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Abstract

In recent time the availability of ECG image resources on the world has
increased tremendously. This has created a demand for effective and flexible techniques
for automatic ECG image features extraction. That can assisted the traditional
techniques that still depending on the human experts , that it may be suffer from some
problems that made it inefficient in this issue , therefore ; one needs to develop
techniques in order to increase efficiency and effectiveness of ECG image features
extraction by analyzing ECG wave image and extracting the visual content of these
images .
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One of these techniques is the content base image retrieval which is an efficient
way for retrieving images features from the image database automatically based on their
visual contents.

In this paper a software system are designed and implemented to detect normal
ECG image features by extracting features from the digital binary ECG image by
applying two methods that are:
(1) Histogram detection method which detect image using a histogram that
extracted by performing histogram Run Length Coding (RLC) generation operations.
(2) Contour detection method which detected images using (The prominent edge
point) of the images that extracted using boundary detection.
Q, R, S, and T peaks features are carried out between the three digital ECG wave
image. The results show that the proposed software system is robust and works
depending on a good enhanced binary ECG wave image.

Keyword: ECG, Image Enhancement, Image processing, Image restoration, Image
Features, Edge Detection, and RLC.

1-Introduction

In the proposed software system the ECG wave image has already been segmented
from it's background and converted to it's digital binary shape, this is a very important
step because the digital binary ECG wave image features detection will produce non-
homogeneous regions often containing more than one object ( binary ECG wave
object).

Detecting of image features based on its pictorial data is an interesting and
challenging problem, while manual ECG image annotations can be used to a certain
extent, the feasibility of such an approach is a questionable issue.

The objective of this paper is to proposed a software system that can be used to
detect Q, R, S and T peaks the features of ECG wave image from its digital binary
image.

1-1  Image Analysis

Image analysis involves manipulating the image data to determine exactly the
information necessary to help solve computer image problem.
Image analysis is primary a data reduction process. As we have seen, image contain
large amounts of data, often much of this information is not necessary, so a primary part
of the image analysis task is to determine exactly. [1]

Image analysis process can be broken down into there primary stapes: 1)
Preprocessing, 2) Data Reduction, and 3) Feature Analysis see figure (1)

] Data Feature
Input Image JE=p>»| PreprocessinglE»|  reduction Analysis

Figure (1) Image Analysis
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In the proposed software system first stage preprocessing is used to remove noise
and eliminate irrelevant, visually unnecessary information. Other preprocessing steps
used to finding regions of interest for further processing. The second stage, data
reduction, involves reducing the data in the spatial domain and the extracting feature for
the analysis process. In the third stage feature analysis, the features extracted by the data
reduction process and examined and evaluated for evaluated for their use in the
application see figure (2).[1]

Domain

_ Spatial Feature
Input Image )=p>»| Preprocessing|e=p>» Analysis

Figure (2) the proposed image analysis domain

After each stage we have a feedback loop that provides for an application —
specific review of the analysis results. This approach often leads to an iterative process
that is not complete until satisfactory results are achieved .The application feedback
loop is a key aspect of the entire process. [1]

1.2- Operation Method
The term spatial domain refers to the aggregate of pixels composing the image, and
spatial domain methods are procedures that operate directly on there pixels. Image
processing functions in the spatial domain may be expressed as:

Pr(r,c)=T[f(r,c)] ---------- 1)

Where f(r,c) is the input image , pr(r,c) is the processed image, and T is an operator on
f , defined over some neighborhood of (r,c). In addition T can also operate on a set of
input images; such as performing the pixel- by-pixel sum of M images for noise
reduction. The principal approach to defining a neighborhood about (r,c) is to use a
square or rectangular sub image area centered at (r,c) , as shown in figure (3). [2]

c

(r,c)

Image

r

Figure (3) a 3x3 neighborhood about a point (r,c) in an image

The center of the sub image is moved from pixel to pixel starting, say at the top left
corner and applying the operator at each location (r,c) to yield pr at that location.
Although other neighborhood shapes, such as approximation to a circle, sometimes are
used, square and rectangular arrays are by for the most predominant because of their
ease of implementation.
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The simplest form of T is when the neighborhoods are |X|. In this case pr depends
only on the value of f at (r,c) , and T becomes a gray level transformation (also called
mopping) function of the form :

Where, for simplicity in notation, r and s are variables denoting the gray level of f(r,c)
and pr(r,c) at any point (r,c). The effect of this transformation is to produce an image
specific contrast than the original image. T(r) produces a two—level (binary) image. [2]

2- Binary Image
Binary image are the simplest type of image analysis and can take on two values black
A and whit or '0" or 'l
see figure (4)

< RLC

Figure (4) binary image simulated by 0,1 witlit's RLC
A binary image is referred to as a (1bit/pixel) image because it takes only on binary
digital to represent each pixel. [7]

2.1- Binary Image Enhancement

The aim of image enhancement is to improve the interpretability or perception in
images of human viewers, or to provide 'better' input for other auto mated image
processing techniques.

The principal objective of enhancement techniques is to process a given image so
that the result is more suitable than the original image. [2]

The proposed image enhancement methods presented in this paper based on
spatial domain techniques. The spatial domain refers to the image plane itself, and
approaches in this category are based on manipulation of pixels in an image.
Enhancement techniques based on various combinations of methods, the basic
methodology underlying this section's material will be presented here. As we present in
1.2, T is an operator of f . So in binary image T becomes one of the two color levels 0 or
1. Where, for simplicity in notation, r and s are variables denoting 0 or 1 color of f(r,c)
and pr(r,c) at any point (r,c).

Larger neighborhoods allow of processing functions that go beyond just image
enhancement. Regardless of the specific application, however, the general approach is
to let the values of predefined neighborhood of (r,c) determine the value of pr at (r,c) .
One of the principal approaches in this formulation is based on the use of so-called
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masks (also referred to as templates, windows or filters). The operation called
convolution.

Basically, a mask is small say 3x3 2-D array, such as the one shown in figure (3),
in which the values of the coefficients determine the nature of the process, such as
image sharpening. [2]

In the proposed software system the digital binary image has already been
enhancement by proposing a several masks this technique, known as contrast stretching
point processing to reduce undesired information or help to connect regions. We can
check if the binary image clear (noise — free) or not by the response of the system that
gives three solutions:

1- By zooming 1x4 to the selected area to see if there is a problem or not in the

domain see figure (5).

Zooming in selected 1X4
sours area of ECG — <
Enable or disable functi

\

—+

336 . .
. L ocation of x-axies in
¥~ Selected area

Figure (5) enlarging technique

2- Noise in the image can create problems that are why it is best to preprocess the
image to eliminate, or at least minimize noise effects. Mean filtering, edge
preserved filtering, and self-adaptive median filtering were used for smoothing
and sharpening operations with undo procedure that permitted a wide solutions
of choices to get a suitable enhancement see figure (6). [12][13][14]

Filters for T ——
SmOOthII’]g or _rier 1+ _rier 1+ __FHer | | _Fier | 2ar FIker |
Sharpening H_Fiter 0+ | V_Fiter 0+ |  H_Fierd) | H_Filter 0% | Al

edges functi
Smath IZIL| H_FiIterEIL| Filletl | H_FiIter1J| Sl

Smu:uth'IL| H_Filter 1L | Filter 01 - | H_Filter 01 | Fisstor v{\

N

Undo function

Figure (6) a group of enhancement filters with its undo
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3- In some cases a manual edit may be needed to solve any probability that may
appear or not taken in account see figure (7).

Enable or disable functiop :
> !  For Manual Edit

Click to select pixel colar | Display selected color

Two colors that can be ‘W

Selected in manual mode

Figure (7) manual edit

2.2-  Electrocardiography

Electrocardiography (ECG or EKG) is a trans thoracic interpretation of the electrical
activity of the heart over time captured and externally recorded by an
electrocardiographic device [8]. The etymology of the word is derived from the Greek
electro , because it is related to electrical activity, cardio, Greek for heart, and graph, a
Greek root meaning "to write™ in english speaking countries, medical professionals
often write EKG (The German abbreviation) in order to avoid confusion with ECG [9].

The ECG works mostly by detecting and amplifying the tiny electrical changes on
the skin that are caused when the heart muscle "deplolarises” during each heart beat. At
rest, each heart muscle cell has a charge across its outer wall, or cell membrane.
Reducing this charge towards zero is called de — polarization, which activates the
mechanism in the cell that cause it to contract. During each heartbeat a healthy heart
will have an orderly progression of a wave of depolarization that is triggered by the
cells in the sinoatrial node, spreads out through the atrium, passes through “intrinsic
conduction pathways" and then spreads all over the ventricles. This is detected as tiny
rises and falls in the voltage between two electrodes placed either on a screen or on
paper. This display indicates the overall rhythm of the heart and weaknesses in different
parts of the heart muscle. [10]

Usually more than 2 electrodes are used and they can be combined into a number of
pairs. (For example: Left arm (LA, right arm (RA) and left leg (LL) electrodes from the
pairs: (LA +RA), (LA + LL), and (RA + LL). The output from each pair is known as a
lead. Each lead is said to look at the heart from a different angle. Different types of
ECG, can be the number of leads that are recorded, for example 3-lead, 5-lead or 12-
lead ECG's (sometimes simply "a 12-lead™). [11]

2.3- Analyzing Normal ECG Image

The ECG records the electrical activity of the heart, where each heart beat is
displayed as series of electrical waves characterized by peak and valleys. Any ECG
gives two kinds of information. One, the duration of the electrical wave crossing the
heart which in turn decides whether the electrical activity is normal or slow or irregular
and the second is the amount of electrical activity passing through the heart muscle
which enables to find whether the parts of the heart are too large or overworked.
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Normally, the frequency range of an ECG signal is of 0.05-100 Hz and its
dynamic range of 1-10mV. The ECG signal is characterized by five peaks and valleys
labeled by the letters P, Q, R, S, and T.

The performance of ECG analyzing system depends mainly on the accurate and
reliable detection of the QRS complex, as well as T — wave.

The QRS complex and T — wave represent the excitation of the ventricles or the
lower chamber of the heart. The detection of the QRS complex is the most important
task in automatic ECG signal analysis. Once the QRS complex has been identified a
more detailed examination of ECG signal including the heart rat, the ST segment etc.
can be preformed [3]. In the normal sinus rhythm (normal state of the heart) the R
interval is in the range of 0.12 to 0.2 sec. The QRS interval is from 0.04 to 0.12 sec.

The Q-T interval is less than 0.42 sec and the normal rate of the heart is from 60 to
100 beats per minute. So from the recorded shape of the ECG, the heart activity was
seen whether normal or abnormal .

The Q, R, S, and T — waves reflect the rhythmic electrical depolarization and
repolarization of the myocardium associated with the contractions of the atria and
ventricles see figure (8). [4]

{ teeilmm { | |
= 0.1mv

........

05 MILEIVOET

T I L

<— PR —o [ ]

T INTERVAL i INTERVAL |71

. ;

S i
........ INTERVAL | :

Figure (8) the normal ECG wave form

3- The proposal software

The ECG image analysis process can be broken down into:

1) Histogram Run Length Coding generation operation.
2) Contour detection method.

An important first step in a normal digital binary ECG image analyzing is to
determine which feature must be detected or can be detected on a given ECG lead, each
monophasic cardiac waveform may have a positive or negative polarity depending on
the orientation of the cardiac electrical activity with respect to the derivation under
consideration. These individual waves may be flat or tall, narrow or wide. The proposed
software is conceptually more complex and has a slightly complicated computation, yet
this software picks up the coordinates details of the normal binary ECG image.

3.1- Histogram Run Length Encoding generation

Run length coding (RLC) is an image compression method that works by counting
the number of adjacent pixels with the small gray —level value. This count called the run
length, basic methods that are used primarily for binary (two — valued) images, but can
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work — with complex images that have been preprocessed by thresholding to reduce
number of gray levels to two. There are various ways to implement basic RLC, and the
step is to define the required parameters. Can be used horizontal RLC, counting along
the rows. In basic horizontal RLC the number of bits used for the coding depends on the
number of pixels in a row. If the row has 2" pixels, then the required number of bits is n
so that a run whose length is the entire row can be coded. [4]

A black — and — white image that is mostly white, will encode very well, due to the
large amount of contiguous data that is all the same color. First approach is to put RLC

for each counting numbers of adjacent pixels for each horizontal row in a histogram
table see figure (9).

/NN NN

Figure (9) encoding along the x-axis

3.1.1- Base Line ECG Detection Process

A second approach is to use histogram RLC in detecting base line of input ECG
wave, thus after RLC long runs of each horizontal column counting the number of
adjacent pixels see figure (4).

By far the most common approach for detecting meaningful is the maximum
response of the horizontal RLC that accrued when line of the ECG wave image passed
through the middle of the wave, it would result when the ECG wave has no change in
signal and the number of adjacent pixels has the most number in the RLC table. In some
cases it may be better detect base line manually instead of auto detection, this is possible
by using human experts and allowed with mouse and direct entries see figure (10).

By mouse click on for manual detection filtered wave (ECG) X-axis location by mouse move

336

I I \I |\ I
Line number 89 \
(base line)
Y-axis locati h
Clickfor| b0

movement~—y : autogetect

Detect base line on Y-axies by click the mouse on filtered wave 39 Autodetect
Figure (10) manual base line detection
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3.1.2- R — Peak Detection

Since the R — peak is the sharpest component in the ECG signal it is captured by
the lower order which also contain high frequency noise, which typically presented in
the first three ECG waves. [6]

In our analysis, it was found a similar result. The oscillations associated in single
ECG the R — peak detected by taken the first right lowest number of pixels in the RLC
histogram table, therefore, the R — peak detection comprises the following two steps:
1- Sum of the first three R — peak pixels are the lowest in RLC horizontal table.

3- R — peak position is at the first upper right positions until the end of the three
amplitudes of ECG wave reached.

R-Detection | At the three points below (X. )

|3B|5 |333|5 |1E?|E

Figure (11) R — peak coordinates

After finding the R — peak position, then it can be fined whether the peak is
positive or negative according to the value of base line location, since the base of base
line is zero see figure (11).

3.2- Contour Detection Method
The boundary detection is one in which the contour represented and described by
one of two choices for representing a region:
1- We can represent the region based on it's external characteristics (i.e., it's
boundary).
2- We may choose to represent it in terms of it's internal characteristics (i.e., the
pixels comprising the region).
The contour detection by point processing is undertaken. The detection logic is
described below:
With the data in the form of pixels along an ECG boundary or pixels contained in
a region, chain codes are used to track figure(12)(a) by a connected sequence of straight
line segments of specified length and direction. [2] The initial point is form R — peak
and the tracing ends when reaching Q — peak, S — peak, or T — peak, similarly for all
peaks, single peak detection can have numbers 8 — directional chain codes depending on
its direction. Conventionally, the chain code with the least magnitude is taken into
consideration, figure (12) shows the 8 — directional chain code convention.
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(b)
Figure (12) directional chain coding

For the sake of simplicity, the starting point is considered to be the top most pixel
in the contour. Then, by proceeding in the counter clockwise direction, the direction of
the next pixel in the contour is determined.

The starting point of the contour is already determined as the R — peak (top most)
pixel in the contour. As it has been already detected that the chain coding has to proceed
in a counter clockwise direction, there are only two directions in which the chain coding
can proceed after the first pixel.

This concept can be better understood by observing the figure (13).

1@ 2@ 3e 1@ 2@ 3e 1@ 2¢ 3e

4@ Pe s5e 4@ Pe s5e 40§/P0 5@

6@ 7® 38e 6@ 7@ Se 60"?*\_\80
(a) (b) (c)

Figure (13) chain coding logic
a: pixel 'p' under consideration
b: chain code moves in direction toured 5
c: chain code directions in which it can proceed

The pixel arrangement is shown in figure 13(a). The pixel 'p' represents the pixel
under consideration. As it can be seen, there are eight pixels surrounding it. Coming
back as to why there are only two directions for the chain code to proceed, it has be
noted that when pixel 'p' is under consideration, the pixels 1,2,3, and 4 would have
already been scanned. As we are proceeding in the counter clockwise direction, we
cannot consider pixel 5. A careful analysis of figure (13) with all the ECG contour
would reveal that there is no way that pixel 8 can be white when 'p' is the starting pixel.
So, we are now left with only two pixels 6 and 7. From figure (12), there directivities
can be found to be 5 and 4 respectively. By explicitly proceeding in the directions 4 or
5, the next pixel in the contour can be identified.

The coordinates of the starting pixel and the next pixel in the contour from first
two rows of the chain code matrix with 'n' rows and 2 columns. The number 'n' denotes
the number of pixels in the contour. Unlike the case for the second pixel in the contour,
for all other pixels, there are five directions in which the chain code can proceed.

In figurel3 (b) consider that the pixel 6 is white which implies that the chain code
moves in direction 5. The figurel3 (c) has been structured assuming such a possibility.
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The old pixel numbers are depicted within brackets. The pixel 3 in figurel3 (c) is the
pixel 'p' in figurel3 (b). So, in figurel3 (c) it can be rightly that the chain coding has
proceeding from pixel 3 to pixel 'p'.

Now, to determine the next pixel direction in the chain code, it is enough if we
scan through five pixels namely 1,4,6,7 and 8 as shown in figurel3 (c). It is only in
there directions the chain coding can advance. The other three pixels 2, 3, and 5 needs
into account as the chain code came to pixel 'p' from 3.

Similarly, for all other directions also, it is sufficient to consider only 5 pixels
instead of 8. This chain coding proceeds until the Q, S, and T pixels are reached after
making a full traversal through the outer contour. After detecting every successive pixel
in the 3 ECG wave contour, it's Q, S, and T pixels coordinates have to be displayed as
result see figure (14).

O-Detection | At the three points below (X.Y)
3 EE] 325 [ 39 180 [ 39 (a)
T-Delection | At the three points below (X, Y) |T
96 36 338 33 245 36 (b)

S—Detection 1]

e [ [me [m [ar [ | (©

Figure (14) the coordinates of:
(a) Three Q-peak coordinates detected
(b) Three S-peak coordinates detected
(c) Three T-peak coordinates detected

3.2.1- Q — peak S — peak and T — peak detection

After R — peak pixel was obtained, the Q, S, and T — peaks or pixels detected by
following ECG boundary in the chain code until reach the pixel that illustrated the
following:

For Q — peak conditions:

1- This pixel is on the baseline.

2- This pixel is at the left of R — peak.

3- This pixel is satisfied one of the threshold mask as shown in figure (15).

or

Figure (15) threshold mask for Q-peak detection

For S — peak conditions:

1- This pixel is at the right of R — peak.

2- This pixel is the most less x-axis coordinates pixel under the base line on the
contour.

3- This pixel is satisfied one of the threshold mask as shown in figure (16).

4- If this pixel is on the baseline then flag=1.
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-

Figure (16) threshold mask for S — peak or T — peak detection

For T — peak conditions:
1- This pixel is at the right of S — peak.
2- If this pixel is the most less x-axis coordinates pixel under the baseline then:
a) flag = (-)
b) This pixel is satisfied one of the threshold mask as shown in figure
(16).
3- If this pixel is the most maximum x-axis coordinates pixel upper the baseline
then:
a) flag = (+)
b) This pixel is satisfied one of the threshold mask as shown in figure
7).

Figure (17) threshold mask for T-peak detection with flag (+)

4- Experimental results

A number of experiments were preformed to test and evaluate the performance of
the proposed software. It has shown the ability to process binary ECG wave image
features extraction of image of size 396 x 60 pixels with in less than 4 seconds on
average.

The algorithm was tested on most known recorded normal ECG images. It was
found that the acceptable results on a good noise free binary images; the proposed
software gives the solution to reach the optimal processing by:

1- A group of enhancement filters with it's undo result see figure (6).
2- Use the enlarging technique (1x4) to figure, detect and increase human vision to
solve the problems that may appear in some noise ECG images see figure (5).

By taken the opinion of some doctors they found that, it is a very good step for
automated ECG wave to give a good support to reduce errors and increases the human
visual system experts.
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5- Conclusion

This paper presents a normal binary ECG image features extraction method based
on the histogram run length encoding generation and contour detection method. The
proposed software based on spatial domain techniques. The complexity and difficulty of
detecting normal ECG wave image features Q, R, S, and T — peaks has been solved.

Experiment results prove the segmentation of ECG wave features can be detected
efficiently after a good enhancement and noise remove.

Binary ECG image features extraction Q, R, S, and T — peaks has been reached.

6- Future works
Several suggestions can be recommended for future works maybe given as
follows:
1- Using the same technique to extract another feature such as P — peak and u —
peak.
2- P —Rinterval, P — R segment, QRS interval, S — T interval, S — T segment, and
Q — T interval can be combined in order to increase the performance of process.
There are numerous of ECG characteristic point detection. These works are still in
progress and we hope to contribute significantly in the field of ECG signal processing
by using the work presented here.
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