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DEVELOPMENT OF A VIDEO PROCESSING MODULE FOR THE TASK
OF AIR OBJECT RECOGNITION BASED ON THEIR CONTOURS

The subject of research in the article is the module of automatic segmentation and subtraction of the background, which is created,
based on the sequential application of methods of image preprocessing and modified method of interactive segmentation of images
and implemented in the system of optical monitoring of the air situation. The aim of the work is to develop an image segmentation
module to increase the efficiency of recognition of an air object type on a video image in the system of visual monitoring of the air
environment by means of qualitative automatic segmentation. To solve this problem, a modified interactive algorithm in the mode
of automatic selection of an object in the image, which allows more accurately, without the participation of the operator, to determine
the foreground pixels of the image for further recognition of the type of airborne object. The following tasks are solved in the article:
the analysis of existing methods of binarization of color images for semantic segmentation of images, which are used in image
recognition systems; the development of a pipeline of methods for automatic segmentation of images in the system of optical
monitoring of the air environment. In the work, the following methods are used: methods of digital image processing, methods
of filtering and semantic segmentation of images, methods of graph analysis. The following results are obtained: the results
of image processing with the proposed module of segmentation and background subtraction confirm the performance of the module
procedures. The developed pipeline of methods included in the module demonstrates correct segmentation in 93% of test images
in automatic mode without operator participation, which allows us to conclude about the effectiveness of the proposed
module. Conclusions: The implementation of the developed module of segmentation and background subtraction for the system
of optical monitoring of the air environment allowed to solve the problem of segmentation of video images for further recognition
of aerial objects in the system of optical monitoring of the air environment in automatic mode with a high degree of reliability,
thus increasing the operational efficiency of this system.
Keywords: image segmentation; background subtraction; recognition of air objects; optical monitoring of the air situation.

Introduction case of optical video surveillance, the task of monitoring

the aerial situation becomes a class of tasks that can be

The task of recognition of air objects (AO) as a part solved by methods of digital video image processing

of the task of monitoring the air situation is of great
importance in the combat situation during military
operations. Its solution can also be used in peacetime
to monitor the air situation at airports and protected
facilities. In addition to (or even instead of) classical
radar systems, optical video surveillance systems
are increasingly being used for monitoring the air
situation. This approach makes it possible to increase
the mobility of AO detection systems and to overcome
some known problems of radar monitoring associated
with masking the characteristics of air objects in the
radar detection area.

Information about the type of aerial threat is
necessary for a correct assessment of the air situation
and for making an operational decision. Currently, the
list of types of detected AO has significantly expanded
due to the use of artillery shells, various types of
missiles, unmanned aerial vehicles (UAVs), quadcopters,
helicopters. This has fundamentally changed the range
of detectable AO parameters, from shape and size to the
dynamic characteristics of motion. In this case, in the

and automatic pattern recognition using machine learning
and artificial intelligence.

In the field of automatic image recognition, the
following terminology is adopted to define tasks (Fig. 1).

Classification — definition of a class of one object
on the image with indication of degree of reliability
of the accepted automatic decision.

Classification with localization — classification
of one object and indication of its place on the image.

Detection — definition of a class of each object
on the image.

Video image processing includes a pipeline of
tasks, among which detection of a moving flying
object, determination of AO type, determination of
object characteristics. In the proposed approach, we are
in the framework of the task of determining the type
of AO, pre-detected by the signs of motion and
localized on the digital image. In accordance with
the above terminology, the task of determining the type
of AO refers to image classification problems.
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Fig. 1. Classification (a); classification with localization (b); detection (c)

Their solution is usually based on the use of deep
convolutional neural networks. Such a solution for
the problem we study is somewhat redundant due to
its universality. Obviously, in the field of AO-type
recognition object contours provide enough information
to solve the problem even without taking into account the
color and texture. In human visual AO-type recognition,
the geometric shape of the object, represented by the
outer contour, is usually a minimally sufficient feature
for recognition even under the condition of geometric
distortion (displacement, orientation, scale).

This problem was solved by the authors in previous
studies [1], where it was assumed that the image of the
object is in some idealized form: not hidden by clouds
and well distinguishable on the background. However,
in such conditions and under different illumination
conditions, the problem of separating the background
of the image from the object under study arises. In the
field of image analysis, this is called the background
subtraction problem, which is part of the broader problem
of semantic segmentation.

This paper discusses the problem of processing
video frames from an air monitoring camera mounted
on a turntable to construct a binary image with the object
under study highlighted. This image is necessary
for further solving the problem of AO type recognition
by the obtained numerical characteristics of its contour.

The problem of applying different algorithms of
segmentation and background subtraction is relevant for
real applications, which is confirmed by the works [2, 3],
which are devoted to the issues of segmentation and
background subtraction for video images, including
the tasks of AO tracking.

Analysis of the problem and existing methods

The problem of optical AO recognition and tracking
is the subject of many years of research due to the interest
in its solution for both civil and military applications [4].
Classical recognition methods were based on comparing

an unknown image or its specific characteristics with
a library of known images [5].

Outstanding results in computer vision related
to deep neural networks and increasing computer
performance have made the task of computer visual
tracking one of the most prominent research topics.
A study [6] provides a detailed review of advances
in the use of deep convolutional neural networks for
arbitrary image recognition.

However, as shown in [7, 8], deep learning methods
require a large number of training sets and significant
computer time to train the network.

The study [9] shows that the use of transfer learning,
based on inexpensive additional training of pre-trained
network, allows solving part of the problems of deep
neural networks. However, at the same time there
remains the problem of redundancy of the universal deep
neural network-based approach in the recognition of
airborne object types. The description of an object image
by its contour is enough for the task of air object type
recognition. In this case, much less redundant information
is used than in the analysis using deep neural networks,
which gives a number of advantages. In addition, as noted
in [2], in the application of image processing algorithms,
there is indeed a gap between the methods used in basic
research and in real-world applications. Recently,
in practical systems, there is an interest in the use of
improved classical image processing methods.

To solve the problem of recognition of types
of airborne objects in the general task of air monitoring,
we use a camera attached to a turntable. Therefore, the
algorithm for the foreground object extraction must take
into account the changing illumination of the object and
the background. This means that the algorithm must be
time-critical in terms of execution time. Classical image
processing methods meet these requirements well [10].
In [11] the use of these methods to recognize types of
air objects is investigated in detail.

In our study, we consider one of the tasks of image
preparation for recognition — the task of image
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segmentation and background subtraction. This problem
is solved after moving objects are detected and localized
in a sequence of video frames by optical flow methods,
based on the study of frame difference [12, 13].

Optical flow is one of the most widely used tracking
algorithms for computer vision. Solutions are known
for background subtraction algorithms in the case of
shooting a fixed scene with a static camera [14].

However, in the conditions of our problem, the
background is constantly changing, which interferes
with the detection of moving targets [15]. Estimates a
nd comparisons for background subtraction methods
are studied in detail in [16], among which weighted
moving mean, Gaussian mixture model (GMM), adaptive
background learning, etc.

Highlighting the previously unsolved parts
of the overall problem. Aim of the work

The system of visual monitoring of the air situation
is an intelligent hardware-software complex, which
includes a camera fixed on a rotating stand, and
a computer control and information processing unit.
The software for information processing consists of
various interconnected functional modules of video
image processing. Among these modules we can
distinguish a pipeline of software modules, which solve

the problem of determining the type of AO as an image
classification problem, as defined in the introduction.
The solution of this problem is based on the input
information received from the moving air object detection
and localization module by optical flow methods,
as already described above.

In an ideal situation, image preprocessing with
localized AO should be reduced to image binarization
followed by contour calculation, as presented in fig. 2.

To obtain the numerical characteristics of a contour,
the localized image (fig. 2, a) must first be reduced to
the black-and-white form (fig. 2, b). Then it is necessary
to select a set of points of a contour (fig. 2, ¢)
and represent it as a sequence of their coordinates.
As a result of such processing the image of an air
object will look like an ordered sequence of

points z(k)=(x, yx)="f(t), k=0,...N-1, which
is a discretized
two-dimensional

representation of a continuous
f(t)cR2, describing the
contour. The further procedure of air type recognition

is described in detail in our paper [1] and is reduced
to obtaining a vector of features based on Fourier

descriptors for the curve f (t). The feature vector is the

curve

input for a pre-trained classifier based on a traditional
multilayer neural network.

a)

b)

c)

Fig. 2. Stages of image preprocessing:
a — initial image of localized object; b — black and white image; ¢ — contour image of object

Generally speaking, a block diagram (fig. 3)
can represent the algorithm of the air object type
recognition procedure.

When implementing this algorithm, a number of
problems arise. The AO image can be obtained with
varying degrees of distortion, which is associated

with the size of the image, its blurring due to the
aberration of light rays (see fig. 4).

In addition, the image of the object may be partially
hidden by clouds or poorly distinguishable against
their background (fig. 5). The task is to automatically,
without human involvement, by means of the software
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highlight a clear outline in conditions of visual
disturbances (illumination, cloud cover).

Segmentation of objects and background subtraction
under conditions of changing background and
illumination, occlusion, shape distortion, motion blur,
zooming, etc. are important areas of research in
computer vision.

Source image with
localized AO

The aim of this article is to develop a video image
processing module, which allows to select air objects
for their further classification based on contours and to
increase the efficiency of air object type recognition
in a visual air monitoring system. To solve this problem,
a modified interactive algorithm in the mode of automatic
object silhouette extraction is used.
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Fig. 3. Generalized block diagram of the air object type recognition procedure algorithm

Fig. 4. A good-resolution image of the MQ-9 Predator UAV, the actual image, and its enlarged view

Fig. 5. Image of the MQ-9 Predator UAV in the ideal view for recognition and in conditions of visual interference
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Materials and methods

When preparing an image for outline extraction,
the main focus is on the brightness characteristics
of the pixels in all three color channels of the color
image. The optimal way to simplify this problem is
to reduce the color three-channel RGB image to

a grayscale view (fig. 6). Such a brightness scale
conveys 256 gradations from 0 — black, to 255 — white.
According to [17], the conversion to grayscale is
performed by the formula
y=0,2126 r+0,7152 g +0,0722 b , 1)

where r, g, b are the color components of the original
image, and y is the output value for a pixel of the image
in grayscale.

#° Original image = O

#° Gray image — O X

# " Original image = O

Fig. 6. The result of converting the image to grayscale mode

In an air monitoring system, the camera’s shutter
and iris control system may not have time to respond
to too rapid changes in light intensity when the camera
is rotating on a turntable. Sometimes the contrast range
is too large for the sensors. In addition, it usually
requires different exposure times for dark and light
areas for a "perfect" image. In artistic and special
photography for better transfer of details there is even
a technique of high dynamic range (HDR), which
allows to combine several frames of the object with
different exposures.

In the project that we are implementing, it is
possible to expand the dynamic range of the image and
improve the contrast of the image by applying the
algorithm of histogram correction. For this purpose
a graphical distribution of image intensity in the form
of a histogram is created, which determines the number

of pixels for each considered value of intensity in the
grayscale range from 0 to 255.

With the correction, the original distribution
becomes a broader and more homogeneous distribution
of intensity values, so that they are distributed more
evenly over the entire range. The algorithm normalizes
brightness and increases image contrast (fig. 8).

For contour detection, a good result can be obtained
after conversion to a binary (black and white) image, as
shown above (fig. 1, b). In this case, the boundary point
is unambiguously found by the change in the pixel color.

The binarization transformation can be determined
by assigning a threshold value. The original image
converted to a grayscale view with a pixel brightness
range of 0 to 255 must be reduced to a binary view
(0 or 1). If the pixel value is less than the threshold value,
it is set to 0, otherwise to 1.
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Histogram Different variations of the threshold binarization
Original Noisy Image algorithm (with lower and upper threshold, with double

restriction, incomplete thresholding, etc.) presented in
fig. 9 can be used.

Naturally, the result of the threshold conversion
depends on the value of the threshold. Fig. 10 shows
binarization results for different threshold values.
Original Noisy Image Histogram Using a fixed threshold may not be justified for
different lighting conditions in different areas. In this
case, adaptive threshold setting is used. The algorithm
determines the threshold for a pixel based on a small
area around it. In this way, we obtain different
thresholds for different areas of the same image, which
- ) Histogram gives. better results for images vyith different illumination
Original Noisy Image for different averaging modes (fig. 11).

o . As a binarization method, the adaptive Otsu method
oriented to a bimodal image, in which the histogram
has two distinctly expressed peaks, has proven itself
well. In such images, the optimal threshold is in the
middle of these two values. Otsu method determines
a global threshold value from image histogram.

Fig. 7. Determining intensity histograms Fig. 12 shows examples of the algorithm in the
for grayscale images case of a bimodal image.
" Source image =i O X # Equalized Image - O X

Fig. 8. The result of the alignment of the gray-scale image histogram

Original Image BINARY BINARY_INV

. — __F.ﬁ

Fig. 9. Results of applying different types of threshold conversion
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Fig. 11. Adaptive binarization results for different averaging modes

o ) Histogram ,
Original Noisy Image - Glpbal Thresholding (v=127)

o ; Histogram .
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Fig. 12. Otsu binarization results for bimodal image

Istogram
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The disadvantage of finding objects using threshold
filtering is the need to individually select the threshold
value for each image, and even in this case, the separation
from the background is not always possible, as seen
in fig. 12.

It is possible to propose a method that goes through
all possible thresholds and builds a recognition procedure
for each of them. This would be possible when searching
for any one particular contour, which is not suitable,
for air objects having different contour shapes depending
on the position with three degrees of freedom in relation
to the camera.

Research results and their discussion

The recognition of airborne object types is based on
the procedure of object contour extraction on the binary
image obtained as a result of the initial image
preprocessing. In this case, the GrabCut algorithm [18]
is used. In this algorithm, user labeled foreground
and background areas were used to build distribution
histograms for these two classes of areas. The algorithm
itself assumes that the remaining unlabeled pixels have
a distribution similar to one of the two distributions.
The energy functional was constructed based on the
assumption that the pixels in each of the regions are
connected. The assignment of a pixel to one of the
regions was performed as a result of minimization of
the energy functional.

The algorithm is based on the Gaussian mixture
model (GMM), which is used to model the foreground
and background. Depending on the data that represents
the background and foreground areas, the GMM learns
and creates a new pixel distribution. That is, unknown
pixels are labeled either probable foreground or probable
background, depending on their relationship to other,
strictly labeled pixels in terms of color statistics.
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PO3POBJIEHHS MOJYJISI OBPOBKH BIJIEO
JIJISI BABJAHHS PO3II3HABAHHS IOBITPSIHUX OB’EKTIB
3A IXHIMA KOHTYPAMU

IIpeameToM IOCTiIKEHHS B CTaTTi € MOIYJbh aBTOMAaTHYHOI CErMEHTallil Ta BigHIMaHHA (OHY, CTBOPEHHH Ha OCHOBI KOHBEEpa
METOJIB IONEPEeIHBOr0 O00poOJIeHHS 300pakeHHS Ta MOAU(IKOBAHOTO METOAy IHTEPAaKTHBHOI CerMeHTalil 300pakeHsb,
1 BIPOBaKEHUH y CHCTEMY ONTHYHOIO MOHITOPHUHIY MOBITPAHOI 00cTaHOBKU. MeTO0I0 poOOTH € po3poOIeHHS MOl CerMEHTAIli{
300pakeHb I MiABUIICHHS €()eKTUBHOCTI PO3IMi3HABAHHS THITY MOBITPSHOTO 00’€KTa Ha BiJe0300paKeHHI B CHCTEMI Bi3yaJlbHOTO
MOHITOPHHTY IOBITPSHOI OOCTAaHOBKM NIIIIXOM sKICHOI aBTOMAaTHM4YHOI cerMeHTamii. JIas BHpIIIEHHS IIHOTO 3aBJAHHS
BHUKOPUCTOBY€ETHCSI MOIU(IKOBAHHI IHTEPAKTUBHUIT alTOPUTM Y PEXKUMI aBTOMATHIHOTO BHIIICHHs 00’ €KTa Ha 300paXkKeHHi, 1110 Jae
3MOTy TO4YHilIe 0e3 y4acTi omepaTopa BH3HAUaTH IMIKCENi MEPEAHBOrO IUIaHy 300paXeHHs UL MOJANBIIOTO PO3Mi3HABAHHS THILY
HOBITPSIHOTO 00’€kTa. Y CTATTi BHPINIYIOTHCS TaKi 3aBJAHHS. aHAJI3 HASBHUX METOAIB OiHapm3amii KOIbOPOBOTO 300paskeHHS IS
CEMaHTHYHOI CerMeHTallii 300paXkeHb, 10 BUKOPUCTOBYIOThCSA B CHCTEMax poO3Mi3HaBaHHSA 00pa3iB; po3poOIeHHS KOHBEEpa METOIIB
aBTOMATHYHOI CerMEeHTalii 300paKeHb y CHCTeMi ONTUYHOTO MOHITOPHHTY MOBITPSHOI 0OCTaHOBKH. Y POOOTI BHKOPHUCTOBYIOTBHCS
MeToau HdpoBoro oOpobIeHHS 300paXkeHb, GUIBTPAIll Ta CEeMaHTHYHOI cerMeHTanii 300paxeHsb, aHanizy rpadis. OTpumaHo Taki
pe3yJabTaTH. YHACHigOK 0oOpoOJeHHS 300pakeHb 3a JOMOMOrOI0 3alpONOHOBAHOTO MOAYJISA CeTMEHTalii Ta BigHIMaHHA (OHY
HiITBEP/DKEHO Mpale3JaTHICTh Mpolueayp Moayis. Po3po6ieHuit KoHBeep METOMIB, BMILCHUI y MOIy/b, AEMOHCTPYE MPABUIIBHY
cermeHTalio 93% TecToBUX 300paKeHb B aBTOMATHYHOMY PEeXHMi 0e3 ydacTi omepaTopa, IO JO3BOJISIE 3pOOHTH BHCHOBOK IIPO
e()eKTUBHICTh 3aCTOCYBAaHHS 3allPOIIOHOBAHOIO MOXYJ. BHCHOBKH: yHpoBamKeHHS pPO3pOOJICHOr0 MOIYJSl CEMEHTAllii Ta BiJHIMaHHS
(OHY M1 CHCTEMH ONTHYHOTO MOHITOPHHIY IOBITPSIHOI OOCTAHOBKM JJO3BOJIMJIO 3 BHCOKHMM CTYIICHEM JOCTOBIPHOCTI BHPILIMTH
3aBIaHHS CerMEHTAalii BiTe0300pakeHb AJISI MOAANBIIOr0 PO3Mi3HABAHHS IOBITPSHUX 00’€KTIB Y CHCTEMi ONTHYHOI'O MOHITOPHUHTY
HOBITPsIHOT 00CTAHOBKY B aBTOMAaTHYHOMY PEXKUMI, 3aB[SIKM YoMy 30inbImiacs eheKTHBHICT eKCILTyaTalil i€l CHCTEMH.

KurouoBi ciioBa: cermeHTantis 300pakeHb; BiqHiMaHHA (OHY; 00poOIeHHS 300pakeHb; PO3IMi3HABAHHS MOBITPSHUX 00’ €KTIB;
ONITHYHUH MOHITOPUHT MOBITPSTHO 0OCTaHOBKY.

PABPABOTKA MOAYJISA OBPABOTKHU BUJAEO
JJISA 3BAJAYHN PACITOSHABAHMSA BO3AYIIHBIX OFBEKTOB I10 UX KOHTYPAM

ITpeqmMeToM HCCIENOBaHHS B CTAaThe SBISICTCS MOMIYJIb ABTOMATHYECKOW CErMEHTAlMM W BbIYWTaHWS (DOHA, CO3JAHHBIA Ha OCHOBE
KOHBelepa METO/IOB TpeJBapHUTENbHON 00pabOoTKM HM300paKeHUsT ¥ MOIUGHIMPOBAHHOTO METOJd HWHTEPAaKTUBHOW CerMeHTaIlNn
M300paXeHHil, ¥ BHEAPSHHBI B CHUCTEMY ONTHYECKOTO MOHMTOPHHIA BO3MyLIHOH oOcTaHOBKHU. Llenblo paboThl siBisieTcs: pa3paboTka
MOJYJISI CETMEHTALMN U300payKeHHH IS TOBBILEHHS 3P ()EKTUBHOCTH paclo3HaBaHUs THIIA BO3AYIIHOTO OOBEKTa Ha BUACOM300paKEHUH
B CHCTEME BH3yaJbHOrO MOHHMTOPHHIA BO3IYIIHOH OOCTAHOBKH IyTeM KAaueCTBEHHOH aBTOMATHYECKOH cerMeHTanuu. JIIs perueHust 9Toit
3a/1a4M UCTIOJIB3YeTCsl MOAMMDHUIMPOBAHHBIA HHTEPAKTHBHBIN aITOPUTM B PEXKHMME aBTOMATHYECKOTO BBIICICHHST 0OBEKTa Ha N300paKeHHH,
KOTOPBIA MO3BOJIAET TOYHEE O€3 yuyacTHs oOrepaTopa ONpPENeNATh MHKCENM MNEpeAHero IUlaHa W300paKeHHs i JajibHeifero
pacrio3HaBaHKs THIIa BO3IYIIHOrO OObeKTa. B cTaThe peliaroTcs Cienyolye 3aja4yM: aHaIu3 CYLIECTBYIOIIMX METOJIOB OMHApH3ALMK
IIBETHOTO M300pa)KeHHs [UIs CEMAaHTHYECKOW CEerMEHTALlMU N300pakeHHH, KOTOpbIE UCIIOJB3YIOTCSl B CHCTEMaX pPaclo3HaBaHHUs 00pa3oB;
pa3paboTKa KOHBeifepa METOOB /Il aBTOMATHYECKOH CErMEHTAlMH M300paKeHWH B CHCTEME ONTHYECKOrO MOHHUTOPHMHTA BO3YLIHOM
00ctaHOBKH. B pabore wncmoms3yrorcs MeToabl HudpoBoil 00pabOTKM M300paXkeHHH, (IIBTPAIMd W CEMAaHTHYECKOH CErMEHTAIUH
m300pakeHuit, aHamm3a rpados. [TomydeHs! ciemyronue pe3yabTaThl: pe3yIbTaThl 00paboTKN H300paXKEHUH ¢ TIOMOLIBIO MIPEITI0KEHHOTO
MOZYJIS CETMEHTALMM M BBIYMTaHHUSA (DOHA MOATBEPXIAAIOT pabOTOCIIOCOOHOCTH MpOoLEeIyp MOAyJA. Pa3paboTaHHBIN KOHBEHep METOJIOB,
BKJTIFOUCHHBIH B MOJIYJIb, JICMOHCTPHUPYET MPABHIIBHYIO CErMEHTalnio B 93% TeCTOBBIX M300pakeHHWi B aBTOMATHYECKOM pexume 0Oe3
Y4acTHsl OrepaTopa, YTO MO3BOJSIET CleNarh BBIBOJ 00 3((EKTHBHOCTH NMPUMEHEHHUs MPEIOKEHHOr0 MOIyJis. BBIBOOBI: BHenpeHHe
Ppa3paboOTaHHOTO MOJLYJISi CErMEHTAIMK M BBIYMTAHHS (JOHA JUIs CHCTEMBbI OITHYECKOr0 MOHMTOPHHIA BO3MYIIHOH OOCTAHOBKHU TTO3BOJIHIIO
C BBICOKOH CTENECHBIO JOCTOBEPHOCTH PELINTh 3a/1ady CErMEHTAlMH BHACOM300paKeHHH s JalbHEHIIero paco3HaBaHHs BO3IYIIHbIX
061>e|cr013 B CHUCTEMC OINTUYCCKOI'O MOHHUTOPUHIA BOSleLI_lHOf/’I 00CTaHOBKH B aBTOMATHYECKOM PEXKUME, 6nar011ap$[ 4yeMy YyBEINYUIACH
3¢ PEKTUBHOCTD HKCIUTyaTallli JAHHON CHCTEMBI.

KitoueBble cj10Ba: cerMeHTalMsi M300paKeHUH; BhluMTaHHe (oHa; 00paboTka M300paXeHHH; pacro3HaBaHHUE BO3IYILIHBIX
00BEKTOB; ONTHYECKUI MOHUTOPUHT BO3AYIIHONH 0OCTaHOBKH.
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