-pepper noise intensity ()

method
o=0 o=5 o=15
Sobel operator-based method 27.6 76.9 96.8
Ant algorithm-based method 239 55.5 86.6
Table 2

Segmentation error of the second kind (3,)

Segmentation error of the second kind (/3,), %

Name of the segmentation o .
Salt-and-pepper noise intensity (o)

method
c=0 o=5 o=15
Sobel operator-based method 25.3 62.8 91.2
Ant algorithm-based method 22.5 47.3 85.6

From the analysis of Table 1 and Table 2 it is clear that the use
of the ant algorithm in image segmentation provides a reduction in
segmentation errors of the first kind on average:

- inthe absence of salt-and-pepper noise — 4%;

- with the intensity of salt-and-pepper noise o = 5-21%;

- with the intensity of salt-and-pepper noise & = 15-10%.

From the analysis of Table 1 and Table 2 it is clear that the use of the
ant algorithm in image segmentation provides areduction in segmenta-
tion errors of the second kind on average:

- in the absence of salt-and-pepper noise — 3%;

- with the intensity of salt-and-pepper noise & = 5-15%;

- with the intensity of salt-and-pepper noise o = 15-6%.

The practical value of the segmentation method based on the ant
algorithm is to ensure high-quality image segmentation under the influ-
ence of salt-and-pepper noise.

The following limits of application of the obtained results were
adopted when conducting the research:

- application only for optoelectronic images;

- for quantitative calculations, only segmentation errors of the first

and second kind were used.

The limitations of research are:

- quantitative indicators of segmentation quality are relevant only

when the image is affected by only salt-and-pepper noise;

- itis necessary to first provide rotation compensation and scale

change of the original optoelectronic image;

— itis not determined (on board or on the ground) where the seg-

mentation of the optoelectronic image should be performed.

The prospects for further research are: calculation of other indica-
tors of segmentation quality of optoelectronic images.

4. Conclusions

1. Tt was established that salt-and-pepper noise occurs as a result
of data transmission errors, failures of digital camera sensors or mal-
functions during recording/reading of information. It is characterized
by the random appearance of individual pixels in the image, the value of
which is equal to the minimum ("pepper”) or maximum ('salt") bright-
ness level.

2. Unlike the known ones, the main stages of the UAV image seg-
mentation method based on the ant algorithm are:

- initialization of initial parameters;

- calculation of the length of the agent path segment;

- calculation of the attractiveness of the route for the agent;

- updating the pheromone concentration;
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- calculation of the probability of agent transition;

— calculation of the objective function;

— movement of agents;

- determination of the best route for agents.

3. Experimental studies have been conducted on image segmenta-
tion under conditions of salt-and-pepper noise based on the ant algo-
rithm under conditions of salt-and-pepper noise. It has been established
that the segmentation method based on the ant algorithm provides
a reduction in segmentation errors of the first kind on average:

- inthe absence of salt-and-pepper noise — 4%;

— at the salt-and-pepper noise intensity o = 5-21%;

- atthe salt-and-pepper noise intensity o = 15-10%.

It was found that the segmentation method based on the ant algo-
rithm provides a reduction in segmentation errors of the second kind
on average:

- in the absence of salt-and-pepper noise — 3%;

- atthe salt-and-pepper noise intensity o = 5-15%;

— at the salt-and-pepper noise intensity o = 15-6%.

The practical significance of the segmentation method based on
the ant algorithm is to ensure high-quality image segmentation under
the influence of salt-and-pepper noise.
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