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Iokazano akmyanvHicme poO36UMKY MEXHOAORI 3HUMCEHHA  iHMEHCUBHOCMI 8I0eONOmMOKY [  K0008020
npedcmasienHa 06a306020 Kaopy AK U020 KI0Y08a CKIA008d. Buxnadeno 6a3osi acnexmu cmeopeHHs Mmemooy
POPMYBaHHSL HEPIGBHOBANCHO2O NOZUYIIHO20 HEPIBHOMIDHO-0IAZOHAIBLHO20 OA3UCY OCHOBU HA NIOCMABI GUAGNECHHS
OUHAMIYHUX OIana30Hi6 OJisl OKPEMUX HEPIGHOMIPHUX OlA2OHANEN 3ANENHCHO 6I0 IX NOPSIOK08020 HOMePA I HANPSIMKY
3ueszae 06x00y. Po3pobneno modens oyinku ingopmamusnocmi mpanc@opmanmu 3 YpaxyeamHsm mo2o0, o
mpanchopmanma OUCKPEmHO20 KOCUHYCHO20 NePEeMBOPEHHs, PO32IA0AEMbC NO HEPIGHOMIDHI 0la2oHANbHIN
cmpykmypi, i € KOMOIHAmMOpHUM 00'€KmMOM, a came NepecmaHosKy 3 NOGMOPEHHAMU, HA OUHAMIUMI Oiana3oHu
eleMeHmi@ SIKUX HaknaoeHi oomeoicenns. OOIPYHMOBAHO, WO 6 YMOBAX HAABHOCMI MEHOCHYI 8 3MiHi
enacmugocmeti - mMpancopmanmu 8 OiA2OHANGHOMY HANPAMKY Olsl  HEPIBHOMIPHO-0IA20HAIbHO20 Memooy
8UABNICHHA OUHAMIYHUX OIANA30HI6 3a0e3neuyemvcs NOmeHYial 8I0HOCHO 000AMKOB020 YCYHEHHs CMPYKMYpPHOL
HaOMipHOCMI Y 6A308UX KAOPAX.

KntouvoBi cnoBa: 6e3npoBigHa; TexHosoris; TpaHcopMaHTa; MeTo; HepiBHOMIPHO-AiaroHanbHUA.

It is shown the relevance of development of technologies of lowering of intensity of a video stream and code
representation of a basic frame as its key component. It is explained the basic aspects of creation of a method of
formation of nonequilibrium positional uneven-diagonal basis that based on detection of dynamic ranges for
separate uneven diagonals depending on their index number and the zigzag direction. It is developed the model
of an assessment of informtiveness of a transformant taking into account that the transformant of discrete cosine
transformation, is considered on uneven diagonal structure, and represents combinatorial object, namely
reversion with reiteration on which dynamic ranges of elements restrictions are imposed. It is grounded that in
the conditions of existence of a tendency in change of properties of a transformants in the diagonal direction for
a eneven-diagonal method of detection of dynamic ranges is providing the potential of rather additional

elimination of structural redundance in basic frames.
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I ntroduction

At the moment development of wireless
infocommunication technologies is connected to
creation of technologies of communication of fourth
generation. Standards of generation 4G shall provide
speeds of the entering data in 1 Gbit\s for stationary
and 100 Mbit\s for mobile stations. They use new
effective diagrams of multiplexing, namely multiple
access with orthogonal frequency differentiation of
channels. On the other hand such tendency
inevitably leads to growth of intensity of a video
traffic,c and as a result increase of load on
infocommunication systems [1-3]. Therefore a
question of creation of methods of lowering of a
video stream intensity starts to be actual. The
carried-out assessment of values of video stream
intensity revealed that there is an imbalance between
intensity and network transmission speed that grows.
The contribution of code representation intensity of
a basic frame to total video stream intensity has
significant impact.

Grounding of direction of the technologies of
basic frames processing enhancement

As the direction of enhancement of technologies
of a compression of a video stream for lowering of

its intensity it is offered to upgrade methods of
processing of basic frames. Basic technologies of
basic frames processing generally use a stage of
preliminary transformation. It is caused by existence
in transformants of a complex of regularities,
including such which allow to remove combinatorial
redundance.

Existence of combinatorial redundance in
transformants of  two-dimensional cosine
transformation has a statistical and psychovisual
conditionality, namely [4-6].

For abbreviation of redundance it is necessary to
carry out distribution of discharges on code
constructions. In case of bit-by-bit distribution of
discharges there are difficulties caused by need or to
use separators for alignment of code words or to
transfer information about values of dynamic range.
Besides, formation of code words for separate
elements is less effective concerning formation of
codes for sequence of elements.

From here it is preferentially to use the approach
concerning distribution of discharges which is based
on possibility of the description of sequence of
components of a transformants in the form of
nonequilibrium positional number. In this time the
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received level of basic frames intensity is
insufficient for delivery of a video stream in the
conditions of support of the given quality of visual
acceptability. It means that the purpose of article is
the creation of methodological basis for
representation of a transformant in enhanced
nonequilibrium positional space.

Development of methodological basis for
enhancement of coding of basic frames technology
in nonequilibrium space

For lowering of intensity of code representation of
a basic frame it is necessary to provide potential for
an additional exception of structural redundance
without introduction of additional distortions. We will
consider the direction for additional elimination of
structural redundance in the conditions of
representation of a column of a transformant as a code
value of nonequilibrium positional number.
According to expression:

O, :{Ing [Hdu}_l:| +1,
k=1

of quantity @,
representation of a code E;, possible due to

reduction discharges on

lowering of values of the bases d,, [5]. Values d,,

are created as values of dynamic range on
intersection k-th line m [/-th column. Therefore
abbreviation of dynamic range can be reached due to
reduction of dynamic ranges by the additional
accounting of characteristic structural features of a
transform of DCT.

For the organization of this approach it is offered
to consider the following features of transforms in
addition.

First, it that for transforms of DCT there is a
tendency of change of structural characteristics in the
diagonal direction. For reviewing of this structural
regularity we will enter such designations:

1. We will designate a diagonal a with sequence

number & as I_/@. Thus quantity of v, diagonals
depends on the sizes (n X n)of transformant and
determined by a formula v, =n+ (n—-1)=2n-1.
Respectively value of sequence number of a

diagonal will change in repartitions § =1, v, .

2. We will enter concept of an initial element of a
diagonal as which we will understand an element:
-y, with coordinates (1;7) if conditions are

correct: k=1 & [ <n;
- Y., With coordinates (k; n) in a case, when
k=22 & l=n.
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Then sequence number of a diagonal Y © will
depend on coordinates of an initial diagonal element
as follows:

E=1,ifk=1& [<n;
E=n+k-1,ifk>2 & I =n.

There k-coordinate of components by the lines;
[-coordinate of components by transformant
columns.

3. Under a diagonal I_/(i) transforms with
sequence number & we will understand the
sequences of components created according to the

following expressions:
+©®

Y = {yl,é; e Viprgots o J/§,1} , wWhere
1=0,&-1, for §<n;
@& kD)
Y =Y :{yk,n;“‘yk+‘t,n—‘r;“‘yn,k}’

where 1=0,2n-&—1 for 2 n+1.

There 7 -the auxiliary variable used for listing of
the elements belonging diagonals.

4. According to the principle of formation of a

diagonal )_’@ have uneven lengths 7; , equal:

n§:§,if§3n; (1)
ne=2n-&=n-k if E2n+l. )

There k-coordinate of components by the lines,
[-coordinate of components by transformant
columns.

5. The terminal element of a diagonal will be the
element with coordinates:

Visrg for T=n.=1,if E<n;

Visonr for 1=n.=1,if E>n+l.

In same time taking into account expressions (1)
and (2) for length n; diagonals we will receive that

the terminal element will have the following
coordinates:

I+t=1+n=E; &~ 1=E-n.=1,if E<n;
k+t=k+n.=n; n— Tzn—nizk,ifiz n+l.

It means that for &-th diagonals its initial and
finite elements will have the symmetric coordinates,
1.€. Vg and Yey OF Yy, and V-

6. For formalization of positioning and a level of
closeness of diagonals to the upper left corner of a
transformant we will set the appropriate principle of
their numbering. In this case it is offered to number
diagonals since the diagonal located in the upper left
corner and finishing with a diagonal in the lower
right corner of a transform.

Now we will consider properties of diagonals of
transforms of discrete cosine transform, namely:
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1) the first property. Values of components
decrease in case of bypass of a diagonal zigzag in
the direction at the left — to the right. In this case

component y, ¢ belonging to diagonal )_’(m) , located

closer to the upper left corner of the transformant
(i.e. having smaller sequence number), will have
potentially smaller value, than an element y,,,

belonging to diagonal Y(m, positioned at more
remote distance from the upper left corner of the
transformant. Such tendency can be described as
follows:

. (@) (M
Vap <Vye-1f yyp€Y and y,, €Y, 0<Mm;
2) the second property sets a tendency between

values of components of one diagonal. For two
elements y, g and y,,, inhering to one diagonal, i.e

Vap € Y and Vyo € I , the inequality is
executed:

YVag < Vyoo (3)
if conditions between coordinates of elements are
satisfied y, 5 and y,,:

- u<v, where ao=1+u, B=E—u, y=1+v,
0=E-¢ and k=1 & E<n;

-u<v, where a=&+u, B=n—-u, y=E+v,
o=n—-¢pand E>2 & /=n.

3) the third property. For zigzag bypass in the
diagonal direction in the field of high-frequency
components appearance of the longest chains of

components with null values is watched.
We will designate a chain of elements §&-th

diagonal, having null values as ?(O)@, and its

length respectively — n(()é) .

Then the third property can be provided so:

Opportunity to watch existence of the diagonals
which are completely consisting of elements with
null values grows in a case of increase in its
sequence number, i.e. in case of positioning of a
diagonal is closer to the lower right corner of a
transform.

It is set by the following ratio: n(()‘;’)

E>n+l,

— ng when

£ >v, for where n; — length

€ -th diagonal transformants; v, — maximum value

of a transformant diagonal; n — the linear
transformant size.

The revealed structural properties of diagonals of
a transformant DCT allow to claim about existence
of tendencies of relative change of wvalues of
dynamic ranges of their elements. For detection of

such features it is offered to define dynamic ranges

dé transformant diagonals as value range of its

elements. It is set as follows:

di = oggé—l{ylﬂ’?T}’ for E<n;
dé:osgazlig-l{y"“’”"} ,for k22 and E>n+1.

We will generalize these ratios in one system
taking into account expression for transformant
diagonal length. As a result we will receive:

< .
Oslgga;z_l{ym,g_r}+1 ., —&<n;

dl = 4)

Oslgg;z_l{yg_mﬂ,n_r}+l, —&2n+l.

As for a transformant property (3) concerning
existence of a tendency between elements in one
diagonal is typically, depending on the direction of
zigzag bypass of a transform the following options of
determination of dynamic ranges of diagonals are
possible, namely:

1) if direction of bypass & -th diagonal begins with

its initial element, value dé dynamic range will be
determined by system of formulas:
max {ylﬂ,i—r} +1= Yig +1,

OS‘ESné—l
— &<n;
max {y&—n+1+‘t,n—‘t} +1= yi—n+1,n +1’

OS‘ESné—l

—>&>n+l.

d; =

There y;z, ye — initial elements for &-th

n+l,n
diagonal accordingly for cases where k =1& E<n
and E>2 & (=n;

2) if direction of bypass & -th diagonal comes to
an end in its initial element, value dé dynamic range

could be found by the following system of
expressions:
o JIEX niegrd ¥1= 0 1,
g 1 Esm
é =
o JIEX  eemmtsentd ¥1= Vg +1,
—&=>n+l.
There ye;, ¥,t,u — values, with which the
direction of bypass begins &-th diagonals
accordingly for cases k=1&&<n and

E>2&1=n.

From the analysis it isn't difficult to note that
option of coincidence of an initial element of the
€ -th diagonal from the beginning of its bypass takes

place then, when&-even. On the contrary, when
sequence number & diagonal odd, bypass of a
diagonal comes to an end in its initial element.
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According to what, we will enter signs of parity
and parity of sequence numbers of diagonals, using
the following conditions: & -even, if £mod(2)=0;
€ -odd, if Emod(2)=1.

Taking into account what the system of ratios (4)
will assume the following form:

o JIEX gt ¥1=r0 L,

— Emod(2)=1& § < n;

max {y1+t,§—‘r}+1 :yl,i + 1’

OS‘tSng—l
— Emod(2)=0 & £ < n;

sio | Emede=08s )
OSI?SZ,I{)/Q_,,HH’”_T} +1 =Vng-n+1 +1,

—&mod(2)=1& E=>n+1;

0 SI?SZ,I {yi—n+l+‘r,n—‘r} +1 =Ve-n+1.n + 1’

—E&mod(2)=0& {>n+l.

Then for dynamic ranges of diagonals of a
transform the following tendencies will be typical,
namely:

1) dynamic range d, , appropriate to a diagonal

(O] . .
i , having smaller sequence number, will have

potentially bigger value, than dynamic range d;

. pe(Q)) ..
diagonal Y k , the transform positioned at more
remote distance from the upper left corner, i.e.

dy>d;,if o<n; (6)

2) dynamic range dé MOTEHIIHAIILHO in a bigger

measure will be defined by values of elements y, g
diagonal, coordinates (at; ) that meet conditions:

oa—E, Bl fork=1&E<n; (7)

o—n,B &, forE>2 & [ =n; ®

3) value of dynamic range dé appropriate to

diagonals, in the field of high-frequency components
of a transformants will aim potentially to 1, i.e.
d;: — 1,when & v, and £22 & I=n. (9)

Definition. The approach concerning detection of
dynamic ranges of a transformant in the direction of
diagonals we will call @ method of uneven-diagonal
formation of dynamic ranges of transformants.

If consider a transformant DCT as swap with
reiterations with the specifications that given in a
type of restrictions (6)—(9) on dynamic range, it is
admissible to consider it as combinatorial object.

Definition. DCT transformant considered on
uneven diagonal structure represents combinatorial
object, namely swap with reiterations on dynamic
ranges of elements restrictions according to formulas
(6)—(9) — are imposed.
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. —(2) .
Quantity V.« of such transformants is

determined by a formula:
H (O <max ) {y|+1,¥;—t} + l)ﬂg ’
=1 <1< e —

— &<n;

Vi
S
g (0 sntlgzé—l {yi—nﬂﬂ,n—r} + 1) >

—&2>2n+l.

_ (2
Accordingly quantity Q .x» of information, on

—(2)
Vn><n =

average containing in one element y,,, it is

evaluated by a formula:
é :Zx)n =[z n:log, déj/nxn .
E=1

For comparing potentially of the reduced
structural redundance on the basis of two
approaches, namely the line and column method of
detection of dynamic ranges of transformants and
uneven-diagonal we will formulate and we will
prove the following statement.

Statement (about comparing of dynamic ranges

of the line and column and uneven-diagonal
methods). For the condition (3) that setting a

tendency of change of dynamic ranges d,
diagonals, the following inequality is executed:

dl:,l < dk,l 4
where d;,, d,, — values of dynamic ranges of a

component y; ,, calculated respectively for the line

and column and uneven-diagonal methods..

Substantiation. According to that structural
properties of a transformants tend to change in the
direction of a diagonal zigzag, and considering
property (3), we receive that dynamic ranges of
diagonals will correspond to values of the compo-
nents located either at the beginning of a diagonal,
or in its end. This feature is set by system (5).

In such conditions dynamic ranges d,, for the

line and column diagram of their detection will
correspond to the values of components of
transformants that located or in its first line

Y(l)={yl’1,...,ylyg,...,yl’n} or in its first column

y® ={yl,lw-aJ’k,lv--ayn,l} .

By determining the value d,; the line and column
method is as the minimum value from two maxima in
k-th line d, and /-th column d,. In same time and

among components k-th line and amoung components
of [-th column with elements that belonging to
diagonals with smaller sequence number, will be
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< (k) -0
elements y,, €Y " and y,€Y . In other words

the smallest sequence number of a diagonal
containing components k-th line equal &=k.

Accordingly the smallest sequence number of the
diagonals including components /-th column will be
equal §=1/. But then, according to properties of

dynamic ranges of diagonals of value of elements
Vi, and y, will be maximum among elements
respectively in k-th line and in /-th column , i.e.
MAX Yy 15ees Vi oo V) T1 = d; =y, +1;
Max {y, e, Voo Voyd + 1 =dj=y, + 1.
Thus we note that these elements belong
according to the first line and the first column of a
transformant.
Now we will define dynamic range d,, as

minimum from two maxima d, and d,. Here it is

required to find cases when d, >d, and d, <d,.

For this purpose it is necessary to define sequence
number and the direction of the appropriate diagonals,
i.e. the diagonals containing an element y,; and y,,.

Here it is required to analyze values of coordinate on
k-th line and on /-th column. Then, if the inequality
is executed k # [, that such cases are possible:

a) when k >/. For such option diagonal ?(k),

containing an element y,,

will have bigger
. =) ..
sequence number, than a diagonal Y ', containing
an element y,,. From here on property of dynamic
ranges of diagonals, we will receive that y,, < y,,,
and consequently, dynamic range d,, element y,, on

line-column method it will be equal d,, =y, +1;

b) on the contrary when k& </, diagonal I_’(k),

containing an element y,, will have smaller

. =0 -
sequence number, than a diagonal Y ~, containing
an element y,,. Therefore the inequality will be
executed y,, > y;,, and dynamic range d,, element

Vi
dk,z =Yu +1.

by line-column method it will be equal

In that case when the condition is satisfied k£ =1,
components y,, are the central components of a
Then YViag B Yy

corresponding to the first column and the first line of
a transform will have the symmetric coordinates.
Therefore, on properties of diagonals of a component
Vi1 and y,, are according to initial and finite

transformants. components

elements of one diagonal.

For such option determination of dynamic range of
a component y,, is defined with the direction of

bypass of the appropriate diagonal.
If value of coordinate / is even, the diagonal with
sequence number equal / and initial element y,, will

have equal number.
Its beginning of bypass will match an initial
element with coordinates y,, .

Then according to properties of dynamic ranges
of diagonals the condition is satisfied y, > y,,

and d,, =y, +1.

On the contrary, if value of coordinate / is odd,
[ -th the diagonal will have odd number. Then an
element y,, its bypass will come to the end. The

condition will be satisfied then y, < y,, and
dy =, +1.

By generalizing all conditions, we will receive the
following system:

Vatlh=(k#2Lk>D&
& (k=1;Imod(2)=0);
wtl,=>kz2Lk<h)&
& (k=1;Imod(2)=1).

d., = (10)

We will prove the second part of the statement
concerning comparing with dynamic ranges of
different methods of formation now.

For this purpose it is necessary to compare
dynamic ranges d;, and d, .
of d/:,/ Yiao
considered as a diagonal element, will be defined
depending on sequence number of a diagonal and the
direction of its bypass.

For this purpose we will define sequence number
€ for a diagonal which contains an element y, , with

Dynamic range component

coordinates (k;/).

According to properties of coordinates of the
elements belonging &-th diagonal we will receive

1+t=k and E—1=/.

From where after conversion we will receive such
ratios: T=k—1; E=/+1.

Having described value & relativly T, we will get
E=l+t=1+k-1.

It means that a component y,, will belong

diagonals with sequence number (/+ k-1), i.e.

=@  SU+k-D)
yvo,eY =Y

created by the uneven-diagonal principle will decide
on the help of the following system of expressions:

. . ,
. In this case dynamic range d,,,
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Virirg» = (k+1-1)mod(2) =

=1& & <n;

Mg » —>(k+1=1)mod(2) =
a4, =dé=d£+1_1= =0& & <n;

Visionn»—> (k+1=1)mod(2) =

=0& & >n;

Vosksin»— (k+1=1)mod(2) =

=1&¢& >n.

(11
From where (10) and (11) follows from comparing
of systems of ratios that:

Vg +1> Virici15 Vi +1> Mksi-15
yk,l +1 > yk+lﬂ1,n > yk,l +1 > yn,k+lﬂ1 5

Y +1> Virir15 Y1y +1> Nkt 5

Yutl> Vs 1>V, 0,
It is caused by that diagonals with numbers &
and / will have bigger dynamic range, than
diagonals with big number (k+/-1).

Conclusions

1. It is developed a method of nonequilibrium
positional uneven-diagonal basis that based on on
the basis of detection of dynamic ranges for separate
non-uniform diagonals depending on their sequence
number and the direction a zigzag bypass.

It allows to consider existence of tendencies of
rather structural characteristics of a transformants of
DCT in the diagonal direction, namely that: values
of components decrease in case of bypass of a
diagonal zigzag in the direction at the left — to the
right; for zigzag bypass in the diagonal direction in
the field of high-frequency components appearance
of the longest chains of components with null values
is watched.

2. The model of an assessment of informtiveness
of a transform from the scientist of is created that
DCT transformant, is considered by uneven-diagonal
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structure, and represents combinatorial object, namely
swap with repetitions on which dynamic ranges of
elements restrictions are imposed. It is justified that in
the conditions of existence of a tendency in change of
properties of a transform in the diagonal direction for
a non-uniform and diagonal method of detection of
dynamic ranges the potential of rather additional
elimination of structural redundance in images is
provided.

Scientific novelty. For the first time concerning a
method of formation of base of the bases by uneven-
diagonal principle. Difference that the bases for a
transform come to light for diagonals on zigzag
bypass taking into account existence of high-
frequency spectrum components. It allows to reduce
in addition amount of structural redundance of the
transformed representation of a fragment of basic
frames.
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