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ABSTRACT:In this paper, equality is established and discussed in between soft dilation and soft close in
multi scale environment as well as in iterative environment. Soft erosion and soft dilation will exist for
various thresholds. So soft open and soft close also exist for various thresholds. If definition for soft
erosion and soft dilation are studied (5 ),then some type of equalities are viewed among soft
morphological operations. So equality may be established in between softerosion and soft dilation in multi
scale environment (47).open and close are composite operations.So soft open and soft close are also
composite operations which will exist at various thresholds. Equality may be viewed among all soft
morphological operations.

As part of that ,in this paper equality may be established in between soft dilation and soft close in multi
scale as well as iterative environment. A very important point is that equality does not exist in
mathematical morphology but will exist in soft mathematical morphology.
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1. INTRODUCTION TO IMAGE PROCESSING:

IMAGE: If we observe carefully, the human beings have the desire of recording incidents, through images.
Their view may be for the purpose of future generation. Images also, played the role of symbols of languages,
for communication purpose.

The early cavemen documented some of the incidents through images in the caves. They documented some of
the incidents of their routine life, on stones, by using primitive tools. Important incidents such as battles,
routine incidents such as food habits were recorded by them, on stones. These provide record, which is
historically very important, of early human civilization. The images drawn by primitive tools by Egyptians,
Indians, have provided a lot of valuable information, for historians, about civilizations.

After this, paints or inks were invented. The human beings started to record scenes, incidents through these
paints and inks. These people, having these capabilities may be called as artists. These artists used to
accompany soldiers in battle, to record historic events. These artists used to paint religious concepts, such that,
they are understood to a common man. They used to paint images/pictures of incidents of kingdoms. These
images carry a lot of history to the next generations. This was started from middle ages. This discussion shows
the importance of images or pictures in routine life of human race. So, the people lived in caves, people lived in
Middle Ages have understood the importance of pictures (images). The desire on drawing pictures, maintain in
them as treasure, and handing over to future generations is increased day by day.

Letter on J. B. Porta, an Italian Philosopher, during the II half of 18" century, by mean of an accidental
discovery, was able to assemble a camera like equipment by mirrors and lens, which is the first step towards the
modern day photography. At the same time a France scientist observed silver chloride characteristics with
respect to light. After two centuries Alexander Charles extended above concept, and produced simple photo
graphs.

After one century, at around 1835 Henry Fox Talbot extended above concepts, using silver nitrate, extended the
design of camera, and modern photography was born from this experiment, which is presented in royal society.

This technology is used to record incidents of U.S. civil war, or, to record incidents of wealthy people, but not
reached to a common man, due to complex chemical process, for the development of photographs till
“KODAK?” has entered in 1884. Later on, due to resecarch works and presentation in Royal Institute, on color
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systems, RGB, by James Clerk Maxwell and James D. Forbes in May 1861, a new generation in images,
(Photography) was started. Due to their ground work only, now we are able to enjoy color images. Later on
research is done on motion pictures by Thomas A. Edison & William Kennedy Laurie Dickson, which is
foundation for modern movie technology. Actually the first step for images processing was laid during Second
World War. During this period, identification of enemy targets is done using aerial photographs. But, the
photographs were having inferior in quality due to poor lighting or improper weather conditions.

Technical experts, who are trained specially, are used to improve quality of image. They are specially trained in
object recognition, they used to identity targets, manually. So, it is first step in image processing. After
invention of digital computer, digital image processing came into existence. NASA, in early 1960’s, got images
from Space Crafts, Ranger 7, of the Lunar Surface, in thousands. These images were processed to minimize
distortions. This is initial digital I.P. work, using a computer. This work was done in NASA’s JET propulsion
laboratory (JPL), in California.

This initial digital images processing work was very satisfactory. So, NASA continued it’s funding, resulting in
the development of digital image processing area. Because, this digital I.P. is very satisfactory in providing
results, NASA extended dip to its other programs, satellite data processing. NASA launched a series of
satellites—-LAND SAT, SEASAT, TIROS, GEOS, NIMBUS. They used to provide multispectral images of the
earth’s surface. These satellites provide detailed images of surface of earth & weather information on a daily
basis. This is about the beginning of DIP. At the beginning, DIP is started and applied in NASA only. Later on,
these techniques are found applications in:

Medicine Aerospace and defense
Crime and finger print analysis Multimedia and Movie industry
Remote sensing Manufacturing and so many other areas.

The reduction in Hardware cost, mass production of chips, reduction in memory cost, reduction in size of
computers , boosted the development of Digital Image Processing area.

So, researches in general have been showing interest and developed algorithms for image smoothening, edge
enhancement, image compression, image segmentation, 2D to 3D conversion etc., Now a day, it is having
applications from entertainment area to medical area.

2. INTRODUCTION TO MATHEMATICAL MORPHOLOGY

At the same time mathematical morphology emerged and developed separately, with some other interests and
motivations. The purpose of this area is different. But later on, it is identified that the mathematical
morphology is having very important applications in image processing. So, mathematical morphology is
considered now, a very important branch of image processing.

Actually J. SERRA (1) and MATHERON (2) are founders of mathematical morphology. They have explained
all the fundamentals of mathematical morphology in their books.

Actually the primitive operations are EROSION & DILATION. The composite operations are open and close.
All these are explained in chapters 1 and 2. There are some more composite operations, like thinning,
skeletenization etc. But the work is limited to erosion, dilation, open, close.

These four operations are discussed thoroughly, with properties and proofs and extensions to gray scale in 3.
Mr. H.J.A.M. HEIJMANS has given a detailed discussion of these operations in 4. Till now the light is thrown
on the fundamentals of mathematical morphology (1,....... 4).

The morphological operations are suitable to apply on binary images only. But later these operations are
extended to gray scale images also. One method of applying these operations on gray scale images is discussed
by PETROS MARAGOS etc . They have (21) proposed a method to convert a gray scale image to binary image
series. This method, named as threshold superposition, has opened new doors into this area. Morphological
operations may be applied on these binary images, later on, these processed binary images are integrated to get,
a processed gray scale image. So, the methodology, proposed by Maragos has extended morphological
operations to gray scale environment also. They have discussed the necessary mathematical background,
theorems, examples etc.

Actually, applications of morphological operations were extended by SERRA also. Later STERNBERG
concentrated in this area. In depth study was done (the theoretical analysis) by J.A.M HEIGMANS (22),in this
area. PETROS MARAGOS (23) has discussed about morphology also. PETROS MARAGOS (24) has
discussed about morphology and given theoretical analysis.

IMANTS D. SVALBE discussed about closing in 25. The morphological operations can be implemented in
various directions horizontal, vertical, and diagonal. As the S.E. size is increased, so many directions are
obtained. These can be implemented, taking input as one dimensional array. In this way a new type of
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algorithms are developed by VAN HERIC and extended by PIERRE SOILLE, etc (26). In this paper authors
explained these algorithms with sufficient mathematical back ground and good examples.

SUCHEN and HARALICK proposed (27) new types of morphological algorithms recursive erosion transforms,
recursive dilation transforms, recursive open transform, recursive close transform, by using recursion concept,
which is an extension to mathematical morphology. For the extension of morphological operations to gray level
image, efficient algorithms are designed (28) by JOSIPH (YOSSI) Gil etc by min -max values, and these are
extended for getting edges of an image.

ARNOLD MEIJSTER etc (29) designed new algorithms for mathematical morphological operations. A few
researchers MOTAZ A. MOHAMED, ALDO MORALES etc have given (30,31) statistical analysis of
morphological operations. They have studied new composite operations (30) like close — erosion, close — open
etc and smoothening and detail preservation (31) also, with respect to statistical analysis. ROBERT L.
STEVENSON (32) also dealed with statistical properties, with respect to morphological operations.

STEPHEN. S. WILSON (33) has given a different treatment with morphological operations, mixing with
matrices. He maintained images as elements in a matrix. In another matrix, he maintained structuring elements
as elements. He has processed the first matrix (which has images) by second matrix (which has structuring
elements). He discussed the background theory and the corresponding mathematical analysis in detail, with a
practical example, character identification. Definitely it is an unimaginable extension to mathematical
morphology.

PETROS MARAGOS (34), has contributed excellent extension to mathematical morphology, by the name
“DIFFERENTIAL MORPHOLOGY?”, introducing applications of calculus, differential equations into
mathematical morphology. He discussed distance transforms, and some other signal transforms, multi scale
erosion, multi scale dilation also, with sufficient mathematical back ground, in this new environment. REIN
VAN DEN BOOMGAARD etc also discussed similar work (43). They discussed about solving of differential
equations, by morphological operations.

PIERRE SOILLE etc (35), introduced and discussed in their paper about new morphological operations TI
erosion, TI dilation, TI open, TI close (here TI: Translation Invariant). NIDHAL BOUAYNAYA and others
introduced (36,37) spatially — variant morphological operations, which are of new type, in binary as well as gray
level environment. They have discussed SV erosion, SV dilation, AV open, SV close in detail with properties,
theorems, examples. They have discussed some more composite operations also, like skeletenization
segmentation etc in SV environment.

FRANK Y. SHIH etc (38) discussed about pipeline architectures for morphological operations in recursive
environment. The morphological operations have extended to fuzzy area also. Using fuzzy techniques, fuzzy
morphological operations are developed. (43,44,45). ISABELLED BLOCH (44) discussed fuzzy morphological
operations in depth, and their applications in pattern analysis, in his works. LOUVERDIS, G & ANDREADIS, I
extended (41) these fuzzy concepts to hardware implementation, in color environment.

KRISHNA MOORTHY SIVAKUMAR, HOJN GOUTSIAS extended these morphological operations to flat
operations. They have designed flat erosion, flat dilation, flat open, flat close and flat structuring elements.
They have applied these new morphological operations to analysis of textures. This paper provided good
examples and in depth mathematical treatment for these new operations.

For elimination or minimization of noise in the images a lot of research is done. Normally a few statistical
based techniques will be useful for this purpose. But morphological techniques also are useful for this purpose.

A few researchers concentrated in this area. DAN SCHONFELD etc (44) have done some research work in
smoothing by morphological operations. Normally by image smoothening some useful information may be lost.
But these researchers have developed algorithms, using morphological techniques, for image smoothening,
without losing the important details of the image (i.e., with detail preservation). So, morphological techniques
are proved to be capable for DETAIL PRESERVATION also, which is a very important IMAGE
PROCESSING CHARACTERISTIC.

RONALD JONES & IMANTS SVALBE proposed (45) another method of implementation of morphological
operators (Erosion, Dilation, Open, Close) and shown that the salt and pepper noise will be eliminated; (by
means of their methodology). J. ALISON NOBLE has discussed about close — open, open — close (46)
composite morphological operations in the context of, salt —pepper noise elimination, impulse noise elimination.
[Of course he proposed these op’s for texture segmentation also]. JOHAN VAN HOREBEEK and others
proposed another algorithm for noise treatment, using morphological open and close operations.
BOUAYNAYA, N; etc. (48) proposed another morphological algorithm using IDEM POTENCY and
DUALTY property for elimination of speckle noise in radar images. [In this paper the importance of duality
&idempotency properties are understood]. LEI, T; FAN, Y. Shown (49) elimination of impulse noise by a pair
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of morphological dual operators. They have shown that, this dual pairs provides better results for image
smoothing.

In medical image processing, one object is identification of organs like kidneys, body cells, cells of blood etc.
For these purposes, edge enhancement techniques and segmentation techniques are mainly useful.
Morphological techniques are also very useful in this medical image processing because there are a few
techniques, which will provide edges of the images and segments of the images. For example the following
methodologies provide edges of IM’s.

A) (Original Image — Eroded image)

B) (Dilated Image — Original image)

C) (Dilated Image — Eroded image)

SCHUPP, S etc (50) explained the role of morphological operations in medical [.P. Segmentation using
morphological techniques is concentrated in this paper, and it is applied in medical image processing area, and
it is explained with examples. YANK Y etc. demonstrated (51), applications of morphological techniques for
the identification of cells.

BIN MANSOOR. A & others developed methodologies for diagnosis of diabetic (52) retinopathy, using
morphological techniques. They have applied fuzzy morphology for this diagnosis. GAO YAN, BOLIANG
WANG (53) proposed methodology for kidney identification using multi scale mathematical morphology.
More than 200 test cases are studied using this algorithm. A QUINO, A; etc (54) developed an edge detection
algorithm using morphological op’s for identification of optic disc by processing of retina image.

3. SOFT MORPHOLOGY

In mathematical morphology, some type of the concept “All” will play major role.In Erosion, the O.P. will be
“17, if all elements of the sub image are equal to 1, otherwise, the output will be “0”. In dilation, the O.P. will
be “0”, if all elements of the sub image are equal to “0”. Otherwise the output will be “1”. This "All” concept,
will cause some type of inconvenience. So some type of flexibility is introduced, in the form of threshold value.
So, this morphology with threshold is defined as soft morphology. So, this soft morphology is having a few
advantages, which the mathematical morphology operations don’t have.

So, the Soft Morphology can be considered as extension to mathematical morphology. Even though
mathematical morphological operators are efficient, they suffer with a few drawbacks as specified above. In
addition to above, some more comments are.......... In primitive morphological operations, erosion, one or two
mismatched pixels of image prevent the structuring element from fitting perfectly. It is the basic morphological
operation, quantifies the way in which, the structuring element fits into the image. Erosion is an “All or
nothing” transformation, implemented using bitwise “and”. So, erosion will be sensitive to noise.

In primitive morphological operations, dilation, isolated pixels, even though, they are irrelevant to the image’s
content, significantly affect the output of the transformation. The net effect is an increased number of large
spurious particles, increasing the confusion in the dilated image. So, noise will be added, which may be named
as additive noise. (5).

But, many applications require more tolerance 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)

So, the soft morphological filters, improve the behavior of standard morphological filters, in noisy environment.
The soft morphological filters are better compared to mathematical morphology in small detail preservation and
impulse noise. In soft morphology, it preserves details, by adjusting its parameters (11). 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. (12)

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. The soft morphology was introduced by KOSKINEN etc, and developed by
researchers.

MICHAEL A. Z MODA and LOUIS. A. TAMBURINO discussed (55) morphological operations, soft
morphological operations in detail. In this paper they discussed the definitions of Erosion, Dilation on the basis
of methodology like counting, which is suitable to extend to soft morphological operations, by fixing threshold
values. They discussed some more algorithms for implementation of soft morphological operations, properties
up to some extent. PAULI KUOSMANERI etc. (56) have discussed about statistical properties of soft
morphological ops. They discussed about noise reduction using soft morphological ops, with detail
preservation, in this research paper. The above authors discussed in another research paper (57) about the
relation in between soft morphology ops as well as stack filters.
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SHIH, F.Y. etc. discussed (58) soft morphological properties are discussed up to some extent. Some of the
properties are stated and idem potency is discussed up to some extent. They discussed about, soft morphology
op’s in gray scale, using threshold super position theorem. They discussed about implementation of soft
morphology op’s, using logic gates also. Any way, it discussed soft morphological operations in a few
dimensions.

PU, C.C. discussed about (59) implementation of soft morphological op’s in gray scale. They integrated super
position property and stacking to extend soft morphology from binary scale to gray scale.

PAULI KUOSMANEN & JAAKKO ASTOLA (60) also discussed, statistical properties, of soft morphology
op’s, up to some extent, with connection to stack filters.

GASTERATOS, a discussed (61) a new technique, for the realization of soft morphology op’s basing upon
majority gate algorithm system architecture, for implementation of soft morphology op’s, is also presented.
MICHAEL A. ZMUDA (62) proposed an algorithm for implementation of soft morphology ops. Normally
voting logic also may be used, across neighborhoods, defined by the S.E.

But, in this algorithm instead of processing all the votes, a few votes may be choosen randomly and the service
of FSM also, will be taken, in implementation of this algorithm. It is faster than conventional algorithms.
Accuracy: more than 90%.

ZHAL CHUNHUI (63) designed soft morphological filter, using genetic algorithm. It is in optimized and
improved algorithm. PERTTIT. KOI VISTO, etc. (64) also concentrated and discussed improved algorithms for
soft morphological ops, using genetic algorithms.

M. VARDA VOULIA etc. (65) designed algorithms for small detail preservation and impulse noise
suppression, using soft morphological op’s [soft vector morphology] in color environment and shown better
results compared to algorithm designed, based on morphological operators. [Mathematical vector morphology].
A. GASTERATOS, ectc. (66) discussed about structuring element decomposition, in soft morphological
environment.

A. GASTERATOS etc. (67) discussed about extension of fuzzy theory into soft morphology. G. LOUVERDIS
etc. (75) also discussed about fuzzy soft morphology. These filters are less sensitive to image distortions and to
small variations in the shape of the objects. Fuzzy soft morphology performs better in impulse noise removal,
compared to standard morphological op’s. Fuzzy soft morphology extended to edge detection also.

Soft morphological filters have entered to recursive environment also. SHIH, F.Y. & PADMAIJA. P (72)
PERTTI KOIVISTO etc. (71) PEI S. etc. (76) discussed about recursive soft morphology in various contexts
and environments.

In a research paper (68), the authors discussed about properties up to some extent. But, elimination of noise, as
well as, detail preservation are opposite characteristics, up to some extent. A strong smoothening filter may not
preserve details. But, in soft morphology, a balanced solutions maybe obtained, which will preserve details as
well as suppress noise, due to flexibility in the definition of soft morphology. It is discussed by KOI VISTO, P.
etc. (69).

Statistical soft morphological op’s are new type of op’s, which possess two types of advantages. These have
properties of dealing with shape for shape preservation, due to soft morphological characteristics as well as
noise cleaning properties due to statistical approach in these statistical soft morphological ops. It is introduced
by STRINGA, E, etc (Hi¢). Like above methodologies, recursive order — statistic soft morphological filters/
op’s, [ROSSM] balance two types of parameters. One is noise reduction. The other os detail/edge preservation.
(71).

PEI, S. etc. (72) discussed these techniques and showed with examples that, these filters perform better
compared to other filters like morphological filters, soft morphological filters, order—statistic soft morphological
filters. A way of implementing, soft morphological op’s, is discussed by LIPEND WANG etc. (73), based on
graphic processing unit [GPU], reduces computing time.

Statistical soft morphology is extension to soft morphology, discussed by REGAZZONI, C.S. etc. (74), having
advantages, compared to , soft morphological op’s, (in image smoothening such as speckle noise handling,
processing remote sensing images)

ZHENG MINGIIE etc. (76) developed directional S.E.’s for speckle noise reduction on SAR images. KOI
VISTO, P; etc. (77) concentrated on detail preservation while smoothening. ZHEN JI etc. (78), designed soft
morphological filter for reducing periodic noise. These results are compared with other spatial domain as well
as frequency domain filters techniques.

ZHEN JI etc. (79), in another research paper, discussed about periodic noise reduction, by soft morphological
filters, in another way [another algorithm].MARSHALL, S etc. (80), used soft morphological filters for
elimination of disturbance, caused by solar cosmic rays, in the images obtained by astronomy base. [Solar].
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In the same way smoothening, detail preservation filters basing on soft morphology are discussed in
65,75,76,68, 69,70,71,74 etc. papers, introducing extensions of soft morphological filters like statistical soft
morphological filters, recursive soft morphological filters etc.

So many researchers entered in to edge detection using soft morphological op’s.

HUANG FENG — GANG; etc. (81) discussed the role of soft morphological ops in edge detection, in noisy
environment. ZHANG YING etc. (82) discussed about edge detection. They used PSO [Particle Swarm
Optimization method] to choose best edge detection method, suitable to the environment of the image. SONG
XIN LUO JUN etc. (83) discussed a method, which minimizes noise, preserve details & detects edges.

XIAOXIN GUO etc, (84), discussed a new type of filter. They integrated soft morphology, lapcacian operator
as well as, nature of adaptivity. They designed, adaptive soft morphological laplacian filter, for smoothening as
well as edge detection. The nature of adaptivity is achieved by, employing, 4 directional structuring elements.

Empirical mode decomposition [EMD] is a new concept in the field of signal processing. The technique,
extended to analyze two dimensional data is known as bi dimensional EMD. [BEMD].

XIAOFEI YAN etc (85) proposed an edge detection method, integrating BEMD and soft morphology.

WANG TAO etc. (86) discussed an important concept they have applied soft multi — scale operations for edge
enhancement in noisy environment

ST RINGA, E. etc. (87) proposed algorithm, for reconstruction of image, using soft morphology and Bayesian
process and applied on SAR images. HAMID, M.S. (88) designed a multidimensional soft morphological filters
in gray scale environment, using genetic algorithm for optimization for restoration. DONG YAN — ZHI etc.
(89) discussed segmentation in soft morphological environment. TANLIU. Etc. (90) discussed soft morphology
and top — hat tr and SPRT — PMHT for identification of targets which are small in infrared environmental
images.

In some applications, like character identification, noise will be generated after shape decomposition (using
morphological methods). But soft mathematical morphological methods will function excellently in this
environment. It is discussed by N. SANTHI & Dr. K. RAMAR (91).

4. ITERATIVE SOFT MORPHOLOGY
It can be defined as, applying a morphological operation on an image, a few number of times.

4.1 CONVENTION:

symbolically, (X&Y) means applying erosion by S.E. Y, on image X.(X©2Y) means, applying Erosion by
S.E. Y, on image X, twice. (X&3Y) means, applying Erosion by S.E. Y, on image X, thrice. (X&NY) means,
applying Erosion by S.E. Y, on image “X”, “N” number of times ,in the same way.

(X NY) means, applying dilation by S.E. Y, on image “X” ,N no of times.(X O NY) means, applying open
by S.E. Y, on image “X”, N numbers if times. [But it is idempotent operation.] (X e NY) means applying
close by S.E. Y, on image “X”, N number of times. [But it is also idempotent operation.] This iterative
morphology will have applications in the design of composite morphological operations (Morphological
Algorithms) skeletenization, thinning, thickening etc.

The applications may also be seen in structuring element Decomposition, segmentation, etc.

Iterative morphology may be extended to iterative soft morphological environment also. In iterative soft
morphological environment, the following convention may be used.

(E(l))2 : Soft Erosion, with threshold value = 1 applied, 2 times on the image.
(E(l))5 : Soft Erosion, with threshold value = 1 applied, 5 times on the image.
(E)” : Soft Erosion, with threshold value “x”, applied “y” times on the image.
Eq), E), E3), : Soft Erosion, applied with threshold values, 1,2,3 on the image.
E), Ew,E@), : Soft Erosion, applied with threshold values, x,y,z on the image.
(D (1))3 : Soft Dilation, with threshold value “1” applied “3” times on the image.
(D (2))4 : Soft Dilation, with threshold value = 2, applied, “4” times on the image.
(Ew)’:  Soft Dilation, with threshold value = x, applied “y” times on the image.
D 1y, D (), D 3): Soft Dilation, applied with threshold values, 1, 2, 3 on the image.
D), D¢y, D (). Soft Dilation, applied with threshold values x, y, z on the image.
(O (1, 2))*: Soft open applied thrice on the image, with thresholds 1,2
[Soft Erosion threshold value =1, Soft Dilation threshold value =2]

(O (x,¥))": Soft open, applied ‘n” times, on the image, with thresholds x, y

[Soft Erosion threshold value = x, Soft Dilation threshold value = y]
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O(p, qQ) O(x, y): Soft Open applied twice on the image, with different thresholds.
O (p, q9) O (1, s) O (x, y): Soft open, applied thrice on the image, with different thresholds.

(C (1, 2))* Soft close applied four number of times on the image, with Soft dilation threshold value = 1, Soft
Erosion threshold value = 2.

[C (1, 2)]™ Soft close applied “n” number of times, on the image with thresholds 1, 2.

(C(x, y)) ™ Soft close applied “n” times, on the image, with thresholds x, y.

C(p, q) C(r, s) C(t, u): Soft close applied on the image, thrice, with different thresholds.
4.2 REVIEW ON SOFT MORPHOLOGY:

Iterative morphology means, applying one morphological operator, on an image a few no of times. These
morphological operators may have same S.E or different S.E’s or same S.E with different dimensions. Iterative
morphology is having its own importance. It is having so many applications in so many areas.

Iterative morphology appears in skeletonization process. In an algorithm for skeletonization erosion has to be
applied, a few no of times. In thinning also, iterative morphology will appear. A Structuring Element has to be
applied so many times, on an image; [Each time the Structuring Element, will be rotated]. Same case in
thickening also. Thickening also uses iterative morphological concept.

In some situations, multi scale iterative concept will appear. In multi scale skeletonization
S.E. will be applied at various dimensions, each time upon an image, to get skeletons at various dimensions.

In the previous section, S.E. decomposition is discussed. A S.E. will be divided into series of mini S.E,’s. All
these S.E.’s will be applied on the image one after the other as a series or these can be applied on the image
simultaneously in parallel computing environment. Any way structuring element decomposition deal with
iterative morphology. The S.E. may be decomposed into mini S.E’s, with dimensions in increasing order. So,
S.E decomposition can be in iterative environment and multi scale environment (B,) also.

CHANF — CHEF CHAOUNI, M etc developed a process for convergence criteria, in iterative morphology. In
iterative morphology, the system has to go towards a better solution. It is discussed in this paper (92). XIA —
YONG and others proposed an algorithm in iterative morphological environment, for segmentation, using multi
fractal estimation concept, which FS suitable to be applied in remote sensing data. [Of course, this algorithm
can be applied, in other images (93) also]. ROBIN, F. & others, designed HW. SYSTEM, to implement
morphological filters (operations) iteratively (94). It provides a real time processing environment.

ONGWATTANA KUL. S. & others also developed implementation of iterative morphology, in H.U. point of
view (99). SHIH, F.Y. & others (100) proposed an algorithm in iterative morphological environment (Applying
iterative erosion) for EUCLIDEAN distance transformations. AMAYEH, G & others (97) proposed algorithm
in iterative morphological environment for hand verification.

JIWEI YUAN & others, (98) discussed methodology for segmentation technique, which is suitable to apply on
sequence of images of traffic scenes. YONG XIA & others (99), discussed methodology using multi fractal
estimation technique for image segmentation using iterative dilation scheme, (with a series of cubic S.E’s) with
reduction in computational complexity. SAARINEN, K discussed (100) segmentation, in color environment,
using watershed technique in iterative morphological environment.

AUPIGITER. R. also discussed (101) segmentation using iterative watershed algorithm in 3D environment,
which is suitable for medical image processing. ZHANG XIAO — JING & others discussed (102) segmentation
using watershed algorithm, to be applied in medical area, using iterative erosion technique.

ZHUANG, H; & others — (103) discussed methodology for smoothing (for the treatment of impulse Gaussian
noises) using iterative close — open technique. SKOLNICK, M.M etc (104) discussed determination of
centroids using iterative morphology. J.G.POSTAIRE & others (105) discussed the role of iterative morphology
in cluster analysis. CHIVERTON, J.P. & others, discussed (106) about applications. Of iterative morphology in
medical image processing, regarding neurological analysis which is very important. JJEKANG & others (131)
used iterative morphology, in CB morphological environment, on SAR images, for image Smoothing.

CHANF — CHEF CHAOUNI, M etc developed a process for convergence criteria, in iterative morphology. In
iterative morphology, the system has to go towards a better solution. It is discussed in this paper (13). XIA —
YONG and others proposed an algorithm in iterative morphological environment, for segmentation.

JIWEI YUAN & others, (14) discussed methodology for segmentation technique, which is suitable to apply on

sequence of images of traffic scenes. YONG XIA & others (15), discussed methodology using multi fractal
estimation technique for image segmentation using iterative dilation scheme,

AUPIGITER. R. also discussed (16) segmentation using iterative watershed algorithm in 3D environment,
which is suitable for medical image processing. ZHANG XIAO — JING & others discussed (17) segmentation
using watershed algorithm, to be applied in medical area, using iterative erosion technique.
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ZHUANG, H; & others — (18) discussed methodology for smoothing (for the treatment of impulse Gaussian
noises) using iterative close — open technique. SKOLNICK, M.M etc (19) discussed determination of centroids
using iterative morphology. J.G.POSTAIRE & others (20) discussed the role of iterative morphology in cluster
analysis. There are so many applications, where iterative morphology may be applied.

5. MULTI SCALE SOFT MORPHOLOGY
5.1 DISCUSSION ON MULTI SCALE SOFT MORPHOLOGY

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.

The S.E. dimension can be anything. It depends upon situation, requirement, and context etc. It can be
1/ 2/ 3/ 4/ 5/ 6/ 7

Y020,%4,%0.%.%, Vs

In some situations, particularly square grid is chosen, it can be % , % , 7/7 , % , 11 11’ 13 137 veeeees

The S.E.’s, having series, and in increasing size [like mentioned above] is called multi scale S.E.’s and the
morphological approach (operations) dealing with multi scale S.E.’s is called multi scale morphology. As the
size of the S.E. is more, its impact upon image will be more. For example, amount of expansion by applying

dilation operation is more on an image, if we apply % S.E., compared to amount of expansion of image, by

dilatingby 34 SE.

5.2 REVIEW ONMULTI SCALE SOFT MORPHOLOGY

Till now, some amount of research is done in this area, and it is applied in so many areas. In mathematical
morphology also, a new area multi scale mathematical morphology is developed, and applied in so many areas
like smoothening, edge enhancement, analysis of radar imagery, remote sensing, medical image processing etc.

PETROS MARAGOS entered into multi scale morphology, in addition to other areas. He explained about
changes of shapes, as the scale is changed. He explained the applications of MSMM, and back ground
mathematics. He explained about application of MSMM in skeletenization also. He extended these concepts to
gray scale, also (107). MING — HUA CHEN & PING — GAN YAN explained (108) Erosion, Dilation, Open,
Close in multi scale environment, with diagrams (results), mathematical analysis, as well as symbolic
conventions.

PAUL. T. JACKWAY etc. (139) provided one type of analysis in MSMM. They discussed how to relate the
results of one scale with the results at different scale. They have provided this analysis with good examples,
using Erosion/Dilation morphological operations. This paper discussed the B.G. theory, in one angle, relating to
MSMM.

KUN WANG etc. proposed an algorithm, for edge detection in the presence of Gaussian noise & salt — pepper
noise in multi scale morphological environment. The experimental results are better than that of conventional
algorithms (109). The same authors KUNWANG etc. proposed another algorithm for edge detection (110)
which will function better in Gaussian, salt - paper noise environment, in MS morphological approach.

KIM WANG and others discussed an edge detection algorithm, in multi scale environment, which is suitable to
apply on brain MRI, in noisy environment. (111).

ZENG PINGPING etc. proposed another algorithm, for edge enhancement (112) in multi scale morphological
approach, using order morphology also, which is suitable to apply in noisy environment also. ZHEANHUA LI;
& others (113) discussed another technique for edge enhancement, in MS morphological environment.

WENJUAN ZHANG & others, proposed another methodology for edge enhancement by combining MSMM
and WAVELET transform. In this methodology, they have separated low and high frequency components, by
WAVELET transform. They have applied MM techniques, MSMM techniques on low and high frequency
components. These O.P.’s are integrated. It is a better method compared to, MM based or WAVELET
transforms based edge detection methods, in noise environment. (114).

XOAKAI — JIAN; etc. (115) proposed another edge detection algorithm, in MS MM environment, using
WAVELET transform also. CHAO LI; etc. proposed an adaptive algorithm for edge detection using multi —
structure and MS MM environment. (116). PANCHAO WU & others proposed another algorithm, for edge
detection in noisy environment using MS MM & WAVELET transforms.
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Runway detector plays a very important role in synthetic vision system, which is helpful for pilots. But the
infrared image constructed in this situation which will help pilot, will have heavy noise and bad contrast.
Suitable to this situation, a multi scale morphological edge detector is proposed, which will help the pilot, for
his, environmental awareness. So, MSMM is having, its applications, in aviation areas also. YANG SHANMIN
and others discussed above MSMM concept. (118).

GAO Ll etc (119) proposed an adaptive algorithm for edge detection of a color image (In HIS space) in MSMM
environment. CHEN JIN LONG, etc. proposed another methodology for edge detection in multi structure and
multi scale mathematical morphology environment (120).

HAI LONG HUANG etc. proposed an algorithm for suppression of noise and preserve edges using multi share
and multi scale mathematical morphology environment (120). HAI LONG HUANG etc. proposed an algorithm
for suppression of noise and preserve edges using multi share and multi scale structure elements using different
directions and sizes of S.E.’s. (121)

ZHANG ANU & others have proposed another algorithm (122) for identification of weak edges in Oct images
using MSMM environment, XINGHUI ZAANG etc. (123) proposed another algorithm for edge detection in
color image environment, using MSMM. QING LIU etc. proposed another edge detection algorithm (124) in
MSMM environment. Here, as the first step, noise is eliminated by applying open close filter in multi — scale
environment. Later, edge detection algorithm is applied in MSMM environment. So, image smoothening and
edge detection is done in MSMM environment. So, image smoothening and edge detection is done in MSMM
environment by this algorithm, is very efficient. This algorithm is very efficient in noise elimination and nation
and complex border detection. WANG TAO & WEINA (125) proposed another edge detection algorithm in
MSMM environment.

Another algorithm for smoothening is discussed using MSMM. (126). XU, YANLEI; ZHAO, JIYIN discussed
(127) another algorithm, for edge detection, using MSMM, in noisy environment. DANTING YUHUA CHAI,
ZHAO, etc. proposed (128) an algorithm for smoothening using MSMM. XIANGZHI BAI etc. (129) proposed
a new type of algorithm, for image enhancement using multi scale top-hat transform.

JIAN-HUI TAN etc. proposed (130) a new type of process using MSMM for smoothening of infrared imagery.
It will have complexity due to noise. Using this methodology, they protected details also. They have taken the
help of NN (Neural Net works) also. So, in this paper, MSMM & NN are integrated. JIE KANG etc. used (131)
CB (Contour Bougie) morphology in MSMM environment for speckle noise treatment, in SAR (Synthetic
Aperture Radar) images, for maintaining detail preservation also.

These MSMM techniques are extended to segmentation also. DEBAY LE, J. etc (132) extended MSMM for
segmentation using adaptive technique and MARC DROSKE etc. also (133) used MSMM for segmentation.
(134) H UANG, R. etc. discussed extension of MSMM to 3D. They discussed and designed algorithm for
volume segmentation. For this purpose, they have designed spherical S. E.’s at various sizes. LETITIA, S; etc.
applied MSMM for road segmentation from satellite aerial images (135).

JIANN-JONE CHEN etc. extended the MSMM to 3D segmentation, using dual (MS morphological) concepts
(136).

SHU LI; etc. (137) designed water sheds segmentation algorithm, using MSMM, and applied to cell image
segmentation, and got quality results. XU YING SHA; etc (138) proposed another water shed algorithm for
segmentation of remote sensing images, in MSMM environment. It shows good results, by avoiding, over
segmentation.

PAUL. T. JACKWAY etc. (139) provide another type of analysis in MSMM. Naturally a few questions arise in
MSMM, like how to relate the results of one scale with the results of other scale. This type of analysis is
provided in this paper by Erosion/Dilation operations with good examples.

J. ANDREW BANGHAM, etc. (140) discussed about decomposition, in MSMM environment using the sieve
decomposition theorem / method, with good B.G. FU LIU etc. (141) discussed the methodology for identifying
obstacles in lunar, using water shed method, based on MSMM. Here, for this purpose, open close operators is
used, in multi scale environment. It gives better results, compared to traditional watershed method. TIE
XIANG WEN etc. (142) proposed an algorithm to choose the suitable scale in multi — scale morphological top —
hat transformation [this transformation is used in pattern recognition].

SHUWETI LI etc. (143) proposed method, to generate DTM and to maintain the terrain details, based on MSMM
[here DTM means, Digital Terrain Model].

MSMM is having, application in medical area also. (144) DA WEI QI etc. shown an application in medical I.P.
for edge detection in noisy environment, which gives better results, compared to traditional pictures. FEI

ZHANG etc., given another algorithm (145), suitable for ECG analysis, in impulse noise environment using
MSMM. DAWEI QI (146) proposed another algorithm, for medical analysis environment. JI — LE HU; etc.
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(147) proposed another algorithm, in ECG analysis, which provided suitable and good decisions, at critical
points. It is a decision making algorithm regarding heart using MSMM.

ZA BI HI, S.M etc. (148) discussed application of MSMM for retinal vessel segmentation. (149). DAWEI QI
etc (150), HAI YAN GU; etc (155), WEIPING HOU etc (152) discussed the applications of MSMM in wood
analysis they have done wood decay estimations, defect identification of wood, etc. RUITANG HAO etc. (152)
used MSMM open operation for identification of defects of the rolling beatings. YING ZHANG etc. (153) used
MSMM to do analysis of results of turbine rotor experiment. In noise environment also, it provides good results
[strong edges].

Before going to the main concept better to refer papers of author 150,149,148.

6. EQUALITY IN BETWEEN ITERATIVE SOFT DILATION AND ITERATIVE SOFT CLOSE IN
MULTI SCALE ENVIRONMENT

6.1 In this paper equality in between soft erosion and soft dilation has to be applied in various contexts. It is
discussed in author’s paper.(152)..In that paper equality is discussed thoroughly from basics,

So in 3/3 environment
E(1)=D() E(2)=D() E(@)=D(7) E(4)=D(6) E(5)=D(5)
E(6)=D(4) E(7)=DB) E®)=D(2) E©)=D()

In general, E (m) = D(IO - m)where M will run from 1 to 9, the threshold value.In the same way.
D(1)=E(©) D(2)=E@8) D(B)=E(7) D(4)=E(6) D(5)=E(5)
D(6)=E(4) D(7)=E() D()=E(@2) D(O)=E()

In general, D(m) = E(10 — m) where m will run from 1 to 9, the threshold value.

In the same way in 5/5 environment

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

E(16)=D(10)
E(17)=D(9) E(18)=D(8) E(19)=D(7) E(20)=D(6)
E(21)=D(5) E(22)=D(4) E(23)=D(3) E(24)=D(2)
E(25)=D(1)

In general, E (m ) = D(26 -m )where M will run from 1 to 25, the threshold value.

In the same way

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

In general, D(m ) =E (26 — m) where M will run from 1 to 25, the threshold value.

In the same way in 7/7 environment
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E(1)=D(49)
E(2)=D(48)
E(3)=D(47)
E(4)=D(46)
E(5)=D(45)
E(6)=D(44)
E(7)= D(43)
E(8)=D(42)
E(9)=D(41)

E(11)=D(39)
E(12)=D(38)
E(13)=D(37
E(14)=D(36
E(@5)=D(35
E(16)=D(34
E(17)=D(33)

)
)
)
)

E(18)=D(32)
E(19)=D(31)
E(20)=D(30)
E(21)=D(29)
E(22)=D(28)
E(23)=D(27)
E(24)=D(26)
E(25)=D(25)
E(26)=D(24)

E(31)=D(19)
E(32)=D(18)
E(33)=D(17)

In general, E(m): D(SO - m) where m =1 to 49.

D(2)=E(48)
D(3)=E(47)

D(4é)= E(2)
D(49)=E(1)

In the same way we can have the equalities like D (1) = E(49)

So D(m): E(SO— m)where m =1 to 49.

The same type of discussion may be extended to 9/9,11/11,13/13,15/15

InGeneral

For structuring element size: W 44,

E(m)=D(w* +1-m)

By the same logic

D(m)=E(W* +1-m)
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E(34)=D(16)
E(35)=D(15)
E(36)=D(14)
E(37)=D(13)
E(38)=D(12)
E(39)=D(11)
E(40)=D(10)

E(41)=D(9)

E(42)=D(8)
E(43)=D(7)
E(44)=D(6)
E(45)=D(5)
E(46)=D(4)
E(47)=D(3)
E(48)=D(2)
E(49)=D(1)

6.2 In this paper the applications of equalities in between soft open and soft close is also applied which is
discussed in author’s paper(151).

In 3/3 environment

ISSN : 2229-3345

0(1,1) =E)D(1) =D(9)E(9) =C(9,9)
0(1,2) = E(1)D(2) = D(9)E(8) = €(9,8)
0(1,3) = E(1)D(3) = D(9)E(7) = C(9,7)
0(1,4) = E(1)D(4) = D(9)E(6) = C(9,6)
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In general
In 5/5 environment
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0(1,5) = E()D(5) =D(9)E(5) = C(9,5)
0(1,6) = E(1)D(6) = D(9)E(4) = C(9,4)
0(1,7) = E(1)D(7) = D(9)E(3) = €(9,3)
0(1,8) = E(1)D(8) = D(9)E(2) = €(9,2)
0(1,9) = E(1)D(9) = D(9)E(1) = €(9,1)

0(2,1) = E(2)D(1) = D(8)E(9) = C(8,9)
0(2,2) = E(2)D(2) = D(8)E(8) = C(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(2)D(7) = D(8)E(3) = C(8,3)
0(2,8) = E(2)D(8) = D(8)E(2) = C(8,2)
0(2,9) =ER2)D() =D(8)E(1) =C(8,1)

0(9,1) =E(9)D(1) =D(1)E(9) =C€(1,9)
0(9,2) =EM)D(2) =D(1)E(8) =€(1,8)
0093)=EM)DB)=DE(7) =C(1,7)
009,4) =EM)D(4) =D(1)E(6) =C(1,6)
0(9,5) =EM)D(5) =D(1)E() =C(1,5)
009,6) =E(9)D(6) =D(1)E(4) =C(1,4)
009,7) =EM)D(7) =D(1)E) =C(1,3)
0(9,8) =EM9)D(8) =D(1)E(2) =C(1,2)
0099) =EM)DO) =D(E1) =C(1,1)

O(m,n)=C(10—m,10 —n)

0(1,1) = E(1)D(1) = 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) = C(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) = C(25,21)
0(1,6) = E(1)D(6) = D(25)E(20) = C(25,20)
0(1,7) = E(1)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) = C(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)
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) = C(25,12)
0(1,15) = E(1)D(15) = D(25)E(11) = €(25,11)
0(1,16) = E(1)D(16) = D(25)E(10) = C(25,10)
0(1,17) = E(1)D(17) = D(25)E(9) = C(25,9)
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0(1,18) = E(1)D(18) = D(25)E(8) = €(25,8)
0(1,19) = E(1)D(19) = D(25)E(7) = C(25,7)
0(1,20) = E(1)D(20) = D(25)E(6) = C(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) = C(25,1)

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

In general, O0(m,n) = C(26 —m, 26 —n)

In 7/7 environment
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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)
0(1,5) = E(1)D(5) = D(49)E (45) = C(49,45)
0(1,6) = E(1)D(6) = D(49)E (44) = C(49,44)
0(1,7) = E(1)D(7) = D(49)E(43) = C(49,43)
0(1,8) = E(1)D(8) = D(49)E (42) = C(49,42)
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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) = C(49,9)
0(1,42) = E(1)D(42) = D(49)E(8) = C(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) = C(49,2)
0(1,49) = E(1)D(49) = D(49)E(1) = €(49,1)

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(1)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) = C(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(1)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(1)E(7) = C(1,7)
0(49,44) = E(49)D(44) = D(1)E(6) = C(1,6)
0(49,45) = E(49)D(45) = D(1)E(5) = C(1,5)
0(49,46) = E(49)D(46) = D(1)E(4) = C(1,4)
0(49,47) = E(49)D(47) = D(1)E(3) = C(1,3)
0(49,48) = E(49)D(48) = D(1)E(2) = C(1,2)
0(49,49) = E(49)D(49) = D(1)E(1) = C(1,1)

In general, O(m,n) = C(49 —m,49 — n)

This discussion may be extended to 9/9,11/11.13/13,15/15.......

In general

For W 4, structuring element size
> 0(mmn) =Cw?+1-—mw?+1—n)lnthe same way we get
For W 4 structuring element size

> Cmn)=0Ww?+1-mw?+1-—n)
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6.3 In this section the equality of soft dilation and soft close is established applying above mentioned info.

6313 3Structuring Element.

In general ,let threshold value =m
Formula for

iterative

soft dilation | _ (D(m)D(m)D(m)D(m)D(m)D(m) ...... D(m)D(m))
applied 1 2 3 . n

2n times on

an image J
=D(mM)E(10 — m)D(m)E(10 — m)D(m)E(10 — m)D(m)E(10 — m) ......
D(m)E(10 —m)
(- D(m) = E(10 —m))
=(C(m,10 —m)C(m,10 —m)C(m,10 —m)C(m, 10 —m) ... ... C(m,10 —m)
=(C(m,10 —m))"
~ (D(m))*" = (C(m, 10 —m))"

6.3.2 5/5 Structuring Element.

In general, let threshold value =m

Formula for
iterative

soft dilation| _ (D(m)D(m)D(m)D(m)D(m)D(m) ...... D(m)D(m))
applied 1 2 3 n

2n times on

an image J
= D(mM)E(26 — m)D(m)E(26 — m)D(m)E(26 — m)D(m)E(26 —m) ......
D(M)E(26 —m)
(< D(m) = E(26 — m))
=C(m,26 —m)C(m,26 —m)C(m,26 —m)C(m,26 —m) ...... C(m,26 —m)
=(C(m,26 —m))"
~ (D(m))*" = (C(m, 26 —m))"

6.3.3 7/7 Structuring Element.

In general, let threshold value =m
Formula for

iterative

soft dilation | _ (D(m)D(m)D(m)D(m)D(m)D(m) ......D(m)D(m))
applied 1 2 3 n

2n times on

an image

= D(mM)E(50 — m)D(m)E(50 — m)D(m)E(50 — m)D(m)E(50 —m) ... ...
D(m)E(50 —m)
(~ D(m) = E(50 —m))
=C(m,50 —m)C(m,50 —m)C(m,50 —m)C(m,50 —m) ...... C(m,50 —m)
= (C(m,50 —m))"
«~ (DMY)?™ = (C(m, 50 — m)"
6.3.4 9 9 Structuring Element.

For this ,elaborated discussion is given.
6.3.4.1 Th=1:
Threshold value fixed at 1.
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Formula for iterative soft dilation

appllfed twice on an i];nage } = ()b
= (D(1) E(81)) [+ D(1) = E(81)]
= ((1,81)
~ (D)) =c(1,81)
Formula for iterative soft dilation

appliedffour times on c{n image } = (OMDMDMD))

=(D(1) E(81)D(1) E(81)) [+ D(1) = E(81)]
= (€(1,81)C(1,81))
= (C(1,81))*
~ (DW)* = (c(1,81))?
e o o™}« 0P PP DD D)
= (D(1) E(81)D(1) E(81)D(1) E(81)) [+ D(1) = E(81)]
= (€(1,81)C(1,81)C(1,81))
= (C(1,81))°
~ (D) =(c(1,81))°

Formula for
iterative soft dilation

appl]iced =(D)D(1)D(1)D(1)D(1)D(1)D(1)D(1)D(1)D(1))
ten times on
an image

= (D(l)E(81) D(1)E(81) D(1)E(81) D(1)E(81) D(1))E(81) [+ D(1) = E(81)]
= (€(1,81)C(1,81)C(1,81)C(1,81)C(1,81))
= (C(1,81))°
~ (D) = (c(1,81))°
Formula forl

iterative
soft dilation
applied
2n times on
an image
_ (DMEEBDDMEBLD() ......E(81)D(1)E(81))
1 2 3 . n
_(c(,81)C(1,81)C(1,81) ... ... €(1,81))
1 2 3 . n
= (c@s1)"
= (D) = (C(1,81))"
6.3.4.2 Th=60:
Threshold value fixed at 60.
Formula for iterative soft dilation
appllfed twice on an L'Cnage } = (D(60)D(60))
= (D(60)E(22)) [+ D(60) = E(22)]
= ((60,22)
~ (D(60))? = €(60,22)

Formula for iterative soft dilation
applied four times on an image
= ( D(60)E(22) D(60)E(22)) [+ D(60) = E(22)]
= (€(60,22)C(60,22))

= (€(60,22))?

_ (b()p@W)DMW)DM)D(M)DA) ... .. D(1)D(1))
1 2 3 . n

[+ D(1) = E(81)]

} = (D(60)D(60)D(60)D(60))
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~ (D(60))* = (€(60,22))?
Formula for iterative soft dilation
applied six times on an image
= (D(60)E(22) D(60)E(22) D(60)E(22)) [+ D(60) = E(22)]
= (€(60,22)C(60,22)C(60,22))
= (€(60,22))3
~ (D(60))° = (€(60,22))3
Formula for
iterative
soft dilation
applied
ten times on
an image
= (D(60)E(22) D(60)E(22) D(60)E (22) D(60)E(22) D(60)E(22))
[+ D(60) = E(22)]

} = (D(60)D(60)D(60)D(60)D(60)D(60))

= (D(60)D(60)D(60)D(60)D(60)D(60)D(60)D (60)D(60)D(60))

= (€(60,22)C(60,22)C(60,22)C(60,22)C(60,22))
= (€(60,22))°

=~ (D(60))'° = (€(60,22))°

Formula for

iterative
soft dilation | _ (D(60)D(60)D(60)D(60)D(60)D(60) ......D(60)D(60))
applied 1 2 3 . n
2n times on
an image
_ (D(60)E(22)D(60)E(22)D(60) ... ... E(22)D(60)E(22))
1 2 3 n

[+ D(60) = E(22)]
_ (€(60,22)€(60,22)C(60,22) ... .. €(60,22))

1 2 3 . n
= (€(60,22))"
~ (D(60))?™ = (€(60,22))"
6.3.4.3 Th=m:

In general let threshold value =m
Formula for

iterative

soft dilation { _ (D(m)D(m)D(m)D(m)D(m)D(m) ...... D(m)D(m))
applied 1 2 3 .. n

2n times on
an image

= D(mM)E(82 —m)D(m)E(82 — m)D(m)E(82 — m)D(m) ... ...
E(82 —m)D(m)E(82 —m)
=(C(m,82 —m)C(m,82 —m)C(m,82 —m)C(m,82 —m) ...... C(m,82 —m)
= (D(m))*"=(C(m, 82 — m))"
In the same way the formulae may be developed for 11 x 11, 13 x 13, 15x 15, 17 x 17.... structuring elements.

6.3.5 General case: W ,, Structuring Element.

Formula for

iterative

soft dilation { _ (D(m)D(m)D(m)D(m)D(m)D(m) ...... D(m)D(m))
applied 1 2 3 2n

2n times on
an image
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=D(mM)E(w? +1—m)D(m) ... ... Ew?+1—m)D(mMEw?+1—m)
(+~D(m) = E(w? +1—m))
=Cmw?+1—-m)ICmw?+1-—m).... C(m,w?+1—m)
=(C(mw?+1-—m)"
> & (Dm)™m =(Cmw?+1-—m)"
7. CONCLUSION

In this paper a fundamental rule called EQUALITY is discussed in multi scale and iterative environment. It will
fill up gap ,on the fundamentals of mathematical soft morphology. Till now applications are discussed in various
papers by various researchers,but fundamental properties are not touched. More over iterative morphology is
having broad applications. so discussion of fundamental property in this context ,will lead to development of
this area. Understanding of fundamental properties of any area will lead to development and expansion of that
area, which will lead to excellent applications.

8. REFERENCES

[1] 1. Serra-Image Analysis and Mathematical Morphology.

[2] Matheron - Mathematical Morphology

[3] Robert. M. Haralick, Stanley R. Sternberg, XinhuaZhuang (July 1987) Image Analysis using Mathematical Morphology, IEEE
Transactions on PAMI, Vol. 9, No. 4.

[4] H.J. A. M. Heijmans and C. Ronse. (1990) The Algebraic Basis of Mathematical Morphology. 1. Dilations and Erosions, IEEE
Transactions on Computer Vision, Graphics and Image Processing

[5] Michel A. Zmoda and Louis.A.Tamburino — Efficient algorithms for the soft morphological operators. --- IEEE Tr. of Pami — Vol. 18
- No.11 November 1996.

[6] A generalized approach for handling equality and duality properties in soft morphology...PhD thesis of KOMPELLA VENKATA
RAMANA

[7] Shih, F. Y; Pu. C. C; ---Analysis of the properties of soft morphological filtering using threshold decomposition.-- IEEE Tr. of S.P. —
Vol. 43 - No.2 November 1995.

[8] Pu. C. C; - Threshold decomposition algorithm for gray scale soft morphological operations --- II —Erosion;--- 5th International
conference on Image processing and its applications — 1995.

[9] PauliKuosmanen&JaakkoAstola. — Soft morphological filtering --- Journal of mathematical imaging and vision 1995.

[10] Koivisto, P; Huttunen; H. Kuosmanen, P;--- Optimal soft morphological filtering under breakdown probability constraints --- IEEE
Int. Sym. On C & S — 1996.

[11] Lipeng Wang; Hanbin Wang; -- Implementation of a soft morphological filter based on GPU frame work — Int. Conf. on
Bioinformatics and Biomedical Engineering 2011.

[12] Chanf— Chefchaouni, M; Schonfeld; D.—Convergence criteria for iterative non linear filters.- S. M. C - IEEE Int. Conf. — 1992.

[13] Jiwei Yuan; Zhongke Shi.- A new segmentation method for image sequence of traffic scenes.- WCICA- fifth world congress—2004.

[14] Yong Xia; Dagan Feng; Rongchun Zhao.—Morphology- based multi fractal estimation for texture segmentation. IEEE Trans of
Image Processing — Vol. 15. No - 3. -2006.

[15] Audigier, R.; Lotufo, R.; Falcao, A.;- On integrating iterative segmentation by watershed with tridimensional visualization of MRI’s. —
IEEE Conf. on CG & IP- 2004.

[16] ZHANG XIA O — JING; SUN WAN — RONG --- A new algorithm for watershed segmentation of cells in marrow — IEEE — INT —
Conf—2005

[17] ZHUANG, H; HAMANO, F — A new type of effective morphologic edge detectors. IEEE — Conf.—1988.

[18] SKOLNICK, M. M; BROWN, R. H.; BHAGVATI, C; WOLF, B. R; -- IEEE Conf. on C & S — 1989

[19] J.G.POSTAIRE; R. D. ZHANG; C. LECOCQ — BOTTE.- Cluster analysis by binary morphology. — Pami — Vol. 15 — No.2. — Feb
1993. 2005.

[20] Petros Maragos and Robert. D. Ziff. (May 1990) Threshold Superposition in Morphological Image Analysis Systems, IEEE
Transactions on PAMI, Vol. 12, No. 5.

[21] H.J. A. M. Heijmans (June 1991) Theoretical aspects of gray — Level Morphology, IEEE Transactions on PAMI, , Vol. 13, No. 6.

[22] Petros Maragos (June 1989) Representation Theory for Morphological Image and Signal Processing, IEEE Transactions on PAMI,
Vol. 11, No. 6.

[23] Petros Maragos and Ronald W. Schafer (August 1987) Morphological Filters — Part I — Their set — Theoretic Analysis and Relations to
linear shift — invariant filters, IEEE Transactions on Acoustics, Speech and Signal Processing, Vol. 35, No. 8.

[24] IMANTS D. SVALBE (Dec 1991) The Geometry of Basis Sets for Morphologic Closing, IEEE Transactions on PAMI, Vol. 13, No.
12.

[25] Pierre Soille, Edmond. J. Breen Ronald Jones. (May 1996) Recursive implementation of erosions and dilations along Discrete lines at
arbitrary angles, IEEE Transactions on PAMI, Vol. 18, No. 5.

[26] Suchen and Robert M. Haralick (March 1995) Recursive erosion, dilation, opening and closing transforms, IEEE Transactions on
Image Processing Vol. 4, No. 3.

[27] Joseph (Yossi) Gil and Ron Kimmel (Dec 2002) Efficient dilation, erosion, opening and closing algorithms, IEEE Transactions on
PAMLI, Vol. 24, No. 12.

[28] Arnold Meijster and Michael. H. F. Wilkinson (Apr 2002) A comparison of algorithms for connected set openings and closings, IEEE
Transactions on PAMI, Vol. 24, No. 4.

[29] Motaz A. Mohamed and JafarSaniie (July 1995) Statistical evaluation of sequential morphological operations, IEEE Transactions on
Signal Processing, Vol. 43, No. 7.

[30] Aldo Morales.and Raj Acharya (Oct 1993) Statistical analysis of Morphological openings, IEEE Transactions on Signal Processing,
Vol. 41, No. 10.

[31] RoBert L. Stevenson and Gonzalo. R. ARCE (Nov. 1987) Morphological Filters — Statistics and Further Syntactic Properties, IEEE
Transactions on Circuits and Systems, Vol. 34, No.11.

[32] Stephen. S. Wilson (June 1992) Theory of Matrix Morphology, IEEE Transactions on PAMI, Vol. 14, No. 6.

[33] Pertos Maragos (June 1996) Differential Morphology and Image Processing, IEEE Transactions on Image Processing, Vol. 5, No. 6.

ISSN : 2229-3345 Vol. 7 No. 05 May 2016 215



[72]

[73]
[74]

[75]
[76]

[77]

Kompella venkataramana / International Journal of Computer Science & Engineering Technology (IJCSET)

Pierresoille and HuguesTalobot (Nov. 2001) Directional Morphological Filtering, IEEE Transactions on PAMI, Vol. 23, No. 11.
NidhalBouaynaya, Mohammed Charif - Chefchaouni, Dan Schonfeld, (May 2008) Theoretical Foundations of Spatially - Variant
Mathematical Morphology-Part-I: Binary Images, IEEE Transactions on PAMI, Vol. 30, No. 5.

NidhalBouaynaya, Dan Schonfeld (May 2008) Theoretical Foundations of Spatially - Variant Mathematical Morphology-Part-11:
Gray-Level Images, IEEE Transactions on PAMI, Vol. 30, No. 5.

Frank Y. Shih, Chung TA King and Christopher C.Pu.(Jan.1995) Pipeline Architectures for Recursive Morphological Operations,
IEEE Transactions on Image Processing, Vol. 4, No. 1.

Physica - Verlag, Springer Verlag Company, Fuzzy Techniques in Image Processing-Book.

Isabelle Bloch (July 1999) Fuzzy Relative Position between Objects in Image Processing: A Morphological Approach, IEEE
Transactions on PAMI, Vol. 21, No. 7.

Louverdis. G, Andreadis. I, Design and implementation of a Fuzzy hardware structure formorphological color image processing, -
IEEE Transactions on Circuits and Systems for Video-Technology, Vol. 13, No. 3.

Krishna MoorthySivakumar, John Goutsias (Feb. 1999) Morphologically Constrained GRFs: Applications to Texture Synthesis and
Analysis, IEEE Transactions on PAMI, Vol. 21, No. 2.

Rein Van Den Boom Gaard and Arnold Smeulders. (Nov. 1994) The Morphological Structure of Images: The Differential Equations
of Morphological Scale - Space, IEEE Transactions on PAMI, Vol. 16, No. 11.

Dan schonfeld, johan gout sias. — optimal morphological pattern restoration From noisy binary images IEEE Trans. of Pami — Vol. 13.
No.-1. Jan -1991

Ronald Jones &Imantssvalbe- morphological filtering as template matching.- IEEE Trans. of Pami — Vol. 16. No-4. April -1994

J. Alison noble.- The effect of morphological filters on texture boundary localization. IEEE Trans. of Pami — Vol. 18.No-5. May -1996
Johan Van Horebeekd& others- The approximation of a morphological opening & closing in the presence of noise.- IEEE Trans. of
S.P. — Vol. 81. No-9.September -2001.

Bouaynaya,N; Charif-chef caaouni.M, schonfeld, D. M- idempotent & self-dual morphological filters. IEEE Trans. of Pami — Vol.
34.No-4. -2012---pages 805 to 813.

Lei,T; Fan,Y.- Noise graditent reduction based on morphological dual operators. IET Trans. of Image Processing. — Vol. 05. No-1. - -
2011.---pages 1-17.

Schupp,S; Elmoataz, A.; Clouard, R. Herlin, P; Bloyet, D - Mathematical morphology and active contours for object extraction and
localization in medical images.—6th Int. Conf. on Image Processing and its Applications 1997. Vol. 1

Yang Y; Shen Hong, yu de — Kuang.- new boundary detection method of phleqm cells using mathematical morphology.- applications
research of computers- Journal 2005.

Bin Mansoor A. Khan, Z. Khan, A. Khan, S. A.- Enhancement of exudates for the diagnosis of diabetic retinopathy using fuzzy
morphology.- IEEE Int. Conf. 2008.

Gao Yan; Boliang Wang.-- An automatic kidney segmentation from abdominal CT Images.--ICIS,-- 2010—IEEE Int. Conf.

Aquino,A; GeGundez- Arias, M.E; marin, D.--Detecting the optic disc boundary in digital fundus images using morphological, edge
detection, and feature extraction techniques. Vol. — 29; No. — 11; 2010.

Michel A. Zmoda and Louis.A.Tamburino — Efficient algorithms for the soft morphological operators. --- IEEE Tr. of Pami — Vol. 18
- No.11 November 1996.

PauliKuosmaneri; LasseKoskinen; Jaakko T. Astola; -- Analysis and extensions of soft morphological filters. Proceedings of SPIE —
1902, 41 (1993)---January 2005.

Pauli Kuosmane N; LasseKoskinen; JaakkoAstola;---The connection between generalized soft morphological operations and stack
filters. --- IEEE winter workshop on nonlinear digital signal processing 1993.

Shih, F. Y; Pu. C. C; ---Analysis of the properties of soft morphological filtering using threshold decomposition.-- IEEE Tr. of S.P. —
Vol. 43 - No.2 November 1995.

Pu. C. C; - Threshold decomposition algorithm for gray scale soft morphological operations --- II —Erosion;--- Sth International
conference on Image processing and its applications — 1995.

PauliKuosmanen&JaakkoAstola. — Soft morphological filtering --- Journal of mathematical imaging and vision 1995.

Gasteratos, A; --- Realization of soft morphological filters.IEEE proceedings on CDS — June 1998.

Michael A. Zmuda — Stochastic algorithm for approximating soft morphological operators. --- Journal of Optical engineering —Opt.
Eng. — 40, 2001.

Zhao Chun Hui; --- Optimization design of soft morphological filters, based on improving genetic algorithm. -- Proceedings of the
Int. Conf. on Neural networks and signal processing — Vol. 1 —2003.

Pertti T. Koi Visto; HeikkiHuttunen; Pauli Kuosmanen; --- Optimal compositions of soft morphological filters.

M. VardaVoulia, I. Andreadis and Ph. Tsali Des.--- Soft morphology in the HSB colour space definitions and implementation.

A. Gasteratos, I. Andreadis and Ph.Tsalides --- soft morphological structuring element decomposition. — Mathematical morphology
and its applications to image and signal processing .

A. Gastenl, I & T. Salides --- Fuzzy soft mathematical morphology --- A general book.

Shih, F. Y.; PadmajaPuttagunta --- Recursive soft morphological filters. IEEE Tr’s. On I. P. — V4 issue 7---1995.

Koivisto, P; Huttunen; H. Kuosmanen, P;--- Optimal soft morphological filtering under breakdown probability constraints --- IEEE
Int. Sym. On C & S — 1996.

Stringa, E; Regazzoni, C. S.; --- Signal restoration by statistical soft morphology. IEEE Int. conf. Vol. 3. — 1997.

PerttiKoivisto; AnttiNieMisto; -- Breakdown probabilities of recursive soft morphological filters. --- Proceedings of the Int. Sym.
(winter) on Information & Communication Technologies. — 2004.

PEI, S.,; Shih, F.Y; Lei, C..—Recursive order — statistic soft morphological filters. --- IEE proceedings of vision, image and signal
processing — IET Journal—1998.

Lipeng Wang; Hanbin Wang; -- Implementation of a soft morphological filter based on GPU frame work — Int. Conf. on
Bioinformatics and Biomedical Engineering 2011.

Regazzoni, C. S; Stringa, E; VeneTsanopoulos, A. N.—13th Int. Conf. on Betel Signal Processing-- 1997.

G. Louverdis and I. Andreadis; Soft morphological filtering using a Fuzzy model and its application to colour image processing--
Pattern analysis and applications V6 No.4 --- 2004.Springer link.

ZhengMingjie; Liu Xian feng; yang Ruliang — Speckle reduction for SAR images based on Soft morphological filter with omni —
directional multiple structuring elements.--- IEEE proceedings on CIE Int. conf. on Radar 2001.

Koivisto, P; Huttunen, H; --- Detail preservation and Soft morphological filtering. --- Proceedings of IEEE — EURASIP workshop,
Italy — 2003.

Zhen Ji; Zhong Ming; Qi Li and Qinghua Wu; -- Reducing periodic noise using Soft morphology filter. — Journal of electronics, China
— March 2004.

ISSN : 2229-3345 Vol. 7 No. 05 May 2016 216



Kompella venkataramana / International Journal of Computer Science & Engineering Technology (IJCSET)

[78] Zhen Ji; Huilian Liao; Xijun Zhang; Wu, Q.H. — Simple and efficient Soft morphological filter in periodic noise reduction.—IEEE
Region 10 Conference — TENCON — 2006.

[79] Marshall, s; Fletcher, L; Hough, K — Optimal filtering of solar images using Soft morphological processing techniques. — Astronomy
and Astrophysics; Vol. 457, No.2. --- 2006.

[80] HuangFeng — Gang; Yang Guo& Song Ke — Ou. — The soft morphology applied to detecting image edge. --- Journal of Image and
Graphics — 2000; 5(4) — 284 — 287.

[81] Zhang Ying; Chen Xuebo; Wang Ning — Particle Swarm optimization method, for soft edge detection. — Journal of Tsinghua
University (SC & TECH) —47 —2007.

[82] SongXinLuo Jun & Others — Edge detection based on Soft morphological transform. Journal of Computer Engineering and its
applications 43 (12) —2007.

[83] XiaoxinGuo; ZhiwenXu; Yinan Lu; Yunjia Pang; -- An adaptive edge detector using Soft mathematical morphology. — Proceedings
of 5th Int. Conf. on Computer and Information Technology — Washington DC — 2005.

[84] Xiaofei Yan; Yanqiu Wang; -- Edge detection for Feather and Down image via BEMD and Soft morphology. — Int. Conf. on CS & NT
—Vol. 3-1603-1607 — 2011.

[85] Wang Tao; Yang De — Hong; ZengJu -- Edge detection method of TM image base on mathematical morphology of soft — multi —
structural elements - Kunming Univ. of SC & TECH - Journal.

[86] Stringa, E; Smits, P. C. -- Soft morphology and BAYESIAN Reconstruction for SAR image filtering — Int. Symp.On GS & RS.Vol. 3.
---2001.

[87] Hamid, M. S. — and others --- Genetic algorithm optimization of Multi dimensional gray scale Soft morphological filters with
applications in film Archive restoration — IEEE Trans. on Circuits and Systems for Video Technology. — May 2003.

[88] Dong Yan — Zhi; Yantai; Zhou Xiao — Dong and others --- Application of Soft mathematical morphology in image segmentation of IR
Ship image — Proceedings of 7th Int. Conf. on Signal Processing --- 2004.

[89] Tan Liu ; Xiang Li.,--- Infrared small targets detection and tracking based on Soft morphology, Top — Hat and SPRT — PMHT.--- 3rd
Int. Congress on I & SP — October — 2010

[90] N. Santhi; K. Ramar — A novel approach to shape decomposition and representation using Soft morphological filters. --- Int. Journal of
Computer Applications. — July 2011

[91] Chanf— Chefchaouni, M; Schonfeld; D.——Convergence criteria for iterative non linear filters.- S. M. C - IEEE Int. Conf. — 1992.

[92] Xia Yong; Zhao Rong- Chan; Feng. D. D. multi fractal estimation for remote sensing image segmentation. IEEE Int. Conf. on S.P
2004.

[93] Robin, F; Renaudin. M; Privat, G.—Functionally asynchronous array processor for morphological filtering of grey scale images.—
IEE proceedings — computers and digital techniques.- IET Journals 1996.

[94] Ongwattanakul. S. Chewputtanagul, P. Jackson, D, J.- IEEE Conf. on C & S. —2003.

[95] Shih, F. Y. Yi— Ta Wu- The efficient algorithms for achieving Euclidean distance transformation. IEEE Trans. of Image Processing —
Vol. 13. No-8.September -2004.

[96] Amayeh, G. Erol, A. Bebis, G. Nicolescu, M.—A component- based approach to hand verification.- IEEE Conf. — 2007.

[97] Jiwei Yuan; Zhongke Shi.- A new segmentation method for image sequence of traffic scenes.- WCICA- fifth world congress—2004.

[98] Yong Xia; Dagan Feng; Rongchun Zhao.—Morphology- based multi fractal estimation for texture segmentation. IEEE Trans of

Image Processing — Vol. 15. No - 3. -2006.

Saarinen, K.- color image segmentation by a water shed algorithm and region adjacency graph processing.- IEEE Int. Conf.- ICIP-

1994.

[100]Audigier, R.; Lotufo, R.; Falcao, A.;- On integrating iterative segmentation by watershed with tridimensional visualization of MRI’s. —
IEEE Conf. on CG & IP- 2004.

[101]ZHANG XIA O — JING; SUN WAN — RONG --- A new algorithm for watershed segmentation of cells in marrow — IEEE — INT —
Conf - 2005

[102]ZHUANG, H; HAMANO, F — A new type of effective morphologic edge detectors. IEEE — Conf.—1988.

[103]SKOLNICK, M. M; BROWN, R. H.; BHAGVATI, C; WOLF, B. R; -- IEEE Conf. on C & S — 1989

[104]J.G.POSTAIRE; R. D. ZHANG; C. LECOCQ — BOTTE.- Cluster analysis by binary morphology. — Pami — Vol. 15 — No.2. — Feb
1993.

[I05]CHIVERTON, J. P; WELLLS, K; CHEN, C; PODDA, B; --- Fully Automatic Skull Stripping of routine clinical neurological NMR
data. — [EEE Conf.—2004

[L06]PETROS; MARAGOS; Pattern spectrum and multi scale shape representation. - IEEE Trans. of Pami — Vol. 11. No.-7. July -1989

[107]MING — HUA CHEN &PING — FAN.YAN. --- A Multi scaling approach based on morphological filtering. - IEEE Trans. of Pami —
Vol. 11. No-7. July -1989

[108]JKUN WANG; JIANHUA WU; LIQUN GAO; ZHAOYU PIAN; LI GUO--- Magnetic resonance images, edge detection , based on
multi — scale morphology. --- INT. CONF. ON — COMPLEX MEDICAL ENGINEERING — CME - IEEE - 2007

[109]KUN WANG; LIQUN GAO; ZHENGANG SHI; LI GUO; ZHAOYA PIAN. — An edge detection algorithm based on “multi scale
morphology” --- IEEE CONF. ON INDUSTERIAL ELECTRONICS & APPLICATIONS. — ICIEA —2007

[110]Kim Wang; Jianhga Wu; Zhaoyupian: --- Edge detection algorithm for magnetic resonance images based on multi — scale morphology.
Int. Conf. on Control and Automation 2007.

[111]Zeng Ping Ping; ZengBinyang --- A new algorithm based on multi scale order morphology for gray image edge detection --- 8th
International conference on electronic measurement and instruments --- ICEMI -- 2007.

[112]Zhenhua Li; Ying ping yang; Wei jiang --- Multi scale morphologic tracking approach for edge detection --- 4th International Conf. on
image and graphics — ICIG — 2007.

[113]Wenjuan Zhang; Jiayinkang --- edge detection based on fusion of wavelet transform and mathematical morphology --- IEEE Int. Conf.
on Information Engineering and Computer Science --- ICIECS — 2009.

[114]Xia Kai-jian; yaoyu - Feng; --- An edge detection improved algorithm based on morphology and wavelet transform. --- IEEE
International conference on Computer and Automation Engineering. --- ICCAE —2010.

[115]Chao Li; Lindu Zhao; Shengnan Sun. --- An adaptive morphological edge detection algorithm based on image fusion --- 3rd Int. Cong.
On Image and Signal Processing --- CISP —2010.

[116]Panchao Wu; Zongyi Wang --- The image edge detection algorithm based on wavelet de — noising and mathematical morphology. ---
ISSCAA -2010.

[117]Yang Shanmin; FengZiliang; Zhang xiuqiong; Yang hongyu --- A multi — scale morphologic runway detector--- 2nd IEEE Int. Conf.
on Computer Engineering and Technology --- ICCET — 2010.

[118]Gao Li; Ling Xiao-ming; --- Colour edge detection based on mathematical morphology in HSI Space. --- IEEE Int. Conf. on Computer
and Information application --- ICCIA —2010.

[99

[}

ISSN : 2229-3345 Vol. 7 No. 05 May 2016 217



Kompella venkataramana / International Journal of Computer Science & Engineering Technology (IJCSET)

[119]Chen Jin Long; Zhang Bin; Qi Yingjian; -- image edge detection method based on multi — structure and multi — scale mathematical
morphology. --- Int. conf. on multimedia technology — ICMT --- 2010.

[120]Hailong Huang; Hongwang; Fan Guo; Jinfcng Zhang; --- ICMTMA - 2011.

[121]Zhang Ang; Huang SI ZiwEi; Tian Xia Olin; Sun Yan --- Kui; --- Morphologic weak edge detection by Multi — structure and Multi —
Scale in Anterior Chamber OCT images.--- 4th Int. Cong. — IEEE — Image and signal processing ---CISP- 2011.

[122]Xinghul Zhang; Jiuying Li.—A method of Colour edge detection using mathematical morphology .—ICCSNT—IEEE Int. Conf.

[123]Qing Liu; Cheng- Yu — Lai;-- Edge detection based on mathematical morphology theory. — IEEE Int. Conf. on IA & SP --- 2011.

[124]Wang Tao; Weina. — multi scale mathematical morphology based image edge detection. --- Int. Conf. on Intelligent system design and
engineering applications --- 2012.

[125]Morphology based symbolic image modeling, multi - scale nonlinear smoothing, and pattern spectrum — Computer Society Conference
on computer vision and pattern recognition--- 1988.

[126]Xu, Yanlei; Zhao, Jiyin;--- Noisy image edge detection based on multi — scale and multi — structuring element order morphology
transformation.--- IEEE Conference on image and signal processing---2008.

[127]Danting Zhao; Rong Wang; -- 9th International conference on Hybrid intelligent systems; --2009.

[128]XiangZhiBai; Fugen Zhou; -- IEEE 10th International conference on SP—2010.

[129]Jian — Hui Tan; Bao — Chang Pan — A new algorithm for infrared image restoration based on multi — scale morphological wavelet and
Hopfield neural network. — IEEE International conference on Wavelet analysis and pattern recognition — 2010.

[130]Jiekang; Gang Yang;-- The algorithm of SAR speckle noise suppressing by using generalized multi — scale CB Morphology — IEEE
10th International conference on SP—2010.

[131]Debayle, J; Ecolenat; Pinoli, J — Multi — scale image filtering and segmentation by means of adoptive neighborhood mathematical
morphology.- IEEE conference on image processing 2005.

[132]Marcdroske; martin Rumpf;-- Multi — scale joint segmentation and registration of image morphology. IEEE Tr. of Pami — Vol. 29-No.
12 December 2007.

[133]Huang, R; Lum, E; MA, K.L; -- Multi — Scale morphological volume segmentation and Visualization. — 6th Asia — Pacific Symposium
on Visualization — 2007.

[134]Letitia, S; Monie, E.C; - Road segmentation from satellite aerial images by means of adaptive neighborhood mathematical
morphology.—Int. Conf. on Computer and Communication Engineering 2008.

[135]Jiann — Jonechen; Chun — rongsu. — Volume image segmentation by dual multi — Scale morphological reconstructions.--- 5th IEEE Int.
conf. on IITH-MSP-2009.

[136]Shu Li; Lei Wu; Yang Sun. — Cell image Segmentation based on an improved watershed transformation. — IEEE Int. Conf on
computational Aspects of Social Networks —2010.

[137]XuYingsha; Fang Zhaolin. — Improved Segmentation of Remote Sensing Images Based on WaterShed Algorithm - IEEE International
Conference on Consumer Electronics, Communications and networks. — 2011

[138]Paul.T.Jackway, Mohamed Deriche. — Scale Space Properties of the multi scale Morphological Dilation — Erosion .- IEEE Tr. of Pami
—Vol. 18 - No.1 January 1996.

[139]J.AndrewBangham, Pierre Chardaire; C.JeremyPye; Paul D.Ling. — Multi Scale non linearDecompositation — The sieve decomposition
theorem. - IEEE Tr. of Pami — Vol. 18 - No.5 May 1996.

[140]Fu Liu; Jian Deng; PIngyuan Cui; Hejing Wu — A Method for Lunar Obstacle Detection Based on Multi — Scale Morphology
Transformation.- Int. Conf. on Mechatronics and Automation. — 2007

[141]Tiexiang Wen; JiaGu ; Zigian Zhang; Lei Wang; - Scale Selection for Morpological Top-Hat Transformation based on mutual
information. — IEEE — 3rd Int. Congress — I & SP —2010.

[142]Shuwei Li; Lei Yan; Huabo sun. — A Filtering Method for Generating DTM based on Multi — Scale Mathematical Morphology. — Int.
Conf. on Mechatronics and Automation. — 2011.

[143]Divyendusinha; Charles R. Giardina — Discrete black and white object recognition via morphological functions --- IEEE Tr. of Pami —
Vol. 12 - No.3 March 1990.

[144]Xia oli wane and Gilles Bertrand — Some sequential algorithms for a generalized distance transformation based on MINKOWSKI
operations. - [EEE Tr. of Pami — Vol. 14 - No.11 November 1992.

[145]Kyeong — Ryeol — park; Chung — Nimlee; —- Scale — Space using mathematical morphology.--- IEEE Tr. of Pami — Vol. 18 - No.11
November 1996.

[146]Lei Chen; Xian — Wu Hyang; Xing — RongZhong; --- Morphological algorithms for face detection. — IEEE Int. Conf. on VLSI design
and Video technology. — 2005.

[147]KOMPELLA VENKATA RAMANA Duality in soft dilation in Multi Scale Soft Morphological Environment INTERNATIONAL
ADVANCED RESEARCH JOURNAL IN SCIENCE, ENGINEERING AND TECHNOLOGY Vol 3,Issue 2,Feb 16

[148]KOMPELLA VENKATA RAMANA Equality in Soft Erosion and Soft Dilation in Multi Scale Environment. [JARCCE.Vol5 ,Issue 2
, Feb 16.

[149]KOMPELLA VENKATA RAMANA DUALITY IN SOFT EROSION IN MULTI SCALE SOFT MORPHOLOGICAL
ENVIRONMENT IJARCSSE vol 6, issue 2, FEB 16

[150]Kompellavenkataramana equality in between soft open and soft close in multi scale environment ijsart vol 2,i3,marl6

[151]kompellavenkataramana equality in between soft erosion and soft dilation in multi scale environment ijarcce feb 16

AUTHOR PROFILE

Kompella VenkataRamana has done his B.E(E.C.E) and M.E(COMPUTER ENGINEERING) and Ph.D from
ANDHRA UNIVERSITY, VISAKHAPATNAM, INDIA. He has started his carrier as LECTURER in N.I.T.
(W). Later he shifted to ANDHRA UNIVERSITY. At present he is working as ASSOCIATE PROFESSOR in
the department of computer science &systems engineering in ANDHRA UNIVERSITY. His areas of interest
are Image Processing, Formal languages and Automata theory, compiler design and Systems Programming. He
has written books on the above areas. He has experience of more than twenty five years in teaching and guided
more than one hundred Thesis in M.Tech. Level,majority of them are in image processing. He has done his
Ph.D in computer engg.( image processing...mathematical soft morphology.)

ISSN : 2229-3345 Vol. 7 No. 05 May 2016 218



	EQUALITY IN BETWEEN ITERATIVESOFT DILATION AND ITERATIVESOFT CLOSE IN MULTI SCALEENVIRONMENT
	ABSTRACT
	KEY WORDS
	1. INTRODUCTION TO IMAGE PROCESSING
	2. INTRODUCTION TO MATHEMATICAL MORPHOLOGY
	3. SOFT MORPHOLOGY
	4. ITERATIVE SOFT MORPHOLOGY
	5. MULTI SCALE SOFT MORPHOLOGY
	6. EQUALITY IN BETWEEN ITERATIVE SOFT DILATION AND ITERATIVE SOFT CLOSE INMULTI SCALE ENVIRONMENT
	7. CONCLUSION
	8. REFERENCES
	AUTHOR PROFILE




