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PIIb 2 Bumarae Oijblie nepeBipok i
BunpoOyBaub HiK it YIIB 1, mo npusBoauts Jio
IT/IBUIICHHS BAPTOCTI CUCTEMH.

PITb 3 Bumarae OUIbII ICTOTHUX 3YCHJIb 1 BUIIOT
KOMITETEHII1 po3poOHuKiB, HIX y Bunajgkax PIIb 1 ta
VIIb 2. BaxnmBuMmu QaxkropamMu € BapTICTh Ta 4ac
PO3pOOKH.

PIIb 4 Bumarae mpoBEIEHHsS  CKJIAJHOL
pO3pOOKM 3 BHUKOPHCTAHHSIM TICBHOI HOBW3HHM Ta
3acTocyBaHHS (opMaTbHUX METOJIB. BapTicTh Takoro
MPOCKTY € JIOPOTOI0 1 TPU CTBOPCHHI 3HAJOOUTHCS
BHKIJTIOYHO BUCOKA KOMIETEHTHICTB.

Jmst  cucrem, TmoB's3aHMX 3 OC3MCKOMO,
3aCTOCOBYIOTh  KiUIbKa  KUIBKICHUX  TMOKa3HUKIB
¢ yHKIIOHATBHOT Oe3reKH. Ha  3anizanunomy
TPAHCIOPTI ~ MOIIUPEHI  Taki  MOKAa3HWKH,  SIK
IHTCHCHUBHICTh HEOE3MEeYyHHX BiMOB, WMOBIpHICTh
HeOe3MeYHMX BIIMOB, HMOBIPHICTH Oe31e4HOI poOoTH 32
3aJaHuil yac, cepeHe HAMpallOBaHHS O HeOe3MeqHOl
BiIMOBM Ta iHIII. Bu3HawaooTh 1 mapaMeTpu
eKCIIePHMEHTAJIbHO, PO3PaxyHKOBUM ILUIIXOM abo 3a
JIOTIOMOI'OK0 MO EJIFOBAHHS. OnmHak  HeoOXimHO
BiJI3HAYUTH, IO TOsIBa HEOE3MEeYHOT BiJIMOBH - PiJKICHA
TOZisA, 1 I BU3HAUCHHS ii IMOBIpHICHHX IapaMeTpiB
EKCIIEPUMEHTAIBHIMH METOJaMU MOTpiOeH dYac, MIo
3HAYHO MEPEBHIILYE XKUTTA TOCHIIIKYBAHOTO TIPUCTPOIO.
Kpim Toro, mosiBa Taxoi pigkicHOI mofii, sik Hebe3meuHa
BiIMOBa, HE MOXKHA OITMCYBaTH BiOMHMH 3aKOHAMHU
pO3TOMITYy BHUNANKOBUX TOHiA, IO IIiJTAlOTHCS
AQHAJTITHYHUM JIOCHTI/DKEHHSM, a, OT)XKE, PO3paxyHKOBi
METOm¥ A OTPUMaHHS  BCIX  MeEperiueHuX
XapaKTePUCTHK Oe3leKn He MOXYTh OyTH aJaeKBaTHi
(GakTHYHUM TIapaMeTpaM IpHCTpolo. MaremaTtuyHe
MOJICTFOBaHHSI TIPOILIECIB MOSBU HEOE3IEYHUX BIIMOB €
MOTY>)KHUM 1HCTPYMEHTOM JOCIIKEHHS IPUCTPOIB Ta
CHCTEM YIpaBIiHHS Ha BiAITOBITHICTh BUMOTaM Oe3IeKH,
aime mnsg  Horo peamizamii HEOOXiTHO CTBOpPEHHS
BIMOBITHOTO  MaTeMaTUYHOro  omucy  o0'exTa
JIOCII/KEHHSI — TIPOIeCy TOSBU HEOE3MEUHMX BiIMOB,
0 He MO)ke OyTH MOBHOIO MipOIO0 peaii3oBaHO uYepes
BUCJIOBJICH] BHILIE IPUYHHU.

Juisi  CTBOpEHHSI CKJIaJHUX 0OaraTopiBHEBHX
C3AT nHa MIKpOIPOIIECOPHIX KOMITOHEHTaX BHHUKAE
HEOOXIJHICTh Y BUPOOJICHHI KOMIUIEKCHOTO X0y 10
palliOHAILHOI'O ~ BWKOPHCTAaHHS  QHANITHYHHX 1
EKCIIePUMEHTAIHUX METOJIB J0Ka3y Oe3nekH. 3 Ii€ro
METOI0 JIOLJIBHO HOETHYBATH pe3yJibTaTu
MaTEMaTHYHOI'O 3 pe3y/IbTaTaMy eKCIIEPTH3H TeXHIYHOT
Ta KOHCTPYKTOPCHKOI JOKyMEHTallii, BUITPOOYBaHHSIMH
IMITalliIfHUX MOJIeJIed MpOrpaMHo-anapaTHUX 3aco0iB,
CTCHJIOBMMHU BHITPOOYBaHHSMH, a TaKOX 3 OIlIHKAMHU
Oe3reky 3a CTATUCTUYHUMM J@HUMH IIPO BiJIMOBH B
npoleci excruryarari.
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OVERVIEW OF STATE-OF-THE-
ART IMAGE OBJECT DETECTION AND
CLASSIFICATION APPROACHES

Problem of object detection and classification
has always been a pretty complex and current topic in the
computer vision area. A proper solution of this problem
will give us a lot of different quality of life
improvements. First of all it’s a huge enhancement in the
automotive area, manufacturing automation, city traffic
control, different kinds of tasks related to children
activity monitoring, and this list can be extended even
further. Under the “proper” word we mean that object
detection and classification algorithms should have good
accuracy, ability to process data in real time and save
accuracy with some noises, work with low quality input
images, and different lighting.

Requirements listed above are quite complex
for the conventional computer vision algorithms, let’s
discuss it in more detail. It makes sense to start with some
sort of algorithm definition. Algorithm is a sequence of
steps required to achieve some result. In the case of
computer vision, it’s a set of mathematical operations
and transformation applied to pixel data of an image.
This set is predefined by algorithm developer and
constant. Any adjustments and fine tuning for a
particular image data set or working environment have to
be done by developers and basically we have a lot of
similar algorithms but with some minor differences in
numbers or steps, like a bit different filter size, weights
or thresholds. In other words, conventional algorithms
lack flexibility and ability to adapt themselves to the
working environment without human’s efforts. This
drawback is crucial for the object detection and
classification task. However, a lot of conventional
algorithms are acceptable and efficient. Image
preprocessing, noise compensation algorithms can be
used as one of the steps to solve the object detection
problem.

Nowadays artificial intelligence and machine
learning areas have made a huge step forward. A lot of
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difficult problems were solved by deep learning methods
and approaches. Neural networks can perform a variety
of different tasks and image processing is a major area of
interest.

The primary advantage of machine learning
algorithms over conventional ones is its flexibility. It was
mentioned earlier, in order to adapt a regular algorithm
to some variances in input data, engineers have to
manually change implementation, while deep learning
methods can adjust itself according to the input. So we
have the neural network architecture which works well
for a slightly different input data[1] without any side
modifications. This flexibility greatly simplifies
implementation of computer vision algorithms since the
amount of corner cases is less and the algorithm itself can
find difficult underlying logic in data. Deep learning is a
good candidate to solve image object detection and
classification problems[2].

Convolutional neural network (CNN) is a
separate class of neural networks created for image
processing tasks. CNN usually contains numerous layers
of connected neurons. Primary goal of CNN is to
simulate visual processing of the human brain. This class
of neural networks solves problems like object
classification, face recognition, detecting anomalies in
X-ray and MRI images, etc. CNN automatically extracts
important features from image bytes and performs
classification based on it. Network defines which
features will be extracted depending on input data and
the task during the training stage. Usually the first level
of CNN[3] collects low-level details of image, like edges
and texture, each next layer of the network works with
more abstract information.

Object detection and classification are actually
two separate tasks. Object detection means finding an
object on an image ignoring background. Image
classification is a labeling of detected objects with
information about what exactly these objects are. So
firstly the algorithm detects the object and after it
classifies it. Due to the possibility to separate these two
steps, there exist two types of object detection and
classification algorithms: single shot object detectors and
two shot (two stage) object detectors.

Let’s take a look at single shot object detection
algorithms. These family of algorithms look for objects
bounding boxes and classify objects simultaneously,
during one pass through image pixels. YOLO and
SSD[4] algorithms are the current state-of-the-art single
shot object detectors. These algorithms locate objects on
image and classify it. Class of these neural networks is
CNN.

In contrast to single shot detectors, two stage
algorithms have separate steps to propose possible object
bounding boxes and to classify it. Modern
implementation of this approach is the R-CNN family of
algorithms.

Talking about performance of discussed
algorithms, single shot detectors demonstrate better
performance, but the price for it is lesser accuracy
especially with small objects. According to benchmarks
on different image data sets, R-CNN doesn’t have
enough recognition speed for real time systems.
Currently, for real time systems YOLO and SSD are the
best options.

As a possible way to improve recognition
performance, we should use the fact that real time object
detection means video data processing, so data from the
previous frame can be used to process the current one.
Usage of some lightweight objects tracking algorithm for
already found objects instead of finding and classifying
it on each frame with a neural network can lead to a huge
performance boost. It means that we can run deep
algorithms in less time, so we can consider usage of more
heavy R-CNN for better accuracy.
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ANALYSIS OF EDGE COMPUTING
ARCHITECTURES IN
DISTRIBUTED
TELECOMMUNICATION SYSTEMS
Modern trends in IT are constantly changing -

from computers and smartphones, the focus has
smoothly shifted to smart devices. Despite the slowdown
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