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Figure 8.36: Residue on lead IT (2nd.) in a complete heart block.
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Figure 8.38: Residue on lead V1 (2nd.) in a complete heart block.
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Figure 8.39: opcly(n) (first part) in a complete heart block.

Figure 8.40: opcly(n) (second part) in a complete heart block.
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8.8 Discussion and conclusion

We have tried our algorithm on the database obtained from Royal Liv-
erpool University Hospital and Marquette Electronics Co. Ltd.. One of the
disadvantages of our algorithm, despite its accuracy, is that due to a heavy
computation, it is not suitable for ambulatory cases, or generally speaking, for
real-time implementations, unless the algorithm is applied via the real-time
morphological operators as explained in chapter 4 and suitable hardware for

the rest of the operations.

8.9 Future work

The algorithm, applied for ECG analysis, has been evaluated by Liverpool
Women’s Hospital experts and upon their demands, a similar robust technique
has been required for fetal ECG monitoring. The algorithms for fetal ECG
is supposed to differ from what applied for adult ECG processing. We will

develop new algorithms based on their demands.
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Figure 8.41: P waves on the residue of lead 1T (1st.) in a complete h(\.art,"l)lo(:k.
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Figure 8.42: P waves on the residue of lead IT (2nd.) in a complete heart block.
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Figure 8.43: P waves on the residue of lead V1 (Ist.) in :1 complete heart
block.
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Figure 8.44: P waves on the residue of lead V1 (2nd.) in a complete l;varl
block. B
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Figure 8.45: P waves on the original signal of lead 11 (1st.) in a (70nlp]('l'(‘~ heart
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Figure 8.46: P waves on the original signal of lead IT (2nd.) in a complete
heart block. o
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Chapter 9

Summary and conclusion

9.1 General Remarks

This chapter concludes the dissertation. It summarizes the major results of
the presented research work and indicates directions for further investigations

based on this work.

9.2 Summary of the thesis

This thesis has traced the development of MM from its beginning to the
latest propositions. The point of departure is the consideration of the problem
of obtaining efficient and real-time morphological operators in 1-D and 2-D, and
applying them in different areas where traditional methods fail to be applied
successfully.

In the preceding chapters we have presented the following work and ob-
tained promising results.

Literature review was done in Chapter 1. The importance of considering
MM as an advanced image processing tool was explained. Historical notes

about MM were reviewed. A comparison between MM versus non-MF was
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9.2 Summary of the thesis 163

demonstrated. Also major contributions and overview of the thesis were indi-
cated.

Chapter 2 introduced a theoretical background on mathematical morphol-
ogy. It also explained the existing confusion in literature about the definition
of the operators. Definition of the terms and operators in binary and grey-
scale modes were discussed. Properties of morphological operators were also
highlighted.

Chapter 3 presented new fast algorithms in 1-D and 2-D for morphological
erosion, dilation, opening, closing, open-closing and close-opening, relying on
avoiding redundant comparisons.

Chapter 4 improved and generalised real-time implementation of 1-D and
2-D GS morphological operators.

Chapter 5 proposed a technique to combine MF with convolution, both in
software and hardware, emphasising the power of our algorithm in using any
kind of SE.

Chapter 6 introduced new novel operbators called weighted morphological
filters and emphasized their superb performance compared with classical MFs
for removing salt&pepper, speckle and Gaussian noises with different noise
parameters.

Chapter 7showed how MF could be applied in fingerprint processing as a
pre-processor. It also introduced a syntactic approach to fingerprint classifica-
tion including the details of pattern classification and string analysis.

Chapter 8 was about ECG waves detection using MF in different stages.
After an introduction and definition of the terms in ECG, a pre-processor
based on MF was introduced. It emphasised the efficiency of pre-processor in
removing noise and baseline drift without loosing necessary details of the signal.
The existing QRS detectors were reviewed and our contribution was included.
The proposed method for ST — T detection was then followed. A residual

signal was produced, resulting from interpolation of QRS and subtracting the
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median(s) of ST — T segments from the corresponding parts. Later step was

about analysing the residue and detecting P waves, even when they were buried
on T waves.
Our major contribution was concentrated on the following topics:
i. Fast algorithms for 1-D and 2-D GS morphological operators
( [69, 70)).

ii. Real-time implementation of GS morphological filtering ( (72,

75, 73]).
iii. Convolved morphological filters ( [74, 77]).
iv. Linearly-weighted morphological operators ( [76]).
v. Morphological filters in fingerprint processing ( [71]).

vi. ECG waves detection using morphological filtering.

9.3 Limitations of the approach

One of the major limitations using MM was the lack of analytical methods,
due to the nonlinearity of the MF operators. The next drawback was about the
evaluation of fingerprint recognition. We could not test our approach in real
environment. As we reckoned, it could only be used for small companies where
the size of database was limited. Besides time limitation, we did not have
access to a good experimental database. In general, it has not been applied for
a real-time fingerprint recognition.

Another limitation of the research was about the adaptive structuring ele-
ment design. We tried genetic algorithms to design SE fof ECG wave analysis
and fingerprint processing. However the procedure was very slow, specially in
2-D, and we did not get the satisfactory results. Therefore we only used SEs

based on a pre-knowledge about the nature of the signals and images.
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9.4 Recommendations for future work

Designing the structuring element has been left as an open rescarch topic
in MM. It would be worth of having a research for SE design using another
techniques instead of genetic algorithms. Our research about convolved and
weighted morphological operators can be deeply extended to design a hybrid
embedded operator.

Fingerprint recognition using MF can be another topic for a rescarch. The
most important pre-requisite is obtaining a large data base to test the developed
algorithms. Our research can be continued towards fingerprint recognition.
We stopped at classification step. Stretching MF in m-D, could be another
interesting research aspect, for example finding applications in colour image
processing. Finally our research about ECG wave detection can be followed to

get better results leading to commercial products.
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Appendix A

Morphological citations in

English

Table A.1: Abbreviation of Journals, etc.

Abrev. Description

CsICcC Annual Conf. of Computer Society of Iran

AIDIM Advances in digital image proc., edit=P. Stucki, Plentum, New York

AAECC Applicable Algebra in Engineering, Communication and Computing

BOOK-DOUGH MM in Image Processing, E. R. Dougherty, Marcel Dekker, New York

BOOK-HARAL MM. Theory and Hardware, ed.=R.M. Haralick, Oxford Univ. Press, New York
Shape in Picture: Mathematical Description of Shape in Grey-Level Images,

BOOK-O ed.=Y-L. O et. al., NATO ASI Series, Driebergen, The Netherlands, Springer,
Berlin, vol.=126

BOOK-SER-94 MM and its applications to image proc., Kluwer Academic, The Netherlands

CSSP Circuits, Systems, Sig. Proc.

CVGIP Comp. Vision, Graph. and Image Proc.

CVGIPIU Comp. Vision, Graph. and Image Proc.:Image understanding

CWI Centrum voor Wiskunde en Informatica

ECOLE Ecole Nationale Supérieure des Mines de Paris, Fontainebleau

ELEC-LET Electronics Letters

ELSSIG Signal Processing

ELSSIGIC Signal Processing: Image Communication

GMIP Graphical Models and Image Processing

ICEE Iranian Conf. on Electrical Eng.

IECIPAIA IEE Conf. on Imag. Proc. and its applic.

IEECSP IEEE Computer Society Press

IEEPRC Proceedings of the IEEE

1EESL1 IEEE Signal Proc. Letters

IEETA1 IEEE Trans. Acoust. Speech Signal Process.

IEETBI1 IEEE Trans. Biomed. Eng.

IEETC1 IEEE Trans. Circuits and Systems

IEETC4 1EEE Trans. Comput.

continued on next page
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continued from previous page (Citation:Theory and tutorial)

Abrev. Description
IEETI1 IEEE Trans. Image Proc.”
IEETP2 IEEE Trans. Pattern Anal., Machine Intell.
IEETS1 1IEEE Trans. Signal Proc.”
IEEWNSIP IEEE Workshop on Non-Linear Sig. and Image Proc.
ISCSDSP International Symp.on Communic. Systems and DSP
ISMM International Symposium On Mathematical Morphology and its Applications
to Image and Signal Processing IV
JEI Journal of Electronic Imaging
JMIV Journal of Mathematical Imaging and Vision
JVCIR Journal of Visual Comm. and Image Rep.
PATR Pattern Recognition
PATRL Pattern Recognition Letters
PhD PhD Thesis
PROCMM Proc. of the Intern. Symp. on Mathematical Morphology
PROCIEVISP Proc. IEE Vis., Image, Sig. Proc.
PROCIEE18 Proc. IEEE 18th Convention of Elec. Eng.
PROCIWMM Proc. Intern. Workshop on Mathematical Morphology
PROCISSSE Proc. Internat. Symp. on Signal Systems, and Electronics
SSPR Shape, Structure and Pattern Recognition, Edit.= D. Deori et, al., World
Scientific
PROCWATRS Proc. Workshop on Applic.s and Theory of Random Sets, Minneapolis, edit=J.
Goutsias et. al., Springer, New York
PROCSSMISP Proc. Summer School on Morpholo. Image and Signal Proc.
RSE Remote Sensing of the Environment
RTI Real-Time Imaging
RTMIP Real-time medical image proc., edit.=M. Onoe et. al., Plentum, London
SIAMJ SIAM J. Appl. Math.
SIRL Signal and Image Research Laboratory
SPIE-OEP SPIE Optical Engineering Press
SPIEPRC-1AMIP SPIE Proc. Image Algebra and Morphological Image Proc.
SPIEPRC-CVCIP Proc. SPIE-Conf. on Visual Comm. and Image Proc.
SPIE-NFIP SPIE, Nonlinear Filters for Image Proc.
. Table A.2: Citation:Theory and tutorial.
Author Yr | Title Description Pages
Mutational equations of
L. Doyen et. al. 94 morphological dilation tubes BOOK-SER-94 13-20
:.ei-;r.n:r.\sM‘ 87 | MM: an algebraic approach CWI Newsletter, vol.=4 7.27
H.J. A. M. 89 Iteration of morphological CWI Quasterly, vol.=2 o
Heijmans transformations ’ = -36
H. J. A. M. %0 Morphological filtering and SPIEPRC-CVCIP,
Heijmans iteration Lausanne,vol.=1360 166-175
H.J. A. M. 20 The algebraic basis of MM: 1. CVGIP. vol.=50
Heijmans et. al. dilations and erosions ’ . 245-295
H.J. A M. o1 Theoretical aspects of IEETP2. vol.=13
Heijmans gray-level morphology » vel.=13, no.=6 568-582
continued on next page
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continued from previous page (Citation:Theory and tutorial)

Author Yr | Title Description Pages
Thresholdings, umbrae,

Y. Hsueh 94 residuals, and surpluses of BOOK-SER-94 21-28
l-images

Tutorial on Advances in
P. Maragos 87 Morphological Image Optical Engineering, vol.=26 623-832

Processing and Analysis

J. Serra 86 Introduction to MM CVGIP, vol.=35, no.=3 283-305

Anamorphoses and function
MM in Image Processing: E.R.

J. Serra 93 | lattices (multivalued Doughert 483-523
morphology gherty
y Table A.3: Citation:Statistical analysis.
Author Yr | Title Description Pages
M. Charif-

Morphological representation of
Chefchaouni et. 95 T IEETI1, vol.=4, no.=86 838-845
order-statistics filters

al.

Statistical analysis of
C.-S. Chen et. al. 96 space-varying morphological IEETS], vol.=44, no.=4 1010-1014
openings with flat SEs

02 Some properties of cssP
. i ' l.=1 ) = -
H. A. David order-statistics filters ve 1, ne.=1 109-114

Statistical evaluation of

. A. Moh d . .
M. A. Mohame 95 sequential morphological IEETS]1, vol.=43, no.=7 1703-1709

et. al. .
operations

, 03 Statistical Analysis of IEETS
. t. al. 1 = = -
A. Morales et. a Morphological Openings , vol.=41 , no.=10 3052-3056

A study of statistical properties

| o4 of GS compound morphological SPIE
. et. al. . PIE, vol.=2180, = -

A. Morales operators using the basis ve 0, no.=v 124-135

matrix

Second-order statistics of
S. Na et. al. 95 morphological dilation and 1EETSI, vol.=43, no.=10 2418-2422

erosion of a memoryless source

. 92 Statistical analysis of median SPIEPRC-CVC
jarvi et. al. -CVCIP = 56
J. Neejirvi et. al type and morphological filters , vol.=1818 366-37%

. Ri oni et. Statistical pattern spectrum for
©C- Regazs 94 | ° N BOOK-SER.-94 185-102
al. binary pattern recognition
Synthesis of adaptive weighted
M. Ropert et. al. 94 | order statistic filters with BOOK-SER-94 37-44
gradient algorithms
R. L. Stevenson Morphological filters: statistics
87 IEETC]1, vol.= - = -
et. al. and further syntactic properties vol.=CAS-34, no.=11 1292-1308
Some statistical properties of
C. Wang et. al. 95 MM IEETSI, val.=43, no.=8 1955-1965
¢ Table A.4: Citation:Representations and overviews.
Author Yr Title Description Pages
Minimal representation for
G. J. F. Banon translation-invariant set
91 - s
et. al. mappings by mathematical SIAM J. Appl. Math., vol.=51 1782-1798
morphology

continued on next page
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continued from previous page (Citation: Representations and overviews)

et. al.

image algebra) Part 1:

architecture

Author Yr Title Description Pages
An algebraic approach for

P. Bhattacharya i

ct. al. 93 morphological operations on 2D PATR, vol.=26 1785-1796
and 3D images
Fuzzy mathematical

1. Bloch et. al. 95 morphologies: s comparative PATR, vol.=28, no.=9 1341-1387
study

M. Charif- A

Chefchaouni et. 92 Morphological bounds on SPIEPRC-CVCIP, vol.=1818 414-42
nonlinear filters ' T -425

al.

M. Charif- On the invertibility of the

Chefchaouni et. 94 morphological representation of IEETI, vol.=3 847-849

al. binary images

M. Charif- )

Chefchaouni et. 94 Morphological representation of IMIV, vol.=4 215232
nonlinear filters -

al.

M. Charif- Generalized morphological IEEWNSIP, vol.=1, ed.=1.

Clhefchaouni et. 93 center: convergence Pitas, Greece 325-328

al.

M. Charif- Generalized morphological

Chefchaouni et. 95 center: self-duality, SIRL, Univ. of lifinois, Report,

al. idempotence, and convergence Chicago

D. Coltuc et. al. 96 Morphological residual IEETRII, vol.=8, no.=11 15

: representations of signals TR A 569-1572

Locality and adjacency stability

J. Crespo et. al. 97 constraints for morphological IMIV, vol.=7, no.=1 85-102
connected operators
Theoretical aspects of

J. Crespo et. al. 95 morphological filters by ELSSIG vol.=47, no.=2 201-225
reconstruction
New results on the theory of

J. Crespo et. al. 98 morphological filters by PATR, vol.=31, no.=4 419-429
reconstruction
Two dual representations of
morphology based on the

L. Dorst et- al. o4 parallel normal transport BOOK-SER-94 161-170
property
Orientation-based

L. Dorst et. al. o3 representations for MM SSPR 13-22

E. R. Dougherty Precision of Morphological

o al. 93 estimation SPIE, vol.=1902, no.=1V 65-76
Minimal representation of

E.R. Dougherty o r-openings via pattern bases PATRL, vol.=15 1029-1033
Precision of
morphological-representation

E.R. Dougherty estimators for

et. al. ) o translation-invariant binary ELSSIG, vol.=40 129-154
filters: increasing and
nonincreasing
Computational gray-scale
mathematical morphology on

E. R. Dougherty 95 lattices (a comparator-based RTI, vol.=1, no.=1 69-85%

continued on next page
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continued from previous page (Citation:Representations and overviews)

Author Yr Title Description Pages
Computational gray-scale
mathematical morphology on
E. R. Dougherty 95 lattices (a comparator-based RTI, vol.=1, no.=1 283-20%
et. al. image algebra) Part 2: Image
operators
Mutational equations of the
L. Doyen et. al. 9 morphological dilation tubes IMIV, vol. =5, no.=3 219-230
Morphological Transformations
J. Goutsias ?? of Image Sequences: A Lattice SPIEPRC-IAMIP, Belingham, 20-22
Theory Approach USA, vol.=1ll
3. Goutsias 92 Morphological Analysis of IMIV. vol. 2 1o
) Discrete Random Shapes ' ' 3-218
Modeling Random Shapes: An
J. Goutsias 77 Introduction to Random Set BOOK-HARAL
Theory
J. Goutsias et. Morphological Representation
al. ot of Discrete and Binary Images IEETS1, vol.=39 1389-1379
: ':’]' Haralick 87 Image analysis using MM IEETP?2, Vol.:PAMI-, No:4 532-550
R. M. Haralick 87 Multiresolution morphology IEEPRC, First lat. Conf. 516-520
et. al. Comp. Vision
R. M Haralick et. Model-based morphology: the
al. % opening spectrum GMIP, vol.=57, no.=1 1-12
H. . A-M 92 Graph morphology JVCIR, vol.=3 24-38
Heijmans et. al.
H.J. A. M. Convergence, continuity and
Heijmans et. al. 92 iteration in MM JVCIR, vol.=3 84-102
H.J. A M. Graph morphology in image
Heijmans et. al. 9 analysis BOOK-DOUGH 171-203
H.J. A. M. 9 A note on the umbra transform PATRL. vol.e14
Heijmans in gray-scale morphology P 877-881
Dominance and incidence
H.J. A M. 94 structures with applications to BOOK-SER-94 171-178
Heijmans stochastic geometry and MM
H.J.A-M. 95 MM: basic principles PROCSSMISP
Heijmans
MM: a modern approach in
H.J. A. M. 95 image processing based on SIAM Review, vol.=37, no.=1 1-36
Heijmans algebra and geometry
Similarity and Symmetry
HJ.AM. 96 Measures for Convex Sets Report BS-R9610, CW1,
Heijmans et. 8l Based on Minkowski Addition | “reTdem
Mean-absolute-error
representation and
R. P. Loce et. al. 95 optimization of GMIP, vol.=57, no.=1 27-37
compluitational-morphological
filters
A representation theory for
P. Maragos 89 morphological image and signal IEETP2, vol.=11, no.=86 586-599
processing
Pattern spectrum and
P. Maragos 89 multiscale shape representation IEETP2, vol.=11, no.=7 701-716
Threshold superposition in
P. Maragos et. 90 morphological image analysis IEETP2, vol.=12 498-504

systems
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continued from previous page (Citation: Representations and overviews)

Author Yr Title Description Pages
Affine morphology and affine SPIEPRC-IAMIP, San Diego
P. Maragos 90 A ! 31-43
signal models Vol.=1350
Morphological systems for
. M o8 et. .
Pl arag 90 multidimensional signal IEEPRC, vol.=78, no.=4 690-710
al processing
Minkowski operations and Set-Valued Analysi l.=
J Mattioli 95 nelysia, vol.=3, 33.50
vector spaces no.=1
On information contained in
J. Mattioli et. al. } 94 . BOOK-O 177-195
the erosion curve
CWI, A
P. F. M. Nacken 93 Chamfer metrics in MM msterdam, Report,
no.=BS-R9309
94 Chamfer metrics in ™
. v = -
P.F.M. Nacken mathematical morphology » vol.=4 233-253
06 Chamfer metrics, the medial IMIV .
. F. M. ke vol.=6, = -
P. F. M. Nacken axis and MM ' no.=2/3 235-248
Medical Images: Formation,
. Handling and E i =
MM in hierarchical image ndling &n valuation, Ed.
Y. L. Oet. al 91 ) A. E. Todd-Pokropek et. al., 447-462
representation
NATO ASI Series F,
Pub.=Springer, Heidelberg
o7 Convexity Indicators Based On PA
. TRL, = = -
A.T. Popov Fuzzy Morphology vol.=18, no.=3 259-267
96 Fuzzy logic and MM: IEETS .
. al. 1, .=44, no.= N
1. A. Reaet. & implementation by stack filters ve 4, no.=1 142-147
. M. Reinhardt Efficient morphological shape
J e 96 ) IEETCI, vol.=5, no.=1 89-101
et. al. representation
.B. T.M. MM for structures without
). B 88 R ELSSIG, vol.=15 271-277
Roerdink et. al. translation-symmetry
MM on homogeneous spaces - CWL A
J3.B.T. M. 89 Part I: The simply transitive » Amsterdam , report,
Roerdink no.=AM-R8924
case
J.B. T. M. 00 MM on homogeneous spaces - CWI1, Amsterdam , report,
Roerdink Part I1: The transitive case no.=AM-RS006
. SPIEPRC-CVCIP, L
J.B.T.M 90 MM on the sphere pusanne. 263.271
Roerdink vol. 1360
J.B. T. M. MM with non-commutatitive MM in Image Processing,
93 205-254
Roerdink symmetry groups BOOK-DOUGH
On the construction of
B translation and rotation
J.B.T.M 7 frans k BOOK-HARAL
Roerdink invariant morphological
operators
CT. M. Manifold shape: from
J.B. T 04 i , BOOK-O 200-223
Roerdink differential geometry to MM
Working D
Fourier analysis, MM, and orking Dacument,
C. Ronse 89 . no.=WD54, Philips Research
vision
Laboratory, Brussels, Belgium
Working Document, no.=WD,
C. Ronse 90 Regular open or closed sets Philips Research Laboratory,
Brussels, Belgium
90 Why mathematical morphology ELSSIG
l.=
C. Ronse needs complete lattices » vol.=21 129-154
Morphological shape and region
91 ELSSIG, vol.=25 91-108

C. Ronse et. al.

description
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continued from previous page (Citation:Representations and overviews)

Author Yr Title Description Pages
The algebraic basis of
C. Ronse et. al. 91 mathematical morphology - CVGIPIU, vol.=54 74.97
Part I1: Openings and closings
Toggles of openings, and a new
C. Ronse 92 family of idempotent operators AAECC, vol.=3 99-128
on partially ordered sets
Lattice-theoretical fixpoint
C. Ronse 94 theorems in morphological JMIV, vol.=4 19-41
image filtering
A lattice-theoretical
C. Ronse 96 morphological view on template JVCIR, vol.=7, no.=3 273-295
extraction in images
Proceedings of the
D. Schonfeld et. Robust Mor?hﬂoslc.ﬂ “International Conference on
90 Representation of Binary Acoustics, Speech, and Signal 3-6
ol. Images Processing™, Albuguerque, New
Mexico, pub.=IEEE
On the Morphological
D. Schonfeld et- 91 Representation of Binary JVCIR, vol.=2 17-30
sl Images in a Noisy Environment
From Pixels to Features, ed.=J.
3. Serra 89 Toggle mappings C. Simon, Pub.=North 61-72
Holland, Amsterdam
Elements of functional analysis Report, no.=N-39/90/MM,
3. Serra et. al. 89 .
in MM ECOLE
An overview of morphological
J. Serra et. al. 92 fltering CSSP, Vol.=11, na.=1 47-108
Morphological filtering: an
J. Serra 94 overview ELSSIG, vol.=38 3-11
A mathematical morphology
F. Y. Shih et. al. 92 approach to Euclidean distance IEETU, vol.=1 197-204
transformation
Further results on MAP
N.D. optimality and strong
Sidiropoulos et. % consistency of certain classes of IEETIL, vol.=5, no.=5 762-764
al. morphological filters
TD. MAP signal estimation in noisy
Sidiropoulos et. 96 sequences morphologically IEETI1, vol.=5, no.=5 1048-1003
al. smooth images
Analytical morphology:
A. Skowron et. B. 96 | mathematical morphology of Fundamenta Informaticas, 255-271
al. decision tables vol.=27
The analysis of morphological
3. Song et. al. % filters with multiple SEs CVGIP, vol.=50 308-328
Convex set symmetry
A. V. Tusikov et. 97 measurement via Minkowski IMIV, vol.=7, no.=1 53-68
al. addition
T Vincent a3 Maorphological algorithms BOOK-DOUGH 255-288
I Some Sequential Algorithms for
a Generalized Distance
X. Wang et. al. 9 Transformation Based on IEETP2, vol.=14, no.=11 114-1121
Minkowski Operations
t-; S. Wilson 92 Theory of matrix morphology IEETP2, vol.=14 £36-652
— Training structuring elements
S. S. Wilson 93 in morphological networks BOOK-DOUGH 1-41
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continued from previous page (Citation:Representations and overviews)

Author Yr Title Description Pages
Shape description and
recognition using the high
Z. Xisoqi 9 order morphological pattern PATR, vol.=28, no.=9 1333-1340
spectrum
. Table A.5: Citation:General filtering,.
Author Yr Title Description Pages
J. A. Bangham 96 Scale-Space from Nonlinear IEETP2, vol.=18. no.<5 520.8
et. al. Filters ’ -=18, no.= -528
Evolution equations for
R.W. Brockett i i
et. al. 94 continuous-scale morphological IEETSP1, vol.=42, no.=12 3377.3386
filtering
M. H. Chen et. A Multiscale Approach Based
al. 8 on Morphological Filtering IEETP2, vol.=11, no.=7 694-700
Adaptive parameterized
Y. Chen et. al. 94 . BOOK-SER-94 29-36
openings
Representation of finite-range
E. R. Dougherty 93 increasing filters in the context SPIE, vol.=1902, no.=IV 53-63
et. al. of computational morphology '
Error bounds for
E. R. Dougherty 87 morphologically derived SIAMJ, vol.47 425-440
et. al. measurements
Morphological
pseudoconvolutions:
E. D. Dougherty 92 one-parameter families of CSSP, vol.=11, no.=1 195-228
derived filters with increased
invariant classes
An image detection technique
based on morphological edge
M. Fathy et. al. 95 detection and background PATRL, vol.=16, no.=12 1321-1330
differencing for real-time traffic
analysis
MM operations of
P. K. Ghosh 96 boundary-represented JMIV, vol.=6, no.=2/3 199.222
geometric objects
Digitizations preserving
A. Gross et. al. B. 95 | topological and differential CVI1U, vol.=62, no.=3 370-381
geometric properties
A greedy and branch and
bound searching algorithm for
C.-C. Han et. al. 94 finding the optimal IEESL1, vol.=1 41-44
morphological erosion filter on
binary images
N.R. Harvey et. Using genetic algorithms in the
al. g 94 design of morphological filters BOOK-SER-94 53-60
N.R. Harvey et. The use of genetic algorithms
al. % in morphological filter design ELSSIG, vol.=8, no.=1 53-71
WL AM Geometrical Problems of Image
o 91 Morphological discretization Proc., Ed.=U. Eckhardt et. al., 99-106
Heijmans pub.= Akademie Verlag, Berlin
TJ. A. M. 02 Discretization of morphological IVCIR. vol.=3
Heijmans operators » VOL= 182-103
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Author Yr Title Description Pages
Workshop on Design
Apects of the theory of Methodologies for
JAM. . . ,
H J 93 morphological operators and Microelectronics and Signal 377-387
Heijmans filters Processing , Gliwice-Cracow,
Poland
Construction of self-dual
H.J. A. M. i IEECSP, Proceedings ICIP-94,
94 morphological operators and Los Alami 402-4906
Heijmans modifications of the median os Alsmitos, vol.=I1
On the construction of
H.J. A M. morphological operators which
94 ELSSIG, vol.=38 13-19
Heijmans are self-dual and
activity-extensive
H.J. A. M. o5 Composing morphological CWI, Research report,
Heijmans filters Amsterdam, no.=BS-R0504
.M. R PROCSSMISP, Zak
H.J. A M 95 Morphological filters axopane,
Heijmans Poland
M. Self-dual morphological
H.J. A-M 96 IMIV, vol.=6, no.=1 15-36
Heijmans operators and filters
AM. Composing Morphological
H.J.A.M 97 , IEETIL, vol.=6, no.=5 713.723
Heijmans Filters
H.J.A.M. o7 Connected Morphological Report PNA-R9708, CWI,
Heijmans Operators for Binary Images Amsterdam
H.J.A. M. 97 Easy recipes for morphological SPIE-NFIP, Ed.=E. R.
Heijmans filters Dougherty et. al.
Properties of multiscale
P. T. Jackway 94 morphological smoothing by PATRL, vol.=15% 135-140
poweroids
A domain operator for binary
X. C. Jin et. al. 95 . . 1IEETI1, vol.=4, no.=7 1042-1046
morphological processing
Morphological filtering as
R. Jones et. al. 94 ) IEETP2, vol.=16 438-443
template matching
K.D. Lee et. al. 94 Threshold Boolean filters IEETS1, vol.=42 2022-2036
04 Minimal generator basis of a BOOK.SER
T -SER-94 61-68
J. Mattioli finite structure opening
Morphological filters-Part I:
. Their set-theoretic analysis and
P. Maragos et 87 _ ! 4 IEETA1, vol =ASSP.35, no.=8 | 1153-1169
al. relations to linear
shift-invariant filters
Morphological filters-Part II:
P. Maragos et. 87 Their relations to median, IEETAL, vol.=ASSP-35, no.=8 | 1170-1184
al. order-statistic, and stack filters
Parallel genetic algorithms for
P. Kraft et. al. 95 L. . IECIPAIA, no.=410 762-767
. optimizing morphological filtera
Openings Can Introduce Zero
P. F. M. Nacken 94 Crossings in Boundary IEETP2, vol.=16, no.=6 B656-658
Curvature
, 90 Sinusoidal and pulse responses IEEPRC vol 2
jarvi et. al. =78 136-2110
J. Neejirvi et. & of morphological filters ve 6-2139
o7 An efficient class of alternating GMIP, vol
- i et. al. . . , vol.=59, no.=2 109-116
§.-C. Pei et. al sequential filters in morphology "
Morphological operations on
A. T. Popov 95 IECIPAIA, no.=410 837-840
fuzzy sets
Openings: main properties, and
C. Ronse 7 BOOK-HARAL

how to construct them
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continued from previous page (Citation:General filtering)

Author Yr Title Description Pages
Set-theoretical algebraic
C. Ronse 98 approaches to connectivity in JMIV, vol.=8 41-58
continuous or digital spaces
linear combinations of
M. A. Schulze et. 03 morphological operators: the IEEPRC vol.= V-57:V-60
al. midrange, pseudomedian, and
LOCO filters
The power of morphological
. H. Sedaaghi
M. H. Sedaaghi 98 filters alone and when ISMM’98, Amsterdam, 6-8 Apr.
et al- combined with linear filtering
Optimal morphological filters
N.D. for discrete random sets under
Sidiropoulos et. 92 . A . i SPIEPRC-CVCIP, vol.=1818 402-413
a union or intersection notse
al.
model
i . On the discretization of
K. Sivakumar et 97 n . JVCIR, vol.=8, no.=1 39-49
al. morphological operators
02 A study of the generalized CSSP. vol.=11 . 220.252
» YOL.= = -
J. Song et. al. morphological filter L o
S. R. Sternberg 86 Grayscale morphology CVGIP, vol.=35, no.=3 333-355
b o1 The geometry of Basis Sets for IEETP2 L=13 12 1214-1224
L. D. Svaibe Morphologic Closing » vol.=19, no.= -
Morphological transformations
L. Vincent 91 of binary images with arbitrary ELSSIG, vol.=22 3-23
SEs
Morphological area openings
L. Vincent 94 and closings for grey-scale BOOK-O 197-208
images
A spatially variant, locally
R. Vogt 94 adaptive, background BOOK-SER-94 45-52
normalization operator
Compared performances of
D. Wang et. al. 92 morphological, median type SPIEPRC-CVCIP, vol.=1818 384-391
and running mean filters
Root properties of
Q. Wang et. al. 93 prop ELSSIG, vol.=34 131-148
. morphological flters
t. al 93 Adaptation of grayscale SPIE, vol.=1902, no.=1V 2-7
Q. Wang et. al. morphological filters T
Morphological operations on
G. R. Wilson 96 ¢ . R PROCIEVISP, vol.=143, no.=3 171-176
crack coded binary images
- ) Adaptive morphological filters
P. Deng-Wong et. | ,, aptive morphologl SPIEPRC-CVCIP, vol.=1818 358-365
al. for color image enhancement
Image enhancement using MM
Y. Yao et. al. 94 i 8 SPIE-NFIP, vol.=2180, no.=V 198-208
) with adaptive SEs
Adaptive thresholding through
D. Zhao 83 . . SPIE, vol.=1902, no.=IV 148-158
morphological filtering
. Table A.6: Citation:Hit-miss filtering.
Author Yr Title Description Pages
t.
D. Bloomberg et: { o | ¢ peralized hit-miss operations | SPIEIAMIP, vol.=1350 116-128
al.
Optimal morphological
E. R. Dougherty 93 | hit-or-miss filtering of SPIE, vol.=1902, no.=IV 30-40

gray-scale images
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Author Yr | Title Description Pages
Optimal mean-absolute-error
filtering of gray-scale signals by
h 94 JMIV, vol.=4 255-271
E.R. Dougherty the morphological hit-or-miss
transform
. Khosravi and Template matching based on
M. Khosrav 96 i . 8 1IEETI1, vol.=5, no.=6 1060-1066
R.W. Schafer GS hit-or-miss transform
y Table A.7: Citation:Soft and recursive filtering.
Author Yr | Title Description Pages
Recursive erosion, dilation,
S. Chen et. al. 95 X . IEETI1, vol.=4, no.=3 335-345
opening, and closing transforms
t. Analysis and extensions of soft
P. Kuosmanen €t | o3 s SPIE, vol.=1802, no.=1V 41-52
al. morphological filters
t.
P. Kuosmanen e 95 Soft morphological filtering JMI1V, vol.=5, no.=3 231-262
al.
Shape preservation criteria and
t.
P. Kuosmanen et- | o5 | ,ptimal soft morphological IEETI1, vol.=5, na.=4 319-335
al. filtering
C. Lay 87 Recursive algorithms in MM Acta Stereologica, vol.=6 691-696
Threshold decompaosition of
D. C. Pu et. al. 95 gray-scale soft morphology into GMIP, vol.=87, no.=6 522.526
binary soft morphology
Threshold decomposition
algorithm for gray-scale soft
D. C. Pu et. al. 95 . ) IECIPAIA, no.=410 757-761
morphological operations part
II:erosion
Pipeline architecture for
F.Y. Shih et. al. 95 recursive morphological IEETII1, vol.=4, no.=1 11-18
operations
Recursive soft morphological
F. Y. Shih et. al. 95 Alte IEETI1, vol.=4, no.=7 1027-1032
TS
Analysis of the properties of
F. Y. Shih et. al. 95 soft morphological filtering IEETS]I, vol.=43, no.=2 539-544
using threshold decomposition
Recursive implementation of
erosions and dilations along
P. Soille et. al. 96 K . IEETP2, vol.=18, no.=5 562-567
discrete lines at arbitrary
angles
Shape decomposition and
D. Wang et. al. 95 representation using a recursive PATR, vol.=28, no.=11 1783-1792
morphological operation
Binary Image representation
. D. W t. and coding by a
R.J.D. Wanget: | g4 i ) ELSSIGIC, vol.=8 241-266
al. double-recursive morphological
algorithm
. A. Zmuda et. Efficient algorithms for the soft
M. A 96 '8 IEETP2, vol.=18, no.=11 1142-1147
al. morphological operators
. Table A.8: Citation:Annular filtering.
Author Yr | Title Description Pages
H.J. AL M. 96 Annular filters for binary CWI, Research report,

Heijmans et. al

images

Amsterdam, no.=BS-R9604
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continued from previous page (Citation:Annular filtering)

Author Yr | Title Description Pages
A lattice-theoretical framework
. %6 P lar filt . LSHT, Strasbourg, report,
t. . or annular ers in
C. Ronse et. & no.=ERII-RR96/19
morphological image processing
. Table A.9: Citation:Slope transforms.
Author Yr | Title Description Pages
Morphological signal processin
L. Dorst et. al. 94 P 8 8 P 8 ELSSIG, vol.=38 79-98
and slope transform
H.J. A M. o5 Lattice Calculus of the Report BS-R9531, CWI,
Heijmans et. al. Morphological Slope Transform Amsterdam
Morphology on Convolution
H. . J. A M. % Lattices with Application to Report BS-R9603, CWI,
Heijmans et. al. the Slope Transform and Amsterdam
Random Set Theory
Lattice Calculus of the
H.J. A-M. o7 : ELSSIG, vol.=59, no.=1 17.42
Heijmans et. al. Morphological Slope Transform
Morphology on convolution
CALM. lattices with applications to the
H.J 98 PP JMIV, vol.=8, no.=3 199-214
Heijmans et. al. slope transform and random set
theory
Morphological systems: slope
04 transforms and max-min BOOK.SER.94 149-160
P. Maragos difference and differential ) .
equations, and sampling
Morphological systems: slope
04 transforms and max-min ELSSIG | =38 57.77
vol.= -
P. Maragos difference and differential ’
equations
Slope transforms: theory and
P. Maragos 95 application to nonlinear signal 1IEETS]1, vol.=43, no.=4 864-877
processing
Differential morphology and
P. Maragos 9 | 1al morphotogy IEETII, vol.=5, no.=6 922.937
image processing
y Table A.10: Citation:Sequential filtering.
Author Yr Title Description Pages
i . M logi O tors fi
J. Goutsias et 05 orphological Operators for CVIU, vol., 62 326-346
al. Image Sequences
IEEPRC: Workshop on
H.J. A. M. o5 A new class of alternating Nonlinear Signal and Image 30-33
Heijmans sequential filters Proc., ed.= 1. Pitas, Greece,
vol.=1
Morphological pyramids with
A. Morales et. al. | B.95 phological Py IEETI1, vol.=4, no.=7 968-977
alternating sequential filters
. Table A.11: Citation:Scale-space.
Author Yr | Title Description Pages
. d
R. van den Towards a morphological
Boomgaard et. 94 BOOK-O 631-640
scale-space theory
al.
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continued from previous page (Citation:Scale-space)

Author Yr | Title Description Pages
The morphological structure of
R.van den o4 | imoges: the differential IEETP2, vol.=16 1101-1113
Boomgaard equations of morphological
scale space
On Dimensionality in
Multiscale Morphological
Paul T. Jackway 95 Scale-Space with Elliptic JVCIR, vol.=86, no.=2 189-195
Poweroid Structuring Functions
Scale-Space Properties of the
Paul T. Jackway 96 Multiscale Morphological IEETP2, vol.=18, no.=1 38-581
et. al. Dilation-Erosion
K. R. Park et. al. 96 Scale-space using MM IEETP2, vol.=18, no.=11 1121-1126
Area and length preserving
G. Sapiro et. al. i geometric invariant scale-spaces IEETP2, vol.=17, no.=1 67-72
. Table A.12: Citation:Sampling.
Author Yr Title Description Pages
. Critical morphological
D. Floréncio et. 94 | sampling and applications to BOOK-SER-94 109-116
al. image coding
R. M. Haralick 89 The digital morphological IEETAL, vol.=37 2067-2090
et. al. sampling theorem
H.J. A M. 91 | Morphological sampling CVGIPIU, vol.=54 384-400
Heijmans et. al.
Image sampling structure
S.-C. Pei et. al. 94 conversion by morphological ELSSIGIC, vol.=6 13-24
filters
3. Serra 04 A st;mpl\.ng-approach based on BOOK-SER-94 17124
equicontinuity
X Binary random fields, random
K. Sivekumar et. 96 closed sets, and morphological IEETI1, vol.=5, no.=6 899-912
al. sampling
: Table A.13: Citation:Geodesic methods.
Author Yr Title Description Pages
Geodesic saliency of watershed
L. Najman et. al. 96 contours and hierarchical IEETP2, vol.=18, no.=12 1163-1173
segmentation
Generalized geodesic distances
P. Soille 94 applied to interpolation and BOOK-SER-94 193-200
shape description
. Table A.14: Citation:Coding and compression.
Author Yr | Title Description Pages
Morphological shape
P. Brigger et. al. 95 representation for very low ELSSIG, vol.=7, no.=4-6 297-311
bit-rate video coding
Three-dimensional
morphological pyramid and its
R.J. Chenet. al. | 95 | | @ tion to color image ELSSIG, vol.=44, no.=2 163-180
sequence coding
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continued from previous page (Citation:Coding and compression)

Author Yr | Title Description Pages
.J. Czerepinski Morphological video coder with .
P.J. Czerep 96 - ) ELEC-LET, vol.=32, no.=7 645-647
et. al. conditional smoothing
Image Coding Via IEEPRC, Conf. on Computer
J. Goutsias et. . . ..
89 Morphological Transformations: Vision and Pat. Rec. ,San 4-8
1.
8 A General Theory Diego, California
Application of morphological
C. Gu et. al. 94 filters for contour image BOOK-SER-94 125-132
sequence coding
Binary image representation
and coding by a
R. Jeannot et. al. 96 . . ELSSIGIC, vol.=8, no.=3 241-266
double-recursive morphological
algorithm
A study of pyramidal
X. Kong et. al. 94 techniques for image JVCIR, vol.=8 190-203
representation and compression
Multiscale morphological region
B. Macq et. al. 91 K SPIEPRC-CVCIP, vol.=1606 165-173
coding
Color Image Coding Using
LA turf . .
L. A. Overtur 95 Morphological Pyramid IEETI1, vol.=4, no.=2 177-185
et. al. e
Decomposition
Morphological multiscale
P. Salembier 94 . ; i ELSSIG, vol.=38 359-386
segmentation for image coding
morphological aperators for
P. Salembier 96 i . . 1IEETI1, vol.=5, no.=6 B81.808
image and video compression
Morphological image coding
: o4 based on a geometric sampling IVCIR =5 29.40
i . al. vol.= -
G- Sapiro et. a theorem and a modified !
skeleton representation
Table A.15: Citation:Segmentation.
Author Yr | Title Description Pages
The flat zone approach and
J. Crespo et. al. 94 . BOOK-SER-94 85-92
color images
morphological segmentation
W. Liet. al. 94 applied to displaced frame ELSSIG, vol.=38 45-56
difference coding
s . ( di . Proc. of the 12th IAPR
. banon et. egmentation of diverse image X
M. Lybanon 94 & . . g International Conf. on Pat. 347-351
al. types using opening and closing
Rec., Jerusalem, Vol.=1
iet. Morphological s entation of
B. Marcotegui € o4 rp. gi egmentati BOOK-SER-94 101-108
al. image sequences
Minimum spanning forests for
F. Meyer 94 spanning forest BOOK-SER-94 77.84
morphological segmentation
Joint region and motion
M. Pard4s et. al. 94 | estimation with morphological BOOK-SER-94 93-100
tools
3-D morphological
M. Pardés et. al. 94 segmentation and motion ELSSIG, vol.=38 31-43
estimation for image sequences
P. Salembier et. Morphological multiscale image
92 . 8 | sPIEPRC-CVCIP, vol.=1818 620.631
al. segmentation
R Morphological multiscale
P. Salembier 94 . . ELSSIG, vol.=38 359-386
segmentation for image coding
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MORPHOLOGICAL FILTERING

M.H. Sedaaghi



Morphological citations in English

180

continued from previous page (Citation:Segmentation)

Author Yr | Title Description Pages
b Flat zones filtering, connected
. 1 ier et.
P. Salem 95 | operators, and filters by IEETIL, vol.=4, no.=8 1153-1160
al. reconstruction
Morphological Partitioning of
P. Soille 96 R g & JEI, vol.=5, no.=3 252-26%
Multispectral Images
The morphological approach to
L. Vincent et. al. 89 A i i Report, ECOLE
segmentation: an introduction
Digital Image Processing
Morphological segmentation for Methods, edit.=E. R.
L. Vincent et. al. 94 ’ 43.102
textures and particles Dougherty, pub.=Marcel
Dekker, New York
Texture classification and
E. Wang et. al. 93 segmentation based on iterative JVCIR, vol.=4 197-214
morphological decomposition

Table A.16: Citation:Granulometries and shape description.

Author Yr Title Description Pages
] t. C-factor: a morphological
S. Banerjee ¢ 94 morpholos IMIV, vol.=4 4355
al. shape descriptor
. h The multiscale morpholo,
J. A. Bangham 04 o phology BOOK-SER-94 179-184
et. al. decomposition theorem
. t. Attribute openings, thinnings,
E. J. Breen ¢ 96 penings, & CVGIPIU, vol.=64, no.=3 a77-389
al. and granulometries
Texture classif. by GS
Y. Chen et. al. 92 ) ) SPIEPRC-CVCIP, vol.=1818 931-942
morphological granulometries
Optimal and adaptive
Y. Chen et. al. 97 reconstructive granulometric ELSSIG, vol.=61, no.=1 65-81
bandpass filters
Characterization of gray-scale
E. R. Dougherty 90 i ) SPIE, vol. 1350 120-137
morphological granulometries
Morphological texturebased
. hert; maximum-likelihood pixel
E. R. Dougherty | 4, : P PATR, vol.=25, no.=10 1181-1198
et. al. classification based on local
granulometric moments
Euclidean gray-scale
E. R. Dougherty 92 granulometries: representation jmiv, vol.=1 7-21
and umbra inducement
E. R. Dougherty 92 Detection of osteoporosis by SPIEPRC-CVCIP, San Jose,
et. al. morphological granulometries vol.=1660
Morphological
.R. D hert, attern-spectrum classification
E.R. Dougherty | g5 | Po¥iern=ep _ PATR, vol.=28, no.=1 81-98
et. al. of noisy shapes exterior
granulometries
Representation of linear
. R. Dougherty ranulometric moments for
£ # os | 8 . JVCIR, vol.=6, no.=1 69-79
et. al. deterministic and random
binary Euclidean images
Morphological r-openings and
E. R. Dougherty ?? | granulometries: binary to BOOK-HARAL .
Euclidean gray-scale
Morphological texture-based
E. R. Dougherty ” maximum-likelihood pixel
7 e PATR
et. al. classification based on local
granulometric moments
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continued from previous page (Citation:Granulometries and shape description)

Author Yr | Title Description Pages
Texture classification using
C. Gratin et. al. 94 neural networks and local BOOK-SER-94 309-316
granulometries
.J. A M. MM as a tool for shape Shape in Picture, Ed.="Y.L. O
H.J o4 s 8 P P i} 147-178
Heijmans description et. al., pub.= pringer, Berlin
Periodic lines: cascades, and
R. Jones et. al. 96 L . PATRL, vol.=17 1057-1063
application to granulometries
. J. Kraus et. Gray-scale granulometries
E.J. Krau 93 y-sca’e gre , . ELSSIG, vol.=34 117
al. compatible with spatial scalings
A mathematical morphological
C. K. Lee et. al. 96 approach for segmenting PATR, vol.=29, no.=8 1347-1358
heavily noise-corrupted images
Inverse problems for
J. Mattioli et. al. 92 K A IMIV, vol.=2 217-232
granulometries by erosion
Maximum-likelihood
J.T. Newell et. 92 | morphological granulometric SPIEPRC-IAMIP, vol.=1657 386-395
al- classifiers
Off-line signature verification
in et.
R. Sabourin e :24 by local granulometric size IEETP2, vol.=19, no.=9 976-088
al. distributions
Asymptotic granulometric
mixing theorem: morphological
F. Sand et. al. 98 A i . PATR, vol.=31, no.=1 53-61
estimation of sizing parameters
and mixture proportions
On Estimating Granulometric
. Sivak t. . T
K. Sivakumar et- 1 g5 | Discrete Size Distributions of PROCWATRS
al. Random Sets
* Table A.17: Citation:Watersheds.
Author Yr Title Description Pages
Segmentation of range images
M. Baccar et. al. 96 via data fusion and PATR, vol.=29, no.=10 1671-1687
morphological watersheds
The morphological approach to
S. Beucher et. al. 93 segmentation: the watershed BOOK-DOUGH 433-481
transformation
Watershed, hierarchial
S. Beucher 94 segmentation and waterfall BOOK-SER-94 69-76
algorithm
Gradient watersheds in
P. T. Jackway 96 IEETI1, vol.=5, no.=6 913-921
morphological scale-space
Topographic distance and
F. Meyer 94 8 X ELSSIG, vol.=38 113-125
watershed lines
Implementation of a distributed
A. Moga et. al. 94 BOOK-SER-94 281-288
watershed algorithm
Parallel image component
A. Moga et. al. 97 labeling with watershed IEETP2, vol.=19, no.=5 441-450
transformations
Watershed of a continuous
L. Najman et. al. 94 . ELSSIG, vol.=38 99-112
function
Automatic watershed
L. Shafarenko et. .
97 | segmentation of randomly IEETI1, vol.=6, no.=11 1530-1544

al.

textured color images
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continued from previous page (Citation:Watersheds)

Author

Yr

Title

Description

Pages

L. Vincent et. al.

91

Watersheds in Digital Spaces:
An Efficient Algorithm Based

on Immersion Simulations

IEETP2, vol.=13, no.=8

583-598

Table A.18: Citation:Skeletonisation.

Author

Yr

Title

Description

Pages

D. Attali et. al.

97

Computing and simplifying 2D

and 3D continuous skeletons

CVGIPIU, vol.=67, no.=3

161-273

S. Beucher

94

Digital skeletons in euclidean

and geodesic spaces

ELSSIG, vol.=38

127-141

B. K. Jang et. al.

90

Analysis of Thinning
Algorithms Using MM

IEETP2, vol.=12, no.=6

541-551

L. Ji et. al.

92

Fast Homotopy-Preserving
Skeletons Using MM

IEETP2, vol.=14, no.=6

653-664

R. Kimmel et. al.

95

Skeletonization via distance

maps and level sets

CVIU, vol.=62, no.=3

382-391

R. Kresch et. al.

92

Morphological
Multi-Structuring-Element

Skeleton and Its Applications

PROCISSSE, Paris

166-169

R. Kresch et. al.

93

Two-Sided Skeleton - A
Representation Composed of
Both Positive and Negative
Morphological Elements

PROCIWMM, Barcelona

145-150

R. Kresch et. al.

94

Morphological reduction of

skeleton redundancy

ELSSIG, vol.=38

143-151

R. Kresch et. al.

94

Morphological reduction of

skeleton redundancy

PROCIWMM, Barcelona

145-150

R. Kresch et. al.

94

Multi-Parameter Skeleton

Decomposition

BOOK-SER-94

141-148

R. Kresch et. al.

94

Multi-Parameter Skeleton

Decomposition

PROCMM, ISMM'94

141-148

R. Kresch et. al.

94

Skeleton Redundancy
Reduction Based on a

Generalization of Convexity

EUSIPCO, Edinburgh

R. Kresch et. al.

95

An Efficient Coding Scheme for
Binary Images Based on the
Morphological Skeleton

Representation

PROCIEE18S, Israel

R. Kresch et. al.

95

New Morphological Skeleton
Properties Leading to Its
Efficient Coding

IEEWNSIP, Greece

R. Kresch et. al.

95

Quadtree and Bit-Plane
Decomposition as Particular
Cases of the Generalized

Morphological Skeleton

IEEWNSIP, Greece

J. Madrid et. al.

93

Topological considerations on

gray level skeletonization

SPIEPRC-CVCIP, vol.=1818

392-401

P. Maragos

86

Morphological skeleton
representation and coding of

binary images

IEETAL, vol.=34

1228-1244

P. Maragos et.

al.

88

Threshold parallelism in
morphological feature

extraction, skeletonization and

pattern spectrum

SPIEPRC-CVCIP

106-115
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Author Yr Title Description Pagesa
MM and Image Analysis. II:
Examples of Topological Theoretical Advances, Ed.=J.
G. Matheron 88 Properties of Skeletons Serra, pub.=Academic Press, ch-=11
London
MM and lmage Analysis. II:
G. Matheron 88 Filters and lattices Theoretical Advances, Ed.=J. ch.=6
Serra, pub.=Academic Press,
London
Boundary-constrained
morphological skeleton
T.-W. Pai et. al. o minimization and skeleton IEETP2, vol.=16, no.=2 201-208
reconstruction
Comparison between the
J. M. Reinhardt 96 morphological skeleton and IEETP2, vol.=18, no.=9 051.957
et. al. morphological shape
decomposition
J. Serra 91 Skeleton decompositions Preprint
M. Schmitt 94 One pixel thick skeletons BOOK-SER-94 257-264
An analysis of hexagonal
R. C. Staunton 96 thinning algorithms and PATR, vol.=29, no.=7 1131-1148
skeletal shape representation
Analysis and implementation of
Z. Zhou et. al. 92 morphological skeleton CSSP, vol.=11, no.=1 253-2R0
transforms
Table A.19: Citation:Random models and tesselations.
Author Yr Title Description Pages
Incidence and lattice calculus
A. J. Baddely et. 95 with applications to stochastic AAECC, vol.=6, no.3 129-146
al- geometry and image analysis
Optimization in Voronoi
E. Bertin et. al. 94 BOOK-SER-94 209-216
diagrams
Maximum-likelihood estimation
for the two-dimensional
J. C. Handley et. o7 discrete Boolean random set GMIP, vol.=59, no.=4 221231
al. and function models using
multidimensional linear
samples
Discrete Random Set Models
3. Goutsias et. 91 for Shape Synthesis and SPIEPRC-CVCIP, Boston, 11-13
al. Analysis USA
Morphological Analysis of
J. Goutsias 9 Random Sets: An Introduction PROCWATRS
Optimal nonlinear filter for
signal-union-noise and
3. C. Handley et. | o | runlength malys;.s in the ELSSIG, vol.=51, no.=3 147-166
al. directional one-dimensional
discrete Boolean random set
model
o Performance analysis of a
E. Kalaitzis et. 94 | morphological Vorono} BOOK-SER-94 201-208
al. tessellation algorithm
A stochastic tessellation of
T. Lee et. al. 94 digital space BOOK-SER-94 217-224

continued on next page

MORPHOLOGICAL FILTERING

M.H. Sedaaghi



Morphological citations in English

184

continued from previous page (Citation:Random models and tesselations)

Author Yr Title Description Pages
" Liquid phase sintered materials
J. L. Quenec 94 | modelling by random closed BOOK-SER-94 225-232
et. al. sets
Algebraic analysis of the
generating functional for
N.D. Sidiropoulos o4 discrete random sets and IMIV, vol.=4 273200
et. al. statistical inference for
intensity in the discrete
Boolean random-set model
N Monte-Carlo estimation of
i t.
K. Sivakumar ¢ 94 | morphological granulometric BOOK-SER-94 233-240
al. discrete size distributions
g Table A.20: Citation:Algorithmic techniques.
Author Yr | Title Description Pages
An evaluation of priority
E. Breen et. al. 94 BOOK-SER-94 249-256
queues for MM
t. Morphogenesis simulations
R. Brémond e 9q | T OTPROES BOOK-SER-94 207304
al. | with lattice gas
A morphological point thinning
J. Brown et. al. 96 N PATRL, vol.=17, no.=2 197-207
algorithm
hert;
E. R. Dougherty | o, | o) imputational MM ELSSIG, vol. =38 21-29
et. al.
M. v On the implementation of
94 . . BOOK-SER-94 241-248
Droogenbroeck morphological operations
An efficient implementation
S. Fejes et. al. 94 technique of adaptive BOOK-SER-94 273-280
morphological operations
Implementation of linear digital
iet.
M. Khosravi e 94 | filters based on morphological IEETS1, vol.=42, no.=9 2264-2275
al. representation theory
Block basis matrix
implementation of
S. J. Ko et. al. 95 . A IEESL1, vol.=2 7-9
morphological open-closing and
clos-opening
A digit-serial architecture for
L. Lucke et. al. 95 gray-scale morphological IEETI, vol.=4, no.=3 387-301
filtering
Visualization of Minkowski
. M.
J.B.T 94 operations by computer BOOK-SER-94 289-206
i t. al.
Roerdink et. a graphics techniques
. Table A.21: Citation:Decomposition techniques.
Author Yr Title Description Pages
Multiscale Nonlinear
. ham s
J. A. Bang 96 Decomposition: The Sieve IEETP2, vol.=18, no.=5§ 529-539
et. al. Decomposition Theorem
Decomposition of mappings
. J. F. Banon between complete lattices b,
G- 93 . v ELSSIG, vol.=38 209.327
et. al. mathematical morphology:
Part I. General Lattices
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Author Yr Title Description Pages
Set operator decomposition and
G.J. F. Banon 94 conditionally translation BOOK-SER-04 512
et. al. invariant elementary operators
R. van den 29 Decomposition of structuring |EETP2
Boomgaard elements
Ol. 1. Camps et. 96 Gray-scale SE decomposition IEETII, vol.=35, no.=1 111-120
al.
The indecomposability problem
P. K. Ghosh 96 in binary morphology: an JMIV, vol.=6, no.=2/3 169-198
algorithmic approach
A Euclidean distance transform
C.T. Huang et. 94 using grayscale morphology 1EETP2, vol.=16 443-448
al. decomposition
Algorithms for the
R. Jones et. al. 94 Decomposition of Gray-Scale IEETP2, vol.=16, no.=6 581-588
Morphological Operations
A Comparison of Pyramidal
Image Decomposition SPIEPRC-1IAMIP, San Diego,
X. Kong et. al. 9 Techniques for Image California 11-16
Compression
Composite morphological filters
W. Li et. al. 95 in multiresolution IECIPAIA, no.=410 7562-756
morphological decomposition
Combinatorial and
F. Mount et. al. G. 91 computational aspects of Con cs, vol.=119 107-124
Minkowski decomposition
C. H. Richardson 01 A lower Bound for SE IEETP?2, vol.=13, no.=4 365-360
et. al. Decompositions
Color image coding using
L.A. Overturf et. 95 morphological pyramid IEETI1, vol.=4, no.=2 177-185
al. decomposition
Doptimal ecomposition of
Convex morphological SEs for .
H. Park et. al. 94 4-Connected Parallel Array IEETP2, vol.=16, no.=3 304-313
Processors
H. Park et. al. 95 Decomposition of f\rbnranly IEETP2, vol.=17, no.=1 2.15
shaped morphological SEs
3-D spatiotemporal subband
decompositions for hierarchical
S..C. Pei et. al. 94 R . i ELSSIGIC, vol.=6 83-99
compatible video coding by
MM
Hierarchical image
S..C. Pei et. al. 95 representation by mathematical PATRL, vol.=16 183-192
morphology subband
decomposition
Morphological shape
1. Pitas et. al. 90 decomposition IEETP2, vol.=12 38-43
Size-sensitive multiresolution
P. Salembier et. 92 decomposition of images with ELSSIG, vol.=27, no.=2 2053-241
al. rank order based filters
A simplified algorithm for
approximate separable
B. Singh et. al. 96 decomposition of morphological PATR, vol.=29, no.=9 1519-1522
templates
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Author Yr Title Description Pages
Decomposition of gray-scale
P. Sussner et. al. 97 morphological templates using IEETP2, vol.=19, no.=6 649-658
the rank method
A morphological pyramidal
A Toet 8 image decomposition PATRL, vol.=9 265-261
Decomposition of convex
3. Xu 91 polygonal morphological SEs IEETP2, vol.=13, no.=2 153-162
into neighbourhood subsets
Morphological decomposition of
J. Xu 96 2-D binary shapes into simpler PATRL, vol.=17, no.=7 759-769
shape parts
Morphological decomposition of
2-D binary shapes into
J. Xu % conditionally maximal convex PATR. vol.=29, no.=7 1075-1104
polygons
Morphological SE
X. Zhuang et. al. 86 decomposition CVGIP, vol.=358 370-382
Decomposition of
X. Zhuang 94 morphological structuring JMIV, vol.=4 5-18
elements
. Table A.22: Citation:Fast algorithms.
Author Yr Title Description Pages
A new set of fast algorithms for
A. Bleau et. al. 92 mathematical morphology: 1. CVGIPIU, vol.=58 178-209
Idempotent geodesic transforms
R. v. d. Methods for Fast morphological
Boomgaard et. 92 image transforms using CVGIP, vol.=54, no.=3 252-258
al. bitmapped binary images
The geodesic morphological
P. Brigger et. al. 94 skeleton and fast BOOK-SER-94 133-140
transformation algorithms
M. van Fast computation of
Droogenbroeck 96 morphological operations with PATRL, vol.=17, no.=14 1451-1460
et. al. arbitrary SEs
X A fast thresholded linear
J. Kisacanin et. 94 convolution representation of IEETI, vol.=3 455-457
al. morphological operations
Fast recursive algorithms for
morphological operators based
S. J. Ko et. al. 96 . . IEETI1, vol.=5, no.=6 1073-1077
on the basis matrix
representation
Speeding up Successive
J. Pecht 85 . . ) PATRL, vol.=3 113-117
Minkowski Operations
A Fast Algorithm for the .
D. Schonfeld and 88 Morphological Coding of SPIEPRC-CVCIP, Cambridge, 011
J. Goutsias Binary Images Massachusetts
Direct Implementation of
M. H. Sedaaghi 97 | open-closing in morphological ELEC-LET, vol.=33, no.=3 198-199
filtering
. H. Sedaaghi A Direct technique for
:’:. al. ® o7 morphological filters ICEE, 5th. Conf. 7.80-7.85
Real-time implementation of
M. H. Sedaaghi R
ot ol 97 | grey-scale morphological ELEC-LET, vol.=33, no.=21 1761-1763

operators
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Author Yr | Title Description Pages
A reliable hardware for
M. H. Sedasghi 98 grey-scale morphological ISCSDSP 1st. 6-8 April, 147-150
et. al. fltering Sheffield
M. H. Sedaaghi Hardware for grey-scale
98 X i PDPTA 13-16 July, Las Vegas
et. al. morphological filtering
Fast grayscale granulometry
L. Vincent 94 algorithms BOOK-SER-84 205-272
A fast implementation of 1-D
D. Wang et. al. 94 GS morphological flters IEETCI, vol.=41, no.=9 634-636
Table A.23: Citation:Applications.
Author Yr | Title Description Payges
Multiscale median and
J. A. Bangham 94 | morphological filters for 2D ELSSIG, vol.=38 387-415
et. al. pattern recognition
J. Cardillo et. al. | 96 ::":i‘re:“::i::'::’:: ;M PATR, val.=29, no.=1 27-49
Morphological scheme for
J. Casas et. al. 94 morphological analysis of BOOK-SER-94 325-332
epidermal biopsy images
Detection of occluded circular
A. R. Chaudhuri 95 objects by morphological ELSSIG, vol.=46, no.=2 233-242
et. al. operators
Variable duration hidden
M.-Y. Chen et. g5 | Markov model and IEETI1, vol.=4, no.=12 1675-1088
al. morphological segmentation for
handwritten word recognition
Impulsive noise suppresion and
C. H. H. Chu et. 89 background normalization of IEETB1, vol.=36, no.=2 262-273
al. ECG signals using
morphological operators
Bayesian morphological peak
estimation and its application
E. R. Dougherty 96 to chromosome counting via PATR, vol.=29, no.=6 987-996
et. al. fluorescence in situ
hybridization
M. Duff 79 .Parallel proce.ssors for digital AIDIM 265-279
image processing
Design and use of DIP-1: A
F. Gerritsen et. 81 fast flexible and dynamically PATTERN RECOGNITION, 319-330
al. microprogrammable image vol.=14
processor
M. J. E. Golay 69 i::?:::::::"el pattern IEETC4, vol.=C-18 733-740
The Diff3 analyzer: A
D. Graham et. 80 | parallel/serial Golay image RTMIP 163-182
al. processor
Single object geometry - the
B. V. Howard 94 stereology of registered serial BOOK-SER-94 305-308
sections
J. C. Klein et. al. | 77 | The texture analyaer J. Microscopy, vol.=95 349-356
Obtaining a 3-D orientation of
J.-S. Kwon et. al. 96 projective textures using a PATR, vol.=29, no.=5 725-732
morphological method

continued on next page
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noise reduction using MM

Author Yr | Title Description Pages
Image processing: a key to
B. Lay 94 | success in industrial BOOK-SER-94 341-352
applications
Finding mesoscale ocean
S. M. Lea et. al. 92 i RSE, vol.=44 25-33
structures with MM
Grey-tone skeletons of
elongated objects using the
L. Leboucher et. 94 concept of morphological PATRL, vol.=15 309-315
al. automaton. Application to
images of DNA molecules
Residues of morphological
W. Li et. al. 97 filtering by reconstruction for PATR, vol.=30, no.=7 1081-1003
texture classification
A morphological approach to
text string extraction from CVGIP, Graphical Models and
S. Liang et. al. o4 regular periodic overlapping Image Proc., vol.=56, no=§ 403413
text/background images
Segmentation of handwritten
interference masks using
S. Liang et. al. 97 multiple directional stroke IEETII, vol.=6, no=8 1195-1202
planes and reformalized
morphological approach
Fast color image quantization
T.-S. Liu et. al. 95 with error diffusion and ELSSIG, vol.=43, no.=3 293-303
morphological operations
A lip-tracking system based on
M.W. Mak et. al. 94 morphological processing and ELSSIGIC, vol.=8 335-348
block matching techniques
Optimal Morphological Proc. 2nd International
P. Maragos 88 approaches to Image Matching Conference on Computer
and Object Detection Vision, Florida
Morphology-based symbolic 1EEProc. Computer Society
image modeling, multi-scale Conference on Computer
P. Maragos 88 nonlinear smoothing, and Vision and Pattern
pattern spectrum Recognition, Ann Arbor
Automatic quantification of
F. Marqués et. 04 spine parameters from X-ray BOOK.SER.94 333-340
al. images by means of
morphological tools
Fusion of MR and CT images
S. Marshall et. 94 | of the human brain using BOOK-SER-94 317-324
al. multiresolution morphology
G. K. Application of morphological
Matsopoulos et. 95 pyramids: fusion of MR and JVCIR, vol.=6, no.=2 196-207
al. CT phantoms
Application of morphological
operators to supervised
C. Mering et. al. 94 multidimensional data BOOK-SER-94 361-368
classification
The Effect of Morphological
J. A. Noble 96 Filters on Texture Boundary IEETP2, vol.=18, no.=5§ 554-561
Localization
A new algorithm for image
R. A. Peters I1 95 IEETI1, vol.=4, no.=5 554-568
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Author Yr Title Description Pages
Signal and image processing
K. Preston et. al. 92 using 3D binary ranking CSSP, vol.=11, no.=1 137-151
transforms
Conditional morphological
S. J. Rees et. al. 95 operators for direct feature IECIPAIA, no.=410 747-751
extraction and enhancement
Implementing mathematical
A LT 95 morphological in IECIPAIA, no.=410 847-851
Rowstron et. al. ISETL.LINDA
Optimal single-stage
K. R. Rystrom o5 restoration of subtractive noise JEL vol.=4, no.=3
et. al. corrupted images by a
morphological closing
Proc. of the Workshop
i . “Multidimensional Signal
D. Schonfeld et. 89 Parametric Morphological . Processing”, R, Asilomar 6-8
al. Filters for Pattern Restoration .
Conference Center, Pacific
Grove, California
D. Schonfeld et. 89 Optimal Morphological Filters SPIEPRC-CVCIP, 810
al. for Pattern Restoration Philadelphia, Pennsylvania
Optimal SEs For the
D. Schonfeld 94 Morphological Pattern IEETP2, vol.=16, no.=6 589-601
Recognition of Binary Images
Optimal Morphological Pattern
D. Schonfeld and 91 Restoration from Noisy Binary IEETP2, vol.=13 14-29
J. Goutsias Images
M. H. Sedaaghi g7 | A syntactic approach to CSICC'97, Tehran, 22-24 Dec. | 31-36
et. al. fingerprint classification
Journal of Microscaopy,
J. Serra 87 Morphological optics 1-22
vol.=14%
Optimal filtering of digital
N.D. Sidiropoulos 94 binary images corrupted by 1EETI1, vol.=3 382-403
et. al. union/intersection noise
Discrete Black and White
D. Sinha et. al. 90 Object Recognition Via IEETP2, vol.=12, no.=3 275-203
Motphological Functions
Application of Morphological
M. M. Skolnick ge | [ransformations to Athe CVGIP, vol.=35, no.=3 283-305
analysis of 2D Electrophoretic
Gels of Biological Materials
X. Song et. al. 93 Robust edge detectors based on PATRL, vol.=14 889-804
morphological filters
Morphological Feature
J. P. Thiran et. 96 Extra.ction for the IEETBI, vol.=43, no.=10 1011-1020
al. Classification of Digital Images
of Cancerous Tissues
An approach to QRS complex
P. E. Trahanias 93 detection using mathematical IEETB]1, vol.=40, no.=2 201-205
morphology
Adaptive MM for Range
J. G. Verly et. al. | 93 Imagery IEETI, vol.=2, no.=2 272-275
Morphological extraction of
T. Viero et. al. 95 line networks from noisy JVCIR, vol.=86, no.=4 315-347
low-contrast images
L. Vincent 88 { MM on graphs SPIEPRC-CVCIP, Cambridge 95-108
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Author Yr Title Description Pages
L. Vincent 89 Graphs and MM ELSSIG, vol.=186 365-388
MM for graphs applied to
i R Proc. Electronic Imaging West,
L. Vincent 89 | image description and 313-318
N Pasadena, vol.=1
segmentation
Morphological GS
reconstrcution in image
L. Vincent 93 . L IEETI1, vol.=2, no.=2 176-201
analysis: applications and
efficient algorithms
Grayscale area openings and
K X . MM and its Applications to
closings, their efficient .
L. Vincent 93 i Signal Processing, Barcelona, 22.27
implementation and .
. Spain
applications
Morphological grayscale
01 reconstruction in image IEETI1 =2 176.201
. vol.= -20
L. Vincent analysis: efficient algorithms vve
and applications
Bounded gray-level morphology
D. Wang et. al. 96 and its applications to image IEETC], vol.=5, no.=6 1067-1072
representation
04 Morphological operations on IEETI =1 17
. =14 = -
G. R. Wilson crack coded binary images P ve 3, no.=3 1-176
i t. Morphological restoration of
D. L. Wilson e 95 P! . 4 Langmuir, vol.=11 265-272
al. AFM images
03 Gray Level Image Enhancement SPIE.NFIP. vol.=1902 202
. - , vol.= y -29
$. 5. Wilson Using a Projected Thickening
Directional MM and
t. Reformalized Hough
H. Yamada e 93 S Tene IEETP2, vol.=15, no.=4 380.387
al. Transformation for the
Analysis of Topographic Maps
J. Yang et. al. 95 Boundary detection using MM PATRL, vol.=18, no.=12 1277-1286
Min-max classifiers:
P.-F. Yang et. al. 95 learnability, design and PATR, vol.=28, no.=6 879.899
application
Directional morphology and its
J. Yang et. al. 95 application in boundary IECIPAIA, no.=410 742-746
detection
Convexity dependent
. et. morphological transformations
R. D. Zhang 94 phological trans’ PATR, vol.=27 135-148
al. for mode detection in cluster
analysis
. Table A.24: Citation:Books.
Author Yr | Title Description
. R. Dougherty Image Processing - Continuous to .
E & 87 . Prentice-Hall, Englewood Cliffs, NJ
et. al. Discrete
, SPIE, Tutorial Texts in Optical
An Introduction to Morphological
E. R. Dougherty 92 ] Eng., vol.=TT 9, Washington
Image Processing
. Marcel Dekker, New York
E. R. Dougherty 93 MM in Image Processing ar » hew Tor
. R. Dougherty . .
E . & 97 Nonlinear Filters for Image Proc. SPIE-OEP
et. al.
C. R. Giardina gg | Morphological Methods in Image

et. al.

and Signal Processing

Prentice-Hall, Englewood Cliffs, NJ.
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Author Yr | Title Description
R. M. Haralick 7? MM: Theory and Hardware Oxford University Press
AM. Academic Press, Bost

H.J.AM 94 Morphological Image Operators onton
Heijmans

2D Digital Signal Processing II: Springer, Berlin
T. S. Huang 81 . .

Transforms and Median Filters

Random sets and integrated Wiley, New York
G. Matheron 75

geometry

. X Kluwer Academic Publishers,

Mathematical morphology and its .

P. Maragos et. L. . N Computational Iinaging and Vision,
96 applications to image and signal

al. ) Boston

processing

o X Springer, Lecture Notes in
Limit theorems for unions of random K
1.S. Molchanov 93 Mathematics, vol.=1561
closed sets

NATO ASI Series, Driebergen, The

Shape in Picture: Mathematical
Netherlands, Springer, Berlin,

92 Description of Shape in Grey-Level
Y-L. O et. al. escrip P 4 vol.=126
Images
. Academic Press, New York
J. Serra 82 Image analysis and MM
Academic Press, New York, Vol. =2:
J. Serra 88 Image analysis and MM Theoretical advances

. L X Kluwer Academic Publishers, T'he
MM and its applications to image

J. Serra et. al. 94 . Netherlands

processing
M. Schmitt et. . Morphology: Algorithms and Cambridge University Press
al. a Applications

. Cambridge University Press,
03 Convex Bodies: the Cambrid

. id ambridge
R. Schneider Brunn-Minkowski Theory 8

J. C. Simon 89 From Pixels to Features North Holland, Amsterdam

. Table A.25: Citation:Thests.

Author Yr Title ‘ Description Tp
MM: Extensions towards comp.
R. van den 92 . P University of Amsterdam TH
Boomgaard vision
Mutltivalued morphology and Ecole Polytechnique Fédérale De
C. Gu 95 . . TH
: segmentation-based coding Lausanne

Morphological Scale-Space With
P. T. Jackway 94 Application to 3D Object Queensiand Univ. of Tech. TH

Recognition

Morphological image representation
R. Kresch 95 v ] g i g L4 Israel Institute of Tech. TH
for coding applications

Design and implementation of a University of Linkoeping,

B. Kruse 77 \ . . ™
picture processor Linkoeping, Sweden
Unified Theory of
Translation-Invariant Systems with School of Electrical Engineering,

P. Maragos 85 L. . . TH
Applications to Morphological Georgia Ins. of Tech., Atlanta
Analysis and Coding of Images
Image analysis methods based on

P. F. M. Nacken 94 hierarchies of graphs and multi-scale University of Amsterdam TH
MM
Distance Transform: Metrics,

B. J. H. Verwer 91 Deift University of Technology TH

Algorithms and Applications
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Appendix B

Existing relations & proof of

some equations

B.1 Existing relations

The following relations are valid for the operators defined so far. They
have been collected from literature and we have completed and corrected them
based on our definitions. Some of the relations are proved in appendix B .
The symbol (SA) before some of the equations means that there exists the

same relations for dilation/erosion as the relation mentioned for Minkowski

addition/subtraction
®
M .
A B=A®B. (B.1.1)
M .
AeB=A4eB. (B.1.2)
o Duality:
M M
A© B= (49 B)". (B.1.3)
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M M
A® B =(A°S B)°. (B.1.4)
Ao B=(A°® B)". (B.1.5)
A®B = (A°0 B)°. (B.1.6)
feg=(foy" (B.1.7)
feg=(fre39)" (B.1.8)
AoB = (A°e B). (B.1.9)
Ae B = (A0 B)". (B.1.10)
fog=(fe3). (B.1.11)
feg=(f 09y (B.1.12)
o Commutative:
M M
A®B=B®A. (B.1.13)
A®B=BoA. (B.1.14)
feg=go/f (B.1.15)
e Distributive: (SA)
M M
Ao (JB)=JA e B). (B.1.16)
iel i€l
A8 (" B) =4 & By). (B.1.17)
iel iel
(fvg)oh=(fah)V(gdh). (B.1.18)
(fAg)©h=(fSh)A(g0h). (B.1.19)
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e (SA)
(AG&B)&C=(A8C)® B. (B.1.20)
(fogoh=(foh) oy (B.1.21)

o Associative (chain rule):

ABD=A®BSC)=(A®B)&C. (B.1.22)
U8B EC=(A8C)8B=A6B&C).  (B1.23)
(A@B)©C=A® (B®C). (B.1.24)
(AeB)6C=A46(B&C). (B.1.25)
(fog@h=Ffo(90h). (B.1.26)
(fegloh=fo(gah). (B.1.27)

The length (len) of the input signal after morphological operations equals
to its original size (e.g. len(f) = len(f © g)). However Equations B.1.26
and B.1.27 are true only if len(g @ h) is extended to len(g) +len(h) — 1,

otherwise they can not be true. As an example let

f= {8a272’711’1a370a4,7}a
9= {112’3., 231}, (B128)
h = {0,=2,0},

(underlined values in g and h show the position of their origins). len(f) =

10, len(f@g) = 10, len((f®g)@h) = 10, len((fOg)Oh) = 10,len(g) =5,
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len(h) = 3, len(g® h) = 7(> len(g)). Then we will have (* means it has
not been defined)

godh= {*,-1,0,3,1,2,%},

f®g=1{*%978,7,3,6,6,%%},

(fog®h= {,%,%,10,8,9,8,4, %, %, x} = f ® (¢ ® h),
feg=1{*+%0,0,0,—-1,-1,0,-2, %%},

(fogoh= {*,%,%,—-1,-2,-2,-1,=-3,%,%,x} = fS (¢ D h).

The extended relation of the above equations can be written as:

M M M M M M
AS(B1® - ®By)=(---A0B))6---0 B,). (B.1.29)

fO@® - ®g)=((f09)OOg) (B.1.30)

e Scale invariant: (SA)

oA ® aB = a(A® B). (B.1.31)
QA8 aB = a(AS B). (B.1.32)
af ®ag=a(f© ). (B.1.33)
af oag=a(fOg) (B.1.34)
aAoaB =a(AdoB). (B.1.35)
aAeaB=a(AsB). (B.1.36)
afoag=a(fog). (B.1.37)
af eag=a(feg). (B.1.38)

where « is a real number.
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e Compatibility under change of scale: (SA)

A5a3=q253y (B.1.39)
AgaBzmggBy (B.1.40)
f@ag=M£®m. (B.1.41)
feagzdgew. (B.1.42)

Similar compatibility exists for opening and closing

e Scaling with convez sets: (SA) The set A is convex if Vz,y € A, o € [0,1):

az+ (1—-a)y € A. If A is convex and « and B are positive real scalars,

then:
M
ad @ A = (a+ P)A. (B.1.43)
af ® Bf = (a+B)f. (B.1.44)

Therefore we can say that a convex set S is divisible for all integers v > 0:

1 M ] M M1
A=A -Ad.--® -A. B.1.45

7 > . (B.1.45)

04 ?;rms

or equivalently:
M M M

YA=AGAD---DA. (B.1.46)

v terms
=fOfD - Df. (B.1.47)

v terms
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e Translation Invariance:

M M
(A), ® B=(A® B),. (B.1.48)

M M
A®(B), =(A® B),. (B.1.49)
(A), ® B=(A® B),. (B.1.50)
A® (B):=(A® B)_,. (B.1.51)
(e®9=(fDY)a (B.1.52)
f@(9e=(fD9)-a (B.1.53)

M M
(A), © B= (Ao B),. (B.1.54)

M M
Ao (B),=(A6 B)_,. (B.1.55)
(A);© B= (A6 B);. (B.1.56)
Ao (B),=(A6 B)_,. (B.1.57)
(flz09=(f©9)s (B.1.58)
fe (g)x = (f © g)x- (B.1.59)

The following equations will then be true:
M M M M M
A®B &---® (B,); ©:---® By=
M M M M M (B.1.60)
(AEBB} D B, H---P BN)z
feéq @@ (gn): &0 =

1 (9) N (B.1.61)

(f@gl Db gn D gN)—:c-
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e Insensitivity of opening and closing to translation of SE:

Ao(B),=AoB. (B.1.62)
Ae(B),=AeB. (B.1.63)
fo(g)z=Tfog. (B.1.64)
fo(9)z=feg (B.1.65)

e Shift compensation in image by properly shifting of SE:

(A); & (B)-s = A ® B. (B.1.66)
(4), ® (B), = A® B. (B.1.67)
(H®(9)z=fDg (B.1.68)

Similarly we can compensate the shift in image with a proper shift in one

of the decomposed SEs:

M M M M M

M M M M M (B169)

A®B, &---® B, ®&--© DBy.

(A);®B, ©---® (B,)), ©--® By=
(B.1.70)

A®D, ®--® B, ©--® By

(fl2®g OB (o) O ® —
I (B.L.71)

fOoqg & g, DD gn.
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7 () (b) TS )

M
Figure B.1: Extensivity: (a):A, (b):By, (¢):A @ By, (d):Bs, (e):A ég Bs.

e FErtensivity: (SA) Minkowski addition is extensive if the origin belongs
to SE. Figures B.l-a, b, d show an image and two SEs denoted by A,
B, and B, respectively. B, does not include the origin. Figures B.l-c,
e, denoted by A Qé By and A g B, show the result of the Minkowski
addition of A by B, and B, respectively. We see that A C A éé By, but
Ag A ‘eg B,. For extensivity discussion of morphological operators refer

to Table 2.3.

o Anti Extensivity: (SA) Minkowski subtraction is anti extensive if the
origin belongs to SE. Figures B.2-a, b, d show an image and two SEs
denoted by A, By and B, respectively. By does not include the origin.
Figures B.2-c, e, denoted by A g B, and A g B; show the result of
the Minkowski subtraction of A by B; and B, respectively. We see that
A 29[ B, C A,but A 5 By ¢ A. Similar anti-extensivity exists for erosion.

For anti-extensivity discussion of morphological operators refer to Table

2.3

< () A (b) S (d)

s M
Figure B.2: Anti extensivity: (a):A, (b):By, (¢):A © By, (d):Bs, (e):A © Bs.
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e (SA)
(A & (B & C)) C ((A & B) & C) . (B.1.72)

e Adjunction relation: (SA)

M M
BC(Ae(C)«< (B () C A. (B.1.73)
[ J
BC (--(A6C)&--)&¢C
= SR A 1 e e N <:>
P e (B.1.74)

M
(--BoC)®---)®Cy CA.

e Increasing: (SA)

M

BCC= (B&D)C(C®D) (B.1.75)
M M

BCC= (B&D)C(C&D) (B.1.76)

Figure B.3 illustrates the property of increasing in Minkowski addition
and subtraction. Parts a, b and g show B, C and D respectively (B C C).
Parts ¢, d, e and f show B é; D, C Qé D&B g D and C g D respectively.
\\’enoticethatBégDCCé}gDanngDCCgD.

: @) 1 HH (b)." b (c).... (e)... o (f).... @

M M

Figure B.3: Increase: (a):B, (b):C, (c):B @ D, (d):C & D, (e):B g D,
M

(f):C & D, (g) D.

BCC= (BoD)C(CoD). (B:%77)

BCC= (BeD)C (CeD). (B.1.78)

MORPHOLOGICAL FILTERING M.H. Sedaaghi



B.1 Existing relations 202
figh=hHheg< 2Dy (B.1.79)

hH<fo=f69<L f2679. (B.1.80)

fi£fa= ficg< faoy. (B.1.81)

fi<fi=fieg< faeyg. (B.1.82)

e Anti-increasing: (SA)
M M
BcC=(AeB)D>(Ae0). (B.1.83)

Figure B.4 illustrates Equation B.1.83: Parts a, b and ¢ show A4, B

and C respectively (B C C). Parts d and e show A 29’ B and A 29’ C

: M M
respectively (A6 B D A© C).

(b) (c)

Figure B.4: Anti increasing: (a):4, (b):B, (c):C, (d):A g B, (e):A g C.

G <gp=>f0n<fdg.

G <gp=>fon2fOg.

e (SA)

M .
A6 A= {0}

e (SA)

M M M
A®(BUC)= (A B)U(A® O).

(B.1.84)

(B.1.85)

(B.1.86)

(B.1.87)
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. (S4)

AS (BUC)= (A8 B)N(ASC). (B.1.88)
. (SA)

(BNC)B A= (BEAN(CS A). (B.1.89)
e (S4)

AB(BNC)C(A®B)N(A&C). (B.1.90)
e (SA)

AB(BNC)D (A8 B)U(ASC). (B.1.91)
. (SA)

(BUC)S AD (B A)U(C & A). (B.1.92)

Open set: The set A is open with respect to B if

AoB = A. (B.1.93)

Closed set: The set A is close with respect to B if

Ae B = A (B.1.94)

Sieving: If B is open with respect to C, then:

(AoB)C(AoC)CAC (AeC)C (Ao D). (B.1.95)

e (SA) If B and g are symmetric, then

M M M
A®B=(A®B)oB=(AeB)®B. (B.1.96)
f@g=(fDglog=(feg)®yg. (B.1.97)
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AoB=|J{Bz:B, C A}. (B.1.98)

AeB={z:z€B,= B,NA#0Q}. (B.1.99)

e Morphological gradient: Dilation and erosion often are used to compute

the morphological gradient of an image denoted by GRAD:
GRAD = (f®g) - (foy9). (B.1.100)

As opposed to gradients obtained using methods such as a Sobel oper-
ation, morphological gradients obtained using symmetrical structuring
elements tend to depend less on edge directionality. This price paid for

this advantage is significant increase in computational requirements.

e Top-hat transformation: The so called morphological top-hat transfor-

mation of an image, denoted by TOPH AT, is defined as
TOPHAT = f — (f o g). (B.1.101)
It is useful for enhancing detail in the presence of shading.

e Granulometry: Granulometry is a field that, among other things, deals
with determining the size distribution of particles in an image. The
following morphological approach can be used to determine size distri-
bution. Opening operations with structuring elements of increasing size
are performed on the original image. The difference between the original
image and its opening is computed after each pass with a different struc-
turing element is completed. At the end of the process, these differences
are normalised and then used to construct a histogram of particle-size

distribution.
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e Hit-or-miss operator ®: Hit-or-miss operator ( [78]) uses two binary SEs
B and C which have empty intersection (otherwise it will not be a mean-

ingful operation) and is defined as:

A®(B,C) ={z:B, CAC,C A%}
(B.1.102)
=(AeB)n (A6 0).
If B and C have even one pixel in common, the sesult will be empty
set. In hit-or-miss, some properties similar to B in foreground and C in

background of the image is required. Hit-or-miss is not increasing but

translation invariant:
(4): ® (B,C) =[A® (B,C)].. (B.1.103)

Figure B.5 illustrates an example. Parts a, b, ¢ and d respectively show

A A® (B,C), B and C. Hit-or-miss transformations are often used

(a) (b) () (d)

Figure B.5: Hit-or-miss operation. (a):A4, (b):A® (B,C), (c):B, (d):C.

in digital topology where these transformations can be used to detect
specific topological configuration in an image. Some applications of hit-

or-miss operator can be found in [78, 36].

e Boundary eztraction: The boundary of a set A, denoted by B(A), can be
obtained by

B(A) = A— (Ao B). (B.1.104)

where B is a suitable SE.
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e Convez hull:

Let B',i = 1,2,3, 4 represent four structuring elements. The procedure

to make convex hull is as follows.
",‘; = (X@B") UA, i=1,2,3,4 and k=1,2,3,... (B.1.105)

with X} = A. Now let D' = X}, where the subscript “conv” indicates

convergence in the sense that X; = X;_;. Then the convex hull of 4 is
4

c(4) =o' (B.1.106)
i=1

In other words, the procedure consists of iteratively applying the hit-or-
miss transform to A with B'; when no further changes occur, we apply
the union with A and call the result D!. The procedure is replaced with
B? until no further changes occur, and so on. The union of the four

resulting D’s constitutes the convex hull of A.

e Thinning: The thinning of a set A by a structuring element B, denoted

by A ® B can be defined in terms of the hit-or-miss transform:
AB=A-(A®B)=AN(A® B)". (B.1.107)

A more useful expression for thinning A symmetrically is based on a

sequence of structuring elements:
{B} = {B',B%, B%...B"} (B.1.108)

where B! is a rotated version of B*~!. Using this concept, we now define

thinning by a sequence of SEs as
A®B=((...(A®B")® B?)...)® B"). (B.1.109)

In other words, the process is to thin A by one pass with B!, then thin
the result with one pass of B2, and so on, until A is thinned with one

pass of B™. The entire process repeats until no further changes occur.
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e Thickening: Thickening is the morphological dual of thinning and is de-

fined by the expression
A®B=AU(A®B). (B.1.110)

where B is a structuring element suitable for thickening. Thickening can

be defined as a sequential operaton:
AOB=((...(A®@B")© B?%...) 0 B"). (B.1.111)

The usual procedure practical for thickening is to thin the background of
the set in question and then complement the result. Depending on the
nature of A, this complementary procedure may result in some discon-
nected points. Hence thickening by this method usually is followed by a

simple post-processing step to remove disconnected points.

Skeletons: Serra [78] showed that the skeleton of a set (region) A can be
expressed in terms of erosions and openings. That is, with S(A) denoting

the skeleton of A, it can be shown that

S(4) = | Sk(4) (B.1.112)
with
Si(4) = | J{(A©kB) - [(A©kB) o B} (B.1.113)
k=0

where B is a structuring element, (A©kB) indicates k successive erosions

of A; that is
(AekB)=((...(A6B)eB)e...)oB

L times, and K is the last iterative step before A erodes to an empty set.

In other words,

K =max{k | (A© kB) # 0}.
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e Annular opening and closing: With annular opening, parts of an image
are removed on the basis of their isolation, while with the usual structural
opening, parts of an image are removed on the basis of their size [35]. It

is defined as:

OPpnn = AN (A® B). (B.1.114)
Similarly annular closing is defined as

CLanm = AU (A S B). (B.1.115)
and it removes isolated hole points.

e Geodesic operators and operators by reconstruction: Geodesic GS dilation

(6'(f, 7)) and erosion (¢'(f,)) of size 1 are defined respectively as: ([68])

6*(f,r) = min{& (f), 7}, (B.1.116)
e(f,r) = =8 (=f, -1), (B.1.117)

where r is a reference, and 4, is dilation. Reconstruction by dilation is

defined as:

yee(f,r) = 5(00)(f’,.) -.. .5(1)(. . .5(1)(f,,~) coo,1). (B.1.118)
Reconstruction by erosion is defined as:

o (f,r) = € (f,r) = eD(- M (f,r)--- 7). (B.1.119)

Opening by reconstruction of opening is defined as: ¥"}(op(f), f). Clos-
ing by reconstruction of closing is similarly defined as: ¢ (cl(f), f).
Opening by partial reconstruction is defined as: ("¢ (e,(f), vc(f)). Sim-
ilarly closing by partial reconstruction is defined as: ¢ (8,(f), #x(f))-
In above equations if k& = n, then the above relations will be classical
opening and closing. For k& = 0, they will be opening and closing by

reconstruction.
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B.2 Proof of some morphological operations

i. Proof of Eq. 2.5.6:

M ?
A©B = N (A )
) beB
(B)z = {z—-b:b€ B} ,
M Egq. 2.5.5 .
AeB 2% (B, CcA)={y-beAseB}
ze(bQB(A),,) = z€(A)pbEB=>2z-bEADEB =
M
ASB = N (A ™
beB
ii. Proof of Eq. B.1.13:
M ? M
A®B = BoA ™
M
A®B = {a+b:acAbeB}={b+a:beB,acA} =
M
iii. Proof of Eq. B.1.22:
M M M M
AG(BOC) = (ABB)BC )
M M
ASBYC) = {av(+c)iacAbiceBBHC) =

= {a+b+c:a€AbeB,ceC} =
M
= {(a+b)+c:a+beADB,ceC} =
M M
= (A®B)BC m

iv. Proof of Eq. B.1.26
The length of g @ k will be extended to Length(g)+Length(h)-1 (see Eq. B.1.28). Let y =8 - a:

(fog)oh = fo(30h) ™
(fog)@h)(n) = urgg)i{urgg;{f(n —u—v)+g(u) + h(v)}} (1,
(g@h)m) = k(m)= argig;{y(m - @)+ h{a)} (2),
Jor®m = max{f(-6)+ k(8)} 2=
= B'E%’i{f(l = B)+ max {9(8 = a) + h(a)}} (),
(forW) = aﬂ%’b,{a"é%’ﬁ‘”(’ —a-7)+9(7) +h(a)}} ()&
(fog)eh)(n) = (f&(9dh)(n) n
v. Proof of Eq. B.1.48:
(4: 8B L (A& B), )
(A):?é’B = {d:d=c+b,c€(A),b€ B} =

= {d:d=(a+1z)+bac Abe€ B}

= {d:d=(a+b)+x,a€ A bEB} =
= {d:d:e-{-z,eEAgB} =
= (A®B), =
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vi. Proof of Eq. B.1.53:

f8(@: = (@9 6]
(olge)n) = max {f(n-w)+(9a(w)} =
= ggig;{f(n—v—ng(v)} =
= (f 32 g)—:(") a
vii. Proof of Eq. B.1.54:
(.88 L (48B). )
M .
(A6B). = {g:(Bhcakp I {y:(B)y-2zca =
= {v:(B)y C(A)} =
Ee.255 (4 8B =
viii. Proof of Eq. B.1.64:
fole)e = fog 6]
(folg)e)n) = ve",‘;"("g‘),{..e'%i(';),“(" +u—v) = (9(u) + (9)=(v)}} =
= [;g%ﬁ{;gglg{f(" +{a+z)-(B+12) —g(a)+9(8)}} =
= (fog)(n) L]
ix. Proof of Eq. B.1.55:
a8m. 2  ép.. )
M .
ASB-. = {y:BnCA "2 {y:(B)y+zca) =
= {v:((B):)y C A} =
E‘q.=2.5.5 A Ael (B)s .
x. Proof of Eq. B.1.66:
(A B(B-. L AGB ™
(A B (B)—e "V E™ (AB(B)-2):=(ABBls =
= AGB n
xi. Proof of Eq. B.1.72:
(A & (B6& C)) ¢ ((A eBe c) )
BgC = {z:z4+c€B,ceC} )
M M
A9(BeC) = {e+z+c:a€Az+c€B,ceC} =
M M
A®(Bo ) C {a+z+c:acA,x€B,ceC} =
M M
Ao (BeC) - {(a+1)+c:a+x€AgB,c€C} =
A3 BS0) ¢ ((A?éa)’é‘c) .
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xii. Proof of Eq. B.1.73:

Bc(abc) <& @BoHCO)CA )
BCc(ABo) & B®C)CA a?)
(BECo)ca & BC@sO @7
BgC = {z:z=b+cbeB,ceC} =
BBC C {z:z=b+cbe(ABC)ceC) (1)
B%C C (z:z=b+cbtccAceCl={z:zcAl) ()W
BaC = {z:z=b+cbeB,ceC}CA 2=

= {b+c:btceAceC} (2) >

M
= be(AB0) (2)=>
= BC(AGC) @m

xiii. Proof of Eq. B.1.75:

M M
BcC > (B&D)c(C®D) ™
M M
BeD = {b+d:beB,deD},CdD={c+d:c€C,deD} ,
, BCCobe(BCC) =
M M
= (B@&D)c(CeD) a

xiv. Proof of Eq. B.1.80:

fi<fa > hoeg<fog €9
) < f2ln) = Hntu) < faln+u) = iln+u) —g(u) € o(n+u) —gu) =
= min {fi(n+u) - g(w)} < min {f2(n +u) - g(u)} =
) < faln) = (J189)n) <(f209)(n) [ ]
xv. Proof of Eq. B.1.83:
Bcc 3 (A8B)>(480) )
Bcc FeBM LM pcacBos U 8Bro@sor =
Eq. 2.5.5 M M
= AeBD>AsC n
xvi. Proof of Eq. B.1.87:
aBBuoy I (EBUMEC) Q)
M Egq. 2.5.4
A® (BUC) = U(B:uC,):(U B:)U(U Cz:) =
€A r€EA €A
M M
= (Ad B)u(A& C) n
xvii. Proof of Eq. B.1.88:
¥4 ?
ASmBuey 2 uéBmnubo )
M c c
A8 Buc) Fr2ss (Ac &(BU C)) Eq. B.1.87 ((Ac & B)U(A° & C)) =

M M
= (A° @ B)* N (A° ® C)° =
Eq. B.1.87 M
= (AS BN (A8 C)
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xviii. Proof of Eq. B.1.89

M ? M M
(BNC)B A = (B8 A)n(C 6 A) ™
(BnC)S A Fr235 ((gno) & A) = ((BC uee) & A)c =
Eq. 2.187 (BCIegA)U(C"gA))c=(B°}€gA)cﬁ(C°gA)c —
Fe255 (B8 A)N(CE 4) -
xix. Proof of Eq. B.1.90
(A & (BN C)) ¢ ((A & B)NAS C)) ?)
(BnC)CB , (BNC)CC Fa B)78
M M M M
(Ae(BnC))g(AeBB) , Aea(BnC))g(AeaC) =
M M M
(A@(BnC)) C (AeBB)n(AeaC)) [ |
xx. Proof of Eq. B.1.91
(A & (BN C)) 3 (A8 BUMUS C)) )
adinoy P25 (4§ (Bn C))c ,
(A‘ & (Bn C)) Fe 2 ((4c § Byn(ac & ©) =
M ¢ M M €
(Ac ® (BnC)) o) (A° ® B)N(A° & C) =
2 (Ac g B)c u (Ac g C)c) E0$5-5
M M M
(Ae(BnC)) D) (AeB)U(AeC)) ]
xxi. Proof of Eq. B.1.92
((BuC)g A) 5 (BAé’A)U(Cg A)) €]
(Buc) G A = (BuC)ch)c=(BCncc)gA ,
M Eq. B.1.90 M M
((B"' nee) & A) C ((BC ®AN(C D A)) =
c Eq. B.1. ¢
((Bc neey & A) 2 (e & aynce B A)) :
M M
) (B° @ A)FU(C® ® A)‘) =
M M M
((BUC)eA) o) (BeA)u(CeA)) ]
xxii. Proof of Eq. B.1.43
M ? )
aA® A = (a+PB)A @)
aAgﬂA = {a+b:acaAdbeBA}={ca+pb:a€ AbeE A} =
= (a+B) {3550+ ;550 € 4,b€ A} ,
" A= ﬁil—/\=a+ ,0<A<1 (Aisconvex) c=Aa+(l—-A)eA =
aA®BA = (a+pP){c:ce A} =(a+p8)A a
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xxiii. Proof of Eq. B.1.96

M ? M ? M
A®B % (A®B)oBL(AeB)&B )
M M M
L = A®BM=L6BN=MgB =
L £ N )
M M
L = aeB 2" AcLeBAcM >
M M
= A®BCM®B =
> LCN (1)m
M M
M = LB 2 meBCL =
> NCL (2)m
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Arrhythmia types

The current appendix introduces some of arrhythmia types adopted from
“literature [9, 7). An arrhythmia is a change in the regular beat of the heart.
The heart may seem to skip a beat or beat irregularly or very fast or very slowly
(http://www.atlcard.com/arrhth.html). Arrhythmias may occur in people who
do not have heart disease. In most cases, there is no recognisable cause of an
arrhythmia. One reason can be heart disease. However other causes can be
tobacco, alcohol, diet pills, stress, caffeine, and cough and cold medicines.
Most of the people with arrhythmias have nothing to fear. They do not need
extensive exams or special treatments for their condition unless arrhythmias
are associated with heart disease. In these cases, heart disease, and not the
arrhythmias, causes the greatest threat to the patient. In a very small number
of people with serious symptoms, arrhythmias are really dangerous. These
arrhythmias require medical treatment to keep the heartbeat regular. For
example, a few people have a very slow heartbeat (bradycardia), causing them
to feel lightheaded or faint. If left untreated, the heart may stop beating and
these people could die. Arrhythmias occur commonly in middle-age adults.
As people get older, they are more likely to experience an arrhythmia. Most

people have felt their heart beat very fast, experienced a fluttering in their
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chest, or noticed that their heart skipped a beat. Almost everyone has also
felt dizzy, faint, or out of breath or had chest pains at one time or another.
One of the most common arrhythmias is sinus arrhythmia, the change in heart
rate that can occur normally when we take a breath. These expericnces may
cause anxicty, but for the majority of people, they are completely harmless.
Describing how the heart beats, normally helps to explain what happens during
an arrhythmia. The heart is a muscular pump divided into four chambers-two
atria located on the top and two ventricles located on the bottom. Normally
each heartbeat starts in the right atrium. Here, a special group of cells called
the sinus node, or natural pacemaker, sends an eletrical signal. The signal
spreads throughout the atria to the area called the atrioventricular (AV) node.
The AV node connects to a group of special pathways that conduct the signal
to the ventricles below. As the signal travels through the heart, the heart
contracts. First the atria contract, pumping blood into the ventricles a fraction
of a second later, the ventricles contract, sending blood throughout the body.
Usually the whole heart contracts between 60 and 100 times per minute. Each
contraction equals one heartbeat. An arrhythmia may occur for one of several

reasons

e Instead of beginning in the sinus node, the heartbeat begins in another

part of the heart.
e The sinus node develops an abnormal rate or rhythm.

e A patient has a heart block.

Heart block is a condition in which the electrical signal cannot travel nor-
mally down the special pathways to the ventricles. For example, the signal

from the atria to the ventricles may be

i. delayed, but each one conducted;

ii. delayed with only some getting through; or
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iil. completely interrupted.

If there is no conduction, the beat generally originates from the ventricles and
is very slow. There are many types of arrhythmias. Arrhythmias are identified
by where they occur in the heart (atria or ventricles) and by what happens
to the heart’s rhythm when they occur. Arrhythmias arising in the atria are
called atrial or supraventricular (above the ventricles) arrhythmias. Ventricular
arrhythmias begin in the ventricles. In general, ventricular arrhythmias caused
by heart disease are the most serious.

Sometimes an arrhythmia can be detected by listening to the heart with a
stethoscope. However, the electrocardiogram is the most precise method for
diagnosing the arrhythmia. An arrhythmia may not occur at the time of the
exam even though the symptoms are present at other times. In such cases,
tests will be done if necessary to find out whether an arrhythmia is causing
the symptoms. First the doctor will take a medical history and do a thorough
physical exam. The one or more tests may be used to check for an arrhythmia
and to decide whether it is caused by heart disease. Many arrhythmias require
no treatement whatsoever. Serious arrhythmias are treated in several ways
depending on what is causing the arrhythmia. Sometimes the heart disease is
treated to control the arrhythmia. Or, the arrhythmia itself may be treated

using one or more of the following treatments.

e Drugs : There are several kinds of drugs used to treat arrhythmias. One
or more drugs may be used. Drugs are carefully chosen because they can
cause arrhythmias or make arrhythmias worse. For this reason, the ben-
efits of the drug are carefully weighed against any risks associated with
taking it. It is important not to change the dose or type of your med-
ication unless you check with your doctor first. If you are taking drugs
for arrhythmia, one of the following tests will probably be used to see

whether treatment is working: a 24-hour electrocardiogram (ECG) while
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you are on drug therapy, and exercise ECG, or a special technique to see
how easily the arrhythmia can be caused. Blood levels of antiarrhythmic

drugs may also be checked.

e Cardioversion : To quickly restore a heart to its normal rhythm, the doc-
tor may apply an electrical shock to the chest wall. Called cardioversion,
this treatment is most often used in emergency situations. After car-
dioversion, drugs are usually prescribed to prevent the arrhythmia from

recurring.

e Automatic implantable defibrillators : These devices are used to correct
serious ventricular arrhythmias that can lead to sudden death. The defib-
rillator is surgically placed inside the patient’s chest. There, it monitors
the heart’s rhythm and quickly identifies serious arrhythmias. With an

electrical shock, it immediately disrupts a deadly arrhythmia.

e Artificial pacemaker : An artificial pacemaker can take charge of sending
electrical signals to make the heart beat if the heart’s natural pacemaker
is not working properly or its electrical pathway is blocked. During a
simple operation, this electrical device is placed under the skin. A lead
extends from the device to the right side of the heart, where it is perma-

nently anchored.

e Surgery : When an arrhythmia cannot be controlled by other treatmets,
doctors may perform surgery. After locating the heart tissue that is
causing the arrhythmia, the tissue is altered or removed so that it will

not produce the arrhythmia.

If the heart disease is not causing the arrhythmia, the doctor may suggest
that you avoid what is causing it. For example, if caffeine or alcohol is the
cause, the doctor may ask you not to drink coffee, tea, colas, or alcoholic

beverages.
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The arrhythmia differ from the originating point of view as:

i. Originating in the Atria:

Sinus arrhythmia: Cyclic changes in the heart rate during breathing.

Common in children and often found in adults.

Sinus tachycardia: The sinus node sends out electrical signals faster

than usual, speeding up the heart rate.

Sick sinus syndrome: The sinus node does not fire its signals prop-
erly, so that the heart rate slows down. Sometimes the rate changes
back and forth between a slow (bradycardia) and fast (tachycardia)

rate.

Premature supraventricular contractions or premature atrial con-
tractions (PAC): A beat occurs early in the atria, causing the heart

to beat before the next regular heartbeat.

Supraventricular tachycardia (SVT), parozysmal atrial tachycardia
(PAT): A series of early beats in the atria speed up the heart rate
(the number of times a heart beats per minute). In paroxysmal
tachycardia, repeated periods of very fast heartbeats begin and end

suddenly.

Atrial flutter: Rapidly fired signals cause the muscles in the atria to

contract quickly, leading to a very fast, steady heartbeat.

Atrial fibrillation: Electrical signals in the atria are fired in a very
fast and uncontrolled manner. Electrical signals arrive in the ventri-
cles in a completely irregular fashion, so the heart beat is completely

irregular.

Wolff-Parkinson- White syndrome: Abnormal pathways between the
atria and ventricles cause the electrical signal to arrive at the ven-

tricles too soon and to be transmitted back into the atria. Very fast
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heart rates may develop as the electrical signal richochets between

the atria and ventricles.
ii. Originating in the Ventricles:

o Premature ventricular complezes (PVC).: An electrical signal from
the ventricles causes an early heart beat that generally goes unno-
ticed. The heart then seems to pause until the next beat of the

ventricle occurs in a regular fashion.

e Ventricular tachycardia: The heart beats fast due to electrical sig-

nals arising from the ventricles (rather than from the atria).

e Ventricular fibrillation: Electrical signals in the ventricles are fired
in a very fast and uncontrolled manner, causing the heart to quiver

rather than beat and pump blood.
In this part we will have a look to the name of some abnormalities:

o First-degree AV block: Prolongation of the P — R interval is called first-
degree AV block.

The following part shows two tables and some figures about some of the

arrhythmia.
Table C.1: Arrhythmia recognition
Heart rat Rhyth P Wi Fig-
i eart rate m ave
Disease T Y PR(sec)] QRS(sec) | ure
12 -
Normal Sinus Rhythm 60 — 100 bpm Regular Before each QRS, identical 20 < .12 C.i1
Arrhythmi Usually Ircegular | Bef h QRS, identical 12 12 c.2
; t al R t . 2-
Sinus Arrhythmia 60 — 100 bpm rregular efore each Q identical 20 < a
. 12—
Sinus Tachycardia > 100 bpm Regular Before each QRS, identical 20 < .12 C.2-b
. 12 =
Sinus Bradycardia < 60 bpm Regular Before each QRS, identical 20 < .12 C.2-¢
Before each QRS, identical. 12
Sinus Pause N/A Irregular Dropped beat. The P to P '20 < .12 C.2-d
interval is undisturbed. '

continued on next page
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continued from previous page

Disease Heart rate Rhythm P Wave Fig-
PR(gec)| QRS(sec) ure
Before each QRS, identical.
N/A N ) New rhythmbegins after a 12 ~ 2 ¢
i A t rregular .12 .2-
Sinus Arres g pause. The P to P interval is .20 < N
disturbed
PACs / Isolated PAC’s Premature and abnormal or
N/A Irregular . < .20 < .12 C.2-g
Occur Single hidden
ired PAC's Premature and abnormal or
PACs / Paire N/A Irregular . < .20 < .12 C.3-a
Occur in Two’s hidden
ol Bi P
PACs / Atrial Bigeminy Premature and abnormal or
Every Other Beat Is a N/A Irregular i < .20 < .12 C.4-a
hidden
PAC
tl
PAGs / Abberrantly Premature and abnormal or
Conducted PAC: QRS Is N/A Irregular . < .20 < .12 C.3-¢
hidden
Bizarre
Premature and abnormal or
Nonconducted PAC N/A Irregular . N/A Absent C.3-d
hidden
140 ~ 250 Rexul Abnormal P before each 20 12 ca
. di egular < . . .3-
Atrial Tachycardia bpm & QRS (difficult to see) < °
A: 220 - 430 Regular
Atrial Flutter bpm , V: or Sawtoothed appearance N/A < .12 C.3-f
< 300 bpm variable
A: 350 — 650
Atrial Fibrillation bpm , V: Irregular Fibrillatory (fine to coarse) N/A 12 C.3-g
Slow to rapid
Inverted, absent or after
Junctional Rhythm 40 — 60 bpm Regular QRS < .12 < .12 C.3-h
ti 1 Inverted, absent or after
Accelerated Junctional 60 - 100 bpm Regular ' < .12 < .12 C.d-c
Rhythm QRS
Inverted, absent or after
Junctional Tachycardia > 100bpm Regular QRS < .12 < .12 C.4.d
) Vari-
Wandering Pacemaker < 60bpm Irregular Multiple forms bl < .12 C.4-e
able
Table C.2: Arrhythmia recognition, continue
Characteristi P W, PR(sec) Fig-
1 aracteristics ave sec
Disease QRS(sec) | ure
i B h
Right Bundle Branc RsR' in V1 Before each QRS, identical | .12-.20 | > .12 c.a-f
Block
Left Bundle Branch Block RR’in V5 Before each QRS, identical .12~.20 > .12 C4-g
Synd Delta wave distorts Bef h QRS, identical <12 Usually C.3b
itati e efore eac , identica . .3-
Preexcitation Syndrom QRS > .10
First Degree AV Block Regular rhythm Before each QRS, identical > .20 < .12 C.4-h
Increas-
D e AV Block RS dropped in a ingl
Second Degre Q A Conduction Intermittent gy < .12 C.4-b
/ Mobitz 1 (Wenckebach) repeating pattern pro-
longed
>.11
AV Block Fixed io of Interval Usuall
d Degree oc ixed ratio o sua
Second Degr K Conduction Intermittent is con- Y C.2-h
/ Mobitz 11 conduction (P:QRS) a BBB
stant
pattern
Third Degree (Complete) No relationship Normal but not related to
None N/A c.2-f
AV Block between P and QRS QRS
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(a)

Figure C.1: Normal rhythm.
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Figure C.2: Arrhythmia recognition(1).
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Figure C.3: Arrhythmia recognition(2).
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Figure C.4: Arrhythmia recognition(3).
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