Reports of Enlarged Session of the
Seminar of 1.Vekua Institute

of Applied Mathematics

Vol. 19, N1, 2004

TO THE QUESTION OF THE REPRESENTATION OF IMAGE
ELEMENTSON A CODE NET

Nanobashvili N., Jikia N.
I. Javakhishvili Thilisi State University
Received in 17.08.04

Abstract

In this paper the presentation of the image elements on the code net related to the questions of information
compressing and coding is discussed. It is obtained the characteristics of the code fragments, which alows

arranging them in definite classes for their following automatic recognition.

In this paper, along with questions of image coding, we consider the problem of local
invariance and compression, assuming that the following conditions are fulfilled:

1. Information is coded and compressed without any loss (reduction) of initial data.

2. The specific characteristics of the image must organically include the respective
criteria and properties of code fragments, which allow us to classify them into separate
classes and recognize them automatically by computers.

Similarly to how the image is constructed from combination of totalities of elementary
squares (pixels) on visua systems, in the present work four invariant (code) states of
segments are discussed, from which elements of image are realized.

For the reason of obviousness, only one k -th layer of multilayer code net is considered
which consists of the most elementary (by ared) pixels[1-4].

Let usintroduce the following notations and definitions:

Let ImF be theimage of a code fragment F on the code network Q(nk ) . Then

ImL(g) if ImF is a fragment of the horizontal straight line(-),
ImL(v) if ImF is a fragment of the vertical straight line()),
ImL(d,) if ImF is a fragment of the diagonal straight
line on the right(/),
ImL(d,) if ImF is a fragment of the diagonal straight
line on the left(\).

ImF =

Definition 1: The part of the vector S, which is bounded by two extreme units on the
right and on the left, is called the kernel (kerS).
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By Definition 1 we havedim(ker S)< dimS, where dim(V,) is the dimension of the
vectorV, .

Definition 2: The decimal equivalent of the resultant (compressed) vector is called the
scaar, Sc(S).

It is obvious that Sc(S) > Sc(ker S), and alsoc(S')= clker S'), where S’ s the
normalized resultant (compressed) vector.

Definition 3: A distance equal to the number of zeros between the nearest unitsin the
kernel is caled aninternal step St (ker S).

Definition 4: An internal step of the kernel is called uniformly symmetrical if

Sc(St (ker S )) =const and isthe samefor al pairs of the nearest unitsin the kernel.

Remark: In the sequel, without any significant loss of generality, we will consider
sguare blocks (packages, cells) of n=mxm dimension, where n isthe number of pixels.
The following theorem holds true.

Theorem 1: If ImF isthe straight line onQ(n"), then
0, ImF =ImL(g)
m-2, ImF =ImL(d,)
m-1, ImF =ImL(v)
m, ImF =ImL(d,)
The proof of this theorem follows from the specific characteristics of the structure of a
coding net [1— 4].

Corollary 1: The kernel of the compressed normalized vector on Q(nk) is uniformly

symmetrical. St(ker s ) and St(kerS ) completely describe the kind (parald,
intersecting, perpendicular and so on) of straight lines or their segments.
Corollary 2: The images of the straight lines L(g), L(d,), L(v), L(d,) arethe
scalars of these straight lines to within an isomorphism, i.e.,
ImL(g) - Sc(kerL(g)) =,

S ©)

Skers')= 2)

Respectively, we have

s(afkerst))=5! <5,
sc(stlkers), ) =Sl < S, 4
se(silkers)))=§/ <5,

Definition 5 A sequence of sets of kenes S, S;,, S, S, or

Sy, Slai, S'v, S'a2, which maps a given two-dimensional image to within an
isomorphism, is called a proper spectrum of thisimage.
Theorem 1 and Definition 5 giveriseto
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Corollary: On Q(nk ) the image contour has a unique proper spectrum.

Definition 6: A spectrum, possessing among other possible invariant spectra, a
minimal sum of scalar kernels, is called canonical.

Definition 7: A kernel, possessing aminimal scalar value, is called an essential kernel
of the spectrum.

It is obvious that for such kernels

Sfkers')=o0. (5)

Let us introduce the notion of a cyclic permutation functiono, and let
P={P,P,,P,,P},where Pb,.=m, P,=m-1, P,=m-2, P, =0.

By Corollary 1 of Theorem 1, between the elements of the set P we can establish a
regular transformation law

. P=P (6)

which isa particular case of Peano’s successor function [5]
o(i)=m-i i=0120Im, @)
o.P=PFR, PR=PR, B=PF, P=F. (8

The following theorem holds true.

Theorem 2: The spectrum of an image, which corresponds to some of its invariant
states, can always be reduced to the canonical form by means of the functiono .

Thistheorem is proved using Theorem 1 and its corollaries.

Corollary: Theimageis recognized, i.e., reduced to the symmetrical canonica form as
aresult of acyclic permutation number t < 4.

Example: Let n=9 and U, =000001100 be the base-vector for the package (cell)

on which the respective matrix is stretched:

000001101) V,
000001110 | V,
000001000 | V,
000000100 | V,
000011100 | V,
000101100 | V.
001001100 | V,
010001100 | V,
100001100 )

A fragment of the coding network for this package is shownin Fig. 1.

Vl V2 V3 L (g )

V, |V, M, | (v)
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Fig. 1 Fig. 2
We have the following four cases:

1 The resultant vector mapping the horizontal straight line (denoted by L(g)
in Fig. 2) is equal to S, =000001011. After normalization, it becomes
S, =000000111.
2. Therefore SclkerS,)=7, Skers!)=o.
Analogously, we write:
2. For theright diagonal straight line (denoted by L(d,) inFig. 2)
S,, =001011000, S}, =001010100, SclkerS,)=21 St(kers))=1.
3. Forthevertica straight line (denoted by L(v) inFig. 2)
S, =100101000, S, =100100100, SclkerS!)=73, St(ker§))=2.
4. Fortheleft diagonal (denoted by L(d,) inFig. 2)
S}, 100010001, Sc(kerS),)=273, S(kers),)=3.
Therefore
7: Slkers))= slkers)),
o: slkers,)= skers)),
o: slkers!)= slkers),),
Slkers),)= slkers]).
By Definition 5, the compressed spectrum of straight lines with horizontal trajectory is
canonical. In our example Sc(ker Sé ) =7, in one package (cdll).

The considered invariant state and transformation are general for a block, a package, a
cell, i.e., they do not depend on a scal e of the coding net geometry [3,4].

Q
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