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Abstract. The task of digital image analysis after
image segmentation requires the ability to operate
independently with each extracted segment (object),
determine the total number of segments, and define the
location of the segments on the image plane. This requires
knowledge of the coordinates of each extracted segment
on the image. This involves defining the coordinates of
the pixels that make up the segment.

For this purpose, an original algorithm was developed,
which during the process of implementation of early deve-
loped non-parametric segmentation algorithm extracts the
connected components (segments) on the image and deter-
mines the location of the each segment on the image based

on the values of indices i and j (coordinates) of its pixels.

Key words: cluster domain; cluster; density func-
tion; matrix cluster; mode; non-parametric segmenta-

tion; Parzen estimation; segment.
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Introduction

The task of digital image analysis after image segmen-
tation requires the ability to operate independently with
each extracted segment (object), determine the total
number of segments, and define the location of the seg-
ments on the image plane. This requires knowledge of
the coordinates of each extracted segment on the image.
This involves defining the coordinates of the pixels that
make up the segment.

For this purpose, an original algorithm was deve-
loped, which during the process of implementation of
early developed non-parametric segmentation algorithm
extracts the connected components (segments) on the
image and determines the location of the each segment
on the image based on the values of indices i and j

(coordinates) of its pixels.
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Main part

Segmentation Algorithm: Brief Overview

Here we'll briefly introduce the early developed seg-
mentation technique [1]. That involves two stages. The
first is cluster-analysis of the k-dimensional characte-
ristic features space, in which number of clusters, their
centres and radiuses of sameness are determined; and the
second is the extraction of segments on the digital image
on the bases of mapping the obtained clusters back to the
image domain.

Scene digital image is considered as a realisation of a
vector random field

G =1y =(FO@. fPO),

with independent components and increases, where
in each image point (x,y) we have row vector G of k

characteristic features i.e. as a matrix

A=|a;|,i=TN,j=1M,
where each a;; is an observed value of a vector random
field in 2D space point (xi, yj) and
—_ (D (k)
aij = (aij ,...,aij 5

where x; < x, <...<xp,¥; <YV <...<Ypy.

Let’s consider in matrix A so-called 2D “window” of
size (2 X 2), in which is defined 6 pairs of adjacent
elements. Move the “window” in 4 element by element

and calculate the Euclidean distances p(-) between those
pairs of adjacent elements.

P(aij; ai,j+1)’ P(aiji ai+1,j+1)s P(aiji ai+1.j)’

P(ai+1,ji ai,j+1)) P(ai+1,ji ai+1.j+1)’
P(@iji1 Qiarjar) i= LN =1j=1M—1. (1)

We'll obtain sequence of non-negative numbers
{¢3a=1Tn, where n=4(N-1DM-1)+N+M -
2 and ¢, denotes qth member of sequence {p(-; )}, and
which is considered as a sample of a parent population
with theoretical density function ¢@(x). For statistical
estimation of unknown ¢(x) the Parzen function is
considered
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Fnl0) =2 3n Kk (25), @)

where h = h(n) > 0 and h(n) - 0, nh(n) - o, when
n — oo; k(x) is a Borel function which can be integrated
relative to Lebesgue measure.

If one takes into consideration that ¢(x) uniformly
continuous on whole numerical axis, then @,(x)
converges to ¢ (x) uniformly with probability 1 and con-
sequently computations are true with probability 1. For
definite types of kernels k(x) function @,(x) is
characterized with multi-modes. If M;i=1,p are
modes and m; are points of local minima of density
function @, (x), then we have m; < M; < m;,,. Hence
modes are considered as centers of extracting in the
sequence {£,},gq=T,n clusters, while intervals
[m;;m;y,),i = 1,p formulate so-called clusters domain
which give us rough boundary of clusters. But only some

of the elements of sequence {Eq}, q = 1,n fall into ith
&, € {Eq}. The

,J = 1, e give us value of distances

interval [m;;m;,). Let’s say & ,&;,,..

differences |Eij - M;

of those elements from the cluster center M;. Let’s
consider them as a sample of a parent population, which
has some theoretical density function. The Parzen
function is computed to that again and maximal of its
modes is considered as a radius of sameness R; for cluster
domain [m;; m;,1). R; give us exact boundary of cluster
extracting in cluster domain [m;; m;,).

All§, € [m;;myy,),q = 1,n which satisfy the cluste-

ring criteria
|¢,— M| <R,i=Tpq=Tn 3)

define cluster K; with center M; and radius R;.

Segmentation of digital image i.e. matrix 4 implies its
partition into maximal connected disjoint unities of the
a;j elements according to each K;, i = 1, p cluster. At the
same time it should be realized in direction as modes are
ordered - M; < M, <...< M,,. Thus segments extrac-
tion process must start from the clusters with the most
similar elements and continues doing the same with all
other clusters until we reach the last one that has the
least similar elements, i.e. from cluster K; with a mi-
nimum mode M, and finish at cluster K,, with a ma-

ximum mode M,. For that, let’s move in matrix A
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“window” in the same way as before and find pairs of
adjacent elements distances (1) between which belong to
cluster K;. As a result we’ll obtain a set of elements called
“matrix” cluster 4; in matrix A. A maximal connected
unities of elements in A, create segments S{,t = 1,T;. If
after that in matrix A will remain non-segmented ele-
ments, we pass to cluster K, and repeat above-mentioned
procedure, etc. until process of segmentation of the
matrix A will not be terminated. At the same time the
matrix A elements extracted into segments on ith step do
not take part in extraction of segments on (i + 1) step.
The elements of image extracted into segments on ith
step are mark with one and the same identifying label
whose value is correspond to cluster’s current number.
After the termination of segmentation procedure some
elements of matrix A can be remained as non-segmented
and distributed on the image domain. Such elements

represent isolated elements on the image plane.

Algorithm Description

According to the above-mentioned segmentation
algorithm, at the ith step of the segmentation procedure
the elements of the A; matrix cluster, corresponding to
cluster K;, i = 1,p are assigned the same labels. The
value of the remaining elements of the matrix is equal to
0. Thus, we get a binary matrix cluster with labeled
elements. The task is to extract in such a matrix cluster
the connected components - segments on the image on
the bases of the elements marked with the labels
corresponding to the cluster K;, i = 1,p and define the
coordinates of each of them based on the values of the i
and j indices of their pixels. This will ultimately
determine the location of the segment on the image.

Suppose we have corresponding to cluster K;, i = 1,p
matrix cluster 4;, in which the elements are labeled with
a value corresponding to ith cluster, say, equal to 5, and
the remaining elements of the matrix are equal to 0
(Figure 1).

The task is to define the corresponding segment and
its location on the image plane based on the extraction
of the maximal subset of the connected elements in the
A; matrix cluster. The latter involves determining the

coordinates of the pixels that make up the obtained
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segments. To do this, start the element by element
movement in the matrix cluster A; (left to right and top
to down) and compose the corresponding sequences of
the indices i and j of elements with a value of equal to 5
in the matrix. The result is the following sequences of
indices i and j:

i=223333334447777
j=2312345,6,45,6,34,5,6

If we now sort these sequences in ascending order
without repeating the same index values, then we get the

following two sequences:

i=234,7
j=1234,5,6

As we can see, in the case of index i, starting from the
value i = 2 and including i = 4, the index runs through
all natural values, that is, the difference between two
adjacent values in the sequence is 1. Accordingly, the
matrix cluster has labeled elements under these index
values i. Then we no longer have the values of the index
i from the value i = 4 to the value = 7 . This means that
there are no labeled elements in the fifth and sixth rows
of the matrix cluster. Labeled elements start from the
seventh row. Therefore, the set of elements labeled by
rows in the matrix A; is divided into two connected
subsets. Whereas index j runs all natural values from 1
to 6, i.e. labeled elements form a single connected set by
columns. Therefore, the sequence of the values of index
i is divided into 2 subsequences: 2,3,4 and 7, while the
sequence of the values of index j remains unchanged.

| O
a | A
a | A
o | o
o | o
o | o
o || o
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Thus, in order to extract the maximal number of
connected elements in the matrix cluster 4;, we need to
consider the following combinations of the values of the
sequences of indices i and j:

i=234
j=1234,5,6 (4)
and
i=7
j=1234,5,6 (5)

The above means that the set of labeled elements of
the matrix A;, corresponding to the cluster K; is divided
into 2 connected subsets. One of these is placed inside the

area (interval) bounded by the values of indices i and j

i =[234]
j=1[12345,6] (6)

defined by sequence (4). To determine the exact
indices of the elements of a connected subset in area (6),
we check whether all possible combinations of the pairs
of indices i and j correspond to the labeled elements in
the matrix cluster 4;. To do this, we will use the
following procedure: for all possible combinations of the
pairs [i, j] of indices i and j taken from (6), we check the
values of the corresponding elements labels in the matrix
cluster 4;. If it is equal to 5, then this is the element of
the first connected subset. After going through this
procedure, we will get the exact values for indices i and
j of the elements for the first connected subset in the
matrix cluster 4;. So, a segment on the image correspon-
ding to the first connected subset is formed by pixels

with the following coordinates:

[2,2], [2,3], [3,1], [3,2], [3,3], [3,4], [3,5], [3,6],
[4,4], [4,5], [4,6].

According to (5), the second connected subset in the
matrix cluster A; is placed inside the area (interval)

bounded by the values of indices i and j:

i =[7]
j=11,2345,6] @
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If we now repeat the above-mentioned procedure again
for all possible combinations of the pairs [i, j] of indices
i and j taken from (7), we will get the exact values for
indices of the elements for the second connected subset
in the matrix cluster 4;. Accordingly, a segment on the
image corresponding to the second connected subset is
formed by pixels with the following coordinates:

[7,3], [7,4], [7,5], [7,6].

It follows, that if indices i and j of the labeled elements
of a matrix cluster sequentially run natural values, then
their corresponding pixels on the image form single maxi-
mal connected set - a connected component or segment.

Now, consider the case when the corresponding to
cluster K;, i = 1, p matrix cluster 4; has the form shown

on Figure 2.

Figure 2

Let’s repeat the above-mentioned procedure again
for the given matrix cluster and compose the sequences
from the values of indices i and j of the labeled elements.
We'll obtain:

i=2346,7
j=2345389,10 (8)

As we can see, both indices i and j do not run sequen-
tially the natural values. In particular, the interrupt at
index i occurs from the fourth to the sixth row, i.e. there
are no labeled elements in the fifth row. Labeled

elements start from the sixth row. This also happens in
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the case of index j. Here also the interrupt occurs from
the fifth to the eighth column, i.e. there are no labeled
elements in the sixth and seventh columns. Labeled ele-
ments start from the eighth column. Thus, respectively,
each sequence of values of indices i and j is divided into

two subsequences, respectively:

2,3,4 and 6,7;
and
2,3,4,5 and 8,9,10.

Therefore, to extract the set of maximal number of
connected elements in matrix cluster, we must consider
the following combinations of the subsequences of

values of the indices i and j:

i=234

j = 2;314;53 (9)
i=234

j=89,10 (10)
i=67

j=234,5, (11)
i=67

j =89,10 (12)

Thus, the set of labeled elements in the matrix cluster
4; is divided into two connected subsets, respectively,
both by the indices i and j. Thus, we can consider 4 areas
of possible existence of segments on the image. This
means to determine if there are subsets of connected
elements within the areas bounded by the values of these
indices in the matrix cluster. Let's consider these cases
for each area separately:
1.
i =[2,3,4]
j=12,34,5]

To define a connected subset and its exact
coordinates in the area defined by (9), we first check
whether all possible combinations of the pairs [i, j] of
indices i and j taken from (9) correspond to the elements

labeled in the matrix cluster A;. For this we use the
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following procedure: for all possible combinations of the
pairs [i, j] of indices i and j taken from (9), we check the
value of the label of the corresponding elements in the
matrix cluster 4;. If it is equal to 5, then it is an element
of the first connected subset. After going through this
procedure for all pairs of indices, we will get the exact
indices i and j for the elements of the first connected
subset in the matrix cluster 4;. Thus, a segment corres-
ponding to the first connected subset in the matrix
cluster is formed on the image by pixels with the
following coordinates:

[2,2], [2,3], [3,3], [3.4], [4,4], [4,5]

i=[234]
j =1089,10]

We repeat the same procedure in the matrix cluster
A; for the area bounded by the values of the indices (10).
None of the all possible combinations of the pairs [i, j] of
indices i and j correspond to the elements labeled in the
matrix cluster A;. Thus, the elements of the matrix
cluster defined by these indices values do not form a
segment on the image.

3.
i=1[67],
j=1234,5]

Here we have the same case for the area bounded by

the values of indices (11) as in case (10).

4.
i =1[6,7]
j =1[89,10]

For all possible combinations of the pairs [i,j] of
indices i and j taken from (12), we repeat the procedure
described in case 1. We see, that to all possible com-
binations of the pairs [i, j] of indices i and j in the matrix
cluster A; correspond the elements labeled equal to 5. As
aresult, a connected subset of the elements of the matrix
cluster with these indices corresponds to a segment in

the image whose pixel coordinates are:

[6,8], [6,9], [6,10], [7,8], [7,9], [7,10]
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Computational Algorithm

Based on the above-mentioned, we can formulate the
following computational algorithm for determining the
location of a segment on a segmented binary image:

Input: corresponding to cluster K;, i = 1,p matrix
cluster 4; of n X m dimensionality;

Output: [i,j] coordinates of the pixels that make up
the segment on the image;

e Move in the matrix cluster 4; element by element
(left to right and top to down) and form two
sequences i and j from the indices i and j of the
labeled elements corresponding to cluster K;, i =
1p;

e Arrange the sequences i and j in ascending order
without repeating the same index values;

e We are looking for interrupts in each sequence,
i.e. in the places where the difference between
two adjacent sequence values is greater than one;

e If there is no interruption in any sequence of
indices, then the coordinates of the labeled
elements of the matrix cluster, corresponding to
these indices form a segment on the image;
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AnHorarua. 3agava aHanusa 0udpOBOro M306paXKEHHS [TOC/Ie CETMEHTALMH TPpeOyeT BOSMOXKHOCTH OIepUpO-

BaTh C KAXKIBIM BBIOECI€HHBIM CETMEHTOM (06’B€KTOM) HE3aBHCHUMO, OIIpeneInuTh 06mee YHC/IO CEeTMEHTOB U II0JIO-

JKeHHE KaXXI0T'0 CerMEe€HTa Ha ITJIOCKOCTH I/IBOGPEDKBHI/I}I. COOTBeTCTBEHHO, 3TO Tpe6yeT 3HaHHI KOOPAWHAT KaXXA0T0

BBIZICJICHHOTO CE€rMeéHTa Ha I/I306Pa)KeHI/II/I. DTO BKJIIOYAET orpenenenrne KOOpAuHAT mUKcene, COCTaBJIAIOIINX

CermMeHr. PaCCManI/IBaeTCFI OPHTHHHHBHBIfI AJITOPUTM OIIpeAeIeHN I MaKCHMMaJIbHOTO CBA3HOTO MHOXXeCTBa nuKceaen

- CerMeHTa B IIpoIiecce HeHaPaMETPI/I‘{eCKOﬁ CerMeHTauumn ILI/I(bPOBOI‘O I/I306Pa)KeHI/I}I, KOOpAMHAT Ka>XJ0T0 U3 €TI0

3JIEMEHTOB U, KaK CJIeACTBUE, ITOJIOXKEHUA CETMEHTA Ha I/1306P3)KEHI/II/I. Iloxazamsr Ppe3yIbTaThI Pa60TLI aJITOpHUTMa Ha

IIpuMepax.

KJIIO‘IeBBIe CJIOBA: KJIaCTep; ManPI‘—IHLIfI KjacTep; MOZa; HEIlapaMeTpUuIeCKasa CeTMEHTaIg; 061aCTh CEeIrMeHTa,;

HapSeHOBCKaH OII€HKA; CETMEHT; q)yHKILI/IH IIJIOTHOCTH.
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