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اﻟﺨﻼﺼﺔ
ﻴظﻬر ﻫذا اﻟﺒﺤث ﺘﻘﻨﻴﺔ اﻗﺘطﺎع ﻤﻘطﻊ أو ﻤﻨطﻘﺔ ﻤﻌﻴﻨﺔ ﺨﺎﺼﺔ ﻤن ﺼورﻩ ﻤوﺠﺔ ﻛﻬرﺒﺎﺌﻴﺔ ﻛﺈﺸﺎرة ﻟﻀرﺒﺎت
اﻟﻘﻠب  ECGﻤﻘطوﻋﺔ ﻤن ﺨﻠﻔﻴﺔ ﻤﻠوﻨﺔ ﺘﻛون ﻓﻴﻬﺎ ﺘﻠك اﻹﺸﺎرة ﻟﻠﻤوﺠﺔ ﻤوﺠودة ﺒﺎﻟﻌﺎدة ﻀﻤن ﺼورة ﻤﻠﻴﺌﺔ ﺒﺎﻟﺘﻌﻘﻴد

وﻤﻤزوﺠﺔ ﺒﻤﺠﺎﻤﻴﻊ ﻟوﻨﻴﺔ ﺴواء ﻛﺎن ﻀﻤن اﻹﺸﺎرة ﻨﻔﺴﻬﺎ أو ﻓﻲ اﻟﺨﻠﻔﻴﺔ اﻟﻤﺨﺼﺼﺔ ﻟﻠﺼورة ﻗﻴد اﻟﺒﺤث  ،أن ﺘﻌدد
اﻷﻟوان وﻋدم ﺘﻤﺎﺜﻠﻬﺎ وﺘﻌﻘﻴدﻫﺎ ﺴواء ﻛﺎن ﻟﻺﺸﺎرة ﻨﻔﺴﻬﺎ أو ﻟﻠﺨﻠﻔﻴﺔ اﻟﺨﺎﺼﺔ ﺒﻬﺎ وﻫو ﻤﺎ زاد ﻤن ﺼﻌوﺒﺔ اﻟﻌﻤﻝ
اﻟﺨﺎص ﺒﻌﻤﻠﻴﺔ اﻗﺘطﺎع ﺘﻠك اﻹﺸﺎرة  ،أن ﻗطﻊ واﺴﺘﺨﻼص ﺘﻠك اﻹﺸﺎرة ﻛﺼورة رﻗﻤﻴﺔ ﺜﻨﺎﺌﻴﺔ ﻤﺴﺘﻘﻠﺔ ﻴﺠﻌﻠﻬﺎ ﻗﺎﺒﻠﺔ

ﻟﻼﺴﺘﺨدام ﻵﺠﻝ أﺠراء اﻟﺘﺤﻠﻴﻝ ﻋﻠﻴﻬﺎ وﺘﻤﻛﻴن اﺴﺘﺨداﻤﻬﺎ وﺘﻬﻴﺌﺘﻬﺎ ﻟﻤﺨﺘﻠف أﻨواع اﻟﺘﺤﻠﻴﻝ وﺘﻤﻛﻴن ﺘطﺒﻴق اﻟﻌدﻴد ﻤن
ﺘطﺒﻴﻘﺎت اﺴﺘﺨﻼص و ﺘﺤدﻴد أو اﺴﺘﺨراج أﻫم اﻟﻤﻼﻤﺢ اﻟﻤوﺠودة ﻓﻴﻬﺎ واﻟﺘﻲ ﺘﺠﻌﻠﻬﺎ ﻗﺎﺒﻠﺔ ﻟﻼﺴﺘﻔﺎدة ﻤﻨﻬﺎ ﻟﻠﺨروج

ﺒﻤﺨﺘﻠف اﻟﻨﺘﺎﺌﺞ و اﻻﺴﺘﻨﺘﺎﺠﺎت اﻟﺒﺤﺜﻴﺔ أو ﻵي ﺘطﺒﻴﻘﺎت أﺨرى واﻟﺘﻲ ﺘﺘطﻠب اﻗﺘطﺎع ﻤﻘطﻊ ﻤن ﺼورة ﻤﻠوﻨﺔ أو

رﻗﻤﻴﺔ ﻛﺠزء أوﻟﻲ ﻴﺴﺎﻋد ﻋﻠﻰ اﻟﺒدء ﻓﻲ ﻋﻤﻠﻴﺎت اﻟﻤﻌﺎﻟﺠﺔ اﻟﺨﺎﺼﺔ ﺒﺘﻠك اﻟﺘطﺒﻴﻘﺎت  .أن اﻟﺨوارزﻤﻴﺔ اﻟﻤﻘﺘرﺤﺔ ﺘم
اﻨﺠﺎزﻫﺎ ﺒﺎﺴﺘﺨدام ﺘﺤﻠﻴﻝ أﻷطﻴﺎف اﻟﻠوﻨﻴﺔ  ،ﺘﺤﻠﻴﻝ ﻋﻨﺎﺼر اﻟﺼورة اﻟرﻗﻤﻴﺔ وﺒﺎﻟﺘﺎﻟﻲ اﺴﺘﺨﻼص اﻟﻌﻨﺎﺼر اﻟﻤرﻏوﺒﺔ
ٕواﻫﻤﺎﻝ اﻟﻌﻨﺎﺼر اﻟﻐﻴر ﻤرﻏوب ﺒﻬﺎ .
ان ﻋﻤﻠﻴﺔ اﻟﺤﺼوﻝ ﻋﻠﻰ ﻤﻘطﻊ اﺸﺎرة اﻟـ

 ECGاﻟﺘﻲ ﻴﺘم اﻟﺤﺼوﻝ ﻋﻠﻴﻬﺎ ﻓﻲ اﻟﻤﺴﺘﺸﻔﻴﺎت وﻋﻨد ذوي

اﻟﺘﺨﺼﺼﺎت اﻟطﺒﻴﺔ اﻟﻤﺘﺨﺼﺼﺔ ﻤن ﺨﻼﻝ اﺠﻬزة ﺘﺨﺼﺼﻴﺔ وﺒﺎﺴﺘﺨدام ﺨﻠﻔﻴﺎت ﻤﺘﻌددة ﻟﻠﺼورة ﻻ وﺒﻝ ﺒﻌﻀﻬﺎ
ﻴﺴﺘﺨدم ﺨﻠﻔﻴﺎت ﻟﻬﺎ ﻨﻔس اﻻﻟوان اﻟﺘﻲ ﻤن اﻟﻤﻤﻛن ان ﺘﺘﻛون ﻤﻨﻬﺎ اﺸﺎرة اﻟـ  ECGﻤﻤﺎ ﻴﺠﻌﻠﻬﺎ ﻤﺘداﺨﻠﺔ ﻤﻌﻬﺎ وﻴزﻴد
ﻤن ﺼﻌوﺒﺔ ﺘﺤدﻴدﻫﺎ  .ان ﻛﺎﻓﺔ اﻟﺒﺤوث اﻟطﺒﻴﺔ واﻟﻤﺘﻌﻠﻘﺔ ﺒﻬذا اﻟﻤﺠﺎﻝ ﺘﻛون ﻤﻌﺘﻤدة ﺒﺸﻛﻝ اﺴﺎﺴﻲ ﻋﻠﻰ اﻟطرق
اﻻﺤﺼﺎﺌﻴﺔ واﻟﺨﺒرات اﻟطﺒﻴﺔ ﻟدى ﻤﺠﻤوﻋﺔ ﻤﺤددة ﻤن اﻻطﺒﺎء اﻟﺘﺨﺼﺼﻴﻴن وﺒﻬذا ﺘﺘرك اﻟﺤﺎﺴﺒﺎت اﻟرﻗﻤﻴﺔ ﻓﻘﻴرة ﺒﻬذا

اﻟﻤﺠﺎﻝ اﻟﺤﻴوي .ان اﻟﺒﺤث اﻟﻤﻌروض اﻤﺎﻤﻛم ﻴﺴﺘﺨدم ﻤﻔﺎﻫﻴم ﻤﻌﺎﻟﺠﺔ اﻻﻨﻤﺎط واﻟﺼور ﻟﺘﺸﻛﻴﻝ ﺨوارزﻤﻴﺔ ﺘﻛون ﻗﺎدرة
ﻟﻔﺘﺢ اﻓﺎق اﻟﺘﻌﺎﻤﻝ ﻤﻊ ﻫذا اﻟﻨوع ﻤن اﻟﺼوراﻟطﺒﻴﺔ ﻟﺘﻬﻴﺌﺘﻬﺎ ﻋﻠﻰ ﺸﻛﻝ ﺼورة رﻗﻤﻴﺔ ﺜﻨﺎﺌﻴﺔ ﻗﺎﺒﻠﺔ ﻟﻠﺘﺤﻠﻴﻝ.
أن ﻨﺘﻴﺠﺔ اﻟﻤﻌﺎﻟﺠﺔ اﻟﻨﺎﺘﺠﺔ ﻫو ﺼورة رﻗﻤﻴﺔ ﺜﻨﺎﺌﻴﺔ ﻹﺸﺎرة

 ECGﻤﺤددة ﻤﻘطوﻋﺔ ﺨﺎﻟﻴﺔ ﻤن ﺘﺄﺜﻴرات

وﺘﺸوﻫﺎت اﻟﺨﻠﻔﻴﺔ واﻟﺘﻲ ﻴﺘطﻠب ﻟﻠوﺼوﻝ إﻟﻴﻬﺎ أﺠراء ﻤﺠﻤوﻋﺔ ﻤن اﻟﺘﺠﺎرب أﻻﺨﺘﺒﺎرﻴﻪ ﺒﻔﻌﺎﻟﻴﺔ ﻟﻠوﺼوﻝ إﻟﻰ أﻤﺜﻝ

ﺼورة ﺜﻨﺎﺌﻴﺔ  .إن اﻟﺨوارزﻤﻴﺔ اﻟﻤﻘﺘرﺤﺔ ﺘم اﺨﺘﺒﺎرﻫﺎ ﺒﺄﺨذ ﻤﺠﻤوﻋﺔ ﻤﺘﻌددة ﻤن ﺼور ﺤﺎﻻت ﺤﻘﻴﻘﻴﺔ ﻤﺘﻌددة اﻟﺨﻠﻔﻴﺎت

واﻷﻟوان وﻗد أﻋطت اﻟﺨوارزﻤﻴﺔ اﻟﻤﻘﺘرﺤﺔ ﻨﺘﺎﺌﺞ ﺠﻴدة ﻟﻠوﺼوﻝ إﻟﻰ اﻟﻬدف اﻟﻤﻨﺸود .
اﻟﻛﻠﻤﺎت اﻟﻤﻔﺘﺎﺤﻴﺔ رﺴم ﺘﺨطﻴط ﻤوﺠﺔ ﻛﻬرﺒﺎﺌﻴﺔ ﻛﺈﺸﺎرة ﻟﻀرﺒﺎت اﻟﻘﻠب  ، ECGﻗطﻊ ﻤﻘطﻊ ﻤن ﺼورة  ،اﺴﺘرﺠﺎع
اﻟﺼورة  ،اﻟﺼورة اﻟﺜﻨﺎﺌﻴﺔ  ،ﺘﺤﺴﻴن ﻤﻌﺎﻟم اﻟﺼورة .
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Abstract :
This paper presents color ECG image segmentation technique to segment a set of
ECG wave region which can be used in ECG wave analyzing and detection applications
or any other application which may require color segmentation or binary image
preprocessing .
The operation of getting ECG signal which can not be gotten in the hospitals and
those of medical specialist by using medical specialist by using medical devices and
various backgrounds even though some used the signal with the same color that can be
merged with ECG so that it is hard to define, all medical researches concerned with this
field of study are basically depending on statistical methods and medical experience by
a group of specialist doctors this makes the digital computers poor in this important
field . In this research image processing is used for forming algorithm to be able to deal
with this kind of medical images then prepared it to a binary digital image to analyzing .
The proposed algorithm is carried out by using wave color detection , color image
analyzing , filtering of wave process depending on threshold technique and splitting and
merging algorithm .
Then the result is binary ECG with located effective undead of test images . The
proposed algorithm was tested under multi ECG images cases and give a good result .
keywords ECG , image segmentation , image restoration , binary image , image
enhancement .
1- Introduction :
Image processing is a computer imaging where the application involves a human
being in the visual loop. The images are to be examined and acted upon by people . For
these types of applications we require some understanding of how the human visual
system operates . The major topics with in the field of image processing include image
restoration , image enhancement , and image segmentation . The primary distinction
between computer vision and image processing is that the output image is to be used a
human being , image analysis is often used as preliminary work in the development of
image processing algorithms [1],[2] .
1.1- Image Restoration :
Image restoration is process of taking an image with some known , or estimated ,
degradation , then restoring it to its original appearance . Image restoration is often
used in the field of photography or publishing where an image was some show degraded
but needs to be improved before it can be printed . For this type of application .
We need to know something about the degradation process in order to develop a
model for the distortion . When we have a model for the degradation process , we can
apply the inverse process to the image to restore it to original form [1] .
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1.2- Image Enhancement :
Image Enhancement involves taking an image and improving it visually , typically by
taking advantage of the human visual system's response . One of the simplest and often
most dramatic enhancement techniques is to simply stretch the contrast of an image .
Enhancement and restoration are similar in aim , to make an look better , but they differ
in how they approach the problem . Restoration methods attempt to model the distortion
to be image and reverse this degradation whereas enhancement methods use knowledge
of human visual system's response to improve an image visually [1] .
1-3 Image Segmentation :
Image segmentation is to find regions that represent objects or meaningful parts of
objects . Image segmentation techniques can be divided into three categories :
1- region growing and shrinking .
2- clustering methods .
3- boundary detection .
The region growing and shrinking methods use the row and column . Based on
image space , whereas clustering techniques can be applied to any domain such as
(spatial domain , color space , feature space , etc) . The boundary detection methods are
extensions of edge detection technique [1].
1.4- 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 [21]. 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 [4].
1.5- How ECG Works :
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 [22] .
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) , (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
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ﻣﺠﻠﺔ ﻛﻠﻴﺔ ﺑﻐﺪﺍﺩ ﻟﻠﻌﻠﻮﻡ ﺍﻻﻗﺘﺼﺎﺩﻳﺔ ﺍﻟﺠﺎﻣﻌﺔ ﺍﻟﻌﺪﺩ ﺍﻟﺴﺎﺩﺱ ﻭ ﺍﻟﺜﻼﺛﻮﻥ

2013

ECG , can be the number of leads that are recorded , for example 3-lead , 5-lead or 12lead ECG's ( sometimes simply "a 12-lead") [5] .
1.6- ECG Graph Paper :
The output of an ECG record is a graph (or sometimes several graphs representing
each of the leads) with time represented on the X-axis and voltage represented on the Yaxis . A dedicated ECG machine would usually print into graph paper which has a
background pattern of 1mm squares (often in red or green) , with bold derisions every
5mm in both vertical and horizontal directions , it is possible to change the output of
most ECG devices but it is standard to represent each mV on the Y-axis as 1cm and
each second as 25mm on the X-axis (that is paper speed of 25mm/s) . Faster paper
speeds can be used – for example to resolve finer detail in the ECG . At a paper speed of
25mm/s, one small block of ECG paper translates into 40ms . Five small blocks make
up one large block , which translates into 200ms . Hence , there are five large blocks per
second . A calibration signal may be included with record . A standard signal of 1mV
must move the stylus vertically 1cm , that is two large squares on ECG paper [6] . See
figure (1)

(a)

(c)

(b)

(d)

(e)
Figure(1) (a,b,c,d,e)Kinds of papers used for ECG

2- Type of Digital Images :
There are three types of images :
1- Binary image .
2- Gray – level image .
3- Color image .
The digital image I(r , c) is analysis as a two – dimensional array of data , each pixel
value corresponds to the brightness of the image at the point (r , c) . A two –
dimensional array is referred to as a matrix , and one (row or column) is called a vector .
There are some type of digital image : [7], [8]
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2.1- Binary Image :
Binary image are the simplest type of image analysis and can take on two values black
and whit or '0' or '1' see figure (2)

Figure(2) Binary image simulated by 0,1
A binary image is referred to as a (1bit/pixel) image because it takes only on binary
digital to represent each pixel [7] .
2.2- Gray – Level Image :
Gray – level are referred to as monochrome or one color images . They contain
brightness information only, no color information . Typically gray – level image
analysis contains 8-bit /pixel data which allow us to have (0-255) different shades [10],
[11].
2.3- Color Images :
Color images can be modeled as three – band monochrome image data where each
band of data corresponds Red , Green , Blue or RGB images which represent the
original thee color . When we use 8-bits monochrome standard as a model , the
corresponding color image would have 24-bits / pixel 8-bits for each of the three – color
bands (red , green blue) . In 8-bits colored image analysis the palette represents 256
(0—255) colors variation [7],[10],[12].
The proposed study of ECG color image will analyzing each of these three – band
monochrome in each pixel in corresponding color ECG image . The values of each pixel
will be represented in detail and with it's coordinates (r,c) see figure (3) .

(a) Color triangle

(b) ECG image with it's
Color analyzing Figure(3)
17

2013

ﻣﺠﻠﺔ ﻛﻠﻴﺔ ﺑﻐﺪﺍﺩ ﻟﻠﻌﻠﻮﻡ ﺍﻻﻗﺘﺼﺎﺩﻳﺔ ﺍﻟﺠﺎﻣﻌﺔ ﺍﻟﻌﺪﺩ ﺍﻟﺴﺎﺩﺱ ﻭ ﺍﻟﺜﻼﺛﻮﻥ

Color is the most extensively used visual content for image retrieval . It's three –
dimensional values make its discrimination potentiality superior to the single
dimensional gray values of image . It's relatively robust to ECG wave and it's
background . Before selecting an appropriate color description , color space must be
determined first [3],[7]. Humans perceive a color as a combination of three stimuli ,
R(red) , G(Green) , and B(blue) , which form a color spaces for the ECG color image ,
represent three form a color spaces for the ECG color image , represent three 2Dimention arrays represents the color information , corresponding to the richness of
background and ECG wave color that represents the type of color such as red , green ,
and blue widely color used in must color ECG image background and deferent intensity
for the ECG wave image from a given color that used to describe that color information
in an color ECG image . The additional information contained within these images is
often very difficult to determine ECG wave automatically . Therefore , human
intervention is usually required to analyze and interpret the ECG wave image and
collect important data . Furthermore the ECG wave images obtained often suffer from
severe background and noise distortion due to the paper scall condition and ECG device
characteristics .
Another difficulty in the analysis of there ECG images is the similarity distance
between the ECG wave level color and it's environment , that cases distortion images .
3- Color Image Segmentation :
A central problem with image segmentation is to distinguish object within an image .
Many image segmentation methods have been researched in this regard [14] . Most
image segmentation methods can be in one of the three categories :
1- Characteristic feature thresholding or clustering (Feature Domain) .
2- Boundary detention (spatial Domain) .
3- Region growing (spatial Domain) .
In this paper it proposed to use characteristic feature thresholding or clustering is a
technique to categories the ECG image pixels into the selected feature of the pixel .
These could be features such as the pixel gray level values RGB value .
Characteristic feature thresholding is effective in image segmentation when it takes
spatial information into consideration [14] . That the boundary or edge detection tacks
the intensity of the pixels changes dramatically compared to the pixels of it's
surrounding , a decision is made based on this information and the pixel under
examination , but these algorithms are suitable for images that are simple and noise –
free; however edge detection on noisy , complex images will often produce missing
edges , or extra edges . Region growing is a technique where the aim is to group pixels
into larger and larger regions . It also uses spatial information and guarantees the
formation of closed connected regions but it is not without its problems . It is often not
clear at what point the region growing process should be terminated , resulting in under
or over segmentation [14] .

18

Binary ECG Segmentation from Color ECG Image

Khalid Alaa Aldine

3.1- Logical Definition of Segmentation :
A region is defined as an area with homogeneous spatial properties [15]. The level to
which this subdivision is carried depends on the problem being solved . That is ,
segmentation should stop when the objects or regions of interest in an application have
been isolated . Segmentation is a form of pixel classification , i.e. , each pixel is
assigned to a class of pixels based on some property of the pixel .
As a result of segmentation , the regions should be homogeneous with respect to the
segmentation criterion such as uniformity in gray level intensity or texture [15] .
3.2- Mathematical Definition of Segmentation :
The objective of segmentation is to partition an image into regions . Segmentation
techniques are based on finding the regions directly . R represents the entire image
region . We may view segmentation as process that partitions R into n sub region , R1 ,
R2 , …. , Rn , with the following property :
a- R = U Ri
i= 1,2,3, …. , n .
b- Ri is a connected region , i= 1,2,3, …. , n .
c- Ri ∩ Rj = Ø for all i and j , i ≠ j , Ø = empty
d- P(Ri) = TRUE for i= 1,2,3, …. , n .
e- P(Ri U Rj) = FALS for i ≠ j Ri and Rj .
Condition (a) indicates that the segmentation must be complete ; that is every pixel must
be in region .
Condition (b) requires that points in a region must be connected.
Condition (c) refer to the region must be disjoint .
Condition (d) deals with the properties that must be satisfied by the pixels in segment
region for P(Ri) = TRUE if all pixel in Ri have the same intensity .
Condition (e) indicates that the region Ri and Rj are different in the sense of predicate P
[2] .
4- Thresholding Technique :
The Thresholding technique is very popular in image processing operations , one of
which is the segmentation . Thresholding transforms a data set containing values that
vary over some range into a new data set containing values that vary a smaller range .
The simplest case is when the destination data set contains only two values ; a threshold
is applied to the input data so that values falling blow the threshold are replaced by one
of the values in the data set ; input values at or above the threshold are replaced by the
other output value [16].
In this paper it proposed to use threshold values which are usually selected from the
wave (ECG color wave image) .
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This can be done by known or determined the gray level ranges of the ECG color
wave by click the mouse over it to occupied the color of ECG image area objects and
background are well separated [17], [18] .
Thresholding is defined as an operation that involves test against a numeric function T
of the from [2] .
T0 = T { X,Y , P (X , Y) , f (X , Y)} ……………. (1)
Where P (X,Y) denotes some local property of the point (X,Y) .
The resulting thresholding images g(X,Y) is then defined as :
1 if f(X,Y) > T0
g(X,Y) =

------ 4.1 ……….. (2)

0 if f(X,Y) ≤ T0
In general , a signal threshold value is not enough to detect all the objects in a
complicated image , such as natural outdoor images . It is more efficient to use multiple
thresholds rater than a single threshold [19], [20].
Multiple thresholding is an operation that involves test against a D-dimension function
T.
(T0 , T1 , …… TD-1) = T {(X,Y) , p(X,Y) , f(X,Y)} with 0<D<L
The resulting threshold image g(X,Y) uses D + i values (V0,V1 , …. VD) to map the
D+1 classes in the image defined by the D thresholds see figure (4) :

Figure(4) Threshold color control
V0 if f(X,Y) ≤ T0
V1 if T0 < f(X,Y) ≤ T1 ……….. 4.2
.
.
.
VD if f(X,Y) > TD-1
Equation 4.1 and 4.2 can be seen better as mapping gray level f verses the out put as
illustrated in figure (5)
g(X,Y) =

.

(a) Color ECG loaded image

(b) The resulting threshold image
Figure(5)
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5- The Proposed Segmentation Method :
In this section we firstly look into color ECG wave as an color RGB image that need
to analyzed and detect it's color space that is suitable for detection based on ECG color
distribution in different color space , then take a suitable threshold color based on the
analysis of ECG wave color components and finally propose a technical solution for
automatic segmentation method to obtain binary ECG segment image . The image
segmentation method in this work based on spatial domain techniques only .
5.1- 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)] ---------- 5.1
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 figure (6) shows [2] .

Figure(6) 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 g 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 .
The simplest form of T is when the neighborhoods is |X| . In this cause g depends
only on the value of fat (r,c) , and T becomes a gray level transformation (also called
mopping) function of the form :
S = T(r) ……………. 5.2
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] .
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5.2- ECG Region Segmentation :
The proposed region segmentation that represent objects or meaningful parts of
objects can be divided into three categories :
1- When the test ECG image is transformed into RGB color space , then its used
as a look up table to assign a probability of ECG wave to each pixel see figure
(7) .

Figure(7) The R,G,B bands analyzed from location x,y
2- The ECG color probability image is binarized with a thresholding technique ;
the regions with proper probability are labeled as a wave color regions .
The basic algorithm is given below :
Procedure
Set the initial values of
TR is the Red threshold , set of rang 0 – 255
TG is the Green threshold , set of rang 0 – 255
TB is the Blow threshold , set of rang 0 – 255
R(x,y)
G(x,y)
are the two dimension arrays satisfied the color
B(x,y)
space
Begin
For x=0 : end do
For y=0 : end do
If R(x,y) ≤ TR and G(x,y) ≥ TG and B(x,y) ≤ TB then
Resulting threshold image g(x,y) = 0
else
g(x,y) =1
end if
end for
end for
end
3- The final related approach is to splitting and merging algorithm used to weed
out unlikely ECG regions or incorrect aspect ratio the remaining regions are
used as a selected regions in the ECG region segmentation .
5.3- Split and Merge Algorithm :
Implemented as shown below:The proposed split and merge algorithm is dived – and – conquer ECG wave image
method . First of all , it takes the whole image as an area of interest . After that an area
of interest is processed based on the following notions :
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1- Among the three components of RGB numerical values get an efficient
threshold values , see figure (4) .
2- Analyzing the three – band R,G, and B for each pixel in area of interest (color
ECG image) .
3- Region merging : Two adjacent regions merge into a single region if satisfy
equation 4.3 with R taken as the union of these two regions .
P(Ri U Rk) = P(R) = TRUE ………. 4.3
See figure 5(B) :
4- Region splitting : A region is subdivided into smaller regions , if it dose not
satisfy the similarity equation 3.4 .
P(R) = FALSE ……………… 4.4
5- The resulting image will be a binary ECG wave image
6Note : The behavior of the proposed algorithm is influenced by :
The good choice of initial threshold values see figure (8) :

Figure(8) ECG after splitting smaller regions
6- Experimental Results :
A number of experiment were preformed to test and evaluate the performance of the
algorithm . The algorithm has shown the ability to process color ECG wave
segmentation of image of size 396 × 60 pixels with in less than 4 seconds on average .
The algorithm was tested on most known recorded color ECG papers or images that
taken from ECG monitors see figure 1 (A,B,C,D,E) .
It was found that the acceptable results depend on the experience that the person gut
from his frequent use of three RGB threshold detection .
In each ECG – wave in the scall paper (the background of the scall ECG – wave) it is
important to know how to set and determined the optimal threshold . The proposed
threshold gives the solution by analyzing each pixel to it's RGB – bands see figure (7) ,
in addition threshold can be selected easily from
comparing ECG wave segment color with the suitable color selected from the
combination of colors directly see figure (9) .

Figure(9) Combination of colors that can set threshold directly
For each images were taken at different background the algorithm successfully
segment the ECG wave . If the algorithm fails to reach the optimal segment , this is due
to a poor lead to a correct estimation of RGB threshold .
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By taken the opinion of the doctors they found that , it is a very good stape for
automated ECG wave to give a good support to reduce errors and eliminate the ECG
papers dependency .

7- Conclusion :
This paper presents a color ECG segmentation method based on the RGB color
analyzing , thresholding techniques and region merging , splitting region algorithm .
The proposed algorithm based on spatial domain techniques . After investigating a
various color ECG image we select RGB color model for analysis . The complexity and
difficulty of detecting ECG wave segment from color space has been solved .
Experiment results prove the segmentation of color ECG wave can be detect
efficiently after a good estimation of RGB threshold . Binary ECG wave image has been
reached .
8- Future Works :
Several suggestions can be recommended for future work my be given as follow :
1- Using other features such as image enhancement , shape and others in the
implementation of ECG wave image .
2- ECG image features analyzing can be combined in order to increase the
performance of process .
3- Image segmentation can be an integration of both low – level visual features and
high – level features in order to manage visual data in more effective ways .
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