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ABSTRACT ‘
)
This thesi's attempts to analyze ultrasonic images of
" human hearts. A multistep procedure is described for
enhancing the echocardiograms. The procedure consists of
three main steps: smqothihg, edge detection and ‘contour’

tracking. The results are illustrated at h step for two

frames chosen at random. Several noise filterjng algorithms
A S - # . ,

are presented and their performagge compared.\Edge operators

found in the literature are discussed with respeci\ to their

relative merits. Modification to one of ‘them is proposed

that givés better results for the images under considera-
& ¢ .
tion. A few contour tracking algorithms are studied and an
. . }

algorithm which combines the’ best features of two of them is

t

presented. The proceduxe also consists of steps for:
, g v P

enhancing the image, reducing the processing .time,

»

compression of the imgée, eﬁéoding of the data and expanding
the processed image to its original size.

)
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CHAPTER 1
. INTRODUCTION

This thesis explores a procedure for an automated
,analysis‘of‘heert images that Have been obtained by reflec;
tion of ultrasonic waves by the heart. Imaging of the heartv
serves as a veluable tool in the diagnosis-df\heart "
nabnormalltles and in preVentlve as well -as corrective care

of the dlseases in the cardlovascular system; During
treatment, this would allow cardiologists to monitor'the
progress of the therepy. Imeging of the heart with reflected
sound waves at frequencies higher than the audible range is-
termed echocardiography. Some heart ailments that otherwise
would.tcrn out to be fatal ca@ be easily diagnosed and

treated early in their developmental phase with tﬁeﬂhelp of
echocardiography. : , N ‘

| "Safety and reliability are of ugmost importanceain
deaiing with human life. The significahce.of » o ﬂ /
echocerdicgraphy in clinical science lies in ttelfollowing Y
facts: While other meane of aragnosis are either hazardous/
or invasgve; echocardibggaphy is.relatively.safe and //
non—invaéiVe Diagnosis ueing high energy’radiation suéh as
X-Rays is hazardous to the body tlssues, parthularly with
prolonged use. The ‘use of a catheter for 1nject1ng

radioactive dyes 1in nuclear medicine is an invasive,

procedure. The patient's emotional and physicai conditions %

T



+change during these procedures since the patient can bebput
in pain or discomfort. Thus, procedures like these can by
themselves influence the d{sease and hence .can result in
incorrect diagnosis. X-ray and CT techniques bring out only
‘the anatomy of the organs under study‘and not any functiohal
‘details. Nuclear mediclnevbrings out the functional details
of the d{gan under study,‘but not the anatomical structures.
Thus, they complement each other. Whereas, in
echocardiography,-both functional as well as anatomical
details of the organ are available for study, which of
course is another advantage of echocardiography. |

/\ ‘
f
-

1.1 BACKGROUND

A brief background in C11n1cal Cardiology w1ll be ap—

proprlate at thlS point. When blood vessels have dep051ts of‘

" cholesterol, the effectlve volume of blood flow 1s reduced

There could be some structural impairment 1n the heart 1 ;;E“

patients w1th rheumatlc valvular heart dlsease, the leaflets
of the affected valves become Stiff damp1ng the1r‘154

osc1llat10ns. This narrows the opening in the valves‘between
‘chambers or between a chamber and a vessel dependlng on the

valve affected. While ensuring the required amount offOXYgen

for the cells through such narrowed paths, the heart has to...

ko & 4

2

pump out blobd at a higher rate as well as at a higher
pressure. Because of these blockages, eome amount of blood

stays back in the ventricles during each: cycle. This results



in a condition of hypertrophy or enlargement of the heg:t.

A temporarf blockage:in‘any of the coronary arteries
would deprive a part of the heart muscles, servealby that
artery, of required oxygen. Because of this, thét portion of
the heart wall would fail to function ﬁ&rmally. In general
terms, this is called a heart attack. After a heart attack, -
" the tissues involved are dead, a scar develgps at that place
and the elasticity of that portion of the 6eart walls is
affected. When it occurs in the left ven{;icle, as it ofteﬁ
does, ¢ is called an infarction of the left ventricle. The
result of this is bulging of:the heart wall‘aggravated by
higher pressures in the left venFricle. The distortion in
shape is of particﬁlar importance'a§ it is an indication of
abnormal conditions.

There is a definite change in thickness of the heart
walls between the extremes of two strokes: end-systole and
end-diastole. If there is an abnormality in the structure of
the blood vessels ‘or valves or a change in the elasticity of
the wall as described in the preceding paragraphs, the
change in thickness of the léft ventricular muscles and the
amount of blood pumped out in a cardiac cycle will be sig-
nificantly affected. )

Séveral diseases associated with the cardiaC'sysﬁem
involve the size and shape of the heart and characteristics
of the heart walls [Hab80, M1182].vHence, a study of the

shape of the heart at different points in the cardiac cycle,

the size of the individual chambers and the chahges in the



qﬁl thickness of the heart are important in order to
diagnose and understand cardlovascular abnormalltles Once
‘these abnormal phenomena are understood, many human lives
could be saved through prompt| action by cardiologists. It
should also be reitera%ed that such a study should be
carried out in a manner that is not by itself destructive.
The necessity for non-destructive study of heart has been
realized as early as 1971 in following the progression’ of
disease in,a natural way [Pom71].

It is possible to conduct the above-mentioned studies
"with ultrasonic imaging which is non—invasine and involves
minimum discomfort to tne patients. Instrumentation tech-
niques help in the development df ultrasonic transducers
that convert sound signals to electrical signais. An elec-
tronie interface connects such transducers to modern
computers that are fast, reliable and.accurate. Raw informa-
tion, whatever the amount presented, is of little‘useﬁunless
it is processed in a definite context and presented 1n ‘a.
form that is convenient for the user. Image proceSslng tech-
nigues play a vital role in processing the .information in
these images while the displays act as an efficient
" man-machine interface. Digital image processing technigues
have two major applications. They can be used to improve the
image quality and thereby nake it easier for the medical
- practitioner to perform analysis. Such preprocessing appli-
cations have been described in the literature [Led79, Hee79,

Lee80, Hoh82]. They have also been considered for fully

- ;



automating the analysis of images in maﬁy areas, e.g., char-
acter recognition, fingér prints,vﬁatellite fmages'and
medical images, etc. [Roe73]. An%iysis of eéhocardiograms
falls under the area of medical image processing. A

procedure for enhancing echocardiograms with computers will

be presented here.
1.2 SPECIFIC PROBLEMS

Imaging'of tﬁe heart, however, is not as simple as may
be first thought, i.e., it is in continuous motion and it is
not easy to stop it for some time. Furthermore, the position
of the heart keeps changing due to diaphragmatic movements,
rendering consistent positioning difficult. The transducer
angle, heart size and body position also play vital roles in
image reproducibility (Won81].

| The left ventricle of the heart supplies blood for
every cell and hence energy forithe whole body including tﬁe
heart itself. Therefore, the left ventritle,plays an ‘
important role in the well being of the body. The objectives
of any echo—cardidgraphic Sfudy'are: o »
1. Td'get the incremental volume/ejection fraction of.éhe

left .ventricle (LV),

2. To get the left ventricular wall thickness at different.
places at different points of the caraiac cycle.

3. To study the left ventricular wall motion.



Major impeding factors are the inherent noise innthe
images and the difficulty in correlating the images due to
heart motion in the cﬁest_cavity which is mainly because of
respiration. For example, the images have both translational

and rotational motion. Any automatic procedure to analyze
-y

echocardiograms should first foglus on thesé problems and
take measures to C§rrect them.JLooking at the specific érob—.
lems listed above, it is apparent that the outline of the
heart walls at a desired instant of time woﬁld be very use-
ful. With the outlines at end-systolic and end-diastolic
phases of the EKG, measurements can be easily made to
compute the inc&gmentél,volume énd ejection fraction of the
‘left ventricle. If the wall outlines can be found at
di%ferent points of the cardiac cycle, thickness can be
measured at different places of the heart wall. These
outling: also show how the heart wall moves during a cardiac
cycle. So, this thesis will concentrate on obtaining the
outlines of the heart walls from the input images.b

~

-

1.3 ORGANIZATION

In Chapter 2, the fupdamentals;of ultrasonic (W

transducers, their application to cardiac imaging and ~

“
s

different modes of'imaging in practice are explained in

n
-~

brief.
Chapter 3 gives a survey and aunalysis of noise

filtering methods. A noise filter that is based on a set of



neighboring pixels of almost uniform gray level, but not of
any fixed size is proposed. Results of applying these
filters to tést images are given, - N

Chapter 4 presents’several edge operators found in the
literature. A new edge operator is proposed that is more
suitable for the type of images encountered. The results of
employing these operators oﬁ smoothed test imagés are also
presented.

A survey of “séveral contaur‘tracing schemes is givén in
Chaptef 5., It also contains a scheme that combines the
important properties of twoléuch algorithms and gives better
results than those.

A discussion on the limitations and drawbacks of the
proposed procedure such as open contours and manual
interactions will form the conclusion of this thesi;. A
critical review of the proposed algorithms is given here. A

few suggestions to overcome the limitations of this

procedure also will be presented in the conclusion.



 CHAPTER 2

ULTRASONIC ECHOCARDIOGRAPHY

Ultrasonic frequencies lie above the audible range of
human ears whose upper limit is approximately 20 KHz. The
ﬁapplication of ultrasonic echoes date back in history, as
they were used for orientation, navigation and communication
by mammals. Ultrasonic echoes were first observed in bats
for sensing and navigation purposes. Thep they started
finding their application in several areas of science simi-
lar to those in nature. Experiments using ultrasonic echoes
were later developed for méasurements of ocean depth and
submarine detection. Though ultrasonic echoes have been ap-'
plied in biology and medicine only recently, the applica-
tions are remarkable and the diagnostic applications of
ultrasound are very pdpularﬂ This chapter will concentrate
on'ultrasonic transduceré'ﬁqr imag;ng the heart and the
different modes that are possible with such transducers.
Interesfed readers may further refer to Hewlett-Packargd

-«

Journals and similar materials [HPJ83, a]
2.1 PHYSICS OF ULTRASONIC TRANSDUCERS

In ultrasonic transducers, there is a source which pro-

duces mechanical vibrations in the appropriate frequency



range and a receiver to detect the sound reflected from the
object in the path. Transducers normally consist of
piezoelectric crystals that eonvert electrical energy to
mechanical energy and vice versa. A piezoelectric crystal is
cut along a particular axis to a certain thickness. When
~this is subjected to an electric field, Qt undergoes a
mechanical deformation along a predefined axis depending on
the direction of the electric field. If the applied field is

varied rapidly, the compression and expansion also veries at

reaches

that rate. When the frequency qf the electric flel;
the crystal's natural frequency, the crystai resoneyes The
amplitude of this vibration depends on the strengpﬁ of the;
applied field. The natural frequency of the cryst@$?;s de-

v A
A

termined by its thickness; the thinner the crYstal*'

hlgher its resonant frequency. In the reg;
phenomenon takes place. The reflected souﬁj:j
incident on a similar piezoelectric crystal and produce -
electrical signals. |

Depending on the distance of the object, the echoes
‘arrive at different times. The time taken to get the echo
depends on the distance of the object from the source. The
~strength of the echo is determined by the medium. Different
media absorb energy in different proportions and the
absorption is directly proportional to the freguency of
excitation. Scattering and divergence increase with distance

and they cause attenuation of the energy received. When the

sound travels from one medium to another of different



1
oy
' p

density, a part of the wavefront is reflected while the réSt
proceeds further. This brings in tﬁe concept of characteris-
tic impedance that is defined as the product of the
pfopagation velocity of sound in that me@ium and the density
of the medium. The velocity of propagation depends only on
the medium ahd not on the frequency of the sound wave.
Hence, in a 'particular medium, the distance of the objéct
can be easily'calculated by measuring the -time taken for th
echo to reach the receiver from the time the sound wave is
transmitted if the velocity is precisely known.

In practice, the transducer would have protection for
its crystal to avoid photoexcitation ringing. The transducer
also has backplates to absorb therwaQefronts“produced in
directiéns other than that required. The sensitivity of the
crystal is further increaséd by providing an external tank
circuit. In some transducers, acoustic collimators are used
to achieve a narrow beam which would facilitate observing
small objects. The characteristics of g%e transducer used\
depend upon its use. |

A transducer may contain a single or multiple crystals.
In case of single crystal devices, the sound 1is transmitted
periodically in brief pulses during which tihes the crystal
acts as a transmitter and during the rest of the period it
acts as a receiver converting the echoes. A typical set of
operating characteristics of such a transducer used for

adult hearts would be [al:
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Sonic frequency 2.24 MHz

Pulse repetition rate 1024 per sec \
Transmission time 1 micro sec
Reception time 999 micro sec \\/

Thé transducers‘may also have two crystals, one for
(transmission and other for reception. The receiver could get
echoes from different boundaries at different times depend-
ing on the distance. Therefore the transmitter should be off
until all the echoes die out after every burst of |
transmission to ensure that no oveflapping echoes and hence
no incorrect information is obtained. This involy%s
duplicatioh in hardware without any added advantage. S50,
these transducers are not genérally preferred. Transducers
with one or two elements as described above are called sin-

gle beam transducers.,

2.2 IMAGING MODES

- i
\.

) Displays obtaiﬁed with single beam transducers fall
under three categor%es: Amplitude Mode (A-Mode), Brightness
Mode (B-Mode) and Time Motion Mode (M-Mode). As mentioned
earlier, the echo strength depends on‘the characteristics of
the medium. Furthermore the time taken for the echo to
arrive at the receiver is a measure of the distance of the

object. When the echo strength is converted to a

Joroportional amplitude of deflection of the spot and the



time directly calibrated for distance of the structure from
v,
the transdufer on the display, it is called Amplitude Mode
or in s%@at an A-Mode display. Here, a constant intenéityw'y
spotfﬁyeeﬁs the screen the deflection along y-axis being
. 0 »
proporgionaf\to the echo amplitude. Each frame of this
display gives a snap shot of the structures. Multiple frames
are needed to understand the movement of one poin? on the
heart wall. Thus, this display mode does not provide much
useful information to study the movement., The amplitude 1in
A-Mode or the echo strength is converted to brightness of a
spot in which case it is called Brightness Mode or a B-Mode
display. This mode will give a line of dots of different
intensity for each burst of ultrasound generated. By moving
the spots on the screen at a constant rate, the movement of
the structures can be recorded at each instant. This motion
can be obtained either by moving the recoiding surface or
the spot itself in a direction perpendicular to the direc-
tion of the distance axis. Thus the movement of the object
could be studied along with the distance in this display

mode. This mode is called Time Motion display mode or an

M-Mode display.
2.3 LIMITATIONS OF SINGLE BEAM TRANSDUCERS
Sound reflected from obliguely held objects and from

rough surfaces is greatly attenuated. Such echoes would

mislead the user about the object. The echoes’from two
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different surfaces separated by half a wavelength of the
transmitted sound or from some rough surface that would
prodqsp two such wavefronts would undergo destructive
interference and hence would not be shown on the display.
Depending on the frequency of operation there is ? definité
minimum distance of separation of objects for thém to show
up on the display.

The higher the frequency, the better the resolution but
the beam penetration is less. In spite of the use of acous-
tic collimators to increase the penetration depth, the sound
beam undergoes divergence after some distance. Wide beams
cause superposition of objects that have laferal separation,‘
that can be misleading in later analysis.

Due to the order of magnitude of echo strength from ob-
jects at different distances, the receiver amplifier has to
be adjusted for gain with .respect to time. This com%ression
of amplitude range is accomplished in many practical
transducers by using a time gain compensation technique.

FUrthermgre,'single beam transducers cannot provide
spatial information on moving objects. When they are applied
to study moving heart walls, the distances between struc-
tures as displgyed on the M-Mode echocardiograms only tell
about the motion of the transducer and not about the cardiac
structures. When the structural motion is not along the axis
of the sound beam, the display is deceptive. The transducer
is fixed at a pggnt and a conical section of th heart 1is

i
mapped onto a rectangular display; This angular’ relationship

L 5N



further compllcates the ana1y51s._

While these transducers are useful in functional

analys1s they are very 11m1ted for use in structural

analysis of the heart.

thq\crcss section of the heart by

in EKG but this requires skill in

#

al cardlac cycles to. complete one

-

) o Mf . .
~ the hed ‘%and 1rregular,heart
i oo

imaging. - o
¢ . | ,
2.4 TWO DIMENSIONAL IMAGING

o

i

The B-Mode

scan could be used to get
tr1gger1ng it with a point
recdrding and takes sever-
‘'section.

Displacement of

rates pése further problems in

X

b, To c1rcumvent most of ‘these problems, two dlmen51onal

;echocardlograph1c 1maglng systems that operate in real-time

.have been 'developed. Two dlmen51onal imaging %%g be

accbmpllshed 1n several ways.

The transducer is moved

td1soretely and rapldly”produtlng a wedge sectlon of heart at

every scan

’

The echoes are then electronlcally translated

‘durlng d1splay Mechan1cal scanners can be replaced by a

" linear carray of transducer elements trlggered in a

'predetermined_sequence and the display is formed by the

echoes of“each of_these elements.

transducer con51st1ng of 20 crystals will have an

surface of

echoes and display are compatible for mapping one

other and the echaes are conveniently'rEcorded on

1 cm width -and 8 ‘cm length The format

A typical multi-element_
active
of the
onto the

video

- tapes. When a transducer consists of an array of elements in

Vel

————
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»
a_Cluster,bby altering the sequence of firing of the
individual elements ‘the additive effect of all these
elements and hence’ the whole transducer angle could be
changed [von76]. Figures 2.1,‘2.2 and 2.3 iluustrate this
pr1nc1ple. For an illustration of the ultrasound beim its
coverage and the method of scaning the reader is refered to
HPJ83. The'fan of transducerk§%§ments thus sweep a cardiac
cross section typically 20 tinéStafsecond while still

maintaining a ;esolution of 2-4 mm throughout the field of

view. Figure 2«4 gives a cross section Qf@the Tt and the

cone of view obtained by such a phased array transducer.
This provides a very good gualityviqgge at the cost of
sophisticated central programming to effect the sequence of
firing.’ u

The investigator, with-t' s kind of two dimensional
real-tine cross—-sectional imaging systems, has better’visual
'feedback for positioning the transducer and-foreadjusting
its gain control settings to get the required view in a
short time. ‘The data output is compatible for storage and
proce551ng and hence costs less. Generally,{the data is
stored on a videotape for later conversion to a digital
format and use on digital computers. In this work the video
tapes were played back and frames were grabbed and d1g1tized
on the fly by constantly observ1ng the dlsplay. The frame
digitized in thlS manner may be dlfferent from the one
intended. So, the process is repeated untile the digitized

frame is very near to the one°actually needed. This error
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cannot be avoided because there is no facility currently

.

available to grab frames of interest such as triggeriné with

a point on EKG.

Time Delay Trafhsgucer ® Object O

Control

///ﬂg‘l"", | / Direction
—— e — — Anis

Receiver 4 - e -
Output M

Block diagram of phased-array system

Figure 2.1

"7 g Y 2T 3T 4T ST &Y TV &7
- M —

~

Element Delays . -
. Etement Delays

Figure 2.3 Dhased array radiating

Figure 2.2 Phased array radiating
a wave focused at point P.

a plane wave at an angle 6.



Fig. 2.4 A cross section of the heart. Dotted -

cone is the view obtained by the ‘transducer.

17



i CHAPTER 3

NOISE FILTERING

e

A digital image esseﬁtially consists 6f intensity
levels at various sampled points of the picture. An element
dbf such a digital image is termed a pictﬁre element or 1in
short Pixel. The range of values used Eo‘repregent a pixel
depends on“the number of bits used. For example, if eight
bits were used‘for a pixel, 256 distinct intensity levels of
the picture could be represented. As is evident at this
point, the digital image of a picture is not an exac£ repre-
senfation of the picture; it is influenced by sampling and
guantization erfo:s. The larger the number of bifs used to
represent a pfxel, the less the quantization efror and the
‘larger the number of pixels used tohrepresent a picture, the
less the sampling error. But the result of reduction of such
'er;ors is an increase in the amount of storage required to
represent a picture. Generally, an attempt is made to choose,:‘
optimum values for representing an image. The effect of
equipment and othef environmental factors still exists which

will introduce noise in digitized images.

18



3.1 EXISTING METHODS

[

Several tecQPiquesi[Ros76, Gon77, Pav82] can be fou;s\\\»/w
in the liLeraturelto remove noise in digital images. No sin-
gle technlque is applicable to all classes of images. They
are to be studied for choosing the most suitable one ﬁ*r our
purposes.

Bandpass filters, that employ frequency’threshélds as a
meaéure, applied in cascade or a double bandpass filter give
good- results [Pop82] for images where contours are critical.
This method is computationally costly as it operates on the
Fourier Transformed image in the freguency domain. Henée,
most of the techni@ues operate in the spatial domain.

If the observed values of the pixel gray level at any

point (x,y) is O.,, it has contributions from:

1. actual signal value S,,that only has the informatipn
and

2. N., the noise due to the equipment, the enviroﬁment and
the like.

i.e., | | —
Oxy = Syy * Nyy. | (3.1)

Suppose a subset P of the image consisting of the
pixels around the point x, y is taken and a measure of
observed intensity level over this set is M(P). Then, the

error involved in taking this value for the signal intensity
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at the point under consideration would be

Ex, = | Sxy - M(P) |. | (3.2)
v
Any preprocessing algorithm should aim at minimizing this
objective function.

Averaging with weights dependent on local mean and
variance has been considered as a measure for noise
filtering in a technique developed by Lee and it aoes not
require any transforms [Lee80]. The method proposed by
Tomita et. al. [Tom77] has been improved [Nag79] with nine
different masks. This assigns the average gray level of the

- .
mask\}%gion that has least variance to the pixel under con-
sideration. i. e., the most uniform neighborhood area of a
point is chosen and the average gray level of this region is
‘assigned to the point. This technique is claimed to‘preserve
edges and contours while removing noise in the image.

Linear models for the underlying image and the “
superimposed noise réquire prior knowledge of the character-
istics of the image and they usually result in edge
distortions. Somejmgéhods involve non-linear models for the
image and noise to restore the origiﬁéi image. ConsequégbLy,
they are not very easy to analyze. Non-linear techniques
involving local operations such as mean and mgdién also have
models for noise reduction; but the assumptionSfEﬁplicit in

these techniques are more general than those needed by

optimal linear filter approaches. These non-linear methods
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try to retain the importént feattwures in the image such as
edges while reducing the noise content. Also, as these tech-
nigues do not require any‘a priori khowledge’of the images,
they are easier to implement. Tﬁeir multiple and/or‘
repetitive applications tend to improve the image quality.
Chin and Yeh present an evaluation of several of these

methods [ChiB3]. The following techhiqnes will be considered

&
0 i,

in this research for noise reduction: ;

1. Median filters . ’ 2

2. Unweighted averaging over 3 x 3 neighborhood

3.  Unweighted averaging over 5 X 5 neighborhood

4. Smoothing with weights dependent on spatial distribu—
tion of the heighboring pixels in a 3 x 3 region

5. Smoothing with weights dependent on gray level distri-
bution of the neighbors in a similar region

6. Smoothing with weights dependent on both spatial and

gfay level distributions of the neighbors.

| o

3.2 EXTRACTION OF REGION OF - INTEREST

The digitized frames have other patient information
‘recorded on them such as the EKG which is.noﬁ relevant to
the image operations. Plate 3.1 is such a frame‘that also

- exemplifies the quality of the image that is received for
processing. Since only the portion of the imagé with the
ventricle is of interest, that pbrtion is extracted'from the

image. Essentially, this process reduces the amount of data
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plate 3.1 Original echocardiogram of frame 1

22
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to be processed and lets further processing concentrate only
on the relevant data. The extraction itself is done.
interactively by pointing to the approximate center of the
region of interest (ROI), with the help of a cursor and a
tablet or in the absence of a tablet with a cursor and a
keypad. A picture matrix of size 256 x 256, with this pdint
as the cehter, is read out. Such picture'matrices are Qsed
as input to various filtering algorithms for comparing those
algorithms. During the process of extraction itself the data
can be smoothed by employing any of the methods that follow,
~Plate 3.2 is the ROI of the frame shown in Plate 3.1. Plate
3.3 is extracted from another frame, the original frame of

which is not shown here.
3.3 MEDIAN FILTER

The measure of the observed intensity levels used for
noise removal in median filters is the median of the
neighboring pixel values. Consider é neighborhood of size
n‘x n such that the point under consideration is at the
center. Then, if the pixel values in this neighborhood
points are arranged in'a'monotonically increasing sequence,’
the median of this sequence, i,e, the value at the position
(n?* + 1)/2 would be an approximation to the signal value at
this point.' Esseﬁtially, this examines the trend of the
ih%ensity at different points over a.small region for the

' When 'n' is even the position considered can be either
n:/2 or n*/2 + 1.

\
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Plate 3.3 ROI in echocardiogram - frame 2
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probable gray‘level at the center. Plates 3.4 and 3.5 show
the results of median filtering the or%ginals given in
Plates 3.2 & 3.3 respectively. The histograms are also
superimposed on the images. Experiments [Pop82] reveal that
median filters do not work well for objects with noisy
contours where preservation of the contour is important for

&

late%;analy51s.

3.4 AVERAGING

Another measure could be the average value of pixels of
the neighborhood P considered before. Looking at the
objective function given by (3.2), two things become
obvious.

1. The neighborhood chosen should be small. Otherwise, the
information contained in small regions is lost. It
should be just sufficient to eliminate the spatial
freguency noise.

2. Averaging should be such that the absolute difference
between M(P) and Sy is as small as possible for all -
(x,y) in the chosen neighborhood.

The trivial neighborhood to satisfy these criteria is
the degenerate single pixel with null neighborhood. The next
one that also retains symmetry would be a 3 x 3 matrix with
thelpixel under consideration at its center. Larger
neighborhoods of 5 x 5 or 7 x 7 matrices can be looked into.

But the size of the neighborhood is subject to the
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Plate 3.5 Median filter output for frame 2
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consideration of the size of the image, background
illumination and contrast levels in the image, The size is

also mainly constrained by the first observation above,
3.4.1 Unweighted Averaging ™
f

This is probably the simplest filter any one could think of
and is described in every textbook. If F(x,y) is the given
N x N noisy image, the gray level at every (x,y) in the
smoothed N x N(;mage F'(x,y) is obtained by averagﬁng the
gray levels of\é\Predefined neighborhood P of (x,y) in the

noisy image, It c&n be expressed by the following equation:
L % ‘

S~ F'(x,y) = [Z F(a,b)] / s. ‘ - (3.3)
where, a and b range over the chosen neighborhood P and § is
the total number of pixels in P,

The unweighted ;verage over the neighborhood of p

Suffers from two major disad&éntages.

1. If the image ﬁas high contrast regions, it loses those
small regions,

2. When the scene has individual pixels whose grag level
is considerably different from i1ts neighbors, the
second requirement mentioned earlier in this section
will not be met.

The size of the regions lost depends on the neighborhood

size chosen for averaging. A larger P will lose larger

regions. When applied to multimodal images in which the gray

o
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levels belong to several distinct'groups separated by djﬁide'
gap of 1ntens1ty levels, the unwelghted averaging smooths
these‘varlatxons. As sharp edges are blurred, further pro-
cessing depending’on edge information will not give good re-
sults., Hence, it is clear that unwelghted averaging is’ not *
su1table for most appllcatlons “that depend on m1nute edges.
The results of unwelghted averaglng“perigrméd on 1mages of
}Plates 3.27& 3.3 over 3 x 3 nelghborhood are given in Plates
3.6 & 3. 7 respectlvely Plates 3.8 & 3.9 are the correspond—
ing- outputs of unweighted averaging over a 5x5

nelghborhood w1thout a551gned weights. It 1s seen clearly in
theserplates_that the latter two 1mages are more diffused
thangthe former‘bnes‘because'qfﬂlérger neighborhood size
cbnsidered. \ | |

3.4.2 Weighted Averaging'

Welghts could be assigned to each of ‘the nelghborlng
’plxels to prevent the loss of edges. Welghts can depend
either on. spatial separatlon or on the gray level dlfference

between the plxel under con51derat10n and its nelghbors, or

both..

3.4.2.1 spatial Weights - o

‘The farther apartkthe neighbors, the less should be

their effect on the pixel under consideration. Davis
' ' 9

and Orthner [Dav79] have considered several weight
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Plate 3.7 3 x 3 unwei’ghted averaging output for frame 2

5




Plate 3.8 Output of 5 x 5 unweighted averaging on frame 1

;@‘ i : B E ; .
Plate 3.9 Output 8f 5 x 5 unwe? ted averaging on frame 2

!
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assignments.AWeights progortional to X-4, x/4, X/(a+1)

".and X/(2d+1) were‘aSSigned to the neighbors‘where X is

an,afbitrary weight of 2(S+1) assig?ed to the center

pixel and d is the manhattan’distance of the pixel from

the center, The performance,was studied over 3 x73,‘

7 x 7 and 11 X 11 matrices. It was found that

1. the iargér the neighborhood used the more the._

| boundaries beéome smoothed with the disappearahce

of sméll rggiohs. |

2. the less the weights are conéenfrated at the
center the more continuous the boundaries are,

Here, the weightsdassigned to neighbors are inversely

proportional to the square of the distance. For the

neighborhéod:
a b c
d e f
g h k
F'(e) = {[F(a) + F(c) + F(g) +"1/z .
(F(b) + E(d) + F(£)*+ Wn)} / 3.
if | F'de) - F(e) | < TH,

M(P) = F(e)
| \ a nonnegative threshold.
= F'(e) otherwise.‘

(3.4)

\

Where, F(e) is the gray level at point e in the
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original image and F’(e) is the gray lévei at the
same point in the filtered image. Thus, the effect
of-distaﬁce bf neighboring points on the gray

/ level at a point is considered and thresholding
helps reduce blurring. Indirectly, this filter
conforms to the observation on neighborﬁood size.
The contribution to gross error due to
neighborhood effect is minimized to é great
extent. Here, ﬁhe thgeshold is set to 8, i.ef,
oniy‘if the modified gray level differs mofe than
8 from the gray level in the original image will
it be changed. Plates 3.10 g>3.11 are the results
o} such avefaging done on Plates 3.2 & 3.3.

It is.apparent‘in the eqﬁation 3.4 that the
contribution by the axial pixels are less than
what they really should be. The cénstant‘divisor 
should have been 6 instead of 8 to correct this

error.

3.4.2.2 Gray Level Weighting

When a neighboring point 1s very differeﬁt in its
intensity level from the point under éonsideration,
unweighted averaging changes the gray leQel of the
latter. As the regions of nonruniformvgray levels ére
mergéd together during‘such chénges, unweighted averag-
ing loses edge details in the image. This loss can be

avoided if the neighbors are assigned weights depending



Plate 3.11 Spatial weighted filter output for frame 2




Plate 3.13 Gray level weighted filter output for frame 2
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on the gray level difference. The more a neighboring
point is different in its intensity level the less its
contribution on changing the point’under consideration.
Effectively, this scheme concentrates on calculating a
measure from a uniform région of the neighborhood .
rathef than the whole‘of it. This has been stodied by
considering‘regular geometric regions around a point
{Tom77, Nag7§].‘The latter referéooed study, an
improvement over the former, considered nine different

bar masks as shown in Figure 3.1.

@

Figure 3.1 Averaging masks

The average gray level of the mask region that has the
least variance to the gray level of the point under
consideration is assigned to that point. It can be
seen, then, that this méthod considefs edge formation
"only in certain predefined orientations and shapes.

Hére, that method is improved byAconsidering any
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arbitrarily shaped mask that will align best with the
edge in the neighborhood. A predefined number of points
in the neighborhoéd is taken that differ least in their
gray levels from that of the point under consideration;
1f their average is assigned to the point under consid-
“eration, the mask is allowed to take any arbitrary
shape that aligns with the shape of the edge in that
neighborhood. 5 pixels out of 8 neighbors in a 3 x 3
matrix with the point under consideration at the center
~of the matrix are taken for averaging. This gives 56
masks of different shapes out of which the one that
best aligns with the local edge is taken for éveraging.
A weight of 1 is assigned to those pixels that differ
least in their gray levels from thaﬁ of the center and
a 0 to others. This technique should give better re-
sults in tﬁe form of edge preservation than that
described in [Nag79] and certainly better than
unweighted averaging. The number of pixels considered
for averaging will affect the results in different
quality images. When the picture is busy fewer
neighbors should be taken for averaging. Application of
this scheme on images on Plates 3.2 & 3.3, gives

outputs as shown in Plates 3.12 & 3.13.

3.4,2.3 Double Weighted Smoothing

Combining the two aforesaid ideas, one could attempt to

assign weights to the neighborhood points in terms of



Plate 3.14 Output of filter with both weights - frame 1

pPlate 3.15 Output of filter with both weights - frame 2

@
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their difference in intensity levels and distance. This
scheme would ineorporate central pixel dominance in
terms of épatial as well as gray level separations. An
algorithm based on this is found in the literature
[Ove79] which is suitable for.cleaning noise from busy
pictures.

The observed gray level O(x) is modified to O'(x)

as

0" (x) = -==—---- T e (3.5)

where, Ws(j,x) is the compensation for spatial separation of
the neighborhood pixel at j from the point under considera-

tion and it 1s given as

R(j) and C(j) are the row and column values of the pixel at
j. It is evident here that the diagonal pixels have lesser
weight thap the axial ones due their distances. |
Wg(j,x) is the weighting function for gray level sepa-
ration of the pixeié ffom that of the pixel under considera-

tion and the function is expressed as follows:
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Wg(j,x) = —=—==m-m====-=mmmmosoo————o-os (3.7)
1+ |0(3)-0(x) |

Pix = |O(3)-0(x)|*/V (3.8)

.

The power function in (3.7) is very critical and has been
chosen by [Ove 79] after studies as given in (3.85. V is the
statistical variance though facgors like standard deviation
would work equally well for this. The images given on Plates
3.14 and 3.15 are the results of employing this double
weighted averaging scheme for images giveh on Plates 3.2 and

3.3 respectively.‘

3.5 COMPARISON OF RESULTS
P
All these filtering schemes were implemented (see
Appendix A) and the following table gives their performance

on a typical image of size 256 x 256.



Table
Comparison of N

Mean Gray level of the origin
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3.1
oise Filters

al of size 256 x 256 is 51

Filter Elapsed Mean % change Mean
time 1n 1n mean Square
secs Error

Unweighted 3 x 3 14,417 51 0.004 8.6049

Unweighted 5 x 5 23.0 50 0.008 17.887

Spatial Weightsx* 26.784 53 0.023 77.630

Gray Level Weights* 156.167 50 0.0 28.261

Double weightsx* 1472.817 50 0.005 0.681

" Medianx B 180.0

51 - 0.003 16.806

*over 3 x 3 neighborhood.

f
I

3.6 CONCLUSION

Unweighted averaging is the

has a tendency to blur the edges

picture contains minute edges of
then this method is not suitable
size of regions lost by blurring
neighborhood size chosen for ave
neighborhood chosen is 3 x 3 or

retained. For larger pictures bi

considered.

fastest of all these but
of regions. So, if the
interest for later Ose,»
for such applications. The
depends upon the
raging. Generally, the
5 x 5 if symmetry is to be

gger neighborhoods can be
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For obtaining the heart wall boundaries in o
_echocardiograms, the gross pattern of the crbss section is
of interest and not minute structural details. The weighted
averaging schemes will detect minute details. These detalils
would clutter the image and make later processing steps
tedious. In. the present application, the characteristic of -
diffusing tiny edges in the image by the unweighted averag-
ing. technigue and the speed of the algorithm té process
images are taken advantage of. The outputs of all aforesaid
f{lters were also considered for further processing of edge
detection and contour tracing and the results compared for

establishing this conclusion.
-



CHAPTER 4
& LT

"EDGE DETECTION

- |

An iMag;>cﬁﬂ be segmented ihto regions by'simply

"thresholding it; the threShold being dictated by the gray

ilevel histooram of the image. Thfs approach gives good re-
sults for convertrng a gray level image to a binary image. rn "
flngerprlnt proce551ng appllcatlons[Ven77] The.reésulting

b
binary image meets the desired fidelity standards after a

&

couple of preprocessing steps -Thresholdlng alone has been
con51dered for segmentatlon of echocard&ograms [Skoa1] but
not w1th great success. The ventrlcular border varie:z sig-
' -nigiéantly»w1th the threshold chosen. In multimodal images
the choice of thfeshold is'difficult as the threshcld tends
to be locallzed Severai boundaries need'to be generated if
there is more than one. mlnlmum in the gray l@&@\mhlstogrum
of the 1mage. Local thresholds become proh1b1t1vely
expensive for large 1mages. For an improvement in
segmentation, edges can be detected 1n the image whlch
assist in region growingl‘When the 1nten51ty level in an

' imege undergoes sharp ch?nges,'edges are formed. Edges can:
‘be resolved if,the gradients at all poihts of the image are
‘calculated continuously. - Qg | |

An edge operator should have its response

1. independent of the-edge orxentatlon and

4
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2. fall sharply as it is moved away from the actual loéa—

| tion of the edge. o
Many edge operators exist; however, their performance varies
.over a wide range. The pegférmance also depends, tp some )
extent, on the {mage characferistics. Some of the edge oper-,
ators found in the literature [Nev82, Pe182] are§§iven here.
‘Wherever possible’,- the existing‘operator is modified and-
‘extended to rectify the drawbacks inherent in that operator.
Sections 4.7, 4.8 and 4.10 are the outcomes of such
modifications.v . h

#

4,1 IMAGE COMPRESSION ”

It hgs been éhown that by shrinking a digital image and
then_expanding it helps to remove noise near the edges
[Ros76]. A strategy similar to pyramid encoding is adobted
here fof shrinkinQ”the image and thus to.ultimapely remove
noise near the edges. The gray levels in'évery 2 x 2
neighﬁorhood of the smoothed image are ‘averaged and the av-
era;é\sfcdmes the gray value in a .new imége. This‘step
‘compresses the 256 x 256 image into a 128 x 128 image and
during that process smooihs the noise near the edges. The,,
reduction in size isvan added advéntage because it reduces

the amount of data for further prbcessing{ In Plate 4.1a,

the compressed'form of the image on Plate 3.2 is presented.’
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4.2 HISTOGRAMSTRETCHING Y

Because of the poor contrast in{the images, it 1s use-
ful to alter some of the gray values. The histogramlof the
compressed image is calculated, and a transformation is de-
termined so that the gray valuee'are more evenly distributed
over the full range. Contrast stretching the images not only
improves the v1sual appearance, but also results in fewer
dlscontlnu1t1ee in the contours produced by the edge opera-
tors. R

Supposino the gray level at the lower end;of the scale
witnaa significant number of pixels (0.03% area of the
1mage) is 26 and the bright area of reasonable size (same as
before) is 111 - thlS is a typical range and is the case for
the image in Frame 1. Then, the gray levels 1n’the range of
[26, 111] is linearly napped onto the full range [0,255]. The
gray 1evels in [0,25] are converted to 0 and those in the
range [112 2551 are converted to 255. Thus, it stretches
only the gray scale in the range that has information and
compresses Qn‘the other ranges. This avoids smearing of
contours and discontinuities because of false edges. Also as
- the gray levels of the range of 1nterest are enhanced, the
edge values are increased by a factor -which ﬁll&‘be helpful-
in contour tracing. Plate 4.1b is the result of histogram
stretching the 1mage on Plate 4.%a. In comparison to Plate

S
4.1a, clarity in detalls can be notlced in this image.
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Plate 4.1 Frame 1 is (a) Compressed (b) Histogram stretched
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4,3 SECOND LEVEL SMOOTHING

| Contrast stretching has introduced some_problems whi;e
correcting others.cltwfquifes mulfiplication of the gray
levels by a factor;wﬁ;ch need ??t'be_an integer. In fact, as
it turns out,rmost of the tiﬁe ittis associated with an
integral fraction. The modified gréy levels will then be
mapped into a'diécrete scale. This i;}a forced approximation
of the gray levels for the modified éixels to their nearest
intégral values. Not’only does this introduce quantization
ﬁQ}se, but it may also omit some integral values. These
discontinuities should be rembved before further processing,
Unweighted averaging over a 5 x 5 neighborhood is used at .

this stage for solving Ehis‘pfbblem;

4.4 GRADIENT ALGORITHMS
The simplest way to detect edges i§ to find the

gradient at évefy point Qnd then thresﬂold the gradient val-
" ues [GonB82]. If F(x,y) represents the picture at a point
(x,y) and G(x,y) is t%e%pixel value in the gradient image -at
the corresponding pogbt, |

G(x,y) = T F(x,y) iéﬁ (4.1)
The general form of T, the, transfer function, would béﬁéiven
as T = A + BV? : (4.2)
where A“and‘B are constants and V? .is the Laplacian operator

and's given as

Vi o= 81/8x* + 67/8y? : (4.3)
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In its simplest form, the transfer function T can be written
as T = B*|V?| o (4.4)
with (4.1) and (4.4), the edge merit at a point (x,y) is
given by [(8F/6 x)® + (8E/8 y)*| (4.5)

‘Because this is the square of absolute magnitude of the
gradient vector, it ié invarient under translation and
rotation. When.applied to digitalipictures, the derivatives
are replaced by differenée operators. The edges found by
this operator will be split into.twoéat each transition

where only one edge is desired. Therefore, Laplacians are

not very good for smoothly blurred edges.

- 4.5 THE ROBERTS OPERATOR
The Roberts operator [Ros76] considers the neighborhood

of four points given by

1,3 i+,

1,9+1  i+1,5+1 . :

If the gray value of the image at the point (i,j) ié F(i,3),
this operator approximates the gradient by |
‘max {|F(i,§)-F(i+1,3+1)], |F(i,3+1)-F(i+1,3)|}

| " (4.6)

As the differences are symmetrical about the point ( i +
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1/2, 3 + 1/2 ), the edge value assigned is for that loca-
tion. Although the Roberts operator locates edges in correct
position (i.e., it satisfies the second criterion very well)
it is highly direction and noise sensitive [PelB2]. Its
application results in discontinuities in the boundaries
traced. Also, this operatof is reported not to work well for
images with very gradual intensity variations'[PépBZ]..
Q

4.6 BEST-FIT EDGE‘ OPERATOR

Rosenfeld'proposed the best-fit edge operator [Ros76]
by fitting a minimum error plane to the gray levels ik a
‘2 x 2 neighborhood. A plane z = ax + by + c'(a, b and c are
derived in [Ros76]) is fitted to the image néighborhood,és'
shown in Section 4.5. Then, a gives the component of the *§
vgradient in the x-direction and b‘gives that in the

. °
y-direction. The edge merits can then be written as follpws:
k4 . . (3

E, = {F(i+1,3)+F(i+1,3+1)}/2 - {F(i,3)+F(i,3+1)}/2
N (a.7)
Eso = {F(i,j)+F(i+1,3)}/2 - {F(i,j+1)+F(i+1,3+1)}/2

(4.8)

where, VEg?+Eqso?] is the magnitude of the gradient at the
center of this region. i.e., (i+1/2, j+1/2). This could be
further approximated by {Eol +~'Ego| or max {|Eo|, |EBsol}.

(In this and all other subséguent operators, the last choice
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Ah

is made for the magnitude of the gradient values.) This op—?‘
erator detects the edges of texture bounaaries as well. The
operator averages the pixels over a very small area before
cbmputing the gradient and hence it is less sensitive to
noise. It is also biased towards edges oriented along the
co—ordinat; axes of the neighbo#hood similar 'to many other
operators. It useé only a part of thé immediate neighbdrhpod
for ayeraging. Hénce, though‘the noiée in one sector of 1its

neighborhood is smoothed that in other sectors may still

influence the gradient | ’
4.7 EXTENDED BEST-FIT EDGE OPERATOR

Rosenfeld's best-fit edge opérator can be extended by
considering a 3 x 3‘neighborhood igstead of a 2 x 2 |
neighborhood.‘The desirable property of local smoothing in
the best-fit gperator is incorporated in this extension to
find the edges amidst noise. At the same time this operator
is symmetric about the center of the ﬁeiéhborhood.-This op-
erator finds the local unweighted average of row/coiumn>for'

use in the gradient computations. Now, the neighborhood
P

o

becomes:
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Edge merits in two orthogonal directions are then eXpressed

as

Bo = [{F(c)+F(f) 13/3] - [{F(a)+p<d)+?(g)i/3] (a.

Ego = [{F(a)+F(b)+F(c)}/3] - [{F(g)+F(h)+F(k)}/3]

(4

Because this operator does unweighted averaging over the
neighboring pixels it has the undesirable effect of local

blurring as discussed earlier.
4.8 WEIGHTED OPERATOR OVER 3 x 3 NEIGHBORHOOD

The blurring effects of the earlier operator can be
mlnlmlzed by assigning weights to the neighbors. By
'enhanc1ng the gradients with weighting functlons, high
contrast edges can be obtained. The operator mentloned in
the preceding section is modified by assighing weights :to
the neighboring pixels inversely proportional fo their

distance from the center.

9)

.10)



Eo = [F(E)+{F(c)+F(k)}/vV2] - [F(d)+{F(a)+F(g)}/V2]
(4.11)
By, = [F(b)+{Fla)+F(c)}m2] - [F(h)+{F(g)+F(k)}/V2]

(4.12)

Though the results of empldying'this operator on ,test images-
are not shown here, they are bétter than those obtained with
the earlier operator. Edges found by this operator are stiil
weak and depend on the threshold selected. If the threshold
is set too low, the number of édge elements obtained is too
large although those elements are not of much use iq the
sﬁcceeding steps. If the threshold is set high, there are

’

too many broken edges that make it difficult to obtdin

continuous contours.
4.9 ELECTROSTATIC CHAR\GE ANALOGY

Sethi [éetBZ] proposed an operator over a 3 x° 3
neighborhood with weights assigned to the neighbors. This
operator is essentially a modification of the operator,
discussed in the previous section. The weights assigned to
the ne{ghbors in the last section have been modified. The
gradient at the center of a 3 x 3 neighborhood can be
thbught»tb be eqﬁivalent to the electgostatic potential at
that péinﬁ dﬁe to charges at the neighboring points. The

value of the charges are considered equal to the gray level
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value at those points. Then, the weights are inversely
proportional to the square of the distance. Contributions to
the field intensity at the center of this neighborhood by
the charges at other places in the neighborhooa are summed
as v?ctors to give the resultant field strength at that

point. The components of the gradient in two axial

‘directions would then be given by:

m
°
14

[F(£)+{F(c)+F(k)}/3] - [F(d)+{F(a)+F(g)}/3]
(4.13)

Eeo = [F(b)+{F(a)+F(c)}/3] - [F(h)+{F(g)+F(k)}/3]
(4.14)

' The approximation of the denominators by integers is to

L

hasten the computation at a cost of about a 7% error. The
" use of this operator for the imageés on Plates 3.6 and 3.7
gives the results as shown in Plates 4.2 and 4.3 respective-

ly.
4.10 EXTENSION OF THE ABOVE OPERATOR

The operator described above is'cértainly a better .
choice among all those operators dealt with unpil now. But,
as it is apparent, while that operator detects the edges
oriented in axial directions very well, it looses edges

oriented diagonally‘while thresholding. The edges aligned

(f:x
k2
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Plate 4.2 Output of Sethi's operator for frame 1

Vi ’\ p

Plate 4.3 Output of Sethi's operafor for frame 2
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with the diagonals are weakened‘while fesolving them into
their components along the axes. During thresholding, the%e

S

‘are chances for these weak edges to be omitted from the
gradient image. This effect may not pose serious problems
when the interest is in finding the shapes in an image whose
faces are aligned more closely with the regular axes. In
echocardiograms where the interest is in finding.shapes that
are more circular, the weakening effect will Cause
discontinuities in edges. These discontinuities will make’
contour tracing difficult. Hence, it 1is onlytappropriate to
attempt to detect edges that are oriented along other
directions also. Then it will leave the components of the
contour in all orientations ¥htact even after thresholding.

| Weight assignments being the same as in the earlier bp-
erator, tﬁe field strength at the center point is calculated
in all eight directions instead of four. Gradients 1in two
diametrically opposite dﬁréctions are absorbed in one
orientation. Then, the foﬁr-components of an edge are givén

by the following eqgualities.
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E, = [F(f)+{F(c)+F(k)}/3] - [F(d)+{F(a)+F(g)}/3]
(4.15)

E, s [{F(c)/3}+F(b)+F(f)) - [{F(g)/3}+F(d)+F(h)]

4

(4.16)

EQO

R

[F(b)+{F(a)+F(c)}/3] - [F(h)+{F(g)+F(k)}/3]
(4.17)
E,ss = [{F(a)/3}+F(b)+F(d)] - [{F(k)/3}+F(h)+F(f)]

(4.18)

They represent the magnitudes of the.gradients in all eight

directions around a point undér consideration. Absolute val-
ues of these components are considered for choosing the max-
imum gradient at this point. When this operator is employea

for edge detection in.images on Plates 3.6 and 3.7, the

resulting images are given on Plates 4.4 and 4.5.

*

»

4. 11 COMPARI‘!SON AND CONCLUSION

Two postprocessing'steps for the smoothéd images were
described. Apart frbm smogthing noise near the edges they
help in data reduction for subsequent steps and also provide
better contrast. Several edge opefators popularly found in
the literature were imp&émiated. The best-fit edge operator
and its extension to 3 X*3vﬁeighborhood give very weak
edges. The weighted edge operator over this neighborhood is
better than the earlier ones considered without weights; but

still does not result in very strong edges. Sethi's operator °
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7
Plate 4.4 New operator output for frame 1
v s A
Plate 4.5 New operator output for frame 2 Ly,




image area is con51dered'to have §
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gives strong edges, but the -output has more broken edges Qh
that make- contour trac1ng difficult..

Thresholdlng is done in terms of the number of edge
points rather than the'gray'level‘of the gradient. ThlS
g,ellmlnates the 1nfluence of the flxed absolute thresholds on
dlfferent quality pictures where brlghtness and contrast

9

affect the gradient values. Only abRIER1.0% to_15% of the

$able edges. Hence, the-
histogram of the gradlents is computed and thresholding is’

1

done as follows: The histogram of the edge‘image is .
calculated and the gray level that divides the histogram to
the given percentage from the brlghter end is found This
gray value sets the threshold, and the edges with brightness

below this“value'are set to 0. The other edges are not

assigned maximum valueg because their gray levels represent-

‘ing the gradients at these points are required later for

contour trac1ng At thlS threshold level the edges found by
Sethi's operator are broken (mostly the dlagonal edges) .and
they result in a dlscontlnuous contour. The gradlents output
by Sethi's operator can be made towgive continuous edées by
increasing the threshold. However, raising the threshold has
an obvious increase in the number of edge points that are to

be con51dered by the contour g;ac1ng algorithms. It has been

found by comparlson that while about'18% of the image area

is to be retained as/édges in Sethi's gradient image, only
about 12% of the image area is to be retained in the new

extension for obtaining continuous contours, The traced
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contours on frames 1 & 2 are’ p§ »d in allacerwchapter as
Plates 5.1 and’5.2, for subﬁective comparison of }hese edge
operators.

Comparing the performance of‘ali the operators consid-
ered, the operator mentloned lastuauems to be a refinement
over all the others. Durlng the study in [Set82] it has been
" found that the response of Sethi's operator is constant over‘
a fairly wide interval of orientations and its sensitivity
falls sharply after a small‘djsplacement,of vertical edges.
‘Different neighborhood sizes wereaconsidered'and'the i
performance of -the operator for those ‘neighborhood have been
compared [setB82]. As the proposed operator”is an extension
of this operacor, it can be belleved that those properties
hold for this also, although no guantitative measurements
have been.made. This new edge operator s%ems‘to meet the re-
quirements in producing a quality putpuhvfor the -
echocradiograms, in terms of the contour. . 4PJA;~
| However, the proposed new edge opeprator can be shown,
on analysxs, to be biased towards diagonal edges. Assume a
constant change in gray levels 1n all directions from a

'p01nt In each of the each of the equations 4. 15 through

a18 the flrst term is s1mllar to the .second. So, looklng

mat the first term>alone, Eo and quyﬂ'll be-equal\to'1.6
times the change ‘in gray level 1f actual constants are ~used
v before rounding. Whereas, E,s and E,;;5 will be equal to 2.3
times the change. Even if the electrostatic f;;ces were

resolved correctly, the-latter will be equal to 1.9 times
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?agsy coe , ‘ ' .
the change. Only the maximum of these components is taken as
the edge merit in the implementation of this operator.

. Because the diagonal edges are amplified in comparison to
the axial edges, weak edges having diagonal orientation are
chosen in preferencé to Fhe strong edges in axial direction.
This may be the reason why the edges found by this operator

-

are diagonally‘sliced at var&ous places. In‘order to correct
these erfors;‘the equationg 4.15 through 4.18 should be
modified as suggested by Dr. Aoki [Aok84] and are rewritten
as follows: ' .
Eo = [F(£)+{F(c)+F(k)}/2v2] = [F(d)+{F(a)+F(g)}/2v/2]
| (4.19)
Bus = | ,
[F(c)/2+(F(b)+F(£))/V2] - [Fg)/2+(F(d)+F(h)}/y2]
‘ - (4.20)
Eeo = [F(b)+{F(a)*F(c)}/2/2] = [F(h)+{F(d)+F(k)}/2/2]
) R | (4.21)
Ey3s5 = (» | I
[F(a)/2+1F (b)+F ()} /¥2] = [F(K)/2+{F(£)+F(h)} /2]
| : ‘ o (4.22)
Thé progfam that is used to implement edge detection
runs as foliows:‘The image from the laét chapter is input“to'
the edge detection program. The program either takes‘thet\
image with a headér or the imag; specifications canabe.éiven
at run time. If no.image file issspécified,'an image préégnt

. ‘:’/ . v a
on the screen is assumed and only its size and positioen on

v 3

.
sy

Sy

I
o e L
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the screen are asked for. The program allows a choice of

{7 .

several algorithms and requests the threshold in terms of

the percent area. The algorithms that can be specifiéd at

s, this point are the following: Best-Fit edge operator, its

extension to 3 x 3 neighbothood with weights inversely
proportional to the distance, Sethi's algorithm and its
extensionhto the new algopitﬂm. The program finds all edges
in the image according to the selected algorithm, and if the
image 1s to be saved, it is thresholded according to the
threshold as described abo;e. In this épplﬁcation; the new

4

algorithm is selected and the image is saved.



CHAPTER 5

CONTOUR TRACING

In analog pictures, reglons of different but unlform
intensities are separated by borders. An object is recog-
nized by a sudden change in intensity.level along its
border. So, hy finding the set of points in an analog image
that undergo sudden intensity transition, an object can be
located easily if the approxlmate shape of the object is
known in advance. Points of sudden 1nten51ty transition are
nothlng but edges in the image. Not all sdge p01nts of an
image form the boundary of the object. An edge p01nt has to
satisfy some given‘properties to beion the.boundary. |
Algorithms that find the boundary vary in the'specification
of these propertles Several methods have been developed to
trace the contours of ob]ects in a scene and some of them
consider objects in motion [Tsu80b, Tan82, Roa80, Dar82,
Hoh82]. There has also been a particular application for
cardiac images in.real-tine [TSuSOat Yac80]. An automated
. hlgh speed contouring system has been developed for two
dlmen51onal echocardiograms [Wei80]. In practlce, however,
an operator traces the approximate border of the endo- and

epi-cardium in the first frame and hence it can be

*In digital images, the gray level values of the pixels
correspond to the intensity values and the term contour
refers to the borders.

L
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considered ohly‘semi—automatic and operator dependent.
Artifiéial Intelligence techniques have been applied to thgww
study of cardiac images for recognition of the heart wallfgyﬁ
its shape descriptors and for understanding its motion
[TSOBO]. Here, a few methods found in the literature for
‘contour tracing will be described. Some of them are general
methods for any object and some others were applied for the
specifié problem of ventricular contours in cardiac images.
Towards the end of this chapter a new method is developed
that combines the best features of two existing aigorithms

and gives surprisingly good results.

5.1 TRACING WITH A-MODE AND M-MODE IMAGES

This technique considers a limited search region of the
display to trace the borders of epi- and endo-cardiums with
A-Mode and M-Mode- displays [Kuw80], In A- Mode
echocardiograms, the epicardium of the posterlor wall of the
left ventricle has a predominant echo and is easily
identifiable. The M-Mode display givés more information on
relétive structufes. Hence, A-Mode echoes at an instant{in a
cardiac cycle:are recorded on a continuoué M-Mode. display N
and the positidnfof the posteribr epicardium of the left
ventricle is located at that instani in the{M—Mode display.
The structure could move only aklimitéd distance in a short
time. So, if the &¢ontour is'traced to Ci, the point Ci.i

could only lie in a region limited by Ci - Wwn and Ci + W,
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Figure 5.1 Contour tracing with A-mode and M-mode images
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W, and W, depend on the vélocity of the movement of the
‘heart wall. They are generally determjned by the parameters
of the EKG signal. Thus the epicardium could be traced easi-
ly. The endocardium lies within é»narrow band at a distance
from the epicardium but is not distinctly seen;.Hence, with
the help of the epicérdium, the endocardium is trac;d within
a region. The width of this region is propottional'to the
velocity of the wall and the region.is expanded in the di-
rection offmovement. The left ventricle side of the septum
is distingﬁishable as the epicardium is and so it is easify
“traced. The right Qéhtricle side of the séptum is traced
following the other éide'of the septum as the endocardium
was traced with the epigardium. The method needs only a
limited region of the image £o be scanned in tracing the
contour of heart wall. |

This method requires both M-Mode and A-Mode images to
work with; The procedure should be able to correlate these
two images and transform the poihts from A-Mode to M-Mode at
appropriate places. As discussed in Chapter 2, the motion
information obtained in this method is about/the motion of =
the transduce; and not hearg!wall. Hence,»waLl motion study
cannot be really possible with this method. Also, this needs
equipment for recording both M-Mode and A-Mode echoes.
Contour traaing 1in twa dimensional echocardiographic images
will be more beneficial for wall motion study when donéﬁit
desired EKG phases. Hence it is only apprqpriate.to "

concentrate on-contour tracing in two dimensional
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echocardiograms.
5.2 CONTOURS IN THE TRANSFORMED IMAGES

There have been several approachés to the problem of
contour tracing. In Nuclear Medicine [Gor81], the image is
first éhoothed and thresholded in a series of preprocessing
steps. Then, the image is transformed from a cartesian
co-ordinate system to a polar co—ordiﬁa;e system to
facilitate sampling along radii and to make some statistical
measurements for further study. Vollméhn and Mahnke
approached tQ? contour trac1ng problem in this manner
[vol83]. In their method cost measures are assigned for
every pixel of the image after initially smoothing and then
finding the gradients. The cost value is 1nversely
,proportlonal to the steepness of the gradient and directly
proportional to the deviation of the gray level of the pixel
under consideration from the average gray‘level‘of the
image. This image of cost values is then transformed to the
polar co-ordinate system and the contour search problem'is
transformed to a minimum cost path finding problem. Thé min-
imum‘cost path is found by the dYnamié programming method.
The contour is finaily retransformed to cartesian
co-ordinates for display.

A technique similar to this has already been tried
during this work but with no success. The results of this

ol

scheme are not reproduced here. In this technique, the
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fiqure of merit of the pixels which is equivalent ﬁo&tke

—_efst values in the previous method is nothing but the
gradient values at these pointé.‘The algorithm chooses the
contour points from a narrow band with high gradient values.
The initial point is selected as a point with highest
gradient value in a region of specified width at a distance
from the center. The failure of this method is due partly to
the radial scanning of the image which had to be simulated
by reading pikelé along the radii of different slopes. This
results in an inaccurate transformation from rectangular to s

polar system, Also, the transformations between two

co-ogdinate systems 1involve vefy high overheads. This method

does not allow for contours'gith large breaks and with

marked deviation from circular ones. Possibly, this method

can collect all contour.pieces and a cubic spliné

approximation can be done to get the full contour.
5.3 CONTOURS WITHOUT IMAGE TRANSFORMS
5.3.1 Region Boundaries

There’are a few methods that attempt to find the
contour in a digital image without transforming the image.
For closed contours, Pavlidis gives an algorithm that is
claimed to be faét [Pév821f A gradient image'becomes a
binary image after thresholding. Then thg boundary can be

located between the two uniform gray level regions by this
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contour tracing technique.hfhé epicardium is first traced .as
the object and then the endocardium is traced in a similar
way as a hole in the object by reversing the color values.
But, in this method, the search is guided entirely by local
information and once an error is made it is pfopagated.
There ié'no built-in error recovery in this technique and
hence the results may not be reliable. Also, small islaﬁds
are treatéd'as holes in the object and hence this technique
may end up finding any of these islands as the endocardium

boundary.

5.3.2 Adaptive Threshold Boundary Detection
-Alternatively, the boundary could be located‘[Liu77]-in
the gradient image before thresholding by picking the bound-

ary eYements i.e., points, that have

1. high contrast,
Y
2. good connectivity, and
3. agree with some global a priori knowledge. .

These three criteria form the specifications for a point to
be on the boundary.‘The first property of high contrast is
achieved by choosing poin£s with some minumum giadient val-
ue? All points immediately around the current point are
céndidgte points for subsequent selection to maintain ”k
continuity. The gradient value threshold is dynamically
varied by finding the average of the-gradient values of

points that have been included in the contour set and then
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the algorithm backs up far enough and then pioceeds in anﬁ&
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alternate direction. Error propagatlon is checkpd ;n thls ‘;p "y
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way before choosing the boundary elements. The algor1thmv1s ';v

pr10r1 knowledge - in this case, it i1s to get a closed~
boundary with an accepted tolerance in breakage in the'ﬂ
contour or to start and finish with the topmost/bottommost
row ot the leftmost/rightmost column.

his.algorithm was implemented and it was found that it
does not produce acceptable results. The main drawback 1is
that the method considers all neighbors of the current
contour element without any discrimination. The algor?thmuis
prone to serious errors because of this. When the initial
point chosen lies on the contour segment of some thickness,
the next point selected by the algorithm can be along the
width of this segment. This selection will propagate and the
algorithm may end up by tracing a small segment of the
contour as the contour of the object. Secondly, because of
the underlying noise in the gradient image end all neighbors
of the current point are considered as candidates for the

next point on the contour, the contour generated will not be

smooth. In any natural objecf, the contours are smooth



¢
without any drastic changes in the direction in which the
consecutive elements lie, Lastly, because all neighbors are
considered, the effért spent in getting the successive

points of the contour is much greater than what is really

needed, nw//}
Q&

5.3.3 Restricted Search with Fixed Thréshold
4 8

oy
%

]
L

N

. »

Once gradients are found in a two dimensional echo
display,ﬁ;hgy are thresholded by T4 to pick only the

distinct changes in picture gray level values. Then, an edge

(tracing algorithm could be employed to fill thg broken

edges. In this step, another tﬁreshold T,.(<T4) is set to

select points that would lie in an edge but marginally

missed. This helps in filling the gaps between,pieces of the
contour by natural means. A raster scan is first performed
by going from bottom to top and then from left to right to
gqvé%jthe edges in all directions.

J

‘UAVtheme given by POppel and Herrmann can be applied to

,thi§ image, instead, to get the contour and the method is

11

dpscribed as follows [Pop82]: The contour is traced by

]

'}%uﬁcessively going through edge values.

i:iﬂf 1f the contour thas been traced to a certain point,

e néiéhboriﬁg points that have gradient values higher

L

of the maximum of points 1°to 5 (T.), [see Figure 5.2] -~

3 . -—

are considered.

than a‘ﬁershold T, and those having a larger fractigv!
.\
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ler” = v
a2 4izl1 2|1 13 x| 14
x|xjcl1 e (3] L]els clz
; 5|3 [ Ixl 1sl X s{31
. .| % ‘ X
- : I Fiéﬂrer5.2 Order of_sea?th directions
2. The steebest gradlent p01nt among 1 to 3, if any were-
. considered 1s selected as next p01nt on the contour.
';13." Otherw1se, check 1f points 4 Yor 35 were con51de&ed andl
s } ". ;select ~those w1th the larger gradlent value as the next
‘fcontour point. - 7. o I v
. 31 hPo1nts con51dered but'not selected unt1l this step are
stacked as they may be branch p01nts and analyzed
laters:
5. If none of the points among 1 to 5 COuld be chosen,
| " check if noint 6 was considered‘after thresholdlng, Ifb
.ff yes,_lnclude p01nts 1 & 6 1n the contour, 6«oeconing.
‘the current p01nt on the contour , |
jljvd.,d'Once a dead end is . reached the p01nts stacked at the f:
'{ | \ last branch ‘are contlnued wlth after flagglng thelg
-~ . '-p01nts of the rejected branch so that they are not'con— g
3} e ‘szderedﬂlater, | ' j .“¢g~ ; -
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Obviously, this scheme has fixed thresholds; It is
S
dlfflCUlt to find thresholds that would be good for all
images as- the 1llum1natlon and contrast differ from image to

image. Also, within the sane 1mage the threshold may vary

from place to place in which case thresholds calculated for
one part of the image will serlously affect the‘results
Otherw1se, thlscgethod produces good results as the trend of
the contour gu1des the direction of search for successive
contour p01nts The success of this method is understood by
general reasonlng and from the publlshed results, although

it was not implemented in th1s research. The selection of-

thresholds may constitute one phase of this‘schemeyby

. i o B s %‘L .
itself . ' : ' A Y e
' ,;» ¥ RO
' , ,~ : 7‘4” & v
- N ‘ PO ‘

5,3,4'Restricted Search with Adaptive Threshold

AR

* ’ S . ’ A;f

A1 4)

The drawbacks in the last EWO methods of contour
‘traC1ng can be overcome by comblnlng them.kThe concept of
'padapt1ve thresholdlng in the former scheme and restrlctlng

’ the saarch dlrectlons 1n the latter are comblned to glve a
PO Y . P

P »newoschemeﬁrﬁyé’1n8ptw@ﬁ§%e is spec1f1ed as in earliaf - P

fk.. ' programs tcbthe contoﬁr tracing program. Then this program .

dlsplays the 1mage on the screen and prompts the user to-

“select the 4n1t1al p01nt w1th a cursor and the keypad The

initial dlrectlon for search is arbatrarlly as§umed to be

a

along thevjlght horlzontal ax1s. The program then scans

e »other dlrectlons looklng for a pixel in thejdlrectlon of the
A

B xS ) e
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steepest gradieht. The edge value at these points detérmine
@ o '

the threshold for the next candidate pdint;: Limiting the

, i b i
search directions as specified by Poppel, the next point is
. . &

reached as the one with the highesg gradient greater than
48% of the cpffent”threshold. The proportion, 40% of the new
avérage, gives the threshold for -finding the next point on
9 , p
the contour as described in Liu's algorithm.

At aﬁf instant of the search, if allfééarch diféctions
are éxhausted witHout~succes%, the program baéks up by a
point ih the direction it came frdm aha tries in an alter-
nate 3?}ectioh after flaggigg tﬁis_directibn aé uSeiess for
later éttempts. Backtrac&inq céntinues-unt;l a suitable di-
"rection is found for the next move. During backtracking} the
threshold is also adjﬁsted to reflect the pixel removed from
the current contour.‘Searchuspecifications pradvide for
*uconfinuing the contour even if there is a break in the
contour, é%.ibng as the break is not more than one.pixel.‘
Thié process is repeated, with'BgcktfiqkiﬁqAwherever'neces—.
.safy; until the new point is within a 5 pixel distaﬁce'qf
the initial point, Al'this stége,'the.;ontdur iszﬁeqlared
succesSfully traced. It should be.noted that the'contéur

“should habe been traced to some mfhimum‘length before the,

termination criterion is considered.

4

Thus, the algorithm prevides for restricted search

2 N ‘ " 13 ‘ .
directions, variable threshol&\ing, backtracking and jumping
S ’

of minor breaks. The results of the a%éorithm are given in

Plates 5.1 and 5.2 when used for the_images on Plates 4.4>
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ThlS e{gan51on ampunt:

. ' T3

3

and 4.5 respectively and the regults are very good. . Contlour

‘ . o . a
tracing fails when there is a large gap after a point

because of broken edges found during edge detection.. This is

a problem with the image and not with thelalgorithm. ‘ o
5.4 CONTOUR EXPANSION

Most of the preceding operations have. been done on the
compressed image which is not suitable for display and
visual inspection, Hence, the contour should be expanded to
its original size and maybe even larger. With this also in
mind, the output of the contour tracing algorithm is’chain
encoéed;'ﬁith'a chain code it is relatively easy to expand a

line drawfog with reasonable accuracy - to any power of 2.

AEssentlally, this 1nvolves donllng of the encoded data from

the. prev1ous step The _output of the .contour traC1ng program

2 ram to prgduce the contour expanded fo

b

. horizontal and vertical directions.

to“regaining the oohtour of the image
5 .

at’ the orfglnal si x 256). Now, the expanded contour
is sqperlmposed on theforiginal input image for d§§play.

R ,
Plate'5.3 shows the origd image given with its contour

-guperlmposed on it. Plates 5 4, 5.5 and 5.6 present regions

of interest in otﬁer frames along w‘x their contours
superlmposed on them. NOtlce, in plate 5.6, the contour is ,. :
traced only for the lower half of the ventricle Whlch is a-

.l

major drawback and is explained later.
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- Plate 5.1 Contour for frame 1 wuﬂ.“new algorithm
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Plate 532'Contour for frame,2 with new algofithm
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Plate 5.3 Contour .superimposed on. SR
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Plate 5.4 Contour superimposed on ROI - Frame 2
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Plate 5.5 Contour.superimposed on ROl - Frame 3 & . . R
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" 5,5 CONCLUSION

‘ Several contour tracing schemes have been discussed.
’rOne}Qf them operates with A-Mode and M-Mode‘images. Another
operates on co-ordinate transfogmed echocardiog:ams and
others on images without going through‘;ny transformations.
Although these are dénerai purpose contouring algorithms
they can be‘easili adapted for two dimensional

i . i
echocardiograms. Two schemes have“keen,seen that do not

P

involvé any transforms but with drawbacks; the drawback in
one being mutually resolved in another. This gives rise to a

new scheme that 1nc&fporates the advantages of both of them
\

asrdescrl ed'ln the last section. Plate 5., and 5 2 prov1de

ﬁmexamples of the results when the new;algorithm is used. A~

N 'q
contour exp nsion program was descrlbed that takes advantage

-’v

of the encodlng scheme qupted whlle generatlng the contour.
: 31' 4&‘ ;‘il oo

The: results, whenasuperlmposed on the orlglnals, v1sually

& L2

show the capablllty oé‘%he procedure developed so far: i

providing ou&puts from poor quality 1nput images.
N \ .



CHAPTER 6 ‘

CONCLUSION

The research work described in this thesis will be

briefly summarized. The development of various phases of the

propdsed procedure will be pictured in a concise manner. It
will be aiso shown héw the newly proposed method serves as a
useful processing tool for echocardiograms. Limitations of
the new procedure @ill be discussed with suggestions for,
oyéfcﬁming them. Proposals for further research related to

but Béyond the scope of this research work will be presented
latefiiﬁ\the chapter. , _ ’E

" > I a .
‘ R

6.1.;STUDY OF THE CURRENT STATE OF ART
* 5 .Z. J - : .

Ny
7 1y

-y §
.3gj%ﬂiany image, processing environment, enhancing the
suairty of image under study is usually the first considera-

)
it

arious factors

. tion. The de%erioration in quality is due

> . ,

b . L : C

™, 1iké equipments= ment etc. Seve
r L

éé%‘ﬁtgmﬁt noise filtering in drgital images were sfudied with

1 élgorit ms that

» I - ¥

'm_jy"géhéﬁ*~ O . :

@ thrtagencern in mind. Non-linear techniques based] on local
T ) o

stetistics of pixels, such as mean, were promisin§ because

of their.ﬁhhéreht characteristics for retention of edges.

Therefore;averéging with and without weights asgilgred #o

neighboring pixels was stbdied considering di ent

>
- -
2.
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neighborhoods. While most noise filters produced visually
attractive results, the results of further processing did
not warrant these very sophisticated filters. A filter with
an‘unweighted average over a 3 x 3 neighborhood was chosen
forvitspsimplicity,bSpeed and satisfactory outputs to
preprocess the images under'consideration?

’The next step in tHe recognition of objects in a scene
is concerned with edge detection. Several edge operators
that are currently in use were studied w1th their relatlve
merits and demerits. Most of these edge detectors,are based

Ed

on_slope information at each point‘of the image in some way.
k!’e”I‘he best among the reported edée ooerators is one due to
Sethi [set82] that has an analogy to ele®trostatic charges.
_ . »

It gives'stfong edges compared to all other operators that
were considefed although the edges have disconeinuities at
some places. |

; After the edges of an object in a scene are found, the’
A ’

actual recog%ition of the object consists of discarding

unwanted edge-information and connecting the ones that are.

: ;‘of 1nterest fhegedges of interest are those that have
potentlal 1n formlng the boundary of the ob]ect ‘A, method;
’was proposed in the literature that f1rst scans the edge
~image and then converts the problem of contour finding to a
¢ problem of minimum path finding. The minimum path finding

problem can be easily solved by dynamlc rogrammlng tech-

nigques. Given a p01nt on the contour yanoxher method

examines all 1ts suntoundlng edges to get the next p01nt on .

¥

g‘ -

* ‘ s ' L4 : o j : ‘

B
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the contour based on the steepness of these edges and a
threshold. The: threshold is dynamically modified depending

on the edge values of contour points that have been found

-

\until the current one. Alternatively, the threshold is fixed

and only a restricted set of directions are searched for
consecutive contour points. The order of directions searched

is based on the current direction of progress. Neither of
. ( ¥
these latter two methods are complete in locatdng the

contour successfully and efficfently.

6.2 CONTRIBUTION OF THIS RESEARCH TO IMAGE PROCESSING

During the study uf existing image processing tech-
niques for solution in different phases of the enhancggent
of eghoc%rdiograms; methods_wefe proposed that are eithe:

: extensions or gymbinations'of the exi;tﬁng ones.
| fHére are noise filterfngymethods based on spatial sep-

aration of pixels in the neighborhood of a pixel. Generally,

this neighborhood is of a predetermi ize and the shape

o
‘.

is usually-a rectangle or a square fllterlng scheme

;proposed in this theS}s @6%51ders a neighborhood of @

@

arbitrary shape whose intensity is homogeneous -and whosgwggt
S g p S ‘
. s

erage intensity devia}es Teast from that of the pixel under

. v . . .
consideration. A méasure of the pixel values in this

arbitrarily shaped neighborhood replaces this pixel The
measure could be a weighted average of the pixels in thlS

Eg%ghborhood*”the welghts are based on gray 'level separatlon
s \ .

<

Bizy
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of the pixels. In the proposed scheme, however, unweighted
averaging is done over the chosen neighborhood. Thus,‘noise
filtering by averaying the pixels over a nelghborhood the
shape of which is chosen on the basis-of separation oﬁ gﬂay
level values is a novel way and it gives surprlslngly‘g?od
results., ' ce
The edge operators described in tte literature
basically differ from one another in the manner in whichvthe
gradients are calculated. Each operator has a way of
assigning welghts to the neighbors pefore computing the
dlfferences Some operators are symmetric about the p01nt dﬁy

wh1ch the gradlent is computed and they are generally

o preferred for this property. The Gradient at a p01nt can be gy

considered eq01valent to the electrostatic potential at this
I point if the pixels around tﬁis are considered equivalent to
aeiectric charges. Hence, the electrostatic potential
computed at a point would be e nearest approximation to the
gradient at that point. i.e., the weights assigned to the
neighbors should beilnversely proportlonal to the square of
their distances from the center. This method has been
reported by Seth1 [Set82], but, it only resolves the
gradients in the horizontal. and vertlcal dlrectlons at a
p01nt of the 1mage Gradients that have high values along
dlrectlons diagonal to the axes would be missed 1n‘%hls
scheme upon thresholdlng ThlS result? in broken edges
espec1ally in diagonal : d1rect10ns and, makes contour trac1ng

very dlfflcult. Se, it is only approprlate if the edges "'

"
»
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[

aligned along oéier two directions are also detected before

threshélding. newly prbposed method does“gxactlj‘this.by'-

computing the\gradients in all possible eight directions‘n
with respect to every point. This operator was implemented
~and foﬁnd to pfoduce good results in the class of imagés,x
considered. |
Coﬁtour tracing algorithms deal with only'picqug up
edges that lie on the border of the object. ?hey«differ ip
v;pe criteria adopted to select the edge poinﬁg from thq“~

K

‘gfadient images. Points with maximum gradient values’

" generally picked first and this condition is graduall
relaxed dependlng on the success- in obtaining the nwoint
on the contour. But, 1n any case, the value of thefhfadlent -

, has to be above a threshold and the spec1f1catlod*  the

hgeshold varies from one method to other. Liu's method
iu77] has the capability to dynamically change this
" threshold and the value of the‘threshold is based on the
'gradient values of the contour points that have been
q;;umulated so far. It suffers, however, from the drawback
of looking into every point surroundlng the current point.
Klternatively, Poppel's met¥od [Pop82] specifies the order
_of directions to search for*the next contour point ‘depending
on the dire€ltion of progréss of the contour. But, this
method fails in adequately specifying the threshold value.
It rather assumes a- fixed threshold for the’ candldate points

to satlsfy‘ln order to become a contour p01nt4 Both of these

+« methods have, hoﬁevéran nice property of sufficiently

' AY
e -
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backtracking when the contour reaches a dead end. The.
proposed algorithm takes advantage of this éomméﬁ:’ !

, backtracklng property It 1S5 combined with the dynamic
threshold spec1f1catlon found in Liu's method and the speci—
"fication of the order of search directions as glven by

. poppel. Thus, t“ls a comblnatlon of ex1st1ng algorlthms
using thelr best prqpert1¢#’ but w1th their drawbacks
removad.,The;new aféor1thm was used in ventrlcdlar border
finding and haé broduced eiﬁg}lent outputs with the test

images.

v

6.3 CRITICAL REVIEW

Upon close examination of the proposed algorithms cer-
tain fléws could be revealed. Throughout this work only
square neighborhoods were considered. Square filte;s "e not
isotropic and so the measurements done later innfhe process
should be corrected. IA;tead, circular neighborhoods cogldﬁ
have béen considered for smoothing or the two dimenéions of
the image could have been treated differently. The
iﬁterested reader may tefer to the method desc;ibed in
{Gon77]. Only those algorithms or implementation of any ex-
*isting algorithm where there is an error will be discussed

: : o . SR
here. However, in future studies these deficiencies should

be given very careful consideration, 4 .
*
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The gray level weighted filter considers only the

. neighborsg that dlffer least from the center for averag1ng

‘Suppose there is a line in the image with a d15cont1nu1ty

measurlng one p1xe1 and the d15cont1nu1ty c01nc1d1ng w1th
the center of the nelghborhood. The algorithm will omit the
pixels forming;the parts of.the line‘ana*consider only the
rest of the. plxels for averaging if the1r gray level values
are very close to that oY the center., If the gray levels of
these plxels are less than the center, the new value ;
a551gned to the center will be less than its orlglnal value
Essentlally; thlS a551gnment 1ncreases the break in the
edge. So, thlS algorlthm has a tendency to produce broken
edges in the image on- further proce551ng (

Hlstogram stretchlng before ‘the edge detectlon step

cannot be’fully ]UStlfled from functional point ofyv1ew. If

the pixel value at a point (x,y) is F(x,y), the response of

a linear edge operator at that point would be proportional‘
to - ERy F(x,y) | - (6.1)

where‘ny are the weights assigned to the neighbors by the

edge operator and N is the neighborhood which the pixels

¢

belongsto. After histogram stretching as.described in sec-

SN
tion 4.2, the pixel value F,(x,y) at a point (x,y) can be

. i ‘
given as F;(X,y) = C F(x,y) + A (6.2)
where C and A are constants.
Because the edge operation is done on the histogram

stretched image, ‘the final edge image can be expressed as

3 CFaly) = LK Fluy) ¢ AR 1 e.n

..



It is apparent from equations (6.1) and (6.3) that the

difference in the output of edge detection on images before

and after histogr%J stretching is an increase in brightness
of the overall image. Thus, it can be seen th
histogram stretching improves the apprearence of the "image

very much it only decreases the threshold value chosen«

»
Q

durlng edge detection for retaining cont1nu1ty ﬁy properly

-

changlng the threshold, contour tracing would have given
similar re;ulE3 even without this step, viz.; histogram
stretchihg. Thus,.histogrdm.stretchiné may considered a
‘functionally redundant Step.‘ o

The newly proposed eége operator was shown to be biased .
towards\the diagonal<edges as thoee edges are amplified in
comparison to the akial edges. T%is bias is a possible
reason for dlagonal sllc1ng ef the "edges observed in test
1mages. Sl1c1ng of edges may- {ater lead to fallure by
contour trac1ng algor1thms.:’ _ |

_ » §§ /

6.4 LIMITATIONS OF THE PROPOSED PROCEDURE

It would be better if the human interaction in an image
¢ ' ‘

processing procedure. is kept to a minimum to hasten process-
‘ \_\ B - . =
ing. It can be seen that there are two places in the

‘proposed proceduge where humankintefaction is involved.

"First, the ident&ficétionkof the region of interest is done

by the operator using either a graphic tablet or a keypad.
;

Second, the initial pdint on the contour is chosen

It
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-interactively by the operator for traéi g the heart walls.

They do not, howe?ér, make the analysis’subjective és the.
input‘at these plaéhs ihfluehcegfhe anaiys}s_very little.

When there are iarge‘gaps in the i@age of the heart
wall, contour tracing cannot successfully trace the

contours. This problem is aggravated when there are more

than one such break in the contour. Referring to -Plate 5.3,
N ’ | -

though the tracing starteq,at a point on the outer side of~

8

the wall, after a while, the outer %ide is merged with the

[ v

. _inner one. So, tracing continue§ with the inner side until a
certain point where it reaches the other. end of the break

and both sides of the wall again merge together. At this

A =
(Y

point the program switches to the outer side of wall and the
contour is declared complete when the términaﬁion criterion
is met. Oﬁ’ afggul observation, it ‘is clear that it is not
due”t? the failure of the ?lgorithm but ré;her due ﬁd'the g*
frame considered for processing. 4 » d

Plate 5.6 is another eﬁgmple where the contour traced
is entirely differen T??cf>ﬁ—7?1at is ny d. As can be seen (in

/ ’ j

‘Plate 5.6, the rmagézggzges with the background dt both

right and left hand sides in the middle of the image. If

¢

contour tracing is initiated at the bottom of this frame,
the program would trace the contour only for the ¢bottom half

. ) S
as shown; the right side of the wall beingkigpﬁected to ‘the

left side by valve leaflets. Producing such wrong contours

-

is a major drawback in this procedﬁre. The result would be

" similar when the initial point is selected somewhere in the
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top half of the image. The_aigorithm has detected a closed
object though it may not be a relevant one. The drawback, «F\

hjufver,‘ls ‘not due t9 the fallure of the algor1thm blit

( ]

rather due to the quallty of the chosen frame. .

6.5 DIRECTIONS FOR FURTHER RESEARCH A \\,/’\

\ [y

: : N
The operator interactions mentioned above could be

avoided by slightly changing the procedure}llt iS'obsefved
that the center of the ROI roughly coincides with the center
of the screen and hence, selection of the“center of ROI can
be done automatically. Pixel values are checked ove; a |
narrow width at the boundary of the 256'x 256 matrix with
.1ts center at the center of screen. If the pixel vaiues'near
the border c01nc1de w1th those at the center, i.e. the
background, then it canvbe assumed the object is chosen cor-
rechly, Otherwise, some part of the heart wall is on the
boundary and some minor adjustments should be made for
containing ehe whole_object ufthin the boundary.’This will
involve trial.and ertof in some acute exanpleé but should
oenerally work well for most of the image frames.

The second human 1nteraction takes place 1h the
procedure-for thehselectlon.of a starglng point in contour
tracing. As-mentioned in the introduction, a study of °
echocardiograﬁs considers a large number of images. These

image%s are corrected for translational and rotational

movements. They are then al1gned for the study of wall



dynamics. The methods to accomplish these corrections and
alignment are beyond the scope of thlS research prOJect and

‘therefore will not be discussed. Once alignment 1§‘done, ‘the
gradjent images can be pggitioned such t?;t the center of .
: &,/

the left-ventricle coincides approximate with a predeflned

point on the screen. Then, the program could scan 'a strip of
predef\ned width 1in a prespec1f1ed direction and take the
p01nt at wh1ch the gradlent is maximum as % starting point.
When the program fat}s along one dlrectlon, it could try in
several other alternate directions. But, the widthgof the

. —

strip as well as its location from the center of the .

ventricle depends on the phase of the gftho which the frame

belongs. When a series of frames are given for analysis, the

,procedure should start with a frame at a certain phase: of

the EKG. The number of frames per EKG cycle can be fixed
beforehand. The heart wall is thicker near the end-systole

than near the»end-diastole.ﬁThe wall is nearer the center at
: ; .

| end-systole than at end-diastole. With this idea about the

thickness of the wall and its anticipated location, the

width of the Strip can be made to vary gradually, starting

with a value determined by the phase of EKG the initial
frame belongs to. With this idea-the location of the strip

can also be adjusted from frame to frame.

’ o

There have been anomalies noted dﬁring the discussion
of the results regarding the merger of the outer and inner
sides of heart walls as well as the wall not being-traced in

a single continuous piece. This is mpainly due to-the fact

°
4
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_that the’ frames chosen are arbitratf ih‘nature and tﬁe
imageslthemseﬁveshhave such breaks. If.severai frames of the
echOCardiogram are taken‘at the‘same phase, but from
dﬁfferent\cyﬁles’of‘tﬁe ﬁﬁg; thé;ga; in one'frame‘dan'be
filled with the infbrmation ffbm the neigﬁboriag frames. The

frames need not ‘be exactly at the same phase and some error

1s tolerated While recordlng the echoca 1ograms, the EKG ~

can be used to Qate the data belng recorded and only a flxed
number of frames per cardlac cycle is allo for recordlng.
In case of_lack of such.a facility, the EKG-recorded oa the -
echoqardiograms could be used for selecting synchronized

frames for processing. Hence, it is to‘be noted that the
acquisitieﬁ of data playe a‘crucial role\in the' processing

of echocardiograms and sufficient attention‘should be paid

. \ _ .

during the data coilection’phase of echocardiogram process-

iﬁg.
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APPENDIX A - ’

. .
"

Efficiency is one of the important factors to be taken
into account in implementing computer algorithms. Cértainly,
this was not forgotten in this project. A brief description
will‘be given on the efficiency of the teqhniqﬁes presented
in this thesis. “ )

Most of the operations are QOné on basicaily three rows
of the image moving a column at a time. This technique 1is
used to advantage for finding the new‘pixel gray level at a .
point by smoothing algorithms; First three rows are read in,
and after the new values are computed a£ all points in the
center row, new values are read into rowl. The rows are then
renamed to avoid copying the values from one row to another.
It may seem simple tg subtract the gray values of the pixels
at the leftmost column énd then add those of the pixels at
'the next column in finding the average of a neighborhood
resulting in just 6 additions. Here, all the“pixels of a row
are kept in an array and for every new neighborhood the val-
ues are read from the arrafs for computing the average.
Though this resdlts in 3 more additions, it was retained to
make the program easy!and simple to understand.

The edge detection program was 1mplemented to code the
output in packed form, run length encoded form and pseudo
run length encoded form. These are of much use in just
dispiaying the edge image in-binary form. The binary image

95 )
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»

has eithe}\bgight or dark pixels. The bright pixels are rep-
resented by a-one and dark pixels by a zero. Then, eight
pixels can be packed into a byte and the sterage will be
reduced to one eighth ®f what is otherwise required. To
further reduce the storage, only the run 1ength$ ofA;mes énd
zeros are stofed in an edge image. While a definite‘data
eduction ratio één be achieved in packing the pixels of the
edge image, no such predetermined ratio can be achieved'ip
runllength encoding. This occurs because the reducg}oﬁ
depends very much on the details of the image.
Alternatively, pseudo run length, encoding was tried. When
there is a change in gray level by a run of length one, this
change is neglected and the former run is cont?nued as
though there is no change. This definitely reduces the data
storage, especially iann image of very short and broken
edges, but at the cost of poor image reproduction. Hence,
E‘E pseudo run length encoding was not a big success.

When the edge image is input to a contour tracing
algorithm, it is not a binary image. Instead, as mentioned
earlier, gradients above a threshold are retained as they
are and only those below the threshold are darkened. No
encoding method is possible at this point as there‘is no
knowledge about the threshold value. The output of the
contour tracing program has to be expandedﬁto the original
size for easy recognition of the ventricle in the original
image. To facilitate this, direction encoding is adopted for

the output of the contour tracing prqgﬁam. Zero is assigned
N
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to the positive x—diréétioq aﬁd sdgsequent integers are
assigned to every 45 degree‘inérement in c@unterqiock#ise
difection. Though this coding fequires dnl 3-bits per pixel'
on the jcontour one byte was assigned beca,se the éontour is

not ven ldng; the contour data always occupieS’less than 2 \
. . ‘ N
o

disk bldgcks.’



