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MECHANISMS OF IMAGE CLASSIFICATION BASED ON
DESCRIPTORS OF LOCAL FEATURES

Tvoroshenko Iryna,
Ph.D., Associate Professor
Kharkiv National University of Radio Electronics

Tkachenko Dmytro
Master in informatics
Kharkiv National University of Radio Electronics

Computer vision is a branch of information technology that explores the ability of
machines to extract information from images obtained from various sensors and
visualize human perception [1].

Among the scientific areas considered by computer vision, we can conditionally
distinguish the following [2]: pattern recognition, scene reconstruction, video
analysis.

Some problems of image recognition in computer vision can be considered solved
(object detection [3], instance recognition [4]), and the problem of image
classification (category recognition) remains unsolved [5-9] for the following
reasons:

— Visual variability of objects belonging to a certain category;

— Permissible structural differences between items belonging to one category;

— Impossibility of extensive expansion of the training sample, because the
combinatorial explosion leads to retraining;

— The relationship between object categorization and external context;

— Misunderstanding of how these mechanisms work in the human mind.

The difficulty may be that there may be situations where none of the classes
taught by the recognition system is represented in the image [10]. In this case, the
software application must provide information about the absence of existing classes.
This fact leads to the use of thresholds for the decision-making mechanism [11, 12].

Most of the existing image classification mechanisms are based on the visual
features of images [13-16]:

— Compiling a training sample of images divided by classes;

— Identification of visual features in the training sample;

— Conversion of the received data for the further work;

— Use of processed data to analyze the next input image and make decisions about
whether it belongs to a certain class.

Problems of the existing [17-20] mechanism of training and classification are
defined:

— Libraries of “etalon” images representing individual classes are formed
manually, which reduces flexibility and imposes the need to keep the library up to
date;

443



INTEGRATION OF SCIENTIFIC BASES INTO PRACTICE

— The choice of the classifier can largely depend on the characteristics of the
processed images, and, in the case of inappropriate images, the reliability of the
classification drops sharply;

— With a significant number of classes, the accuracy of classification is reduced,
as it becomes difficult to make an unambiguous model of each individual class;

— Image classes are not related to the semantic load, which does not allow further
interpretation of the results.

There are many methods of finding points of interest in the image and methods of
presenting information about their environment in the form of descriptors [21, 22].

Using descriptor values (multi-dimensional vectors) to find the closest elements
between images differs for different applications. In classification problems, the use
of the stage of quantization of values by visual words is widespread, which allows us
to dramatically reduce the computational complexity of the sample of the nearest
elements and simplify the classification model [23]. Descriptors of local features can
have different invariance to distortions [24].

Detectors show themselves differently depending on the filling of the scene and
the quantitative parameters of the image, while the descriptors have excellent
parameters of invariance concerning image distortion [24].

Classification systems are taught on a specially prepared sample of images,
divided into classes. To date, many such libraries allow you to successfully evaluate
the performance of certain classifiers on the same sets of images. As mentioned
earlier, such libraries are compiled manually and the classes represented in them are
unrelated. This fact determines the complexity of their maintenance and expansion, as
well as the complexity of processing images containing instances of different classes.

There are different variants of the classification problem and the accompanying
requirements for the training sample. There are two types of such tasks:
categorization of the image as a whole and categorization through localization.

The problem of categorization of the image as a whole is formulated as finding a
class in which the function of the probability of belonging of the image to the class
reaches the maximum value [25]:

Class = argmax f'(Image, Class), (1)
Class

*

where Class — the most probable class for this image; argmax — the value of the
Class

argument at which the expression reaches a maximum; f — function of probability of
belonging of the image of a class; Image is the analyzed image; Class class from the

available set.

For training of the corresponding classifiers only distribution of the educational
sample on various classes is required.

The problem of categorization by localization [26] involves not only to assign the
image to a particular class but also to localize an instance of this class in the image:

%

Class = arg max f(Image M area, Class), 2)
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*

Class = arg Igax f(Image N area, Class), 3)

where area — is the area in the image Image.

To be able to work with the following conditions of the task, additional
requirements are introduced to the training sample: in addition to the class label itself,
the area of presence of this object is selected for each image in the images.

In the vast majority of cases, it is represented by a rectangle, as the use of other
geometric shapes is associated with further complexity of processing. For
categorization through localization, a separate training of different classifiers is
carried out: for selected objects and the surrounding background. In the future, the
analysis of input images uses a function that takes into account the values of both
classifiers and reaches a maximum in the area of the expected location of the instance
of a particular class. In the simplest case, this function is the sum of the values of the
classifiers. Tasks are formulated as “finding an instance of the class or their absence”.

The paper analyzes the approaches to the use of local visual features for image
classification; they can be divided into some groups [24]:

— Bag of Words (BoW);

— Naive Bayesian Nearest Neighbor (NNBN);

— Part-Based,;

— Based on segmentation.

In the BoW method, all visual features (which are multidimensional vectors) from
the entire training sample are combined into a common array, which is then divided
into a given number of visual words.

The resulting sets of visual words are used to decide whether the analyzed image
belongs to a particular class. Generalizing or discriminatory methods are used to
make a decision. An example of a generalizing method is the Naive Bayesian
classifier, and a discriminating method is a classifier based on the reference vector
method. When using a discriminating classifier, the next step is to calculate the
representation of the image in the form of a histogram of the distribution of visual
words.

Among the advantages of this model in terms of the proposed method is the
stability of its results with minor changes in the training sample. The essence of this
method fits well into the approach with the automatically obtained training sample.
Among the disadvantages is the problem of situations where the already mentioned
image shows more than one copy of the object from the training sample or this object
is represented in part. High computational complexity at the learning stage, especially
the process of clustering the original set of visual features, and the presence of the
quantization stage, which reduces the discriminatory possibility of descriptors.

The NBNN method is based on the idea that the process of quantizing the original
visual features used in the BoW method reduces their discriminatory potential. An
assumption is made: the probability of finding a single descriptor in the class does not
depend on the probability of finding others.

In this approach, all the visual features of the educational sample for each class
are combined into a common array. When analyzing the input image for each of its
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visual features, the closest feature among each of the classes is sought. The closest
class is the one for which the sum of the distances will be minimal.

The advantages of this model are the lack of a learning stage and the ability to
work with objects presented in part.

Disadvantages include the instability of the results of work on changes in the
educational sample: even minor changes in the sample for one class can worsen the
overall performance of the system. Increased requirements for the uniformity of the
educational sample between different classes: classes, which are characterized by a
larger number of extracted visual features, will have greater classifier values due to
statistical laws.

The Part-Based approach takes into account the mutual arrangement of visual
features and approaches based on segmentation. It is specialized for certain tasks and
therefore cannot be used in a general classification problem. To work with a training
sample obtained automatically, the classifier must have the stability of the result of
the work with minor changes in the training sample.

Based on the variability of the educational sample and its heterogeneity, as well
as based on the practical results of experiments, it was decided to use the
representation of images in the form of visual words for classification.

In the framework of this work, two classifiers using image representations in the
form of visual words were tested: a naive Bayesian classifier and a classifier based on
the method of reference vectors.

Based on the work of the above-described classifiers on real data obtained
automatically, it was decided to use a classifier based on the method of reference
vectors, which showed the best practical results. The experiments performed
automatically, without an etalon set of images, showed the ability to filter only
synthetic images and images that are the result of any error.

To filter such emissions use:

— Representation of images in the BoW model;

— The arithmetic mean value of histograms is calculated;

— Measure of scattering due to the standard deviation;

— The ratio of the distance of each image to the arithmetic mean to the extent of
scatter.

At the same time, visual words are extracted for different classes independently;
this makes it possible to achieve a more uniform distribution of them within the class.

A significant problem and prospect for further research is the lack of links
between the input data and between the obtained classifiers. There is no mechanism
for detecting cases of potentially erroneous classification or the fact that the image
does not represent one of the existing classes.
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