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1. Introduction

1.1. Relevance

At present, digital data and information are an integral part of life and the
surrounding world. Today, the tasks of storage and processing of digital data and
presentation of information are of particular importance. Digital images refer to
particular information, which is presented (represented) by processing specific
data sets. The presentation and storage of image information requires enormous
computer resources. In order to be able to meet ever increasing users’ demands,
image capturing and representation software developers are making efforts to
provide more and more advanced solutions, however, they require more and more
resources. The storing of one photograph captured by a modern camera requires
more physical storage than the storing of the text of the whole book.

Hundreds of millions of images are daily uploaded to social networks and
specialised data storage facilities of digital images by internet users. Internet search
engines allow finding easily the data published by many popular social networks on
quantities of images at their possession. The numbers of images captured and
uploaded by mobile phones alone total trillions annually. Despite the fact that the
price of data storage is decreasing over time, the quantities of uploaded data are
increasing more rapidly. The increasing quantities of uploaded data have an effect
on the increase of energy consumption, which is a problem. Expansion,
development and optimisation of network and data storage facilities are only part
of the measures of tackling the problem. Therefore, the development of more
advanced digital image compression solutions and improvement of the currently
available ones is necessary. The development and improvement of algorithms for
the compression, storage and presentation (representation) of digital image data
has been an object of scientific research for as long as a few decades. The image

compression solutions, analysed in this thesis, are of relevance to and could be



applied by hosting and cloud storage services, social networks, e-commerce

platforms, etc.

1.2. Object of research

The object of research in the thesis refers to different digital images and

compression of groups of those images considering of storage resources.

1.3. Objective of the thesis

The objective of the thesis is the development of compression technology for
groups of digital images aimed at saving the space, occupied by the images, and

maintaining the desired quality.

1.4. Tasks of the thesis

To achieve the objective of the thesis, the following tasks are set:

1. Analysis of currently available methods used for the objective assessment of
quality of digital images and their adaptation for the assessment of quality of
large! images;

2. Analysis of methods used for the extraction of features of images and
determination, which features describing images have to be used to classify
those images in accordance with their quality;

3. Creation of a technology for compression of groups of images, which would
apply the classification of images prior to their compression in order to be
able to choose the most appropriate algorithm for the compression based on

the classification results;

1 Subjective Image Quality Databases intended for the analysis of objective quality
assessment methods are comprised of low-resolution test images. This thesis examines different
images captured by digital cameras. In this thesis, the concept “large image“ shall be defined as a
digital image of the size of at least 1024x768 pixels. Images larger than 6144x4096 pixels are not
subject to research in this thesis.



4. Development and research of an approach for the compression of images by
the JPEG algorithm applying of the proposed technology, which would allow
saving the space, occupied by the images, compared to the standard JPEG
algorithm, and make an assessment of the proposed approach from the point

of view of costs.

1.5. Statement of the problem

Working with large groups of images as well as with other large data sets, we
face problems related to data processing, uploading, and storing. In view of the fact
that the displayed image refers to a specific representation of data and this image is
perceived by people subjectively, we face the problem of image quality assessment.

The dissertation analyses groups of different content independent images
captured by different digital cameras, therefore, it is impossible to set parameters
for compression algorithms so that images could be modified in a targeted way with
consideration of image quality assessment measures. The thesis demonstrates that
even in cases where images are captured by the same camera with identical
settings the quality of the images, depending on the scene of the image, is not the
same as the quality of the images is assessed by using different image quality
assessment measures.

Another problem is that objective methods of image quality assessment are
developed considering the specific character of human visual perception, whereas
lossy image compression methods and algorithms are developed seeking to store,
decode and represent the maximal possible amount of information. There is no
direct correlation between the amount of stored information and the quality of the
image received since they are different paradigms. Currently, certain modifications
of compression algorithms are under development seeking to achieve that the
result corresponds to a certain measure of quality, however, this is not universal as
the result meets only the requirements of the selected measure of quality.

To achieve the specified objective, one more problem is addressed in the thesis,

i. e. identification, which features describing initial images have to/can be used in



the classification of these images in accordance with their quality after they have
been processed by compression algorithms.

In view of the character of the research, the general problem is analysed in three
aspects: compression of images; image quality assessment; classification of images.
There is no universal performance model to achieve the specified objective and to
accomplish the tasks, therefore, knowledge and methods of the interdisciplinary
areas, such as data mining, computer vision as well as other areas related to

presentation of information have to be used.

1.6. Author’s position and the methodology of research

The objective of the thesis was defined taking into consideration the currently
available and widely used digital data management processes (processing, storing,
representation, etc.). In the thesis, clear and measurable results are sought while
the proposed technological solutions have been developed, based on the pragmatic
point of view, i. e. in the consideration of the habits of the public, which are relevant
today (use of social networks, cloud solutions, etc.) and technologies used by the
public (smartphones, tablet PCs, etc.).

From the scientific point of view, there is no principal philosophical position
selected for the dissertation, however, certain clearly defined provisions are
observed:

- the work was carried out within the framework of existing paradigms;
well-established methods are not disputed. This is particularly important
when subjective issues are analysed, for example, how the quality of an
image is perceived by a person;

- assumptions, hypotheses and ideas, that are put forward in the thesis, are
falsifiable and are based on empirical research. The intention was to
achieve better results than the existing ones according to one or several
criteria.

Scientific achievements are assessed with the application of the methods of

information search, analysis, comparative analysis, systemising and summarising.



The statistical analysis of experimental research results and their summarising
were made based on the experimental research method.

Multidisciplinary knowledge and theories were used in the thesis to achieve the
specified objective: quality assessment, data classification, and digital image
analysis. To quantify the perceived quality of images the Mean Opinion Score (MOS)
is used. Objective, full-reference methods of MOS are analysed and used in the
thesis. Supervised classification methods are used in the thesis for image
classification. The image analysis is made within the framework of the paradigm of
computer vision (as a discipline). The image analysis methods are used for the
preparatory image filtering and processing of interim results. Geometric
Transformations, Region and Image Properties, Texture Analysis are used to
quantify features describing images. Considering the fact that non-specific groups
of images (different images captured by different cameras are used), are analysed,
the object analysis methods are not used in the thesis. Major ideas are presented

through modelling processes.

1.7. Scientific novelty of the thesis

A technology for compression of groups of digital images, which can be applied
for developing other technologies and obtaining new knowledge, is proposed in the
thesis. Based on this technology, an approach is proposed for the compression of
groups of different content independent images, captured by digital cameras, using
JPEG algorithm thus saving the space, occupied by the images while maintaining the
pre-defined quality (the quality is assessed by objective quality assessment
measures).

A hypothesis was advanced in the thesis: when the classification is used and the
classifier is trained in feature describing images, the impact of the compression
algorithm on the compressed images can be predicted when the images are
grouped into classes in accordance with the quality of the images, which will allow
saving the space occupied by the images. The new approach towards the identified

problem of storing data seeking to save the space occupied by images is applied in



the thesis: the intention is to choose adequate settings for algorithms for different
groups of images instead of improving the existing compression algorithms in order
to save as much information about the image as possible.

The particularity of the solutions, presented in the dissertation, is that the images
obtained after compression meet the selected quality threshold (the quality of the
received images is not lower than a specified value of the quality measure),
although the quality of images is not assessed in the process of compression, which
is different from the approach applied in the works of other authors. The
classification of images prior to selecting a compression algorithm is also useful
because the compression algorithm with appropriate settings is used only once for
one image.

The achievement of the optimal solution (the quality of all the received images is
equal to the selected quality measure), where an appropriate algorithm is selected
for each image, is possible by checking each image with the use of the quality
assessment measure, however, it is a very time-consuming process. A compromise
between the above solution and the conventional approach is proposed in the
dissertation where a single compression algorithm is applied to all images.

The research results have showed that the proposed solutions are feasible in the
cases where the desired quality value for each image of the analysed group of
images is no less than the specified quality threshold. The proposed solutions,
where the impact of the algorithm on the image is determined using the
Intelligence-based Approach, are of particular relevance when large groups of

images are stored.

1.8. Practical value of the thesis results

The technology is proposed in the thesis as well as the approach, based on this
technology, for processing groups of images by the JPEG algorithm and for storing
them by saving the space, occupied by the images, and maintaining the pre-defined
quality. In view of the fact that most manufacturers and users of photography

equipment de facto use the JPEG compression algorithm and image format, this
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kind of solution is of relevance for social networks, different hosting and cloud
storage services, e-commerce platforms, etc. The image compression approach for
provision of the above services, proposed in the dissertation, can be used without
any additional modifications. A trained classifier can be used for an indefinite
period of time without any additional retraining.

The technology proposed in the dissertation can be used for developing other
technologies and obtaining new knowledge. The application of this technology can
be useful for work with specific content images: medical images, satellite images,

and images obtained by different specific image capturing devices, etc.

1.9. Statements to be defended

1. The approach for computing and selection of feature describing images, used
for a maximally precise classification of images in accordance with their
quality after they have been processed by compression algorithms, is defined
in the thesis.

2. The universal technology for compression of groups of digital images,
proposed in the thesis, saves the space occupied by the images while
maintaining the pre-defined quality. The main idea of the technology is: with
the application of classification, a possible impact of the compression
algorithm on the quality of the image is predicted, where the quality is
assessed by objective quality assessment methods.

3. The approach for processing groups of different images (captured by digital
cameras) by the JPEG algorithm, proposed in the thesis, saves more than
20% of the space occupied by the images while maintaining the pre-defined
quality. The quality of images is assessed by the SSIM index and PSNR

measures.

1.10. Approbation and publications of the research

The main results of the dissertation were published in 10 research papers: four

papers are published in periodicals, reviewed scientific journals; one paper is
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published in conference proceedings; five papers are published in conference
abstracts. The main results have been presented and discussed at three national

and six international conferences.

1.11. Organisation of the thesis

This thesis is organized as follows. The JPEG image compression algorithms,
image quality assessment measures, and image classification concepts are outlined
in Section 2. The technology for efficient storage of the compressed images using
the image classification is proposed in Section 3. The approach for image storage in
JPEG format, based on the classification into three classes, is also described here. In
Section 4, the proposed approach is experimentally investigated on benchmark
image sets, the efficiency of the proposed approach and the conventional JPEG
algorithm as well as a precise quality selection technique is also compared. Finally,

conclusions are drawn in Section 5.
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2. Image classification in accordance with their quality after
compression

Before introducing the proposed technology for efficient storage of the
compressed images, some concepts and fundamentals should be described.
Therefore, the works and researches on the efficiency of image compression by the
JPEG algorithm are reviewed in this section. Measures for image quality assessment
are also described, and the background of image classification tasks is presented
here as well. Moreover, the researches on image storage while taking into account

the image quality are reviewed below.

2.1. Image compression by JPEG

The basic principles of the wide-used JPEG image compression standard were
proposed more than 25 years ago, however, it remains most popular for image
compression. There are many studies to compare various modifications of the JPEG
algorithm. This format is commonly used for cloud storage, and the recent JPEG
improvements for online upload of a large number of photos were proposed in (Liu,
etal., 2016) (Wu, et al,, 2016).

The JPEG compression algorithms allow varying many settings. There are many
research works, dedicated for analysis of the JPEG algorithm, where different
compression settings are investigated. In JPEG procedures, it is possible to select a
sub-sampling way, to apply different DCT methods, to use Hoffman optimization,
progressive storage, etc. By changing setting values, different results with various
characteristics can be obtained. The JPEG algorithm is a lossy compression
algorithm, thus, the image quality after compression is reduced. The main setting
influencing the image quality after compression by JPEG is the quality factor (QF),
which defines a compression ratio. It is the integer number between 0 and 100 used
to parametrize the quantization matrix, the higher the number, the less information
is lost. It has been shown that when compressing various images by the JPEG
algorithm with the same quality factor (QF), the different compression efficiency as

well as different quality of the compressed images are obtained. To determine the
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compression efficiency, the amount of space occupied by the compressed images
and the changes of images are evaluated. Usually, the image changes are evaluated
by the following measures: CR (Compression Ratio), SNR (Signal to Noise Ratio),
PSNR (Peak Signal to Noise Ratio), and MSE (Mean Square Error).

2.2. Image quality assessment

After compression of an image by lossy compression algorithms, not only image
size, but also its quality reduces. The image size can be measured by bytes,
however, there is no unique measure to assess the image quality. The Mean Opinion
Score (MOS) is a de-facto metric, used to quantify the perceived image and video
quality. The metric is standardized by a Telecommunication Standardization Sector
(ITU-T) of the International Telecommunication Union (ITU). The image quality can
be evaluated subjectively based on opinions of the observers - subjective MOS. The
following methods are provided in ITU-T recommendations for this purpose:

e In the Absolute Category Rating method, the images are presented to an
observer by one at a time and they are rated independently on a category
scale - the five-point scale (excellent, good, fair, poor, bad).

e Inthe Degradation Category Rating method, the images are presented in pairs:
the first image in each pair is always the original one, while the second image
is the distorted (compressed) one. The five-level scale (imperceptible,
perceptible but not annoying, slightly annoying, annoying, very annoying) for
rating the distortions is used.

e In the method of Pair Comparisons, the distorted images are presented in all
the possible pairs, and an observer indicates the preferred image from each
pair.

Such an image quality assessment indicates the level of image distortion.
However, it has negative aspects: it is impossible to rate the image size and
resolution; the observers’ motivation is subjective and their backgrounds are
different; the image is influenced by lighting and monitor quality, etc. Moreover,

such assessment procedures are very expensive and time-consuming.
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The algorithms that evaluate the image distortion automatically provide
objective measures for the image quality assessment or objective (predicted) MOS.
When developing the objective measures, researchers aim to achieve a high
correlation of the measure with the subjective MOS. The objective quality
assessment measures can be classified into three categories (Moorthy, et al., 2011)
(ITU, 2001):

e In No-Reference (Blind) approaches, the quality of the distorted image is

evaluated without its comparison with the original one.

e In Reduced-Reference (Partly Comparative) approaches, the quality of the
distorted image is evaluated according to a part of information about the
original one.

e In Full-Reference (Comparative) approaches, the distorted image is compared
with the original one.

The Mean Square Error (MSE) and the Peak Signal to Noise Ratio (PSNR) is are
the most popular objective image quality assessment measures. MSE is a mean of
the squared differences between pixels of the original and compressed images.
PSNR is directly related to MSE, it evaluates the possible highest difference between
the original and compressed images. However, not always a small value of MSE and
a high value of PSNR guarantee a high quality of the compressed image. The
Structural Similarity (SSIM) index (Wang, et al., 2004) method better reflects the
human visual perception characteristics compared with other popular measures
(Ponomarenko, et al., 2009a) and is also widely used in image and video processing,
image classification and restoration (Rehman, et al.,, 2012) (Fernando, et al.). The
method is based on three image characteristics: luminance, contrast, and structure.
Let X be a fragment of the original image and Y be a fragment of the distorted

image. The SSIM index is calculated by the formula:

SSIM(X,Y) = [LX,)]* [cX,V)]P - [s(X,1)]"), (1)

where [(X,Y) is a luminance, c(X,Y) is a contrast, s(X,Y) is a structure, a > 0,

B >0, and y > 0 are parameters used to control relative importance of each

15



characteristic. The SSIM index value is calculated for each local fragment of the
image. In such a way, a SSIM index map is constructed. The SSIM index value of the
whole image is obtained by calculating the mean of SSIM index values of local
fragments. The possible values of SSIM are in interval [-1, 1].

Taking into consideration the fact that PSNR assesses an image in the pixel level
and SSIM estimates an image in a higher level, it is purposeful to apply a
combination of both measures to assess the quality of the compressed images

versatilely.

2.3. Image classification tasks

Image classification is a part of computer vision that is related to a theory of
developing artificial systems required to receive and perceive the information from
images. The process of solving computer vision problems usually consists of three
stages: preprocessing filtering, image processing/analysis, and decision making. It
is difficult to set strict boundaries between these stages. Some image analysis
methods are used for both preprocessing filtering and image processing. Usually,
image processing is performed by detecting particular objects in an image. In this
case, image classification is formulated as an object recognition problem. When
solving computer vision problems, it is necessary to indicate information classes,
and here classification methods should be applied.

Image classification is a process where information classes are extracted from a
multiband raster image. The function Y’ = f(X’) is formed which assigns each
feature vector X’ of the image to the class Y'. The function f is called a classifier
which divides the feature space into some regions.

Taking into account that there is no reason to use the specific Machine Learning
algorithm to achieve the objectives, the classification algorithms based on different
principles can be chosen: Linear Discriminant Analysis (LDA), Decision Tree

Learning and the Support Vector Machine (SVM).
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2.4. Image storage considering the image quality

When considering the image quality, image storage always copes with
assessment of the quality by objective methods. In (Forczmanski, et al., 2014), an
adaptive JPEG algorithm was proposed which allows compressing images efficiently
according to their content. Smoothness of images was assessed, and smoother
images are compressed stronger, while images with many edges - weaker. MSE,
SSIM, and Image Fidelity (Daly, 1993) were considered as image quality assessment
measures. To set the values of quality thresholds, Laplace edge detection filter was
applied. Using this adaptive approach, the JPEG algorithm must be processed ones
or several times, and each time the compressed image has to be compared with the
original one.

The paper (Coulombe, et al.,, 2010) proposed a system that optimizes the quality
of images processed by JPEG according to QF and a scaling parameter, while the
maximal image size and resolution were predefined. The image quality is assessed
by the SSIM index method. The system requires many transcoding operations per
image to determine the optimal solution. The approach predicts neither resulting
file size nor quality, but the transcoding parameters maximizing quality under the
constraint of file size. Some improvements of the system were introduced in
(Pigeon, et al,, 2012) by the usage of k-means (Lloyd, 1982) based on prediction of
the transcoded JPEG file size and the SSIM index.

In the aforementioned approaches, to determine the best QF value, the
compression algorithm is usually repeated more than one time.

The paper (Kozhemiakin, et al., 2017) described a method to predict MSE
(and/or PSNR) for grayscale images, compressed by JPEG with uniform
quantization and by the advanced DCT-based coders called AGU and ADCT. The
proposed method can predict the quality of a compressed image with appropriately
high accuracy using a limited number of the analysed blocks. This prediction is
based on a hypothesis that MSE of distortions, introduced due to quantizing DCT

coefficients in blocks, is equal to MSE of distortions, observed in decompressed
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images. In this case, the quality is predicted when its assessment is performed in a
pixel level.

In (Laua, et al., 2003), the JPEG influence on image recognition was investigated
by applying the Iterative Self-Organizing Data Analysis Technique (ISODATA). The
authors aimed to recognize four classes in satellite images: water, vegetation cover,
urban land use, and barren land. They concluded that the effect of compression on
the image quality depends on the content.

A classification problem was solved in (Venkatesh Babu, et al., 2006) to predict
the image quality, i.e., to indicate a relation between HVS-based features and MOS.
The aim was to develop a measure that closely correlates with human perception
without usage of the original image. The sequential learning algorithm called
Growing and Pruning Radial-basis Function (GAP-RBF) network was applied. To
train a neural network, the following image features are used: edge amplitude, edge
length, background activity, and background luminance (Karunasekera, et al,,
1995). The edges were detected along horizontal and vertical directions by the
corresponding Prewitt edge operators (Maini, et al., 2009). The smallest error of the
MOS prediction was obtained by the GAP-RBF network as compared to other
measures.

In summary, two groups of approaches for effective storage of the compressed
images considering the image quality can be identified:

1. Precise Quality Selection Approach (PQSA) - a precise quality of the
compressed image is predefined and, considering this quality, the settings for
compression are identified (see Figure 1).

2. Computational Intelligence-based Quality Selection Approach (CIQSA) - the
quality of the compressed image is predicted by classification, and the settings
for compression are identified considering the classification results (see
Figure 2).

It is obvious that usage of PQSA allows getting the maximally effective results

(preferable image quality and size combination) when compressing images.
However, the storage of large image groups is very time-consuming. Thus, in

practical usage, it is reasonable to apply the method of CIQSA group with a low

18



prediction error level that is much faster. Moreover, small errors will not affect the

representation of images essentially.

Image statisfies the

I lit quality threshold
O_} Image compression — n;j?:S:qt;anLy

Image does not
statisfy the quality
threshold

Change of
compression
algorithm settings

Figure 1: Process of PQSA for image compression.

Extraction of image > Image > Image processing using
O_> features classification proper settings

Figure 2: Process of CIQSA for image compression.

In many image processing methods, each image is assigned to a class according
to its content, and then the same predefined processing settings are applied to all
the images from the class. On the contrary, we aim to develop a
contentZzindependent image classification, based on grouping according to the

image quality.

3. Experimental investigation of image quality

In the thesis, the SSIM index method when assessing the quality of high-
resolution images with small distortions after compression has been investigated.
The experimental investigation has shown that it is necessary to use image data

downsampling in the algorithm for calculating the SSIM index value, otherwise, the
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SSIM index values are very dependent on the sizes of images, especially if their
structure was changed. Moreover, it has been determined that execution of the
algorithm without data downsampling is slower, and it takes much more time when
the sizes of images are large.

After the experimental investigation, where high-resolution images were
processed by different variants of the algorithms for calculating the SSIM index
value, a new algorithm has been proposed, where image data downsampling in the
SSIM index method is implemented by the nearest-neighbour interpolation. In this
case, the obtained SSIM index values better reflect the differences between the
original and distorted images. The proposed algorithm will enable us to properly
evaluate the quality of huge high-resolution image sets automatically if distortions

after applying compression algorithms are hardly noticeable.

4. Proposed technology for image compression

In the thesis, an effective technology is proposed to compress digital images in
order to save storage space, while maintaining the desirable image quality. The
advantage of this method is especially revealed when dealing with large volumes of
content independent images. It should be noted that the proposed method belongs
to the group of CIQSAs (see Subsection 2.4).

4.1. Storage process of the image group

The main idea of the proposed method is based on the classification of images
before compression considering the quality and selection of the settings for the
compression algorithm according to the classification results. The values of the
settings should be selected that the predefined thresholds of the image quality were
satisfied.

The storage process of the image group is presented in Figure 3 and described
hereafter:

e Ul - A group of images is transferred from the local storage place or image

capture device.
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e U2 - Numerical value(s) of the desired image quality are selected.

e S1 - Image classification is performed (details of classifier creation are
described in Subsection 3.2).

e S2 - The values of compression settings are selected for each class so that the
image quality of each class after compression would satisfy the predefined
quality measure thresholds.

e S3 - The images of each class are compressed using the settings selected for
this class.

e S4 - The compressed images are saved to the storage.

It should be noted that the process of classifier creation is performed once, and

the compression - on demand.

E
£
%
=
") ® S2 Selection of proper
3, é = I.’T‘ag.e > settings of —> = Imagg —» S4Image store —)O
o i classification e o pe= o/t algoxithmm compression
£ a
- £
5 |8 1
o |
o
s U1 Transfer of
o] 5 O_» roup/of ) U2 Selection of the
A > group desired quality

images

Figure 3: Storage process of the image group.

4.2. Classifier creation

Let an image be described by a d-dimensional vector S = (54,5, ...,54), and
Y',,Y',, ...,Y', be class labels, where [ is the number of classes. The general
classification problem is solved in two stages:

1. Considering the vector S, the features (xq, x5, ..., x,), describing the image, are
determined and the p-dimensional vector X' = (x;,x,, ., Xp) is formed,
usually, p < d. The aim is to find the minimal number of image features
without losing a lot of information about the image. A set of the vectors

X'1,X',, ..., X', corresponding to a set of the images, is formed, where
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X'; = (Xi1, X2, .., Xip), and n is the number of images. Each vector is assigned

to one of the classes Y'y, k € [1, ..., ].

. The classifier is trained using the vectors X';,X',,..,X',, ie. vectors

X'y, X',, ..., X', are mapped to the set of class labels Y';,Y’,, ..., Y’,. Considering
to the trained classifier, any new image X',,,;, can be assigned to one of the

known classes Y'y, k € [1, ..., 1].

Thus, with a view to create a classifier, three main problems should be solved:

(1) to set feature vectors describing the images, (2) to define a class of each image

for classifier training, and (3) to train the classifier. As a result, using the created

classifier, each new image can be assigned to a class.

Due to the fact that we do not solve object recognition problems, but cope with

image classification based on the image quality, to set the feature vectors

X'1,X',, ..., X', geometric transformations, region and image properties, texture

analysis can be applied.

The general process of the classifier creation is presented in Figure 4 and

described below:

C1 - A representative image group is selected (medical images, GIS images,
ordinary photographs, etc.).

C2 - The images are processed by a compression algorithm. The settings of
the compression algorithm are selected such that the algorithm differently
affected the image quality. In such a way, a larger range of values of image
quality measure is obtained, which will facilitate the formation of classes.

C3 - The image quality is assessed by the selected full-reference measures.

C4 - The features describing the images are extracted.

C5 - Correlation coefficients between the numerical values of the features are
calculated.

C6 — The weakest correlated features are selected for classifier training.

C7 - The number of classes is selected. A class label is defined to each image

according to the predefined thresholds of quality measures.
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e (8 - The classifier is created by some classification method using the training
image set with the class labels. The classification accuracy is evaluated by a
cross-validation strategy.

e (C9 - If the classification accuracy is low and does not satisfy a user’s
preferences, new values of image quality thresholds are selected.

e (10, C11 - The number of image features is reduced by selecting various
combinations of features till the desirable classification accuracy is obtained.
Here the classification accuracy is also evaluated by the cross-validation
strategy.

e (12 - Considering the most appropriate set of features, the final classifier is
created, which will be used in the storage process of the compressed images,

presented in Figure 3.

C3 Image quality
assesment

C2 Image compression ————»

C1 Selection of

O—‘P representative

image group

C6 Selection of the

C4 Extraction of C5 Calculation of Ly weakest correlated
image features correlation coefficients features
Accuracy
satisfies P
C7 Formation of C8 Image €10 Reducthn of the Cl1Image
; | e number of image  — I
image classes classification classification
features
Accurac.y does 4
C9 Selection of not satisfy Ac:uratcy does
new image ot satisfy
quality thresholds
Accuracy
satisfies

L C12 Classifier creation —)O

Figure 4: Classifier creation.

4.3. JPEG compression approach

In this subsection, a JPEG compression approach based on the described

technology is presented. In the approach, a content independent image group is
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processed by the JPEG algorithm so that all the compressed images would satisfy
the minimal quality thresholds, and the QF value would be selected automatically.
The process of the proposed approach is presented in Figure 5. The classification-
based approach allows predicting how the JPEG algorithm will affect the image
quality after compression. The experimental investigation, where the proposed
approach has been compared with the conventional JPEG algorithm, has shown that
the approach allows us to save 15% of image storage space, when classifying only
into two classes. With a view to save more image storage spaces, the investigation
with a larger number of classes should be performed.

In the thesis, the effective image storage technology is applied to the JPEG
algorithm, where the images are divided into three classes. Classification into more
than three classes does not make sense for the JPEG algorithm, as the values of the
image quality measures after compression are distributed in a narrow range. Thus

it is very complicated to form more distinct classes.

Assignment of
‘ —> high quality images ——
to the 1st class l

Compression of Image quality Assignment of Extraction of features l

l O—> training set images ~»  assessment by »Q—» low quality images of uncompressed » Classifier creation 0
by JPEG SSIM and PSNR to the 2nd class images |
‘ Assignment of \

» middle quality images +
‘ to the 3rd class

Compression by I
—>» JPEG with low QF ——

for the 1st class I
: . Image Compression by

Q > Fxtracftlor: of image | » classification for + >Q » JPEG with high QF + )O |
catures quality prediction for the 2nd class

Compression by ’ |

‘“—>» JPEG with middle —
QF for the3rd class |

N 765 iy S0 T e M amm 3 ey SOl sl e e (O —" (¢ S — 6 m—" © —

Figure 5: The proposed JPEG-based approach for image group storage.

The image quality thresholds are calculated by using the objective full-reference
quality assessment measures. The quality is assessed by two weak-correlated

measures (Forczmanski, et al., 2014): in the pixel level by PSNR and general image
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changes by the SSIM index. The quality thresholds are set at the intersection of the

values of these measures (see Figure 6).

PSNR
1st
class
q SUBEEEEEEE 4
3rd
class
q ‘2T
2nd
class
9., 95 SSIM

Figure 6: Assignment of the images to classes.

To form classes for classifier training, the following rules are complied with:
e the images, the quality of which has changed least after the compression, are

assigned to the 1st class (SSIM > q5; and PSNR > q,, );

o the images, the quality of which has changed most, are assigned to the 2nd

class (SSIM < g5, and PSNR < q,,);

» the images, the quality of which has changed an average, are assigned to the

3rd class (qs; < SSIM < q5; and gy, < SSIM < qp1).

The assignment of images to classes by quality thresholds are presented in
Figure 6. It should be noted that not all the images fall into one of these classes (for

example, if SSIM < q,, and PSNR > q,;). However, such strict boundaries of

thresholds are defined to get more accurate training of the classifier.

4.4. Experimental investigation

The digital image database SUN2012 (Xiao, et al, 2010) is used in the

experimental investigation with a view to demonstrate the efficiency of the
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proposed computational intelligence-based approach for storage of large image
groups. The database consists of 16783 different images. There selected such
images the dimensions of which are not smaller than 1024x768 pixels to form a test
image database (the total number is equal to 2963).

A desktop computer with the Intel Core i-7-5500U processor and 8 GB RAM is
used in the experimental investigation. The approach is coded and evaluated in

Matlab R2015a.

4.4.1.Image feature extraction

Before the image classification, the features that describe the images must be
identified. To simplify the feature extraction, the sizes of images are reduced to
256x192 by using the nearest-neighbour interpolation. For such a kind of image
classification problem, different information describing the image should be
considered. Therefore, for each image, the following features are evaluated:

» Pixel and histogram entropies, means, standard deviations, calculated for each

colour component in different colour spaces (RGB, YCbCr, HSV);

e The ratio between the number of pixels and file size, which shows physical
memory required to save a pixel;

e The means and standard deviations of pixels of the images in grayscale,
processed by global image thresholding (Otsu, 1979);

e The number of different regions of similar colour areas (black and white) in
the images, processed by global image thresholding (see Figure 7). Such
regions of the following areas are selected (in a number of pixels): from 1 to
10, from 11 to 50, from 51 to 200, from 201 to 1000, from 1001 to 5000, from
5001 to 10000, from 10001 to 25000, from 25001.

In totally, 55 features are identified. The correlation coefficients between image
features are calculated. Then less correlated features are selected for a further
analysis - if the correlation coefficient between two features is larger than 0.7, only
one of them is selected. After such a selection procedure, 27 less correlated image

features are identified.
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Large areas

Figure 7: Regions of similar colours.

4.4.2.Image classification

For the initial assignment of images to classes (formation of the training set), the
images are processed by the JPEG algorithm, and the quality of the compressed
images are computed. The obtained SSIM values range from 0.69 to 0.999, PSNR -
from 20.3 to 57.3. For further classification, 450 images are selected (150 images
for each class). Various classification methods can be applied to classify images
considering to their quality after compression. Regarding the previous
investigations, in the case of such image classification, the proper features
describing images influence the classification results more than the classification
method used. Taking into account that there is no reason to use the specific
Machine Learning algorithm to achieve the set of objectives, the algorithms for
computing are chosen, based on different principles: LDA, Decision Tree Learning
and SVM. The classification accuracy is evaluated by the 10-fold cross validation
strategy. The numerical values of the quality thresholds g4, g3, 4p1,9p2 are defined
in the way described above (see Figure 4 and Figure 6). In the experimental
investigation, the values gs1 = 0.94, gp1 = 37, gs2 = 0.92, gp2 = 32 were set so that

representativeness of the classes were maintained.
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4.4.3. Image feature reduction

27 image features can be used to train a classifier, however, such a number of
features is too high for constant usage of the trained classifier. Thus, only the
essential features must be identified to reduce the computational time. It is very
time consuming to examine all possible combinations of features, therefore we
select the features by an empirical iterative procedure. The steps of procedure are
as follows:
Step 1. 1000 combinations of randomly selected 4 features are formed.
Step 2. The classification accuracy is calculated, and the combination of the
features with the most accurate classification results is fixed. If there are unused
features go to Step 3, otherwise stop the procedure.
Step 3. 1000 combinations of randomly selected 4 unused features are formed and
added to the previously fixed features. Go to Step 2.

The classification results, obtained by selecting combinations of the features, are
presented in Table 1. The best classification accuracy is equal to 76% (using LDA

and SVM). Due to the fact that SVM with a higher content of classes is extremely

slow, LDA is used for further calculations.

Table 1: Classification accuracy with the different number of features.

The number | Decision Tree

of features Learning LDA VM
4 57 - 65% 61-70% 61-71%
8 58 -65% 61-71% 62-71%
12 60 - 69% 64 - 73% 65 -74%
16 62 -70% 70 - 76% 70 - 76%
27 71% 76% 76%
55 69% 73% 72%
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Table 2: Selected features (xs, ..., x14) for each colour component.

Colour Std Colour Std Colour
component component component
R . . . .
G + - - -
B + - - -
Y + - - -
Cb + - - -
Cr + - - -
H + - + -
S - + - -
\ + + - -
Binarizavi
o o - -
mas

For a further experimental investigation the set with the minimal number of
features was selected while maintaining this accuracy. Finally, the essential 16
features are identified that should be used to train the classifier:

e x, -the ratio between the amount of pixels and file size;

* X, X3,X, - the number of black regions of pixels from 1 to 10, the number of

white regions of pixels from 1 to 10 and from 11 to 50;

* Xs,..,X14 - the means, standard deviations and entropies of pixels. The

statistical characteristics selected as image features are marked by

Table 2. It should be noted that entropies of histograms are not essential with

the view of image classification, investigated in this research.

4.4.4.Classification results

The problem of classifying images into three classes has been solved with the

selected 16 image features. The obtained values of classification precision and

recall are presented in Table 3, and the confusion matrix is shown in Table 4.
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Table 3: Classification accuracy (LDA).

(Precision) (Recall)
1st class 0.93 0.72
2nd class 0.85 0.72
3rd class 0.61 0.84

Table 4: Confusion matrix (LDA).

Predicted class
1st class 2nd class 3rd class
1st class 108 3 39
Actual class
2nd class 0 108 42
3rd class 8 16 126

We can see that thelst (high-quality after compression) and 2nd (low-quality
after compression) classes are not intermixed. And this fact is relevant, if the
compression algorithm with settings for the images of the 1st class were applied to
the images of the 2nd class, the low-quality images would be obtained instead of

high-quality ones.

4.4.5.Comparison of the proposed approach and the conventional
JPEG algorithm

The proposed JPEG compression approach, based on the developed method, is
compared with the conventional JPEG algorithm in order to investigate the storage
space, required for compressed images. 150 images were randomly selected from
each class to train the classifier (450 in total). 500 other random images were
selected to examine the efficiency of the proposed approach.

Two cases are investigated, where a different resulting image quality is desired.
In the first case, it is aimed to obtain high-quality images after the compression, and
the following quality requirements are defined: SSIM> 0.94 and PSNR> 37. In the
second case, it is desired to obtain middle-quality images after the compression,

and the following SSIM> 0.92 and PSNR> 32 are defined.

30



It is experimentally identified that, to achieve the predefined quality thresholds
by using the conventional JPEG algorithm, it is necessary to apply QF=95 in the first
case, and QF=85 in the second case. To achieve the predefined thresholds by using
the proposed approach, the values of QF are defined depending on the image class

and they are presented in Table 5.

Table 5: The image quality requirements and QF values.

First case Second case
Conventional | Proposed | Conventional | Proposed
JPEG approach JPEG approach
Aim High-quality Middle-quality
QF=50 QF=40
(1st class) (1st class)
JPEG QF=95 QF=85
QF=95 QF=85
parameters (2nd class) (2nd class)
QF=85 QF=65
(3rd class) (3rd class)
Requirements | SSIM > 0,94 and PSNR >37 | SSIM > 0,92 and PSNR > 32

The experiment is repeated 10 times for each case using different sets of images.
Each time 500 images are randomly selected from the image test database
(different from the training set). The image storage space after the compression and
the number of images which do not satisfy the predefined quality requirements
(misclassified images) are calculated and presented in Table 6 and Table 7. The
results show that approximately 26% of storage space can be saved. In the first
case, the space required was reduced from 4114 MB to 3029 MB; in the second case
- from 2446 MB to 1805 MB. Although approximately 4% of images do not satisfy
the predefined quality thresholds, however, the quality of these images is very close
to the quality thresholds.

Next it was investigated the proposed approach with the decreased QF values. In

brief, the average results of 10 reps are presented in Table 8. With a view to get the
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high-quality images (the first case), 35.3% of storage space is saved, and 9.7% of
images do not satisfy the quality thresholds. With a view to get the middle-quality
images (the second case), 31.7% of storage space is saved, and 7.1% of images do

not satisfy the quality thresholds.

Table 6: Comparison of the results of the first case (high quality).

Conventional JPEG Proposed approach
Exp. Saved storage
No Storage Misclassified Storage | Misclassified space (MB)
space (MB) images space (MB) images
1 399 6 (1.2%) 276 20 (4.0%) 123 (30.1%)
2 445 8 (1.6%) 346 23 (4.6%) 99 (22.2%)
3 403 6 (1.2%) 287 18 (3.6%) 116 (28.8%)
4 443 10 (2%) 351 21 (4.2%) 92 (20.8%)
5 403 3 (0.6%) 279 22 (4.4%) 124 (30.1%)
6 382 5 (1%) 291 18 (3.6%) 91 (23.8%)
7 410 4 (0.8%) 293 20 (4.0%) 117 (28.5%)
8 421 7 (1.4%) 307 17 (3.4%) 114 (27.1%)
9 376 5 (1%) 280 22 (4.4%) 96 (25.5%)
10 432 6 (1.2%) 319 24 (4.8%) 113 (26.2%)
Total: 4114 00 3029 205 (4.1%) 1085
(1.2%) (26.4%)
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Table 7: Comparison of the results of the second case (middle quality).

Conventional JPEG Proposed approach
Exp. Saved storage
No Storage Misclassified Storage Misclassified space (MB)
space (MB) images space (MB) images
1 233 5 (1.0%) 166 10 (2.0%) 67 (28.9%)
2 266 5(1.0%) 209 24 (4.8%) 57 (21.4%)
3 238 6 (1.2%) 165 23 (4.6%) 73 (30.7%)
4 262 8 (1.6%) 209 15 (3.0%) 53 (20.2%)
5 237 4 (0.8%) 165 21 (4.2%) 72 (30.4%)
6 227 3 (0.6%) 170 18 (3.6%) 57 (25.1%)
7 251 4 (0.8%) 181 17 (3.4%) 70 (27.9%)
8 256 5 (1.0%) 186 19 (3.8%) 70 (27.3%)
9 232 4 (0.8%) 176 20 (4.0%) 56 (24.1%)
10 244 6 (1.2%) 178 17 (3.4%) 66 (27.1%)
50 184 641
Total: 2446 1805
(1.0%) (3.7%) (26.2%)

After the analysis of the results of four (QF/quality thresholds) combinations, the
proposed approach enables us to save the storage space considerably. It is obvious
that the increase of the QF values will lead to the decrease of the number of images

that do not satisfy the predefined quality thresholds. However, in this case, the

saving of the storage space will decrease.
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Table 8: The image quality requirements and QF values.

First case Second case
Conventional | Proposed | Conventional Proposed
JPEG approach JPEG approach
Aim High-quality Middle-quality
QF=40 QF=30
(1st class) (1st class)
JPEG QF=95 QF=85
QF=95 QF=85
parameters (2nd class) (2nd class)
QF=75 QF=55
(3rd class) (3rd class)
Requirements | SSIM > 0,94 and PSNR > 37 SSIM > 0,92 and PSNR > 32
4114 2663 2446 1671
Storage space
Saved storage 1451 775
space (35.5%) (31.7%)
Misclassified
_ 60 (1.2%) 485 (9.7%) 50 (1%) 355 (7.1%)
images

4.4.6. Run-time analysis

In the previous subsection, the advantages of saving more storage space, using
our proposed effective JPEG approach, have been demonstrated. However, it is also
important to estimate time expenditure in comparison with other JPEG approaches.
As mentioned before, there exist two possible ways for effective storage of images:
by predefining the image quality precisely (PQSA), and by predicting the image
quality applying proposed computational intelligence-based approach. PQSAs allow
getting optimal results, i.e. to use the minimum amount of storage space while all
the images meet the quality thresholds. However, PQSAs are not suitable for

storage of large image groups due to high time expenditure. In this subsection, we
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aim to compare time expenditure of PQSA, the proposed approach, and the
conventional JPEG algorithm.

When evaluating the run-time in the proposed approach, the time expenditure
for creating the classifier is not estimated, as it is performed only once, and the
trained classifier is constantly used for the effective image storage. Moreover, it is
not possible to evaluate unambiguously the time expenditure for a part of the
classifier creation process as the time depends on the user (see Figure 4, block C9).
The run-time of conventional JPEG is estimated according to compression with
QF=95. However, the process of the proposed approach consists of three main tasks
that influence the runtime: image feature extraction, image classification, and image
processing by the JPEG algorithm with one of the QF values predefined for the class.
The averaged runtime expenditure for randomly selected 500 images is presented

in Table 9.

Table 9: Run-time of tasks in the conventional JPEG and the proposed approach.

Average Average
runtime runtime
Task
(sec) (sec)
500 images 1 image
Compressing by JPEG, QF=50 128 0,256
Compressing by JPEG, QF=85 136 0,272
Compressing by JPEG, QF=95
P i 163 0,326
(Conventional JPEG)
Feature extraction 75 0,15
Classification 0.01 2x10-5
Proposed approach (CIQST) 219 0.446

To estimate the runtime of PQSA, the process is simulated using the Bizagi

Modeler software. It is assumed that the images will be processed by JPEG, using
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PQSA no more than two times. When the image, obtained with the predefined
minimal QF value, does not satisfy the quality requirements, the appropriate QF
value will be selected. In Figure 8, the simulation process is presented aimed to get
a high quality of the compressed images (the first case). Probabilities that the
compressed images meet the quality requirements must be estimated and provided
for the model. Using 10 randomly selected sets of 500 images it is experimentally
estimated that the probability for the images to meet the requirements as QF=50 is
equal to 0.32. The probability that the remaining images meet the requirements as
QF=85 is equal to 0.84. The runtime of the simulated process is presented in Table

10.

0500
W 622 sec

Image satisfies the

1 500 1500 quality threshold
M 25 sec M 393 sec ‘500 L1500

( 01 500 Image processing ) Image quality
by JPEG (QF=50) assesment / H

Image doesn't

satisfies the quality

threshold L1301
W 82 sec

Image processing by )
5 JPEG (QF=85)
0361
060
W 20 sec
. . Image processing by
00 Number of images  ® Total time PEG (QF=95) |

Figure 8: Simulation of PQSA process for the first case (high quality).

Table 11 provides a summary of runtimes of the conventional JPEG, proposed
approach, and simulated PQSA process, when the user aims to obtain the high-
quality images after compression (the first case). The results show that the
proposed approach is approximately 3 times faster than PQSA, and the
conventional JPEG exceeds the approach only by 26%.
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Table 10: Runtime of the tasks in the conventional JPEG and the proposed

approach.
Average Average
runtime runtime
Task

(sec) (sec)

500 images 1 image
Compressing by JPEG, QF=50 128,1 0.256
Compressing by JPEG, QF=85 81,81 0.272

Compressing by JPEG, QF=95

(Conventional JPEG) 19,55 0-326
Quality assessment, PSNR 177 0.354
Quality assessment, SSIM 216 0.432
PQST procesas 622.46 1.234

Table 11: Runtime of the tasks in the conventional JPEG, proposed approach, and

simulated PQSA process.

The first case

Proposed
Conventional

approach PQST
JPEG PP

(CIQST)
Aim High quality

Requirements SSIM > 0.94 and PSNR > 37
QF=50
(1st class) QF=50
JPEG QF=95 QF=95
QF=95
parameters (2nd class) QF=85
QF=85
(3rd class)

Total time 163 sec 219 sec 622 sec
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It is obvious that more storage space will be saved by using PQSA. However,
when the number of images to be compressed and saved is very high, the PQSA is
not suitable due to the huge time expenditure. For example, if 5000 images are
saved, the conventional JPEG runs 27 min, the proposed approach - 36 min, while

PQSA - 1 h 46 min.

5. Conclusions

The technology for compression of groups of digital images, aimed at saving the
space occupied by the images while maintaining the pre-defined quality, is
proposed in the thesis. This technology can be used for developing other
technologies and obtaining new knowledge. Two classification-based approaches
for the compression of images in the JPEG format by classifying the stored images
into two or three classes prior to the application of the compression algorithm are
presented and analysed in the thesis. The proposed approaches enable us to assess
of the impact of the algorithm on the quality of images. The proposed approaches
are comprised of two parts: training of the classifier and compression of images by
JPEG, based on the class to which the image belongs. The application of these
approaches allows us process large groups of images by the JPEG algorithm so that
the JPEG QF value is automatically selected for each image in view of the desired
quality of the image. When the proposed technology is used, the training of the
classifier is performed once, since the compression of images on the basis of the
trained classifier can be applied for an indefinite period of time according to the
need.

Seeking to achieve the objective of the thesis, the SSIM index method was
analysed in the thesis and it was applied in the assessment of the quality of high
resolution images with small distortions. It has also been established that, in the
case of compression of different images by the JPEG algorithm with the same QF
values, a different efficiency and quality of the compression are obtained. The

research has showed that the classification of images prior to the application of the
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compression algorithms can be useful to save the space occupied in the data
storage.

During the experimental research, a task has been performed to determine which
features, describing initial images, have to be used for classifying these images in
accordance with their quality after they have been compressed by the JPEG
algorithm. Appropriate features describing images were selected.

Based on the research carried out in the dissertation, conclusions were drown
and results were summarised:

1. The application of the proposed technology for processing groups of different
content independent images, captured by digital cameras by the JPEG
algorithm, allows saving about 15% of the space occupied by the images, when
the images are classified into two classes, and about 26% of the space
occupied by the images, when the images are classified into three classes, as
compared to the standard JPEG algorithm. As a result, 95% of the images meet
the desired quality threshold when the quality assessment is performed by the
SSIM index and PSNR methods. This technology and the image compression
approach, based on this technology, allow varying quality settings. When QF
values for individual classes are increased, the number of images, which do not
meet the quality threshold, decreases, whereas, when these values are
reduced the amount of the saved space is increased. The proposed technology
is flexible and can be easily adapted to users’ needs.

2. A set of features describing images was specified; in the case of using this set
of features as a basis for classifying images, the classification accuracy is 0.85
when the images are classified into two classes, and 0.76 when the images are
classified into three classes.

3. It has been determined that the compression of images when the quality of the
compressed images is defined precisely (PQST) is nearly three times slower
than the proposed classification-based image compression (CIQST) with the

predicted impact of the JPEG on the quality of images.
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KLASIFIKAVIMO METODAIS GRINDZIAMI SKAITMENINIY VAIZDY

GLAUDINIMO SPRENDIMAI

Darbo aktualumas

Siuo metu neatsiejama gyvenimo ir mus supanéio pasaulio dalis yra
skaitmeniniai duomenys ir informacija. Skaitmeniniy duomeny saugojimo,
apdorojimo ir informacijos pateikimo uZdaviniai Siandien yra itin aktualis.
Skaitmeniniai vaizdai - tai ypatinga informacija, kuri pateikiama (atvaizduojama)
apdorojant specifinius duomeny rinkinius. Vaizdinés informacijos pateikimas ir
saugojimas reikalauja didZiuliy kompiuterinés jrangos resursy. Tam, kad buty
galima patenkinti vis didéjanCius vartotojy poreikius, vaizdo fiksavimo ir jo
atvaizdavimo jrangos kiiréjai stengiasi pateikti vis paZangesnius sprendimus, taciau
jie reikalauja dar didesniy resursy. Vienai Siuolaikiniu fotoaparatu padarytai
nuotraukai saugoti reikia daugiau fizinés atminties nei visos knygos tekstui
iSsaugoti.

Kasdien interneto naudotojai j socialiniy tinkly ir specializuoty
skaitmeniniy vaizdy duomeny saugykly infrastruktiirg perduoda Simtus milijony
vaizdy. Naudojant interneto paieskos sistemas, galima nesunkiai rasti daugelio
populiariausiy socialiniy tinkly skelbiamus duomenis apie jy valdomus vaizdy
kiekius. Vien mobiliaisiais telefonais padaryty ir perduoty vaizdy Kkiekis
skaiCiuojamas trilijonais per metus. Nepaisant to, kad diskiné vieta ilgainiui pinga,
perduodamy duomeny kiekiai auga sparc€iau. Vis didéjantis perduodamy duomeny
kiekis daro jtaka didesniam energijos sunaudojimui ir tai yra problema. Tinklo ir
duomeny saugykly infrastruktiiros plétimas, tobulinimas ir optimizavimas - tai tik
viena i$ priemoniy problemai spresti, todél butina kurti paZangesnius ir tobulinti
jau esamus skaitmeniniy vaizdy glaudinimo sprendimus. Jau kelis deSimtmecius
skaitmeniniy vaizdy duomeny glaudinimo, saugojimo ir pateikimo (atvaizdavimo)
algoritmy kiirimas ir tobulinimas yra moksliniy tyrimy objektas.

Siame darbe nagrinéjami vaizdy glaudinimo sprendimai aktualis ir taikytini
jvairioms prieglobos ir debesijos paslaugoms, socialiniams tinklams, elektroninés

komercijos platformoms ir pan.
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Darbo tikslas
Sio darbo tikslas - sukurti skaitmeniniy vaizdy grupiy glaudinimo
technologija, siekiant taupyti vaizdy uZimama vietg, taciau islaikant pageidaujama

kokybe.

Darbo uZdaviniai
Darbo tikslui pasiekti iSkelti Sie uZdaviniai:

1. ISanalizuoti esamus skaitmeniniy vaizdy kokybés vertinimo metodus ir
pritaikyti juos dideliy vaizdy kokybei jvertinti;

2. ISanalizuoti vaizdy poZymiy iSskyrimo metodus ir nustatyti, kokie vaizdus
apibudinantys pozymiai turi buti naudojami klasifikuojant Siuos vaizdus
pagal ju kokybe;

3. Sukurti vaizdy grupiy glaudinimo technologija, kurioje prieS vaizdy
glaudinimg bty taikomas vaizdy klasifikavimas, siekiant pagal klasifikavimo
rezultatus parinkti tinkamiausia glaudinimo algoritma;

4. Pritaikant pasiulytg technologijg, sukurti ir iStirti vaizdy glaudinimo JPEG
algoritmu buda, kuris leisty sutaupyti vaizdy uzimamos vietos kiekj, lyginant
su standartiniu JPEG algoritmu. [vertinti siilomg budg laiko sganaudy

aspektu.

Darbo mokslinis naujumas

Disertacijoje pasiulyta skaitmeniniy vaizdy grupiy glaudinimo technologija,
kuri gali biiti naudojama kity technologijy sukiirimui ir naujoms Zinioms gauti. Sios
technologijos pagrindu yra pasitlytas budas jvairiy vaizdy, gauty skaitmeniniais
fotoaparatais ir neturinciy specifinio turinio, grupéms glaudinti JPEG algoritmu,
taupant vaizdy uZimama vietg, taciau iSlaikant nustatytg kokybe (kokybé vertinama
objektyviais kokybés vertinimo matais).

Darbe iskelta ir patvirtinta hipotezé - naudojant Kklasifikavimg, kai
klasifikatorius iSmokytas atpaZinti vaizdus pagal juos apibiidinancius poZymius,
galima numatyti, kaip glaudinimo algoritmas jtakos suglaudintus vaizdus, kai jie

suskirstomi j klases pagal vaizdy kokybe, kas leisty sutaupyti vaizdy uZimama
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vietg. Disertacijoje j iSkelta duomeny saugojimo problema, kai norima taupyti
vaizdy uzZimamg vietg, Zvelgiama naujaip - siekiama ne tobulinti esancius
glaudinimo algoritmus, norint iSsaugoti kuo daugiau informacijos apie vaizdg, o
parinkti tinkamus algoritmy nustatymus skirtingoms vaizdy grupéms.

Disertacijoje pasitlyti sprendimai ypatingi tuo, kad po glaudinimo gauti
vaizdai atitinka pasirinktg kokybés slenkstj (gauty vaizdy kokybé ne maZesné, nei
nustatyta kokybés mato reikSmé), nors glaudinimo procese vaizdy kokybé,
prieSingai nei daroma kity autoriy darbuose, nevertinama. Vaizdy klasifikavimas
prieS parenkant glaudinimo algoritmg naudingas dar ir tuo, kad glaudinimo
algoritmas su reikiamais nustatymais vienam vaizdui naudojamas vieng karta.

Pasiekti geriausig sprendima (visy gauty vaizdy kokybé lygi pasirinktam
kokybés matui), kai tinkamas algoritmas buty parenkamas kiekvienam vaizdui,
galima patikrinant kiekvieng vaizdg kokybés vertinimo matu, bet tai labai imlus
laikui procesas. Disertacijoje pasitlytas kompromisas tarp minéto sprendimo ir
jprasto, kai visiems vaizdams taikomas vienas glaudinimo algoritmas.

Tyrimy rezultatai parodé, kad pasitlyti sprendimai turi perspektyva tais
atvejais, kai norima gauti ne mazZesne kokybés reikSme uz nustatyta kokybés
slenkstj kiekvienam nagrinéjamos vaizdy grupés vaizdui. Pasiiilyti sprendimai, kai
iSmaniuoju budu nustatoma (angl. Intelligence-based Approach) kaip algoritmas

jtakos vaizda yra ypac aktualus, kai saugomos didelés vaizdy grupés.

Ginamieji teiginiai

1. Darbe nustatytas buidas apskaiCiuoti ir atrinkti vaizdus apibudinancius
pozymius, kurie turi buti naudojami kiek galima tiksliau klasifikuojant
vaizdus pagal jy kokybe po apdorojimo glaudinimo algoritmais.

2. Darbe pasiillyta universali skaitmeniniy vaizdy grupiy glaudinimo
technologija taupo vaizdy uZimamg viety, iSlaikant nustatyta kokybe.
Pagrindiné technologijos idéja - naudojant klasifikavimg numatyti, kaip
glaudinimo algoritmas jtakos vaizdo kokybe, kai kokybé vertinama

objektyviais kokybés vertinimo metodais.
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3. Darbe pasiulytas budas jvairiy vaizdy (gauty skaitmeniniais fotoaparatais)
grupéms apdoroti JPEG algoritmu, sutaupo daugiau nei 20 % vaizdy
uzimamos vietos, iSlaikant nustatytg kokybe. Vaizdy kokybé vertinama SSIM

indekso ir PSNR matais.

Disertacijos struktura

Disertacija sudaro 5 skyriai. Pirmasis, jvadinis disertacijos skyrius skirtas
pristatyti mokslinio darbo kryptis, aktualumg, tikslg ir uzdavinius. Antrajame
skyriuje pateikta darbui aktualiy moksliniy darby ir metody apzZvalga. Treciajame
skyriuje pristatomi autoriaus atlikti eksperimentiniai tyrimai, pagrindzZiantys
disertacijos uzdavinius.

Ketvirtasis skyrius skirtas apraSyti autoriaus pristatomus vaizdy
glaudinimo sprendimus ir lyginamuosius tyrimus. Disertacijos apibendrinimas ir
iSvados pateikti penktajame skyriuje. Taip pat disertacijoje pateiktas Zyméjimy ir
trumpiniy sarasas. Disertacijos apimtis 122 puslapiai, pateikti 35 paveiksléliai, 28

lentelés ir 38 formulés. Literatiiros sarasa sudaro 92 Saltiniai.

Disertacijos apibendrinimas ir iSvados

Darbe pasitlyta skaitmeniniy vaizdy grupiy glaudinimo technologija,
siekiant taupyti vaizdy uZimamag vietg, bet islaikant nustatytg jy kokybe. Taip pat
darbe pristatyti ir iStirti du klasifikavimu grijsti budai glaudinti vaizdus JPEG
formatu, klasifikuojant saugomus vaizdus i dvi arba j tris klases prie$ naudojant
glaudinimo algoritma. Sitilomi budai leidzia jvertinti, kaip JPEG algoritmas paveiks
vaizdy kokybe. Pasitlyti budai sudaryti i$ dviejy daliy: klasifikatoriaus mokymo ir
vaizdy glaudinimo JPEG atsiZvelgiant j klase, kuriai priklauso vaizdas. Siy bidy
taikymas leidZia apdoroti dideles vaizdy grupes JPEG algoritmu taip, kad JPEG QF
reikSmé buty automatiSkai parenkama kiekvienam vaizdui, atsizvelgiant i
pageidaujamg vaizdo kokybe. Naudojant pasiulytg technologija, klasifikatoriaus
mokymas vyksta vieng kartg, o vaizdy glaudinimas pagal apmokytg klasifikatoriy

gali buti naudojamas pagal poreikj, neapibréZzta laiko tarpa.
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Siekiant disertacijoje iskelto tikslo, darbe istirtas SSIM indekso metodas ir
pritaikytas didelés raiSkos vaizdy su maZzais iSkraipymais kokybei vertinti. Taip pat
nustatyta, kad spaudziant skirtingus vaizdus JPEG algoritmu su vienodomis QF
reikSmémis, gaunamas skirtingas glaudinimo efektyvumas ir kokybé. Tyrimai
parodé, kad vaizdy klasifikavimas pries taikant glaudinimo algoritmus gali biti
naudingas taupant uZimama vietg informacijos saugykloje.

Eksperimentinio tyrimo metu buvo sprendZiamas uzdavinys, siekiant
nustatyti, kokie pradinius vaizdus apibuidinantys poZymiai turi buti naudojami
Klasifikuojant Siuos vaizdus pagal jy kokybe po glaudinimo JPEG algoritmu. Parinkti
tinkami vaizdus apibudinantys poZymiai.

Remiantis disertacijoje atliktais tyrimais suformuluotos iSvados ir
apibendrinti rezultatai:

1. Pasiulytos technologijos taikymas jvairiy vaizdy, gauty skaitmeniniais
fotoaparatais ir neturinciy specifinio turinio, grupéms apdoroti JPEG
algoritmu, leidZia sutaupyti apie 15 % vaizdy uZimamos vietos, Kkai
klasifikuojama j dvi klases ir apie 26 % vaizdy uZimamos vietos, kai
klasifikuojama i tris klases, lyginant su standartiniu JPEG algoritmu.
Rezultatas - daugiau kaip 95 % vaizdy tenkina pageidaujama kokybés
slenkstj, kokybe vertinant SSIM indekso ir PSNR metodais. Si technologija ir
ja gristas vaizdy glaudinimo budas leidzia varijuoti kokybés nustatymais.
Didinant QF reikSmes atskiroms klaséms, mazéja vaizdy, kurie netenkina
kokybés slenks¢io, o mazZinant Sias reikSmes, didéja sutaupomos vietos
kiekis. Pasitilyta technologija yra lanksti ir gali buti lengvai priderinama prie
naudotojy poreikio.

2. Nustatytas vaizdus apibudinanciy poZymiy rinkinys, pagal kurj klasifikuojant
vaizdus, bendras klasifikavimo tikslumas lygus 0,85, kai klasifikuojama j dvi
klases ir 0,76 - klasifikuojant j tris klases.

3. Nustatyta, kad vaizdy glaudinimas, kai tiksliai nustatoma suspausty vaizdy
kokybé (PQST), beveik tris kartus létesnis nei pasitlytas klasifikavimu gristas
vaizdy glaudinimas (CIQST), numatant JPEG algoritmo poveikj vaizdy

kokybei, klasifikuojant vaizdus j tris klases.
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