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Abstract- In this paper, equality is discussed in soft open and
soft-close. In mathematical morphological environment, the
property of equality does not exist. But in soft mathematical
morphology , the property of equality will exist. It is going to
be discussed in this paper in detail.
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1. INTRODUCTION

It is divided in to three parts. General introduction to
Image Processing, introduction to soft morphology and
introduction to multi scale mathematical morphology.

1.1. Introduction to image processing :

The human beings have the desire of recording
incidents, through images. It has started from early cavemen
also. Later, so many techniques, to get the images and so
many techniques, to process the images are developed. After
assembling of computers, image processing was expanded.

In 1964 G. Matheron was asked to investigate the
relationships between the geometry of porous media and their
permeability. At the same time, J. Serra was asked to quantify
the petrography of iron ores, in order to predict their milling
properties (1, 2). At the same time a centre was developed to
study mathematical morphological techniques in Paris school
of mines, France. Mathematical morphology can provide
solutions to many tasks, where image processing can be
applied, such as in remote sensing, optical character
recognition, Radar image sequence recognition, medical
image processing etc.,

The image processing algorithms or techniques can
be classified in to two categories.
1) Linear methods
2) Non Linear methods.

The non linear methods will provide best results,
compared to linear methods. The mathematical morphological
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methods / filters will come under the category of non linear
methods/filters. In mathematical morphological operations,
Erosion and Dilation are primitive operations (3, 4). But there
exist some type of rigidity in mathematical morphological
operations. That rigidity is relaxed and the morphological
operations are redesigned to overcome some inconveniences,
as well as to get some advantages. The primitive operations,
Erosion and Dilation, now are called Soft Erosion and Soft
Dilation

1.2. Introduction to soft morphology :

The idea of soft morphological operations is to relax,
the standard morphological definition, a little, in such a way
that, a degree of Robustness is achieved, While, most of the
desirable properties of standard morphological operations are
maintained.

Soft morphological operators are more tolerant to
noise than is provided by erosion and dilation. Soft
morphological operators possess many of the characteristics,
which are desirable, perform better in noisy environments. (5)
In soft morphology, it preserves details, by adjusting its
parameters (10). It can be designed in such a way that, it
performs well in removal of salt — and — pepper noise as well
as Gaussian noise, simultaneously (11).

A soft morphological filter can be designed in such a
way that, it reduces periodic noise also (12). A filter designed
in frequency domain, can function better for smoothening &
edge enhancement, according to our requirements. The reason
is that by tuning its frequency. But the design involves
complex computation. But using soft morphological filters,
using very simple computations we can achieve the quality of
image processing, to that of filters in frequency domain, which
involves complex computations (13).

Some of the soft morphological
discussed in author’s papers(15,16).

concepts are

So, we can conclude that soft morphological filters
perform excellent, compared to morphological filters.
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1.3. Introduction to multi scale mathematical morphology:

Multi scale morphology has extended its applications
to Image Smoothening, Edge Enhancement, Segmentation,
Remote Sensing, Radar image analysis, Medical area etc.

It is having special applications, like enhancing weak
Edges, Decay analysis of wood, critical analysis of (ECG)
Cardio imagery (ldentification of critical points), Getting
results which are helpful for pilots, lunar landing etc.

In the process of understanding the objective world,
the appearance of an object does not depend only on the object
itself, but also on the scale that the observer used. It seems that
appearance under a specific scale does not give sufficient
information about the essence of the percept, we want to
understand. If we use a different scale, to examine this
percept, it will usually have a different appearance. So, this
series of images and its changing pattern over scales reflect
the nature of the percept.

That is why soft erosion and soft dilation are studied
in multi scale environment,

1. DEFINITIONS

In  some papers, researchers proposed soft
morphology using two sets of structuring elements.

A) The core B) The soft boundary [7, 8, 9].

But, in some papers [5] the scientists/researchers
proposed soft morphology, by counting logic. They have done
the counting of ones, in the particular sub image, chosen.
Then they have applied threshold value, for soft Erosion and
soft dilation.

SOFT DILATION was defined as (5)
(DS ™) [x, y] = 1 If [INSxy) [>m
=0 otherwise.

Here “m” is threshold value where 1< m < |S|. |S]| is
the cardinality of S.

SOFT EROSION may be defined as

(18 S™)Ix, y1= 0 1|1 N Sy [2m
=1 otherwise.

I = inversion of l;
m= threshold <[S].
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OPEN: It is a composite morphological operation. Open can
be defined by the two primitive morphological operations,
dilation and erosion operations.

Def: Open can be defined as, Erosion on the image, followed

by Dilation. Open can be represented as, “O” symbol. B O K
means image “B” is opened by the structuring element “K”

Operation on image |, by Structuring Element "S”, may be
defined as

Open (I, S) = (1I©9)®S)
It is further defined and explained in section 5.
CLOSE: It is also a composite morphological operation.

Def:- “Close” can be defined as, dilation on the image,
followed by, erosion.

Close can be represented as e symbol.
B e K means, image “B” is closed by the S.E., “K”.
B e K=(BHK) S K.

Close operation, on image “I”, by Structuring Element “S”,
may be defined as

Close (1,S) = (I8S)BS)
It is further defined and explained in section 6
[The exact definition, given in “5”, is slightly modified,
according to the requirement, but without changing the
meaning. Here the main assumption is origin is at central place

of the structuring element and structuring element is assumed
to be a square grid.]

Here “m,n” may be taken as 1 to 9, for %
structuring element or 1 to 25, for 5/,5 structuring element or

1 to 49, for 7 7 structuring element.
111. DISCUSSION ON SOFT DILATION(14)
3.1 33 Structuring Elements

The number of one’s (of the sub image) may be >0 & <9
If threshold value= 1 then D;) may be defined as
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=0 other wise.

Here, S® means, threshold value=1, in the % sub image
which is chosen, from the image.
If threshold value= 2 then D,y may be defined as

(1DS?) [x yI=1  If]IN Sey 22

=0 other wise.

Here, S® means, threshold value=2, in the % sub image

which is chosen, from the image.

3.2. 5/,5 Structuring Elements

For 5/,5 Structuring Element where “m” will run from 1 to 25,

the soft dilations are

Dg) to D). They may be defined as

If threshold value = 1 then Dy may be defined as

(|@ S(l)) [X, y] =1 If |Iﬂ S(x,y) IZl
=0 other wise.

Here, S® means, threshold value=1, in the% sub image

which is chosen, in the image.
If threshold value= 11 then D (1) may be defined as

(1D S™)[x yl=1 IfIN Sey 11
=0 other wise.

Here, S*Y means, threshold value=11 in the 5/,5 sub image,

which is chosen.

In the same way D), Dqs), Deaay, - ... Des) may be defined.

3.3. % Structuring Elements

For % Structuring Elements where “m” will run from 1 to

49, the soft dilations are

D 1)y to D 4g). They may be defined as
If threshold value= 1 then D), may be defined as

(1D SY)[x, y]=1 If|INSuy 21
=0 other wise.
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Here, S® means, threshold value=1, in the% sub image

which is chosen.

For threshold value = 27; D7y may be defined as

(1D S® ) [x, Y1 =1 If[IN Sy 227
=0 other wise.

Here, S” means, threshold value=27, in the % sub image

which is chosen, in the image.

In the same way Dg) , Do), Dis0), Da1),--eovre- Daus)
defined.

3.4. % Structuring Elements

For% Structuring Elements where “m” will run from 1 to

81, the soft dilations are D(;) to D¢gyy. They may be defined as
If threshold value=1 then D¢y may be defined as

(19 S9) [x, Y1 =1 If[IN Sy | =1
= 0 other wise.

Here, SP means, threshold value=1, in the sub image chosen,

ich having dimension 9
which having dimension @ .
If threshold value= 62 then D) may be defined as

(1D S® ) [, y1 =1 If|IN Sy 262
=0 other wise.

Here, S® means, threshold value=62, in the sub image
chosen, which having dimension % .

In the same way Dgs3) , Digay ,Dies), D(66),--eeceeee wceemeee D9) ,Dgo),
D1y may be defined.

3.5. 1%1 Structuring Elements
For 1%1 Structuring Elements where “m” will run from 1 to
121, the soft dilations are D3, D) -++-+- D (121 They may

be defined similar to above sub sections.

3.6. 1%3 Structuring Elements
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For 1%3 Structuring Elements where “m” will run from 1

to 169, the soft dilations are D@ Dg D (169). They
may be defined, as defined in the above sub-sections. In the
same way, the size of Structuring Elements may be extended

t01515 , 1%7 ,19 19 " to any dimension, according to

our requirement.
1V. DISCUSSION ON SOFT EROSION(14)

4.1. 33 Structuring Elements

In the same way, for Soft Erosion also

If threshold value= 1 then E(;y may be defined as

(= S(l)) [x,y]=0 If |i N Sixy) [>1
=1 other wise.

Here, S means, threshold value=1, in the % sub image

which is chosen, from the image.

If threshold value= 2 then E(» may be defined as

(1o S(Z)) [Xx,y]=0 If |i N Siy 22
=1 other wise.

Here, S® means, threshold value=2, in the% sub image

which is chosen, from the image.

If threshold value= 9 then E may be defined as

=1 other wise.

Here, S® means, threshold value=9, in the % sub image

which is chosen, from the image.

4.2. 5/,5 Structuring Elements

For 5/,5 Structuring Elements, the thresholds are 1 to 25. The

soft erosions may be defined as follows.

If threshold value= 1 then E(;y may be defined as

=1 other wise.

Here, S“ means, threshold value=1, in the sub image chosen,

which is having dimension 5/,5 from the image.
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If threshold value= 2 then E(» may be defined as

(16 S®) [x,y] = 0 If [T N Spy) 22
=1 other wise.
Here, S® means, threshold value=2, in the sub image chosen,

which is having dimension 5/,5 from the image.

If threshold value= 3 then E(3 may be defined as

(1o 5(3)) [x, y]| =0 If |i N Sy 23
=1 other wise.

Here, S® means, threshold value=3, in the sub image chosen,

which is having dimension 5/,5 from the image.

In the same way E(4) s E(5) s E(G)y E(7) ,E(g) ) E(g)_

If threshold value= 10 then E;q) may defined as

(le 8(10)) [X, y] =0 If Ii N S(x,y) IZIO
=1 other wise.

5o

Here, means, threshold value=10, in the sub image

chosen, which is having dimension 5/,5 from the image.

If threshold value= 25 then E,sy may be defined as
(10 S®) [x,y] =0 If|1N Sy 225

=1 other wise.

Here, S® means, threshold value=25, in the sub image

chosen, which is having dimension 5/,5 from the image.
7 .
4.3. A Structuring Elements

For % Structuring Elements, where “m” will be 1 to 49, the

Soft Erosions are  Eg) Egy ....... Eusy they may be defined

For threshold value= 1 then Eqy may be defined as

=1 other wise.

Here, S“ means, threshold value=1, in the sub image chosen,

which is having dimension % from the image.

For threshold value= 49 then Eg may be defined as

(Ie 8(49)) [X, y] =0 If Ii n S(x,y) |249
= 1 other wise.
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Here, S“) means, threshold value=49, in the sub image

chosen, which is having dimension % from the image.
4.4. 99 Structuring Elements

For %Structuring Elements, where m=1.-..- 81, the Soft

Erosions are Eq to Eg). They may be defined as --------

If threshold value= 1 then E(;y may be defined as

(1o S(l)) [Xx,y]=0 If |i N Siy 21
=1 other wise.

Here, S® means, threshold value=1 in the sub image chosen,

which is having dimension % from the image.

If threshold value= 79 then E(7g) may defined as
(10 S™) [x, y]1 =0 1f |1 N Sy 279

=1 otherwise.

Here, S7® means, threshold value=79, in the sub image

chosen, which is having dimension % from the image.

If threshold value= 81 then E1y may be defined as

(le S(Sl)) [X, y] =0 If Ii N S(x,y) IZS1
=1 otherwise.

Here, S®) means, threshold value=81, in the sub image

chosen, which is having dimension % from the image.

4.5. 1%1 Structuring Elements

For 1%1 Structuring Elements, where m=1 to 121, the Soft

Erosions are E(l)y E(g)v E(g)v E(4)y E(5)
defined as

E@21). They may be

If threshold value= 1 then E(;y may be defined as

(Ie S(l)) [X , y] =0 If Ii n S(x,y) IZl
=1 other wise.

Here, S® means, threshold value=1 in the sub image chosen,

which is having dimension 1%1 from the image.

If threshold value= 121 then E;21) may be defined as
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(10 SU) [x, y] =0 If 1N Syy) 2121
=1 other wise.

Here, S**» means, threshold value=121, in the sub image

chosen, which is having dimension 1%1 from the image.
4.6. 1313 Structuring Elements

For 1%3 Structuring Elements, where m=1 to 169, the Soft

Erosions are Eqy, Eg), E@)evvvvinnninnnnnn, E69).
They may be defined, as described in the above sections.

In the same way, the size of Structuring Elements may be
15/ 17/_19/ ... i i
extended to 15 47, 19 to any dimension,

according to our requirement.
V. DISCUSSIONS ON SOFT OPEN

In soft morphological environment, soft open can be defined
as, soft erosion on the image, followed by soft dilation.

So, it can be symbolically represented as, soft open (I , S™")
=((1es") e s".

The m, n will indicate threshold values.

According to above convention, it is under stood that,
perform soft erosion on image (1), with threshold value (m)
and then perform soft dilation on the soft eroded image, with
threshold value *n”.

Normally, the following convention will be used, for
the representation of soft open.

o2

O(m,n) means soft open, with thresholds m& n, soft

o(m,n)

erode image by threshold value " /77" and then soft dilate, the
resultant image by threshold value "' 17"

0(1,2) means, soft open, with thresholds 1 & 2. Soft Erode

image by threshold value “1”, and then soft dilate, the
resultant image by threshold value “2”.
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V1. DISCUSSIONS ON SOFT CLOSE

In this section, close is discussed in soft

morphological environment

In soft morphological environment, soft close, can be
defined as, soft dilation on the image, followed by soft
erosion.

So, it can be symbolically represented as,
Soft close (I, S ™M) = (1 ® S™ © ")

The m, n will indicate threshold values.

According to above convention, it is understood, that,
perform soft dilation, on image (1), with threshold value “m”,
and then perform soft erosion, on the soft dilated image, with
threshold value *n”.

Normally (Frequently) the following convention, will
be used, for the representation of soft close.

C(ﬂj OR C(m,n) (whereC (/m, n) means,
n

soft close, with thresholds m&n)

Soft dilate image, by threshold value “m”, and then
Erode, the resultant image, by threshold value “n”.

C (1,2) means, soft close with thresholds 1& 2.

Soft dilate image by threshold value “1”, and then
soft erode, the resultant image by, threshold value “2”.

VII. DISCUSSION ON EQUALITY

A relation in between soft open and soft close may be
established in multi scale environment. In this section this

relation is studied assuming % structuring element, 5/,5

structuring element % structuring element % structuring

element and so on....

To develop equality among soft open and soft close
operations the concept of equality among soft erosion and soft
dilation is used which is discussed in the paper 14(of the same
author)

7.1 33 Structuring Element.
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Here the threshold value will be 1 to 9. The
definitions of soft open and soft close are already given in the
previous sections and chapters.

0(1,1) =E()D(1) =D(9)E(©) =C(9,9)
0(1,2) = E(1)D(2) =D(9)E(8) = €(9,8)
0(1,3) =E()D(3) =D)E([7) =C(9,7)
0(1,4) =EQ)D(4) =D(9)E(6) = C(9,6)
0(1,5) =EQ@)D(5) =D(9)E() =C(9,5)
0(1,6) =E(1)D(6) =D(9)E(4) =C(9,4)
0(1,7)=EQ@)D(7) =D(9)E) =C(9,3)
0(1,8) = E(1)D(8) =D(9)E(2) = C(9,2)
0(19)=E@)D(9) =DM)ER) =C(9,1)

0(2,1) = E(2)D(1) =D(8)E(9) = ((8,9)
0(2,2) = E(2)D(2) = D(8)E(8) = ((8,8)
0(2,3) = E(2)D(3) =D(8)E(7) = C(8,7)
0(2,4) = E(2)D(4) = D(8)E(6) = C(8,6)
0(2,5) = E(2)D(5) = D(8)E(5) = C(8,5)
0(2,6) = E(2)D(6) =D(8)E(4) =(C(8,4)
0(2,7) = E()D(7) =D(8)E(3) = ((8,3)
0(2,8) = E(2)D(8) = D(8)E(2) = (C(8,2)
0(2,9) = E(2)D(9) =D(8)E(1) =(C(8,1)

009,1) =EM)D(1) =D()E(Q) =(C(1,9)
0(9,2) =E)D(2) =D(1)E(8) = C(1,8)
009,3)=EM@)D(3) =D)E[) =C(1,7)
009,4) =E©)D(4) =D(1)E(6) = C(1,6)
009,5) =E@©)D(5) =D()E(B) =C(1,5)
0(9,6) =EQ)D(6) =D(1)E(4) =C(1,4)
009,7)=E@©)D(7) =D()EQR) =C(1,3)
009,8) =EQ)D(B) =D(1)E(2) =C(1,2)
009,9) =EM@)DO) =D()E() =C(1,1)

In general O0(m,n) = €(10 —m,10 —n)

7.2 5/,5 Structuring Element.

0(1,1) = E(1)D(L) = D(25)E(25) = C(25,25)
0(1,2) = E(1)D(2) = D(25)E(24) = C(25,24)
0(1,3) = E(1)D(3) = D(25)E(23) = €(25,23)
0(1,4) = E(1)D(4) = D(25)E(22) = C(25,22)
0(1,5) = E(1)D(5) = D(25)E(21) = €(25,21)
0(1,6) = E(1)D(6) = D(25)E(20) = €(25,20)
0(1,7) = E(L)D(7) = D(25)E(19) = C(25,19)
0(1,8) = E(1)D(8) = D(25)E(18) = C(25,18)
0(1,9) = E(1)D(9) = D(25)E(17) = €(25,17)
0(1,10) = E(1)D(10) = D(25)E(16) = C(25,16)
0(1,11) = E(1)D(11) = D(25)E(15) = C(25,15)
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0(1,12) = E(1)D(12) = D(25)E(14) = C(25,14)
0(1,13) = E(1)D(13) = D(25)E(13) = €(25,13)
0(1,14) = E(1)D(14) = D(25)E(12) = €(25,12)
0(1,15) = E(1)D(15) = D(25)E(11) = C(25,11)
0(1,16) = E(1)D(16) = D(25)E(10) = €(25,10)
0(1,17) = E(1)D(17) = D(25)E(9) = €(25,9)
0(1,18) = E(1)D(18) = D(25)E(8) = €(25,8)
0(1,19) = E(1)D(19) = D(25)E(7) = €(25,7)
0(1,20) = E(1)D(20) = D(25)E(6) = €(25,6)
0(1,21) = E(1)D(21) = D(25)E(5) = €(25,5)
0(1,22) = E(1)D(22) = D(25)E(4) = C(25,4)
0(1,23) = E(1)D(23) = D(25)E(3) = €(25,3)
0(1,24) = E(1)D(24) = D(25)E(2) = €(25,2)
0(1,25) = E(1)D(25) = D(25)E(1) = €(25,1)

0(251) = E(25)D(1) =D(1)E(25) = €(1,25)
0(25,2) = E(25)D(2) =D(1)E(24) = €(1,24)
0(25,3) = E(25)D(3) =D(1)E(23) = €(1,23)
0(254) = E(@25)D(4) =D(1)E(22) = €c(1,22)
0(255) = E(25)D(5) =D(1)E(21) = €c(1,21)
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0(1,5) = E(1)D(5) = D(49)E(45) = ((49,45)
0(1,6) = E(1)D(6) = D(49)E(44) = C(49,44)
0(1,7) = E(L)D(7) = D(49)E(43) = ((49,43)
0(1,8) = E(1)D(8) = D(49)E(42) = ((49,42)
0(1,9) = E(1)D(9) = D(49)E(41) = C(49,41)
0(1,10) = E(1)D(10) = D(49)E(40) = C(49,40)

0(1,40) = E(1)D(40) = D(49)E(10) = C(49,10)
0(1,41) = E(1)D(41) = D(49)E(9) = €(49,9)
0(1,42) = E(1)D(42) = D(49)E(8) = €(49,8)
0(1,43) = E(1)D(43) = D(49)E(7) = €(49,7)
0(1,44) = E(1)D(44) = D(49)E(6) = C(49,6)
0(1,45) = E(1)D(45) = D(49)E(5) = C(49,5)
0(1,46) = E(1)D(46) = D(49)E(4) = C(49,4)
0(1,47) = E(1)D(47) = D(49)E(3) = €(49,3)
0(1,48) = E(1)D(48) = D(49)E(2) = €(49,2)
0(1,49) = E(1)D(49) = D(49)E(1) = €(49,1)

When 7 7 structuring element is taken, the thresholds will be
0(25,6) = E(25)D(6) = D(1)E(20) = €(1,20)

0(25,7) = E(25)D(7) = D(1)E(19) = C(1,19)
0(25,8) = E(25)D(8) = D(1)E(18) = C(1,18)
0(25,9) = E(25)D(9) = D(1)E(17) = C(1,17) presented.

1, 1 to 49, 49. Because it is not possible to mention equations
for all the thresholds, in this situation limited thresholds are

0(25,10) = E(25)D(10) = D(1)E(16) = C(1,16)
0(25,11) = E(25)D(11) = D(1)E(15) = C(1,15)
0(25,12) = E(25)D(12) = D(1)E(14) = C(1,14)
0(25,13) = E(25)D(13) = D(1)E(13) = €(1,13)
0(25,14) = E(25)D(14) = D(1)E(12) = €(1,12)
0(25,15) = E(25)D(15) = D(1)E(11) = €(1,11)
0(25,16) = E(25)D(16) = D(1)E(10) = €(1,10)
0(25,17) = E(25)D(17) = D(L)E(9) = C(1,9)
0(25,18) = E(25)D(18) = D(1)E(8) = C(1,8)
0(25,19) = E(25)D(19) = D(L)E(7) = C(1,7)
0(25,20) = E(25)D(20) = D(L)E(6) = C(1,6)
0(25,21) = E(25)D(21) = D(L)E(5) = C(1,5)
0(25,22) = E(25)D(22) = D(L)E(4) = C(1,4)
0(25,23) = E(25)D(23) = D(L)E(3) = C(1,3)
0(25,24) = E(25)D(24) = D(L)E(2) = C(1.2)
0(25,25) = E(25)D(25) = D(L)E(L) = C(1,1)

In general, 0(m,n) = €(26 —m,26 — n)

7.3. % Structuring Element.

0(1,1) = E(1)D(1) = D(49)E(49) = C(49,49)
0(1,2) = E(1)D(2) = D(49)E(48) = (C(49,48)
0(1,3) = E(1)D(3) = D(49)E(47) = C(49,47)
0(1,4) = E(1)D(4) = D(49)E(46) = C(49,46)
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0(49,1) = E(49)D(1) = D(1)E(49) = C(1,49)
0(49,2) = E(49)D(2) = D(1)E(48) = C(1,48)
0(49,3) = E(49)D(3) = D(L)E(47) = C(1,47)
0(49,4) = E(49)D(4) = D(1)E(46) = C(1,46)
0(49,5) = E(49)D(5) = D(1)E(45) = C(1,45)
0(49,6) = E(49)D(6) = D(1)E(44) = C(1,44)
0(49,7) = E(49)D(7) = D(1)E(43) = C(1,43)
0(49,8) = E(49)D(8) = D(1)E(42) = €(1,42)
0(49,9) = E(49)D(9) = D(1)E(41) = C(1,41)
0(49,10) = E(49)D(10) = D(1)E(40) = C(1,40)

0(49,40) = E(49)D(40) = D(1)E(10) = €(1,10)
0(49,41) = E(49)D(41) = D(L)E(9) = C(1,9)
0(49,42) = E(49)D(42) = D(1)E(8) = C(1,8)
0(49,43) = E(49)D(43) = D(L)E(7) = C(1,7)
0(49,44) = E(49)D(44) = D(L)E(6) = C(1,6)
0(49,45) = E(49)D(45) = D(L)E(5) = C(1,5)
0(49,46) = E(49)D(46) = D(L)E(4) = C(1,4)
0(49,47) = E(49)D(47) = D(L)E(3) = C(1,3)
0(49,48) = E(49)D(48) = D(L)E(2) = C(12)
0(49,49) = E(49)D(49) = D(L)E(L) = C(1,1)
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In general, 0(m,n) = €(49 —m.49 — n)

7.4. 99 Structuring Element.

0(1,1) = E(1)D(L) = D(81)E(81) = C(81,81)
0(1,2) = E(1)D(2) = D(81)E(80) = C(81,80)
0(1,3) = E(1)D(3) = D(81)E(79) = C(81,79)
0(1,4) = E(1)D(4) = D(81)E(78) = C(81,78)
0(1,5) = E(1)D(5) = D(8L)E(77) = C(81,77)
0(1,6) = E(1)D(6) = D(81)E(76) = C(81,76)
0(1,7) = E(L)D(7) = D(81)E(75) = C(81,75)
0(1,8) = E(1)D(8) = D(81)E(74) = C(81,74)
0(1,9) = E(1)D(9) = D(81)E(73) = C(81,73)
0(1,10) = E(1)D(10) = D(81)E(72) = C(81,72)

0(1,72) = E(1)D(72) = D(81)E(10) = C(81,10)
0(1,73) = E(1)D(73) = D(81)E(9) = €(81,9)
0(1,74) = E(1)D(74) = D(81)E(8) = €(81,8)
0(1,75) = E(1)D(75) = D(81)E(7) = €(81,7)
0(1,76) = E(1)D(76) = D(81)E(6) = C(81,6)
0(1,77) = E(L)D(77) = D(81)E(5) = C(81,5)
0(1,78) = E(1)D(78) = D(81)E(4) = C(81,4)
0(1,79) = E(1)D(79) = D(81)E(3) = €(81,3)
0(1,80) = E(1)D(80) = D(81)E(2) = €(81,2)
0(1,81) = E(1)D(81) = D(81)E(L) = €(81,1)

When % structuring element is taken, the thresholds will be

1, 1to 81, 81. Because it is not possible to mention equations

for all the thresholds, in this situation limited thresholds are

presented.
0(81,1) = E(81)D(1) =D(1)E(81) = €(1,81)
0(81,2) = E(81)D(2) = D(1)E(80) = €(1,80)
0(81,3) = E(81)D(3) =D(1)E(79) = €(1,79)
0(81,4) = E(B1)D(4) =D(1)E(78) = €(1,78)
0(81,5) = E@1)D(5) =D()E[7) =Cc(1,77)
0(81,6) = E(81)D(6) = D(1)E(76) = €(1,76)
0(81,7) = E(81)D(7) = D(1)E(75) = €(1,75)
0(81,8) = E(81)D(8) =D(1)E(74) = c(1,74)
0(81,9) = E(81)D(9) =D()E(73) = €(1,73)

0(81,10) = E(81)D(10) = D(V)E(72) = €(1,72)

0(81,72) = E(81)D(72) = D(1)E(10) = €(1,10)
0(81,73) = E(81)D(73) = D(L)E(9) = C(1,9)
0(81,74) = E(81)D(74) = D(L)E(8) = C(1,8)
0(81,75) = E(81)D(75) = D(L)E(7) = C(1,7)
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0(81,76) = E(81)D(76) = D(1)E(6) = C(1,6)
0(81,77) = E@BL)D(77) = D(E(B) =C(1,5)
0(81,78) = E(81)D(78) = D(1E(4) = C(1,4)
0(81,79) = E(81)D(79) = D(VER) =C(1,3)
0(81,80) = E(81)D(80) = D(DE(2) =C(1,2)
0(81,81) = E(81)D(81) =D(E() =C(1,1)

In general 0(m.n) = €(81 —m. 81 —n)

7.5. General case:

For W {,, structuring element size

> Oomn)=Cw*+1-mw?+1—n)
7.6 Equality in between Soft close and Soft open

In the same way, when % structuring element is taken

equality in between soft close and soft open can be described
as the following equation.
Cm.n)=0(10—m. 10 —n)

For 5/,5 structuring element this relation can be derived as

C(m.n) = 026 —m.26 —n)

For / 7 structuring element this relation can be derived as

C(m.n) = 0(50 —m.,50 —n)

For % structuring element this relation can be derived as
Cm.n)=0(82—-—m. 82 —n)
For 1%1 structuring element this relation can be derived

as
C(m,n)=0(122 —m,122 — n)
In the same way the equivalency formulae for soft close and

1 1 1
soft open for 313, 515, 1%7, 919 .......

structuring elements can be derived.
In general for W 4, structuring element size

> Cmn)=0w?*+1-mw?+1—n)

VIIl. RESULTS AND ANALYSIS:

In this section the results of experiments are
presented. Actually two diagrams are taken, a Semi circle
shape and a dumbbell shape. On these images various
morphological and soft morphological operations are applied.
The output is got in the form of tables, diagrams and graphs,
around 1000 pages. But here some important as well as
samples outputs are presented

Images: Semi circle and dumbbell
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® Window 3/3
- L o E
Thresheold Threzhold Area
wvalues ofzoft | valuesofsoft
close open
- o
1.1 o9 4382
e ®
1 . 1.2 08 4730
Ares : 45846 / PP
o Area-8583 13 9.7 4799
Semi-circle dumbbell
14 06 3104
In the following tables soft open and soft close 13 03 3711
values are given in 3/3, 5/5 window environments. But in my G 51 FRE
database these tables are available for 7/7, 9/9 ....... window : :
environments in tables as well as graphical representations. 1.7 9.3 3601
18 02 5712
They give the proof practically about equality of soft open and 1o 51 S50
soft close. : : )
Tables relating soft open and soft close in 3/3 window Windew 5.5
environment:-
Thrashold Thr=shold Area
— — valuas of zoft | valuss of zoft
Window 3.3
closs opEn
Thresheld values Threshold valuss of soft Area _
21 1313 FEETS
of soft close open i
23 1434 602
2.1 20 3602 ; _
i3 1433 2565
8.2 28 3133 P! 1412 4736
= — —
83 ! 3792 15 74,31 2800
84 2.6 4043 16 530 5001
8.3 23 4132 17 74,19 5120
5.6 24 4211 ] PENT] 5185
8.7 23 4472 P 24,17 5233
2.4 22 4381 210 24,16 5285
] 21 4723 2,11 415 5407
. 2,12 14,14 5603
Window 3/3 713 T4.13 5682
Threzsholdvalues | Threshold walues | Area 314 74,12 STET
of soft close of soft open 2,15 24,11 5781
' ' T YV ER
22 gg 1586 '
718 14,08 202
23 8.7 4799 710 23,07 6240
24 g6 4935 220 14,06 B350
' : 13 Iy 5702
26 g4 5111 i '
P} PN E] 367
2.7 8.3 3413 134 14,02 BT
28 82 5326 I A0 i3
20 g1 3706
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Window 5/5 Window 575

Thrsshold valuss | Threshald Agea

values ofsoft | waluss of soft ofsoft close valuss  of

cloza opan saft open

21 7435 EEETS 231 125 23838

13 pEIES 3602 3.2 1.24 0
233 125 2729

13 pEWE] 3665 - -

4 24,22 3756 254 112 2789

73 34,31 3500 155 121 1833

16 14,10 001 154 120 1047
50 112 3051

[
1
(3%
P
|
E=]
in
—
[
=]
[}

y

1,18 3083

[N
%]
P
—
[==]
Ln
=
=]
L
28]
-~
=]

17 417 EFEE] 158 117 3122
710 14,16 3283 2514 114 3175
11 1315 5457 2511 115 EEET

114 339
113 3424
T 25,14 112 3247
TE1 15,15 111 3521
L1 3700
I 3247

Lo 3E12

(3]
—
(3]
%]
P
—
™
L
7]
=]
L
o]
.y
—
E]

B2
it
i
(%]
P
it
[FH]
in
L]
(]
o]
.y
—
[EX]

[
—
™
(o8]
H
—
[
Ln
1
(3]

[
it
Ly
(%]
P
et
—
Ln

[
—
(=1
(5]
H
=
=
[

I\']
=
L=
[ o]
y
-
(=3

[N
—
l
%]
P
i
=]
—
iy
(]
[ o]
y
-
1

[N
—
=]
%]
P
=
(=]
[2
[
=]
(=]
o]
.y
—
(]

]

2,18 24.07 6240 2312 La? 3B39
230 24 06 8350 2520 L4 3924
231 24 05 Gis03 2521 105 4115
122 24,04 G702 7522 104 4101
233 2403 GRET BERE IE 4781
124 2402 607R 1504 102 2375
i)

5 2401 T158 1505 101 £540
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Windaw 3/5
Threshald Threshald Agea
valnes aof | valuss of
saft close saft aopen
241 225 2674
242 224 27549
243 2,23 2831
244 222 2903
245 221 941
248 2,20 3084
247 2,12 3144
248 2,18 3212
48 2,17 3241
24,10 2,16 3187
24,11 2,15 3455
24,12 2,14 3502
24,13 2,13 3564
24,14 2,12 3603
24,15 2,11 3660
24,14 2,10 3825
24,17 2.)0% 3BE3
24,18 208 3957
24,12 2,07 4002
2420 2,08 24104
2421 205 262
2422 2,04 4335
2423 203 2450
2424 2,02 4570
2425 201 4703

IX. CONCLUSION

In this paper the equality property is established in
between soft open and soft close in multi scale environment.

The relevalent formulae are For structuring element size:

Wiv

» o(mn)=Cw?+1-mw?+1-—n)
> Cmn)=0Ww?+1-mw?+1-—n)
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