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The main target of the IEEE East-West Design &
Test Symposium (EWDTS) is to exchange
experiences between scientists and technologies of
Eastern and Western Europe, as well as North
America and other parts of the world, in the field of
design, design automation and test of electronic
circuits and systems. The symposium is typically
held in countries around the Black Sea, the Baltic
Sea and Central Asia region. We cordially invite
you to participate and submit your contributions to
EWDTS’12 which covers (but is not limited to) the
following topics:

¢ Analog, Mixed-Signal and RF Test

e Analysis and Optimization

e ATPG and High-Level Test

e Built-In Self Test

e Debug and Diagnosis

o Defect/Fault Tolerance and Reliability

e Design for Testability

e Design Verification and Validation

e EDA Tools for Design and Test

¢ Embedded Software Performance

o Failure Analysis, Defect and Fault

o FPGA Test

e HDL in test and test languages

e High-level Synthesis

e High-Performance Networks and Systems on a Chip
o Low-power Design

e Memory and Processor Test

e Modeling & Fault Simulation

o Network-on-Chip Design & Test

e Modeling and Synthesis of Embedded Systems
e Object-Oriented System Specification and Design
e On-Line Testing

e Power Issues in Design & Test

¢ Real Time Embedded Systems
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o Reliability of Digital Systems
e Scan-Based Techniques
o Self-Repair and Reconfigurable Architectures

e Signal and Information Processing in Radio and
Communication Engineering

o System Level Modeling, Simulation & Test Generation
o System-in-Package and 3D Design & Test

e Using UML for Embedded System Specification

e CAD and EDA Tools, Methods and Algorithms

e Design and Process Engineering

e Logic, Schematic and System Synthesis

e Place and Route

e Thermal, Timing and Electrostatic Analysis of SoCs and
Systems on Board

e Wireless and RFID Systems Synthesis
¢ Digital Satellite Television

The Symposium will take place in Kharkov, Ukraine,
one of the biggest scientific and industrial center.
Venue of EWDTS 2012 is Kharkov National
University of Radioelectronics was founded 81 years
ago. It was one of the best University of Soviet Union
during 60th - 90th in the field of Radioelectronics.
Today University is the leader among technical
universities in Ukraine.

The symposium is organized by Kharkov National
University of Radio Electronics and Science
Academy of Applied Radio Electronics
http://anpre.org.ua/ in cooperation with Tallinn
University of Technology. It is technically co-
sponsored by the IEEE Computer Society Test
Technology Technical Council (TTTC) and
financially supported by Trades Committee of
Kharkov National University of Radioelectronics
and Trades Committee of Students, Aldec,
Synopsys, Kaspersky Lab, DataArt Lab, Tallinn
Technical University.
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Coding Tangible Component of Transforms to Provide Accessibility and
Integrity of Video Data

V.V. Barannik, A.V. Hahanova, V.N. Krivonos
Air Force University named after Ivan Kozhedub, Kharkov, Ukraine

Abstract

Renders a decision upon further development of
compression technologies for transformed images in
component representation. Demonstrates description
model for transforms tangible components on the basis
of positional numbers with unequal adjacent elements.
Outlines the basic steps of positional coding to reduce
total costs associated with representation of transforms
tangible components. To this effect, a system of coding
expressions to compress video data accuracy and inte-
grity lossless is developed.

1. Introduction

Problem Statement and literature analysis.

The development of modern society has a peculiar
feature — dependence on the increased consumption of
video data. Thus demanding to provide appropriate re-
quirements for reliability, availability, and integrity of
the video data. One of the crucial points when meeting
these requirements is video data source coding [1 - 3].
This proves the timely character of relevant scientific
and applied research in the field of digital image com-
pression. The analysis of compression systems has
shown that the most effective process is provided for
pre-transformed images [3 - 5]. However, elimination of
redundancy in transforms is carried out mainly by tak-
ing into account psycho-visual and statistical laws. As a
result, there is a limited level of compression and a
sharp drop in reliability of decoded video data. Thus,
the objective of the research is to develop the method
for coding segment image transforms that will provide
increase in availability and integrity of video data for a
given level of reliability

2. Description of transforms tangible com-
ponent using positional numbers

At present, to code transforms in JPEG-oriented
technologies they use two basic approaches that differ
in the structural approach to transforms consideration

IEEE EWDTS, Kharkov, Ukraine, September 14-17, 2012

[4]. The first approach is based on processing compo-
nent structure of a transform. The second approach per-
forms coding for the bit-structure of the transform.

Out of two coding strategies, the smallest processing
time is provided for the component structure of trans-
forms. This is due to the following reasons:

Bit-structure of transforms is based on binarization
of its components. In this case, each component is

formed by binary representation, the length of d bits.
As a result, instead of processing nXm components, it

will demand processing d bit planes, each of the nxm
size (nXm - size of transforms).

The amount of data processed for bit-representation
of transforms increases by d times;

- it requires to expend the number of additional op-
erations for the binarization of each transform compo-
nents;

- the processing for the component structure can be
implemented using Huffman code tables. That will re-
quire smaller number of operations if compared to
arithmetic coding.

Hence, component processing can enforce the condi-
tion qc+q, <argument(t(q. +q,)) where

t(qe +9,) < qp/t.

A distinctive feature of redundancy elimination in
the transform component structure lies in:

- concentration of the main energy of the source
signal in low-frequency components, and vice versa the
data upon small details is formed in high-frequency
components of transforms of discrete cosine transforma-
tions, the value of which are often close to zero;

- presence of transform component with zero value.

This allows to organize data handling by eliminating
statistical and structural redundancy. To this effect, the
two-dimensional transform stretches along diagonal zig-
zag to one-dimensional structure. Then a collective pair

is formed {y,, 7}, where y,, ( isrespectively the

value of o tangible component of the expanded trans-
form and the number of components having the same

value. As a result, n? transform component is replaced

475



by m pairs{yy.lq}, ie. oc=1,_m. In such manner, the

identification of tangible transform components creates
the possibility for the elimination of structural redun-
dancy.

The transforms in the course of their description on
the basis of structural approach to the Y, sequence of

tangible components have the following peculiarities:
1. Two adjacent components yg and yg,; (where

€= I,_m) have different values, i.e.

Y§¢Y&+l’ §=1,m. (1)

2. If the low-frequency component, i.e. yj, is ex-

cluded from the Y, vector, the values of tangible com-

ponents for the Y, ;vector will be in the limited dy-
namic range, that is:

Ymin $Y25-0 Y Ym < Ymax - 2)

Here the difference between the value of the upper

level y,.x and the value of the lower level y;, of the

values range y; in the interval 2 < j<m will be less

than the dynamic range of the Y, vector.

To consider the patterns defined by formulas (1) and
(2), the approach considering the analysis of the values
of tangible components y;, having the following dy-
namic range, is proposed,

- For the second component of the Y,,_; vector, it
will equal W(y)2 =Y max =Ymin +1 as
¥2€[0: Yimax =Yminl -
3)

- For all other components of the Y,_;vector ac-

cording to condition (1), it is defined as

W(Y)j=Ymax ~Ymin » i-¢. reduced by 1, where j=3,_m.
This is because the possible values of the y;component

for j=3,_m will exclude one value that corresponds to
the previous component and y,€[0; ¥ ax = Ymin — 1 -

Thus, on the basis of the proposed transformations
for a transform, the Y, vector of tangible components

is formed — its values satisfy the following conditions:
Y2 SW(Y)2=Ymax —Ymin +1;
yis W(Y)j =Ymax ~ Ymin
=3m. )
¢ HEpaBHBIMU coceHUMH teMenTamu (1Y) u
In this case, for the Y,,_; vector the following inter-

pretation can be produced.
When condition (3) works for the components of
Y,,_j vector, so that in general w(y)j;tw(y)v, j#EV
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and j,v=2,_m , the Y,_; vector is the positional number
with unequal adjacent elements and the base system
Wy)={w(y);}.

Following this approach considering the representa-
tion of the sequence of tangible components, the as-
sessment of information content is reduced to determin-
ing the number of admissible PNUAE. In general, for
the positional system with mixed base the number of

m
admissible figures equals Hw(y)j. Consequently,
j=2

taking into account the w(y); base values relations, we

get the following formula for determining the num-
ber VY of admissible PNUAE:

m
VI(ny) = HW(Y)J' = (Ymax ~Ymin +1) (W(Y)j)m_z .
j=2

This formula takes into account:

- invariability of the base for the elements of the
Y,,_; vector;

- inequality of adjacent of the
Y,,_; vector.

components

3. Positional coding of transform tangible
components when the adjacent elements are
unequal

The positional number with unequal adjacent ele-
ments (PNUAE) is formed on the basis of the vector of
transform tangible components, by definition.

The formation of the code description should be per-
formed on the basis code constructions for positional
numbers. The development of the formula for coding
PNUAE is carried out in two stages:

1) The first stage is to determine the value of the
code vector, taking into account the transform limited
dynamic range (excluding low-frequency component);

2) The second stage develops formulas for the posi-
tional number code, taking into account the equality
constraint of adjacent components of the Y, _; vector.

Let’s consider the first coding stage for the position-
al number with unequal adjacent elements. The coding
of positional numbers as the Y, ; vector of transform

tangible components is defined as:
m
E(y)y = 2y;V(y);j -
=2
where V(y); - weight factor of j element of the po-

sitional number; y j - J component of the vector Y,,,_; .
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Since the dynamic range for the elements of the
Y, vector is equal to w(y),

V(y)j=wy)™
As a result, the value of the positional code
E(y), will be equal to

m .
E(y), = Yywy™ . (5)
=2
Equation (4) is to calculate the value of the code for
the vector transform tangible components with no con-
ditions of inequality between them. This condition,

namely y; # y;;1, j =2, n, is taken into account at the

second stage of code regulation development. The ratio
to calculate the code of transform tangible components
vector, seen as the first positional number with unequal
adjacent elements will be the following:

m
E(y), = ZAV(y);.
j=2
The value AV(y) j is defined as the number of ad-
missible sequences preceding the AY(m-—j) vector.

The value AV(y) j You is calculated by the following

formula:
yiw(y) =DMV AV (y =y ),
= Y¥ji-1<Yjs
AV(y)j= (m—il) (6)
yj(w(y) =D,
= Yj-1>Yjs

where y; (w(y) —1)™=3"D _ the total number of se-
quences (the length is equal to 7»j ), for all elements,

except the j, which meet the restrictions on the dynam-
ic range and the inequality of the adjacent elements;
AV(y=yj_;)determines the number of prohibited

sequences made up from kjelements preceding the

coded sequence AY (m - j).

Let’s introduce an auxiliary variable W; equal to

M_Yj, = Yj< VY1’ o
Pyl =y v

As a result, the ratio for the E(y), code of the trans-
form tangible components vector will be the following
m .
E(y)y = Yuj(wy)-D™ 0 @®)
j=2
In terms of tangible components coding, there are
two conditions to be met for the second component:
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- no restrictions are imposed on the values of the
components prior to the y, element with respect to the

zero element, i.e. the inequality y; ;<y; should never

be fulfilled;

- the inequality yo= w(y) >y, is fulfilled.

Therefore, for the component y, as the preceding to
yo . the value w(y) is chosen as the equal to the dy-
namic range of the vector Y,_y, i.e.

Yo = w(y). ©)

Thus, the ratios (6) - (8) make it possible to deter-
mine the code value for the transform tangible compo-
nents vector (excluding low-frequency component),
which is the positional number with unequal adjacent
elements.

In this case, the elimination of sequences containing
equal adjacent components, causes elimination of struc-
tural redundancy accuracy lossless. Therefore, the eli-
mination of the redundancy is ensured even in those
cases, when the dynamic range of transform high-
frequency components tend to dynamic range of a low-
frequency component, i.e. y; — y;.

Let’s consider the properties of the positional repre-
sentation of transform tangible components.

The upper limit of the E(y), code for the vector of

transform tangible component is the value AV(Y),

equal to the cumulative (w(y)— 1)(m_1) of the elements

base of the positional number with unequal adjacent
elements, i.e.

E(Y)u < AV(Y)U =(w(y)— 1)(m—1) ,

where (W(y)—l)(m_l) - the number of positional

numbers with unequal adjacent elements having the
following parameters: the dynamic range is equal
to w(y), the length of the number is (m—1).

Consequently, the number of digits fog,E(y), al-
lowed for the representation of the value E(y), , will be
limited by D(y), from above:

log,E(y)y <D(y), =(m—1)fog, (w(y) = 1).

(10)

Formula (9) provides the definition of the upper limit
of costs of binary digit bits to represent the code for the

vector of transform tangible components, that has the
following parameters w(y)and(m—1).

4. Conclusion

The two-dimensional floating polyadic coding of
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transforms of the two-dimensional Walsh transforma-
tion was developed. The developed representation dif-
fers from the already known in the fact that the two-
dimensional polyadic coding is performed for the float-
ing number of the transform components of discrete
Walsh transform for codograms of uniform length. It
provides additional increase in the degree of compres-
sion for trasforms of discrete Walsh transform by reduc-
ing the excessive number of insignificant digits in code
constructions of images compressed representation; and
it lets avoid information loss due to the lack of bits in
machine word.

1. The approach to constructing the technology for
image compression using pre-transformation, based on:

1) formation of two transform components, namely
the tangible components vector and the refinement
components vector. All this leads to:

- adapt to the structure of the transform, taking into
account different concentration of high-frequency com-
ponents in the image segment and different degree of
quantization;

- identify additional structural regularities in trans-
forms of a segmented image.

2) description of the transform tangible components
vector as the elements of positional numbers with un-
equal adjacent elements. This makes it possible to adapt
to the properties of linear transforms by taking into ac-
count the inequality of values of adjacent components;
the limited dynamic range of transforms components;
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2. Compression of image segments is done as a re-
sult of:

1) elimination of statistical redundancy considering
the integrated correlation dependences;

2) reduction of psycho-visual redundancy due to
nonlinear quantization of the transforms;

3) reduction of structural redundancy, dependant on:

- identification of transforms refinement compo-
nents;

- identification of patterns for the vector of trans-
form tangible components, namely, elimination of ex-
cessive number of positional numbers that contain equal
adjacent elements, consideration of boundedness and
irregularity of dynamic range of array elements of aper-
ture lengths.
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