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RESEARCH ON THE EXISTING IMAGE CLASSIFICATION METHODS

Abstract. Image classification is a topical issue in data science, which is applied in many
areas. It is the process of getting classes of information from a multichannel bitmap using
specific rules. There are three approaches to image classification - supervised, unsupervised
and object-based. Support Vector Machines, Artificial Neural Network, Decision Tree,
Convolutional Neural Network are the solution methods used for image classification.
Choice of the classification approach depends on the way an analyst interacts with the computer.
The whole process boils down to image stack acquisition, preprocessing and classification.

Keywords: image processing, Support Vector Machines, Artificial Neural Network, Decision
Tree, Convolutional Neural Network

Introduction
The problem of image classification consists in getting the image as an input and outputting its
class or a group of probable classes that best characterize the image. For people, this is
completely natural and simple. It is one of the first skills from birth. On the contrary, the computer
"sees" only the pixels of the image, which have different colors and intensity. The classification
process falls down into the following steps: preprocessing of digital data, feature extraction,
selection of training data, decision and classification.

Supervised classification uses spectral signatures obtained from training samples. It means
that the user can select sample pixels in an image and use them as references for the classification of
all other pixels.

Unsupervised classification finds spectral classes (or clusters) in the multi-image without
the analyst’s intervention. The computer uses special techniques to determine the related pixels
and group them into classes.

Object-based classification segments an image by grouping pixels based on their
spectral characteristics and generates objects with different geometries.

At the same time, it is hard to determine and classify an object, because of the
variation between the images of same class, viewpoints, scales or background clutter.

Image classification solves various problems in  such areas as medicine,
environmental change, education, agriculture, object detection and security.

Related work

The paper by Sunayana G. Domadia [1] describes supervised and unsupervised image
classification techniques by implementing and analyzing their accuracy and time. The author
uses the k-means algorithm based on a minimum distance while other algorithms are
based on probability distribution.

Desheng Liu et al. [2] explain the advantages and the limitations of an object-based approach
in image classification, in comparison with a pixel-based approach. Their conclusion is based on the
differences in the classification functions and classification units.

The paper by Abass Olaode [3] identifies dimension reduction and clustering algorithms as
the main classes needed in unsupervised image classification.

Le Hoang Thai [4] describes image classification in terms of the process of implementing
Artificial Neural Network together with Support Vector Machine.

International Journal of Information and Communication Technologies, Ne2 (2), June, 2021
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Farhana Sultana [5] explains the use of different Convolutional Neural Network architectures
for image classification.

The paper by Majid Shadman Roodposhti [6] shows the assessment techniques which do not
depend on the test data. It compares the efficiency of using deep neural networks (DNN) with the
well-known random forest (RF) technique.

Image classification process

The stages of image classification are digital data, preprocessing, feature extraction, selection
of training data, decision and classification, classification output and accuracy assessment. As
demonstrated in Figure 1, the first stage is about downloading image files from the web. Then
damaged and non-image files, small images should be removed, large images should be
downscaled, and the remaining part should be encoded in RGB. The third stage is the determination
or computation or finding out the characteristics from the image sample. The next stage describes
the choice of the specific attribute that best characterizes the pattern. Then in the decision and
classification stage the detected objects are classified into predetermined classes by applying an
appropriate method. This method compares image sample with the target one. The classification
output is the prediction result with a suitable label attached to the object. The last stage, called
accuracy assessment, describes the recognition of probable sources of errors. Also, it is used in the
comparison as a detector.

( Digital Data )
v

( Preprocessing )
v

( Feature extraction )
v

( Selection of training data )

C Decision and classification )
v

( Classification output )
v

( Accuracy assessment )

Figure 1 - Image classification steps

<

Application
Image classification is applied in different areas such as:
 Automatic control in production applications;
« Assisting humans with identification tasks such as a species identification system;
« Control processes for industrial robots;
« Event detection for visual observation or people counting;
« Interaction tasks for human-computer interaction devices;
» Modeling objects or environments, such as medical image analysis or topographic modeling;
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+ Navigation by an autonomous vehicle or a mobile robot;
« Organizing information for indexing image databases and image sequences.

Most popular classification methods

Convolutional Neural Network (CNN) is the most famous model applied in image
classification. The main advantage of CNN is that the model understands the image on the local
level. A small number of parameters significantly reduces the time and the amount of data needed
to train a model.

Support Vector Machines (SVM) are the supervised learning models, where the algorithm
builds hyperplanes to divide the data into classes. SVM is accurate in high dimensional spaces and
uses memory effectively because of a subset of training points in the decision function.

Acrtificial Neural Network (ANN) is a computing system that comes from biological neural
networks. ANN have adaptive weights on the way between neurons, that can be regulated by a
learning algorithm. To improve the model, this algorithm learns from the observed data.

Decision Trees (DT) is a supervised learning technique, that can train samples and create a
decision tree. DT consists of levels called root nodes, sub-nodes and leaves. The nodes are
connected by branches that show the classification direction.

Benefits and drawbacks
Table 1 below presents a comparison of the benefits and drawbacks of various image classification
methods.

Table 1 - Classification methods comparison

Advantages Disadvantages

automatically detects the important

Convolutional Neural Network features, computationally efficient, high computational cost

(CNN) highly accurate
effective in high dimensional spaces, | not suitable for and takes a long
Support Vector Machines (SVM) memory efficient, less risk of training time with large data sets,

overfitting depends on noise

parallel processing capability, a
distributed memory, very efficient
for large data sets, robust to noise in
the training data

Artificial Neural Network (ANN) high computational cost

requires less effort for data
preparation during pre-processing,
does not require normalization of
data

Takes longer time to train a model, a
small change in data can cause a
large change in the structure

Decision Trees (DT)

Conclusion

In this paper we have analyzed the supervised, unsupervised and object-based approaches to
image classification. We have defined the most popular classification methods and have figured out
their benefits and drawbacks. This will help researchers choose the most suitable classification
method according to their requirements.

Convolutional Neural Networks and Artificial Neural Networks are most suitable and popular
methods for solving image classification problems. One of their common disadvantages is high
computational cost, but the benefits of using them are much greater.
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Caneposa /I.K., CapcembaeB A.A.
Koananbicrarsl OeliHesiepai KikTey daicTepiH 3epTTey

Anparna. Keckinaep/i xiKTey — KOITEreH cajanap/ia KOJAaHbUIAThIH JePEeKTaHyaFbl ©3€KT1
TakbIpbIll. By HaKTHI epexkenepii KOoJJaHa OTBHIPHIN, KON OJAKThl PacTPIbIK KapTagaH akmapaT
any npoueci. Keckinai KikTeyaiH yu 9fici 0ap: OakplIaHATBIH OKBITY, OaKblIayChl3 OKBITY JKOHE
00BbeKTUTIK. ONapAbIH KOJAAHBUTYbl KIacCU(UKAIMS Ke31H e TaaAaylIbIHBIH KOMIIBIOTEPMEH 63apa
opekerrecyiHe OainaHbICTbl Oomajbl. [IporecTiH OapiblFbl KECKiHAEp CTETiH ally/aH, ajblH aia
OHJIEY MEH XIKTelyleH Typajbl. Tipek BEKTOPJIBIK MalllMHajap, >KacaH/abl HEHPOHMBIK Kemiep,
HIEMIM aFamTapbl, KOHBOJIOMSUIBIK HEUPOHIBIK JKEIIEp — KeCKIHAEP 1 XKIKTEY dJIicTepi.

Tyiiinai ce3nep: KeckiHai ©HIEY, TIpeK BEKTOPJIBIK MaIIXHANAP, )KacaH/Ibl HEMPOHIBIK e,
LIEIIIM aFallbl, KOHBOJIOLMSUIBIK HEHPOHIBIK HKeJll.

Caneposa /I.K., CapcembaeB A.A.
HccnenoBanue cymecTBYIOMMX METOAOB KJIACCH(PUKALIUYA N300paKeHUH

AnHoTauus. Knaccudukanus n3o06paxeHuil siBiseTcs akTyaJbHOM TeMOH B HayKe O JIaHHBIX,
KOTOpasi MPUMEHSIETCS BO MHOTHX 00JacTaX. JTO MpOIecC MOJIyYeHHs KJIAacCoB MH(popManuu u3
MHOTOKaHaJIbHOTO PACTPOBOTO H300pa)K€HHs C HCIOJB30BAaHUEM OIPEAEICHHBIX IpPaBUIL.
CymecTByeT Tpu MeToja Kiaccuukanuum u3o0pakeHHid: oOydyeHue ¢ yuureneM, oOyueHue Oe3
yautenass U oObeKTHbIH. VIX mpuMeHeHue 3aBHCHUT OT TOro, Kak aHAJUTHK B3aHMMOJCHCTBYET C
KOMIIBIOTEPOM BO BpeMs Kiaccupukanuu. Bech mpolecc COCTOMT U3 MOJNyYeHHs CTeKa
M300pakeH, mpenBapuUTeNbHON 00paboTKU U Kiaccupukanuu. MalinHbl OMOPHBIX BEKTOPOB,
UCKYCCTBEHHasl HEHWPOHHAsl CETh, JIEPEBO DEIIECHUM, CBEPTOYHAs HEWPOHHAs CETb — BCE ITO
METO/IbI KJIacCU(UKALIMU N300paKeHUI.

KiroueBbie ciioBa: 00paboTka n300pakeHU, MalllMHbl OMOPHBIX BEKTOPOB, UCKYCCTBEHHAS
HEUPOHHAs CETh, IEPEBO PEUICHUI, CBEPTOUYHAS HEUPOHHASI CETh.
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YHUBEPCHUTETI.
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