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Abstract

In the report the effectiveness of the discrete Hartley transform (DHT) to compress image data is
substantiated, digital image compression algorithm based on the DHT is considered and its software
designed and implemented using object-oriented technology is offered. The report also presents the test
results of behaviors of the designed software objects synthesized by the proposed method, which has
ensured the full detection of system and algorithmic errors at the design stage of the software.

AHoTanisa

Y oonosioi obrpynmosyemvcs  eghexmuenicmvb  3acmocy8ants  OUCKPEMHO20 NepemeopeHHs.
Xapmni ([AI1X) Ons cmucHenHs 2pagpiuHux Oanux, po3ensa0aemvbCsi alcopumm Komnpecii yugposux
300padiceny Ha ocnosi JIIX ma npononyemvcs 1020 npocpamHa peanizayis, sKA CNpOeKmo8aHd i
peanizogana 3a 00nomozoio 06 'ekmuo-opienmoganoi mexuonocii. Hageoeno pesynrbmamu mecmyganus
npoexmuux Mmooenei nosediHKu NPOSPAMHUX 00 €KMIB, CUHME308AHUX 3ANPONOHOBAHUM Memodom. Lle
3a6e3nequno GUSGNEHHS V NOGHIU MIpI CUCMEMHUX U QIOPUMMINHUX NOMUIOK e Ha emani
NPOEKMYBAHHS NPOSPAMHO20 3a0e3NneyeHHs.

Introduction

Massive amounts of data circulate in modern information and telecommunication
systems. The vast majority of the processed and transmitted information is graphic: digital
images and videos, which are characterized by extra-large volumes. The volumes of this kind of
data are constantly increasing. This leads to an overload of data channels, and as a consequence,
to a significant increase in the time of information delivery.

The research [1] theoretically and experimentally proves that the time of information and
telecommunications system data delivery has a linear dependence on the length of the array of
data transferred; the compressed data delivery time and the compression ratio are directly
proportional; the compression ratio is directly proportional to the time dispersion of the
compressed data delivery. It is also shown that the use of image data compression not only
reduces the delivery time, as well as the load on the communication channels, but also lowers
the deviation from the average delivery time by reducing the variance.

Therefore, currently, not only the increase of the capacity of modern means of
communication, but also the development of a software system to processing of digital images
for the purpose of compact representation (compression) is important.

Software of the digital imaging system must be reliable, high-performing, flexible, and
should provide an opportunity for improving, scaling, and upbuilding its functionality.

It is possible to ensure these requirements and characteristics through the use of object-
oriented approach (OOA). Unlike the traditional approach to development, the OOA makes
emphasis on both the information and the software objects’ behavior. This leads to creating
flexible SS that allow change of behavior and/or information.

However, even the use of the OOA does not prevent errors in the software. And the most
important are the errors of software objects’ interaction, most of which occur at the design
stage. The testing of models is carried out to identify them in the early stages of the life cycle of
the system. Sufficient attention is given to the development of tests in the literature, while the
creation of test models is not actually considered.
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The most promising approach to image processing is the use of mathematical
transformations that have high compression properties. One of such orthogonal transformations
is the discrete Hartley transform (DHT). Its essence lies in a pair of integral transformations:
the forward and reverse, which are using the entered function cas(®)=cos(®)+sin(®),

where ® — variable. The forward and reverse of the DHT function f(c) is defined by the
following relations [2]:

H(v) =N"! Nz_lf(t)cas(2nvr/ N),
=0

f(r)= NZ_IH(V)cas(27tvr/N),
v=0

where t — coordinates of the obtained sequence, v — coordinates of the target sequence, N—
number of the elements.

Compared with other orthogonal transformations, DHT has many advantages and allows
receiving transformants with high compression properties. Evaluation of the transformants’
values [3] indicates the following benefits of DHT for compression of images:

—the transformant of Hartley transformation allows to overcome the high structural
redundancy of the original image;

— the transformant dynamic range is less than the dynamic range of the image samples,
the memory of a computer system for storage transform is much smaller than those for storing
the original unit of a digital image;

— Hartley transform is invariant to different types of changes;

— the transformant has a rather “smooth” structure, which concludes the effectiveness of
DHT filtration and selection coefficients methods.

Thus, based on the algorithms [4, 5] the software consisting of the following procedures
is designed and developed:

— division into blocks of input digital image in the BMP file format;

— DHT transformant synthesis for each block;

— filtration of the DHT coefficients DPH in the transformant;

— threshold selection of the DHT coefficients;

— formation of the initial data amounts (compressed image).

The software of digital images compression based on DHT is multicomponent and
complex. Also, it must meet several stringent requirements for reliability, high performance,
flexibility, survivability, as well as for opportunities to improve, scale, and increase its
functionality [6].

So, for a comprehensive consideration of the mentioned features and specifications an
object-oriented technology (OOT) for the software development is used. However, even the use
of OOT does not provide early detection and, therefore, elimination of system and algorithmic
errors in the software, most of which occurs at the design stage of a software system [7, 8].
Because of the substantial redundancy of software that is developed, and a large amount of data
circulating between its elements, define essential complexity of the structure of software objects
and their interaction. As a result, the number of algorithmic and system errors increases, and
thus increases the length of the test checks and the development, as well as implementation and
maintenance of the software.

Thus, to identify the algorithmic and system errors in the design phase the testing of the
software project models that is developed based on OOT, as well as on the software objects
behaviors, is performed [7]. These models describe the interaction between software objects in
terms of the program functioning and are created using the proposed method for the synthesis of
the software test objects behaviors during the design of object-oriented software. In this case,
the tests’ run is conducted not on the design models (as behavioral models of software objects
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are static), but on the corresponding to them test models, which allow to model the interaction
of software objects in their dynamic use.

The software is implemented on a high-level programming language C++ for OS
Windows (figure 1).

Ctatyc: BUKOHAHO Komnpecia undposnx 306paieHb Ha 0CHOBI AMCKPETHOrD NEPETEOPEHHA XapTai KHTY, kateapa nporpamHoro sabesneqeqns, 2012-2014

Figure 1 — A DHT-based computer program of digital images compression

The developed software for the compression of digital images based on DHT performs
the following functions: compression and restoration of digital images of any dimension; the
output of the user-defined original digital image and the output of the digital images
reconstructed after the compression (figure 1); calculation of the compression ratio; calculation
of the standard deviation; regulation of the threshold values for compression threshold selection
procedure; generation of color values in an image block of any range; its’ DHT performance,
transformant formation.
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