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Development of compression methods which are based on the principles of information redundancy elimination
which are essentially different from statistical — methods of structural coding — is actual. The rule about
unambiguity of representation of binary sequence by serial number of invariant coding is described and proved.
According to this rule at set values of structural signs for binary sequence it is possible to create only one serial
number of invariant coding and only one binary sequence can be restored by the value of serial number of
invariant coding at the set restrictions on value of structural signs. The rule about restoration of binary
sequence by invariant decoding according to which the initial sequence can be restored without any curvatures
on the basis of values of serial number of invariant coding and structural signs — quantity of bit changes and
quantity of ‘1’ elements in binary sequence is described and proved. The analytical structural scheme of the
offered method of invariant decoding is created.
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AxmyanvHor € po3podka memooie CMUCHEHHs, SKI IDYHMYIOMbC HA NPUHYUNAX VYCYHEHHS IH@opmayiiinol
HAOMIpHOCMI OAHUX, NPUHYUNOBO GIOMIHHUX 6i0 CMAMUCMUYHUX — MemOoOi6 CMPYKMYPHO2O KOOYGAHHSL.
Onucane ma 0ogedeHe NPasUIo0 NPO OOHO3HAYHICIb NPeOCMABIeHHs O8IlIKO80i NOCAIO08HOCI NOPAOKOBUM
HOMEPOM [HEAPIAHMHO20 KOOYEAHHS, 32I0HO 3 SIKUM NPU 3A0AHUX 3HAYEHHSX CMPYKIMYPHUX 03HAK 05l O8IUKOBOT
ROCNIO0BHOCME MOJICHA COpMysamu iuue 0OUH NOPSIOKOBUL HOMED THEAPIAHMHO20 KOOYEAHHS, | HABNAKU, 3d
3HAYEHHSIM  NOPSIOKOBO20 HOMEPA IHBAPIAHMHO20 KOOY8AHHS NPU 3A0AHUX OOMENCEHHSIX HA 3HAYEeHHs
CMPYKMYPHUX O3HAK MONCHA GIOHOBUMU Juule 0OHY 08ilikogy nocuiooguicms. Onucane ma 0ogedene Npaguio
npo GIOHOGAEHHs OBIUKOBUX NOCTIO0BHOCMEN ULIAXOM IHEAPIAHMHO20 O0eKOOVEaHHs, GION0GIOHO 00 SKO20
BUXIOHY NOCTIO0BHICIb MOJNCHA GIOHOBUMU 0e3 GHECEeHHs. JCOOHUX GUKPUBNIeHb HA NIOCMAGi 3HAYEHb
NOpAOK08020 HOMEPA IHEAPIAHMHO20 KOOY8AHHS MA 3HAYEHb CMPYKMYPHUX O3HAK — KIIbKOCMI Oimosux
nepexodi¢ ma KilbKOCMI OOUHUYHUX eleMeHmis ) 0sitkosiu nociioosHocmi. Chopmosano anHanimuyHo-
CMPYKMYPHY MOO€Lb 3aNPONOHOBAHO20 MEMOOY IHBAPIAHMHO20 0eKOOYBAHH.

Knto4yoBi cnoBa: CTUCHEHHS, CTPYKTYpHE KOAYBaHHSA, CTPYKTYPHI O3Haku, GiTOBI mepexoau, CTPYKTypHa rpyna,

ISSN 2075-0781. HaykoemHi TexHonorii, 2013. Ne 4 (20)

nikoBe CMiBBIAHOLLIEHHSA CUrHanN/WymM.

Research actuality

Reduction of time of data transmission in
information and telecommunication systems and
networks (ITCSSN) for the purpose of the
organization of fast and reliable data exchange
between subscribers and reduction of expenses on
data transmission is one of key tasks of the modern
information theory. Special standards, protocols and
data processing methods which are components of
information and software functioning of information
system are developed for this purpose. One of
solutions of this task is application of compression
algorithms of digital images which due to the high
informational content make the greatest part of all
information which is transmitted by ITCSN, but at
the same has the greatest volume. As a result of
compression the image size decreases at the expense
of what time of its transmition by network decreases
and the space for its storage is saved.

The modern technologies of images compression
provide high compression degree at the expense of
reduction of psychovisual redundancy and the
subsequent statistical coding of transformant of
orthogonal transformations. Psychovisual redun-
dancy is reduced as a result of zeroing of a high-
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frequency component of transformant on condition
of their subsequent quantization. Statistical methods of
compression — Haffmen's coding (for the JPEG stan-
dard) and arithmetic coding (JPEG-2000) — are used
for coding quantized transformant. There are some
disadvantages of these methods of coding: [1; 3; 8]:

— the number of machine operations for the
processing of transformed images can take to 70 %
from total number of operations of compression
procedure; it is predetermined by that it is necessary
to consider the number of operations for statistics
calculation, creation of the coding tables and the
organization of double-pass processing of data;

— the number of the operations for performance
of statistical coding of transformant reaches 80 %
from total number of operations which are spent for
the images compression, and can exceed number of
operation for performance of transformations (for
modes which provide high quality of the recovered
image);

— due to the need code combinations
synchronization and marking on limits of processed
fragments of the transformed image complexity of
hardware-software realization of coding procedure
increases considerably;
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— parallel processing of statistical codes is
difficultly implemented;

— processing of high-coherent images decreases
the degree of compression that is caused by increase
of values of high-frequency transformant
components and also by need of use of the coding
tables and markers;

— statistical coding won't provide additional
compression of transformant in case of the presence
of a zero series with small length.

Therefore development of compression methods
which are based on the principles of information
redundancy elimination which are essentially
different from statistical — methods of structural
coding — is actual [5; 6].

During the previous scientific researches the
method of structural coding, invariant to statistical (a
method of invariant coding — IC) which provides
reduction of structural redundancy according to the
value of the structural signs was offered [8]. Such
structural signs were discussed:

1. Total amount of bit changes from a '1' element
to '0' element and from a '0' element to '1' element in
binary sequence A4 ={a,qa,,...,a,}:

s=8a;},

n
i) =2lai—a;layg =0.
’ i=1

2. Total amount of 'l
sequence 4={a,,a,,....a,}:

e=E({al—},.:L—,,)=§la,-.

Binary sequences which are characterized by
identical values of structural signs, can be grouped
in structural group.

Let's designate structural group which is defined
by a sign S, as Y(s), sign e — as Y(e), set of

elements in binary

these signs — as Y(s,e).

Definition of procedure of invariant coding
was formulated. According to it the invariant coding
(IC) — is the assignment of sequence by its serial
number in structural group Y(s,e). The value of an

invariant code will be less than the decimal value of
binary sequence. According to this the compression
will be provided.

During researches the analytical model of a
method of invariant coding also was created. The
value of the invariant code NUM({a;} ;) for

N
binary n bits long sequence according to values of
structural signs — number of bit changes and
quantity of '1' elements — is calculated according to
a formula:

dec({a,},zﬁ)
NUM({a;}, ;)= Xsign[l-sign|A; []-1. (1)
’ i=0

A, = sign(1-sign|e— E(bin(i,n)) | —
—sign(1—sign|s—S(bin(i,n))|).
S() — function of definition of number of bit
changes in expanded binary sequence:

S({ai}j:ﬂ,) = /Z:l| a;1—a; lag=0;

E() — function of definition of quantity of 'l'

elements in binary sequence:
E({a;} i:ﬁ) =Xa;
J b ]:1

s — number of bit changes between '0' and 'l'
and '1' and '0' in binary sequence 4={a,,a,,...,qa,} ,
s=8a;} )

e — quantity of 'l' elements in binary sequence
A= {alaa2>'-‘aan}a e= E({ai}[:m);

dec() — function of definition of decimal
interpretation of binary sequence » bits long:

n—1 .
dec(la;}, ;)= /goz"*-“aﬁ1 =0;

i=ln

bin(i,n) — function of definition of » bits long

binary interpretation of decimal number i :
bin(i,n) = (a;,a,,....,a,) =

|

={a;:a; =2 =——=,j=Ln};

/ 2

[] — calculation of the integer part of number;
{} — rest calculation from integer division;
sign() — function:

-1, x<0,
sign(x) =40, x =0,
1, x>0.

In Fig. 1 the structural and analytical scheme of a
method of invariant coding is presented.

After development of a method of binary
sequences invariant coding the new scientific
problem of development of inverse procedure to —
restoration of initial binary sequence — appears.

Article purpose

The purpose of article is development a method
of binary sequence restoration — a method of
invariant decoding (IdC) — according to values of
an invariant code and structural signs which
characterize the coded binary sequence.

For achievement of this purpose it is necessary to
carry out the following tasks:

1. To formulate and prove the rule about
unambiguity of representation of binary sequence by
invariant code.
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Fig. 1. The structural and analytical scheme of a method of invariant coding

2. To formulate and prove the rule about
restoration of initial binary sequence according to
the IdC method.

3. To create the structural and analytical scheme
of the IdC method.

Statement of the main material

Lets define analytical representation of
procedures of binary sequences coding and
restoration according to the IC method [7; 9]:

NUM({a;}. —)=coding({a;}. _—,s,e,n);

i=ln i=l,n

A* = decoding(NUM ({a; }i:ﬁ ),s,e,n);

Here coding(),decoding() — operators of

coding and restoration of binary sequence,
respectively.
A={a;,ay,..,a,}, A*={a,*,a,*%,...,a,*} — the

initial and restored 7z bits long binary sequences,
respectively. NUM ({a;} _—) — serial IC-number of

sequence A, which is characterized by quantity s of
binary changes and quantity e of '1' elements.

Let's prove that serial IC-number unambiguously
defines binary sequence according to the set values
of length of binary sequence and values of structural
signs — quantity of bit changes and quantity of 'l
elements.

So procedure of decoding restores
sequence without any distortions in
information structure:

a;=a;* i=l.n 2)

initial
restored

Rule 1. About unambiguity of representation of
binary sequence by serial IC-number. At set value of
structural signs s and e for binary sequence
A={a,,a,,...,a,} it is possible to create only one

serial IC-number NUM ({a;},_ ;). To the contrary,

N

by value of serial IC-number NUM ({a,}, ) at the

1
set restrictions on quantity s of binary changes and
quantity e of 'l' elements it is possible to restore
only one binary sequence A4, that is the condition
(2) is satisfied.
Proof. Let’s assume that the conditions stated in
the rule 1 aren't carried out that is except of

A={a,,a,,..,a,} there is such sequence
A*={a,*,a,*,...,a,*} for which
NUM({ai}i:G) = NUM({ai*}i:a .

According to expression (1):

dec({a}, )

NUM ({a;}_)=  Xsign[l-sign| A, []-1. (3)
i=0

i=l,n

dec(fa,*}_—)

Zsign[l—sign |A; |]—1. “4)
i=0

NUM ({a*;} —)=

i=l,n
A, = sign(1-sign|e— E(bin(i,n)) | -
—sign(1—sign|s—S(bin(i,n))|).

If A# A4*, it can be assumed that 4> A4*, so
dec({a;}, ) >dec({a;*} ). Then expression (3)

can be written as follows:
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dec({a,-*}l.:rn)
NUM({a;}, 1) = > sign[l—sign|Al. |]—1 +
=0
dec({ar) i)
+ > sign[l—signmj |]
J=dec({a;*},_7)+1

Taking into account expression (4):

NUM ({a;}, ) = NUM ({a;*} )+
dec({a; }1:17’)
+ > sign [l—sign | Aj |:'

j=dec({a,-*}i:l’7)+l

A; =0 for j=dec({a;}, i), therefore minimum
dec({a,}lzm)
value of >
J=dec({a,*}, =)+1

sign[l—sign [A; |] is 1. Then

NUM ({a;}, 1)~ NUM ({a;*} ) > 1,

that contradicts our assumption and consequently the
rule 1 is proved.

Rule 2. About restoration of binary sequence by
invariant  decoding  (IdC). Initial sequence
A={a,,a,,..,a,} can be restored without any
curvatures on the basis of values of serial IC-number
NUM , quantity s of bit changes and quantity e of
'l' elements according to the rule:

la} = bin[zzlj-(l—sign | NUM —
= ®)
—(1=sign|A;])]),nl;

A; =sign(l-sign|e— E(bin(j,n))|—
—sign(1—sign|s—S(bin(j,n))|).
S() — function of definition of number of bit
changes in expanded binary sequence:

S(a;j

n
/:1,7): '21| a;,—a;l,ay=0;
j=

E() — function of definition of quantity of 'l'
elements in binary sequence:

E(la;} —)=Ya;;
j=1

s — structural sign, number of bit changes
between '0' and 'l' and '1' and '0' in restored binary
sequence;

e — structural sign, quantity of 'l' elements in
restored binary sequence;

bin(i,n) — function of definition of » bits long

j=Ln

binary interpretation of decimal number i :
bin(i,n) = (a;,a,,...,a,) =

B
j-1 _
L2t Ui tm;

= a.:a.:2~
{./ J 2

[] — calculation of the integer part of number;
{} — rest calculation from integer division;
sign() — function:

-1, x<0,
sign(x)=<0,x=0,
1, x>0.

Proof. During the restoration of initial binary
sequence all decimal interpretations of n » bits long
sequences are analyzed. It is provided by assignment
of values from 0 to 2" —1 the counter of the sum ;.

In the analysis of every sequence, calculation of its
structural signs — quantity of bit changes and
quantity of 'l' elements with functions
E(bin(j,n)), S(bin(j,n)) is carried out.

At coincidence of the calculated parameters to
values of structural signs e,s of restored binary

sequence which were transferred to the decoder
parameter A ; will accept value 0. It will mean that

the decoder defined binary sequence which belongs
to the same structural group Y(s,e,n) as restored

sequence. Thus set value of serial IC-number NUM
will be reduced by 1: NUM -(l1-sign|A;]).

According to definition serial IC-number is an
amount of all binary sequences which belong to the
same structural group as processed sequence and are
less than it.

Therefore at achievement j-value of decimal
interpretation of restored sequence j=dec({a;} )
the expression NUM —(1-sign|A;|) will accept

value 0, ) the expression
1-sign(NUM —(1-sign|A; |) will accept value 1. At

Jj#dec({a;} _—) this expression will always return

value 0 and consequently under the sign of the sum
there will be only one component which corresponds
J=dec({a;} ). Use of function bin() will provide

a reconstruction of binary sequence
A={a,,a,,...,a,} from its decimal interpretation.

In Fig. 2 structural analytical scheme of a method
of invariant decoding is presented.

The digital-to-analog  converter
transformation of the digital signal

provides
D*(kAt)
received from a channel to information signal S(¢)

of a message source by means of resampling and a
dequantization of a digital signal and its
representation in the form of an analog signal which
describes primary message — language, music, the
image, measurement of parameters of environment,
etc. [6].



434

ISSN 2075-0781. HaykoemHi TexHonorii, 2013. Ne 4 (20)

IaC Renewal of binary sequence ¥t BS A*={a*ay*, .a,")
NUM ({a;}, ) = ol1f{1fo]o 011
dec{a} )
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Fig. 2. Structural analytical scheme of a method of invariant decoding
Conclusion REFERENCES

In this article the method of restoration of binary
sequence according to value of an invariant code
which is offered.

This method, unlike existing approaches, is based
on recovery of information about bit structure of
binary sequence on the basis of values of structural
signs — quantity of bit changes and quantity of '1'
elements in initial binary sequence — and serial
IC-number, created taking into account these values
(a method of invariant decoding, IdC).

The structural and analytical scheme of the
offered method of invariant decoding is created.

Scientific novelty of the research described in
article consists in the following:

1. The rule about unambiguity of representation
of binary sequence by serial number of invariant
coding is described and proved for the first time.

According to this rule at set values of structural
signs for binary sequence it is possible to create only
one serial number of invariant coding and only one
binary sequence can be restored by the value of
serial number of invariant coding at the set
restrictions on value of structural signs.

2. The rule about restoration of binary sequence
by invariant decoding according to which the initial
sequence A4 ={q,,a,,...,a,} can be restored without
any curvatures on the basis of values of serial
number of invariant coding NUM and structural
signs — quantity s of bit changes and quantity e of
‘1’ elements in binary sequence is described and
proved.
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