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THE SMALL AERIAL OBJECTS SEGMENTATION METHOD ON
OPTICAL-ELECTRONIC IMAGES BASED ON THE SOBEL EDGE DETECTOR

Abstract. The subject matter in the article is the stage of segmentation of small aerial objects on images obtained from an
optical-electronic system. The goal is to develop a small aerial object segmentation method based on optical-electronic images
based on the Sobel edge detector. The tasks are: analysis of existing methods of segmentation of optical-electronic images;
development of a method of segmentation of small aerial objects on images obtained from an optical-electronic system; practical
verification of the method of segmentation of small aerial objects on optical-electronic images based on the Sobel operator. The
methods used are methods of system analysis, mathematical methods of image comparison, methods of digital image processing,
methods of discrete mathematics, probability theory, mathematical apparatus of matrix theory, and methods of analytical geometry.
The following results are obtained. The features of the images obtained from optical-electronic systems when searching for a multi-
dimensional aerial object are considered, and the segmentation methods that allow the detection of the object of interest on the
optical-electronic images are analyzed. It has been established that it is necessary to use image segmentation methods that are easy
to implement and calculate. It is proposed that segmentation be carried out using a method based on the Sobel edge detector. The
proposed method includes two successive stages. This is processing with a Gaussian filter and applying the histogram equalization
operation in the first stage, and applying the Sobel edge detector to the results of the first stage in the second. A block diagram of the
proposed segmentation method is presented. Experimental studies on the detection of a small aerial object on authentic optical-
electronic images have been carried out, and the results of segmentation using the classical Sobel edge detector and the proposed
method are given. A visual assessment of the quality of segmentation results using these methods was carried out. Conclusions. A
method of segmentation of small aerial objects on optical-electronic images based on the Sobel edge detector has been developed.
The direction of further research is to evaluate the quality of segmented images by numerical indicators.
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Introduction

Formulation of the problem. The development of
optical-electronic  technologies opens up wide
opportunities for observation and analysis of air space in
various fields, in particular in air navigation,
environmental monitoring, air traffic control, and
scientific research of the atmosphere. One of the
important tasks in this context is the segmentation of
small aerial objects on optical-electronic images. This
allows the detection and identification of natural and
man-made objects such as birds, weather probes, or
unmanned aerial vehicles (drones) [1].

The most relevant today is the identification and
detection of drones precisely because of their active use
in war. The experience of previous armed conflicts
showed that such a number of drones as in Ukraine had
not been used in the entire history of wars [2, 3].

In this article, the main attention is paid to solving
the problem of finding a small-sized aerial object using
an optical-electronic surveillance system. By small aerial
object, we mean an unmanned aerial vehicle.

To solve this problem, it is necessary to perform the
task of processing the image received from an optical-
electronic system in order to detect a small aerial object on
it, namely an unmanned aerial vehicle. At the same time,
the main problem is the peculiarities of image processing

obtained from an optical-electronic system. The image
obtained from an optical-electronic system of an
unmanned aerial vehicle is often of poor quality due to the
limitations of the low-resolution camera and the fact that
both the drone and the aerial object are moving [4, 5].
When solving, for example, the specific task of searching
for a large-sized aerial object using an optical-electronic
surveillance system installed on an unmanned aerial
vehicle, it is greater than when solving the task of
reconnaissance of a stationary object of interest.

The process of image processing includes several
stages, but one of the most important is the stage of image
segmentation. The quality of detecting the object of
interest in the optical-electronic image depends on the
segmentation result.

Therefore, the relevance of this issue is due to the
need to increase the accuracy and speed of automated
image analysis in conditions of changing lighting,
atmospheric obstacles, and low contrast of objects.
Improvement of segmentation methods will contribute to
the solution of issues as well as improvement in other
areas of human activity, namely environmental
monitoring, control of bird migration, optimization of air
navigation systems, and development of artificial
intelligence in the field of computer vision.

Analysis of recent research and publications. The
analysis of well-known segmentation methods showed
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that there are a large number of them today [6]. However,
the authors conclude that it is necessary to use algorithms
for the segmentation of digital images that are simple to
implement and calculate. This conclusion is connected to
the given features of the received original image from an
optical-electronic system [7, 8].

In [6] is considered the group of methods for
detecting edges in an image using filters. These are
operators of Prewitt, Roberts, Kirsch, Sobel, etc. The
main difference between these operators is the weighting
coefficients in the kernels. The advantage is the
processing of the entire image without gaps. The
disadvantage of spatial filtering is the difficulty in
selecting coefficients for the kernel.

The well-known Canny edge detector also belongs
to the group of edge detection methods based on spatial
filtering. In [9], it is proposed to use an improved method
of detecting by Canny edge detector. However, the
improved method requires a lot of time, and the resulting
image has a large number of edges, even "weak™ ones,
which are irrelevant for this task.

In [10], a method of image segmentation is
proposed, which is obtained using an RGB camera
located on an unmanned aerial vehicle. The advantage
[10] is remote image segmentation and decision-making
without human intervention. The disadvantage [10] is the
limited range of problems that can be solved using this
method, namely the task of identifying safe and
dangerous places for landing a drone.

In [11], it is proposed to use machine learning
methods based on ensemble decision trees with an object-
oriented approach to detect objects of interest on images
obtained from unmanned aerial vehicles. The advantage
of [11] is the high speed and accuracy of detection of
objects of interest. The disadvantage is the detection of
only a certain list of objects of interest.

In [12], the use of a network based on U-Net is
proposed for the segmentation of images from an
unmanned aerial vehicle. The advantage of [12] is the
accuracy of pixels and the smoothness of the edges in the
resulting image. This was made possible by replacing the
transposed convolutional layer with a subpixel one in the
U-Net upsampling block. The disadvantage of [12] is the
time spent on training the deep segmentation network.

In [13], it is proposed that the method of support
vectors be used for the segmentation of images from an
unmanned aerial vehicle. The disadvantages of [13] are
obtaining good results only on high-resolution images
and segmentation of orthophotos. The advantage of [13]
is the high quality of segmentation of orthophotos already
at the first stage.

In [14], it is proposed that the k-means method be
used for processing images of remote sensing of the earth
in order to detect the objects of interest. The advantage
of [14] is the speed of image processing, even of a large
size. The disadvantages of [14] are solving only the
problem of clustering. In [15], one of the methods of the
group of swarm intelligence algorithms, namely the
firefly algorithm, is proposed for the segmentation of
remote sensing images of the earth. The advantage of
[15] is good segmentation results even for large images.
The disadvantage of [15] is high computational costs.

In [16], the method of detecting objects of interest
on images of the earth's surface using the Hough
transformation is considered. The advantage of [16] is the
high result of object detection on RGB images from
spacecraft. The disadvantage of the method [16] is the re-
segmentation of the resulting image, that is, the detection
of a large number of edges, even those that do not
represent objects of interest, for example, shadows from
them.

Thus, the authors of the work propose to pay
attention to the selection of the method of detection of the
object of interest, namely a small aerial object, on the
image obtained by an optical-electronic system.

Thus, the goal of the article is to improve the small
aerial objects segmentation method on optical-electronic
images based on the Sobel edge detector.

Main results

One of the methods of spatial filtering, the Sobel
edge detector, is proposed to detect a small aerial object in
an image obtained from an optical-electronic system. The
Sobel filter can be implemented using the most
uncomplicated software and hardware tools [17, 18]. This
choice is explained by the advantages of this operator
among other gradient methods [6, [9, 18]. The main
advantages include high implementation speed and
predictable time for image segmentation. These are the
main requirements when solving the task of finding a small
aerial object on images from an optical-electronic system.

So, we will segment the real image obtained from
an optical-electronic system by the Sobel edge detector.
This image is presented in RGB color space. It has a size
of 1280x720 pixels. You can visually see the presence of
a small aerial object in the image, namely an unmanned
aerial vehicle of the type "Lancet" [19].

The Sobel edge detector, like other spatial filtering
methods, is based on the main property of the luminance
signal, namely discontinuity. To find gaps in spatial
filtering methods, it is proposed to process the entire area
of the input image with a kernel (filter, mask). This kernel
is a square matrix with defined coefficient values.

The process of Sobel edge detector is based on
moving the kernel from pixel to pixel along the entire
plane of the input image. In each pixel of the image
(x,y) the response is calculated. Such a response is

given by the sum of the products of the corresponding
brightness value of the pixel under the square matrix
(kernel) and the corresponding values of the coefficients.
Square matrices for the Sobel edge detector are presented
in the form (1) for calculation using the convolution
operation of the values of the horizontal and vertical
derivatives, respectively [20]:

1 0 +1 +1 +2 +1
-2 0 +2], 0O 0 0] (D)
-1 0 +1 -1 -2 -1

It is necessary to convert it from the RGB color
space to grayscale before starting the convolution
operation of the original image (Fig. 1). The result of
such a transition to another input image presentation
mode is shown in Fig. 2.
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Fig. 1. The original image [19]

After receiving the input image in grayscale, we

will obtain gradient components G, and Gy,
respectively, according to expressions (2):
1 0 +1 +1 +2 +1
Gy=|-2 0 +2|*1,Gy={ 0 0 0 [*L (2
-1 0 +1 -1 -2 -1

where | — grayscale image; * — two-dimensional
convolution operation.
To calculate the value of the gradient in each pixel,

we apply expression (3):

G=,G2+G2, ©)

We calculate the direction of the gradient:
® = arctan (Gy /G ) (4)

The result of applying the Sobel edge detector to the
image is a two-dimensional gradient map for each pixel.
The segmented input image (Fig. 1) by the Sobel edge
detector is shown in Fig. 3.

Visual analysis of the resulting image (Fig. 3)
showed that the segmentation quality is poor. It is very
difficult for the operator-decipherer to detect an aerial
object on a segmented image.

Thus, the authors propose to improve the image
segmentation method of small aerial object from an
optical-electronic system based on Sobel edge detector.

For this, it is proposed to apply Gaussian filter to
Fig. 2, which is a low-pass filter at the first stage:

2 2
G(x, )= 12-exp(—X ty ] (5)
26

2nc

Fig. 4. Processed Fig. 2 by Gaussian filter

Fig. 2. Conversion image
(RGB to Grayscale)

Fig. 5. Image after application to Fig. 4
of operation of histogram equalization

Fig. 3. The segmented image detector
by Sobel edge

where X, y — the coordinates of the pixel; ¢ — the standard
deviation of the normal distribution.

This processing is performed in order to reduce the
level of noise in the input image. The result of applying
the Gaussian filter to the input image in grayscale is
shown in Fig. 4.

In the second stage, it is proposed to perform the
operation of histogram equalization to the result of
filtering with a Gaussian filter (Fig. 4). This operation is
used to increase image contrast. This operation is
performed by redistributing the intensity of pixels on the
histogram. This is done to maximize detail and overall
brightness. The redistributed histogram ensures that
every pixel in the image has the same probability of
appearing in the image [21]. As a result, this leads to an
image with increased contrast [22].

A possible disadvantage of the histogram alignment
operation is the loss of details in the image. But such a
disadvantage is irrelevant for the task of searching and
detecting an aerial object such as an unmanned aerial
vehicle due to the size of such an object of interest. And
such a disadvantage can even be an advantage, because
unnecessary small details are lost.

The result of applying the operation of histogram
equalization to the result of filtering with a Gaussian
filter (Fig. 4) shown in Fig. 5.

Therefore, this operation normalizes the brightness
of the image pixels and increases the contrast of the
image. However, in this article, it is difficult to visually
notice it due to the large size of the original image
(1280x720 pixels) and the limitation of paper.

At the next stage, it is proposed to apply the classic
Sobel edge detector, which was described above, to the
image after the operation of histogram equalization

(Fig. 5).

Fig. 6. Segmented image
by the proposed method
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The result of image segmentation by the Sobel edge
detector after performing the Gaussian filtering operation
and the operation of histogram equalization is shown in
Fig. 6. Visual analysis of the segmented image by the
proposed method (Fig. 6) allows the operator-decipherer
to detect the contours of the aerial object in the image.

At the same time, small edges in the image, which
arise as a disadvantage of many well-known
segmentation methods, have disappeared. For a more
detailed visual comparison of the results of segmentation
by the classic Sobel edge detector and the proposed
method, we will cut out the objects of interest from the
resulting images and enlarge these regions.

Thus, Fig. 7 shows the region of the object of
interest or small aerial object from the segmented image
by Sobel edge detector (Fig. 3). Fig. 8 shows the region
of the object of interest or small aerial object from the
segmented image by the proposed method (Fig. 6).

Fig. 7. Object of interest or small aerial object from Fig. 3

Fig. 8. Object of interest or small aerial object from Fig. 6

A visual comparative analysis of Fig. 7 and Fig. 8
allows us to claim a significant improvement in the result
of segmentation by the proposed method of the image
obtained from an optical-electronic system when
performing the task of searching and detecting a small
aerial object in the input optical-electronic image.

Thus, the sequence of all stages of the proposed
method of segmentation of small aerial objects on
optical-electronic images based on the Sobel edge
detector is shown using the block diagram in Fig. 9.

The beginning

-

O

Input of the original
image in RGB color

2 Convertion of the original image
from the RGB color model into
Grayscale

[

3 Minimizing the impact of noise
I

4 Increasing the contrast of the image
I

5

Detection of contours in the image

I

/E/ The segmented image

1
C The end )
Fig. 9. The block diagram of the proposed method

of segmentation of small aerial objects on optical-electronic
images based on the Sobel edge detector

Calculations were performed when processing the
original image with Matlab software version 7.11
(R2010b) on an Intel Core i7-10700K technical device
with an NVIDIA RTX A2000 video card. The processing
results give the right to claim minimal time costs. This
fact is very relevant in the task of searching and detecting
a small aerial object by an optical-electronic system.

To date, results of segmentation (Fig. 3 and Fig. 6)
have only been assessed visually. In the near future, the
authors will evaluate the quality of segmented images
using numerical indicators.

Conclusions and
the directions of further research

Thus, the article examines the relevance of using
optical-electronic  technologies, which open wide
opportunities for monitoring and analyzing airspace in
various fields. In this article, the main attention is paid to
solving the problem of finding a small-sized aerial object
using an optical-electronic surveillance system. By small
aerial object, we mean an unmanned aerial vehicle.

The features of images obtained from optical-
electronic systems when searching for a small aerial
object were considered and the segmentation methods
that can detect an interesting object on optical-electronic
images were analyzed. It is established that it is necessary
to use image segmentation algorithms that are easy to
implement and calculate.

In this article, the main attention is paid to solving
the problem of finding a small-sized aerial object using
an optical-electronic surveillance system. By small aerial
object, we mean an unmanned aerial vehicle.

Known methods of segmentation are considered.
Their disadvantages and advantages are established when
segmenting an image obtained from an optical-electronic
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system. We propose segmentation using the classic Sobel
edge detector and an improved method based on the
Sobel edge detector. The improved method includes two
previous consecutive stages. This is processed with a
Gaussian filter on the first and a histogram alignment
operation on the second. A block diagram of the proposed
segmentation method is presented. The results of
segmentation using the classic Sobel edge detector and
the proposed method are presented. A visual assessment
of the quality of the segmentation results showed the
possibility of detecting small aerial objects only after
segmentation by the proposed method.

The direction of further research is to evaluate the
quality of segmented images using numerical indicators.
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MeToa cerMeHTYBaHHSI MAJI0PO3MiPHUX MOBITPAHUX 00’ €KTIB HA ONTHKO-EJ1eKTPOHHUX 300paKeHHAX
Ha ocHOBi onmepaTopy Cobenst

T'. B. Xynos, P. I'. Xynos, . A. Xwxkusx, 1. 1O. I'pigacos, I1. A. ['mymenko

AnoTtanisi. Ilpeamerom BHBYUEHHS B CTaTTi € eralm CErMEHTYBaHHS MaJOpO3MIpHHX MOBITPSHUX 00’€KTiB Ha
300pakeHHAX, OTPHMAHUX 3 ONTHKO-CIEKTPOHHOI CHCcTeMH. MeTol0 € po3poOka METOqy CerMEHTYBaHHS MaJopO3MipHHX
HOBITPSIHUX 00’€KTIB Ha ONTHKO-EIEKTPOHHUX 300paXKeHHs Ha OCHOBI omepaTopa Cobenst. 3aBIaHHsA: aHAI3 ICHYIOYHX METOMIB
CErMEHTYBaHHS ONTHKO-EIEKTPOHHUX 300pakeHb; po3poOKa METOMy CErMEHTYBaHHS MaJOpPO3MIpHHMX MOBITPSHMX 00’€KTIB Ha
300paKCHHAX, OTPUMAHUX 3 OITHKO-CIEKTPOHHOI CHCTEMH; IPAaKTHYHA IepeBipka poOOOTH METOAy CerMEHTYBaHHS
MaJIOPO3MIPHHUX MOBITPSHAX 00 €KTIB Ha ONTHKO-EIICKTPOHHUX 300paXkeHHsI Ha OCHOBI omeparopa Cobeinst. BukopucroByBannmmn
METOaMHU €: METOI CHCTEMHOTO aHaJi3y, MAaTeMaTHYHI METOIX MOPIBHAHHS 300paXkeHb, METO 1 UPPOBOT 00poOKH 300paXkeHsb,
METOJIM TUCKPETHOI MaTeMaTHKH, Teopil HMOBIPHOCTI, MaTeMaTHYHHI amapaT Teopil MaTPHIb, METOAN aHAJTITHYHOI reoMeTpii.
OTpuMaHi Taki pe3yJbTaTH. Po3rissHyTO 0cOOIMBOCTI 300pakeHb, OTPUMAHHUX 3 ONTHUKO-CJICKTPOHHHUX CHCTEM MHPH HOIIYKY
MapopO3MIpPHOTO MOBITPSHOTO 00’€KTa, MPOaHAII30BaHO METOIU CErMEHTYBAHHsI, SIKi JJO3BOJISIIOTh BUIUIUTH 00 €KT iHTEpecy Ha
OINTHKO-EJICKTPOHHHUX 300pakeHHsAX. BCTaHOBIIEHO, 1110 HEOOXiTHO BUKOPUCTOBYBATH METOAM CETMEHTYBAaHHs 300payKeHHs, sKi
JIETKO peai3yBaTH Ta po3paxyBaTd. 3allpONOHOBAHO MPOBOJHWTH CETMEHTYBAHHS 3a JIOIIOMOTOI0 METOLy Ha OCHOBI orepaTropa
Cobenst. 3anponoHOBaHMI METOJ BKIIFOUAE JIBa MOCIiKOBHUX erany. Lle 06poOka 3a normomoroio ¢ineTpa ['ayca Ta 3acTrocyBaHHS
orepanii BUpiBHIOBaHHS TiCTOrpaMH Ha IIEpPIIOMY eTall, Ta 3acTocyBaHHs orneparopa Cobernst 1o pe3yiabTaTiB poOOTH HepIIoro
erally Ha Jpyromy. HaBenmena OlOK-cxeMa 3alpOIOHOBAaHOTO METOJy CerMEHTyBaHHS. IIpoBeleHi eKcreprMeHTalbHi
JOCII/DKEHHST 100 BHIUICHHS MAaJOPO3MIPHOTO TOBITPSHOTO 00’€KTYy Ha peaTbHUX ONTHKO-CICKTPOHHUX 300pa)KeHHSIX,
HaBEJICHO PEe3YJIbTATH CErMEHTYBAHHS 3a JIOIIOMOTI0OI0 KJIaCHYHOro ornepartopa Coberns Ta 3anporoHoBaHoro meroay. IIpoBenena
Bi3yaJlbHa OI[IHKa SIKOCTI Pe3yJIbTaTiB CErMEHTYBAaHHS HaHUMU MeTojaMd. BHCHOBKH. P03po0iieHO MeToa CerMeHTyBaHHS
MaJIOPO3MIPHUX MOBITPSIHUX O00’E€KTIB Ha ONTHKO-CIIEKTPOHHMX 300pakeHHs Ha ocHOBi omeparopa CobGens. Hampsmkxamu
MOJABIINX JIOCHIKEHb € OLIHKA SKOCTI CErMEHTOBAaHNX 300paXKeHb 3a YHCIIOBUMH ITOKa3HUKAMHU.

Kaw4uoBi c1oBa: cerMeHTYBaHHS 300paKE€HHS ; ONITUKO-EJICKTPOHHA CHCTEMa; MaJOPO3MIPHU# MOBITPSIHUI 00’ €KT;
Oe3minoTHUA TiTansHuil anapat; oneparop Cobens; pinstp Iayca; dpinsrp Cobemns.
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