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ABSTRACT: The electrocardiogram (ECG) is a 2-D signal graph basically printed on thermal grid lined paper 
showing heart functionality and is sensed by special electrodes attached over the heart surface. Digitization of ECG is a 
today’s demand for various cardiologists for preserving papered ECG, for easy analysis of previous records, for fast 
processing, for solving the problems of complex nature of today’s complex machineries that providing various formats 
of digitized ECG. In this paper a new approach based on morphological Top-hat transform is developed in order to 
suppress noises from the ECG signals.  
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I.  INTRODUCTION 
 

Day by day, preserved ECG is affected by blurring effect and various noises on it and cannot be visible after many 
days. It is also needed to easily handle the critical cases by attending caretakers in any emergency. Unavailability of 
experts in emergency is major problem so the especially less expensive and less complex system is need to be develop 
for house hold use and small clinics. The various complex ECG analyzing systems are available but the digitized stored 
data format is only recognizable by the same machines so the output is unreliable and cannot work on other machine. 
Need is to develop the reliable system for digitization and even for ECG analysis so that all until now format can be 
converted into easily readable format. Many researchers had worked on the similar requirements of ECG digitization 
and all are discussed as follows. 

ECG has been used by many cardiologists from many years for cardiac disease identification and cardiac treatment. 
Many Cardiac processes has been developed until now like beattobeatnoiseremoval[1], non linear adaptation method of 
elimination of powerline interference[2], powerline interference cancellation in signals[3], ordynamic power line 
interference subtraction for bio-signals [4] and digitization technique [5]. 

During past decade, very few cardiologists are using advanced costly devices for directly recording the ECG 
digitally which can analyze the recorded signal accurately. However, still mostly physiological parameters are analyzed 
by many cardiologists manually through printed ECG [6].  Most of the automatic recording devices are manufactured 
through their own protocols [7] with their own digital format which is not understandable to other devices so very 
difficultto get easy opinion from many cardiologists for proper treatment. So way remaining is to get printout and 
circulate to others. Instead of this, one can send simple format based digital signal retrieved from ECG printout to 
other. This also leads the need to digitization of ECG paper. High expertise is required to analyze and interpret the 
complex ECG [8-11] and may not easily available all the time. Need is to find the easy way of understanding the 
complexity of ECG to ordinary physicians in minimum time with the use of existing common technology through ECG 
printout. Also need is to get quick, reliable and cost effective way of cardiac treatment so that any attending clinician 
may take proper action in short time. Most of the previous ECG printouts are available in many cardiac centers but 
unfortunately very few are using it for present and future attack interpretation using old ECG [12]. Manual intervention 
[13] is also needed for locating the region of interest around the ECG trace to remove the description along with it. 
Earlier effort is made by Lobodzinski, et al. [14] to locate it within the ECG page.  
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Many available techniques for digitization ECG printout are not flexible to work with many types of paper records 
captured with different cameras. They are also cost effective with high risk of data loss while processing [1, 2, 3,4]. 
Need of ECG digitization is shown by many authors within last two decades [15]. Manual evaluation of 12-lead ECGs 
from paper print is generally performed in modern clinical trials [16]. In this era of fast processing, this task is 
becoming tedious and may introduce manual error [17]. Now a day’s many instruments are available which can sense 
real time ECG and can store for automatic or manual prediction for future treatment. Previously printed ECG has been 
preserved for many days by many cardiologists but the paper may be blurred and may be torn day by day. So in turns, 
previous history of cardiac functionality is day by day becoming unavailable. It is needed to be digitized for analyzing 
and interpreting the cardiac history of the patients.   

Until now, very little research [17-23] was done in the field of ECG paper digitization and even facing the problems 
in many aspects like high speed operation, low resolution ECG image retrieval, to extract or remove grid with different 
color images with clear trace view, to extract or remove grid if trace and grid is of same color with clear trace view etc. 
Morphological operations [24] like erosion [25,26] dilation [25,26] thinning [27] etc are used already to remove the 
ECG trace from its grids. Most of the authors used axis identification [28] for trace visualization properly. 

Background grid removal with clear trace retrieval is the main aim behind the digitization of ECG paper. Some 
algorithms like in [22-23] are presented in this field. These algorithms are categorized based on the various aims of 
improving the standard steps of ECG digitization. Standard steps are given as ECG paper scanning, image 
enhancement, grid removal, trace detection and enhancement, trace scaling, and trace visualization. Out of all the 
available algorithms, first types of algorithms are of trace enhancement for reduction of unwanted grid [16,22,23,29], 
second type of algorithms are based on color segmentation based grid removal [30], third types of algorithms are for 
grid removal with periodic distance vertical direction through XOR operation [29,31] and fourth type of algorithms are 
related with feature extractions from ECG papers [17,32]. Image enhancement techniques [16,22,23,29] for reduction 
of unwanted grid are generally including the binarization process [23], filters like Median filter [19], Iterative Method 
[32], K-means [33] and Otsu algorithm [33-35]. It also includes thinned [36], tracing using line tracking [13] or snakes 
filtering [20] after the trace is enhanced. Image enhancing algorithms are mostly becoming non-effective when there is 
high intensity grid with low intensity trace of ECG. Slightly this problem can be solved with color segmentation based 
algorithms but other problem this algorithm facing is if trace and grid is having same color or if gay scaled then it will 
definitely fail. To handle this, horizontal and vertical grid removal based on third category is necessary. In these 
algorithm proposed in [32] and [37], it is necessary to find the predefined and periodic distance between the grid lines 
which is more complex task and will be difficult if the ECG is not having periodic grid because of manual image 
capture. The algorithm to handle the manual error in capturing the ECG image for removal of the grid without affecting 
the printed ECG trace is needed to even develop. This problem may be called Man Made Problem in ECG Digitization. 

To avoid Man Made Problem in ECG Digitization independent of distance between the consecutive grid lines, all 
the vertical grid lines detection and removal can be performed to get image of a trace with horizontal lines (1st image) 
and all the horizontal lines grid lines can also be removed from original image to get the image of a trace with vertical 
lines (2nd line). Instead of XOR operation like in algorithm in [29,31], one can use other operations to combine these 
two images so that only a ECG trace remain present in final image. This image can be further processed to get convert 
the trace on image into the digital form of ECG.  Most of the present algorithms used Hough transform [24] based de-
skewing the scanned/captured images, it is necessary to rotate the scanned image. Instead if this, image transformation 
is needed to correct the manual errors occurred while capturing the ECG image which can transform the scanned image 
in to properly rotated image as well as it can transform uneven distributed grid (due to manual error) into evenly 
distributed gird lines so that it can be easily removed using proposed grid removal process. 

II. MAJOR STEPS IN ECG DIGITIZATION 
 

Many steps are evolved in ECG digitization bur here we discussed the majored steps by combining the various 
small steps. We considered two steps as 1) ECG paper scanning and trace enhancement and 2) trace detection and 
display as follows. 

A. ECG PAPER SCANNING AND TRACE ENHANCEMENT 
Image scanning is the first process in image enhancement. Scanning resolution were fixed by many authors [16] in 

their work for specific input ECG paper but it should be varying according to the ECG trace and grid clarity. Automatic 
selection of resolution is required in this process so that the further process may not be complicated. However it 
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requires the involvement of linear interpolation [16, 22, 23, 29] in case of low resolution image for adding and 
replenishing the missing pixels. With various resolutions, comparative study is performed by JalelChebil et al. [23] 
showing the relation between scanning methods and image enhancement method. So we can make combined efforts for 
both processes. 

Image enhancement process includes scanned image processing techniques like de-skewing [24] the 
scanned/captured images, color segmentation [30], binarization [23] and trace pixels enhancement with grid pixels de-
enhancement. Image enhancement is mainly required to raise the trace of ECG and to degrade the intensity of grid lines 
in corrected image. 

B. TRACE DETECTION AND DISPLAY 
Background removal [22-23], image trace detection/extraction [16,29] trace enhancement (trace thinning) [27], 

extraction of locations of trace pixels for display as digital signal [16], locations interpolation [16,22,23,29] and axis 
identification [28] are the various steps in the step of trace detection. 

ECG display is also important in digitization process. It is required to display it in ECG analysis through the various 
forms as in normal form of graph and in logarithmic forms like semi log form [38] and log-log form [39]. 

III. SURVEY ON MATHEMATICAL MORPHOLOGY 
 

Mathematical morphology can be used for extraction of required information from image.  In image processing, 
morphology is the name of a specific methodology for analyzing the geometric structure within an image. The 
morphological filter can be constructed on the basis of its corresponding morphological operations that are more 
suitable for shape analysis than the standard linear filters. It may sometimes distort the underlying geometric form of 
the image. Some of the salient features regarding the morphological approach are as follows: 
1.  Morphological operations provide for the systematic alteration of the geometric content of an image while 

maintaining the stability of the important geometric characteristics [40]. 
2.  There exists a well-developed morphological algebra that can be employed for representation and optimization 

[40]. 
3.  It is possible to express digital algorithms in terms of a very small class of primitive morphological operations 

[40]. 
4.  There exist rigorous representations theorems by means of which one can obtain the expression of morphological 

filters in terms of the primitive morphological operations [40]. 
Generally with the interaction to the other image of certain shape and size, called the structure element, the 

morphological operators transform the original image into another image. Geometric feature of the image that are 
similar in shape and size to the structure element can be preserved, while other features can be easily suppressed. Thus, 
morphological operations can simplify the image data, preserving their shape characteristics and eliminate irrelevancies 
and unwanted components from image. In view of applications, morphological operations can be employed for many 
purposes [41] like including edge detection [42,43], segmentation [44-47], enhancement [48] of images and so on.  
The basic concept of morphological signal processing is to modify the shape of a signal, equivalently considered as a 
set, by transforming it through its interaction with another object, called structuring element. In practice, the structuring 
element is compact and of a simple shape than the original object. The basic operators of morphology transform include 
dilation, erosion, opening and closing . 
Let f (n) be the original 1-D signal, which is the discrete function over a domain 
f (n) = {0,1..........., N −1}. And let B(m) be the structuring element, which is the discrete function over a domain 
B(m) = {0,1...........,M −1} two basic morphological operators, the erosion and the dilation, can be defined as 

(f B)(n)=MIN {f (n+ m)-B (m)} 
(F Θ B)(n)= MAX{f (n -m) +B (m)} 

Based on de dilation and erosion, two other basic morphological operators, the opening (•) and the Closing (•) can be 
further defined: 

(f °B)(n) = (f ΘB⊕B) (n)                                  
(f • B)(n) = (f ⊕ BΘB) (n)   
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A. DILATION 
Dilation causes objects to dilate or grow in size. The amount and the way that they grow depends upon the choice of the 
structuring element. Dilating without specifying the structural element makes no more sense than trying to low pass 
filter an image without specifying the filter. Dilation of A by B is defined as 

D(A B)=AB(A +


B. EROSION 
Erosion work (at least conceptually) by translating the structuring element to various points in the input image, and 
examining the intersection between the translated kernel coordinates and the input image coordinates. The erosion of A 
by B is defined as

E(A,B)=A B= (A -) 


C. OPENING
Very simply, an opening is defined as erosion followed by a dilation using the same structuringelement for both 
operations. The opening operator therefore requires two inputs: an image to beopened, and a structuring element. 

(A,B)ABD(E(A,B),B) 
The basic effect of an opening is somewhat like erosion in that it tends to remove some of theforeground (bright) pixels 
from the edges of regions of foreground pixels. However it is lessdestructive than erosion in general. 
D. Closing  
Closing is defined as an dilation followed by erosion using the same structuring element for bothoperations. The 
closing operator therefore requires two inputs: an image to be closed, and a structuringelement. Closing is similar in 
some ways to dilation in that it tends to enlarge the boundaries offoreground (bright) regions in an image (and shrink 
background color holes in such regions), but it is less destructive of the original boundary shape. 

C(A,B)ABE(D(A,B),B) 

 
Fig.  1 Block diagram of Top-Hat transform 

IV. PROBLEM DEFINITION 
 

Based on the literature, various problems are stated as, 1) it is needed is to design an algorithm for handheld 
captured ECG image so that any can work on the system, 2) it is required to develop an algorithm that can handle a 
problem of recovering the ECG trace from darkened grid lines than trace and 3) it is also needed to find the solution on 
extracting the trace if grid and trace are having same colour.  
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V. METHODOLOGY 
 

In proposed work, to avoid Man Made Problem in ECG Digitization independent of distance between the 
consecutive grid lines, all the verticals grid lines detection and removal can be performed to get image of a trace with 
horizontal lines (1st image) and all the horizontal lines grid lines can also be removed from original image to get the 
image of a trace with vertical lines (2nd line). Instead of XOR operation like in algorithm in [29,31], one can use other 
operations to combine these two images so that only a ECG trace remain present in final image. This image can be 
further processed to get convert the trace on image into the digital form of ECG.  Most of the present algorithms used 
Hough transform [24] based de-skewing the scanned/captured images, it is necessary to rotate the scanned image. 
Instead if this, image transformation is needed to correct the manual errors occurred while capturing the ECG image 
which can transform the scanned image in to properly rotated image as well as it can transform uneven distributed grid 
(due to manual error) into evenly distributed gird lines so that it can be easily removed using proposed grid removal 
process. 

We are using manually captured ECG image from ECG paper so image warping is proposed for the orientation and 
grid correction purpose. Using image warping, we can transform captured image of ECG paper into parallel lined grid 
graph. Captured image may have slanted non-parallel lines gridded trace of ECG because of manual error during 
capturing. If camera is not focused in parallel along the parallel lined paper then parallel lines may be seen as lines of 
non-uniform rhombus. This type of image is required to correct in to parallel horizontal and vertical lined grid graph so 
that grid can be easily removed from it.  

Initially a basic algorithm is designed with doesn’t consist of image de-skewing or image warping but taken directly 
corrected image as input. Image of ECG is initially cropped so that the region of interest (i.e. region of ECG trace) is 
only covered. The colour image is needed to be converted to the image which contents only the component of trace. For 
this, it is to be converted in to the binary image for reduction of grid line and enhancement of trace pixels.  

Binarization required converting the colour image in to gray level image initially and then binarized into the black 
and white (BW) image. Darken pixels identification is more difficult then identification of bright pixels and the trace is 
darken than the grid lines so it is needed to convert the darken pixels into the bright pixels and vice versa. It needed to 
use the negation of BW image. Original image and BW image is shown as follows. 

 
Fig. 2 Original Image 

 

 
Fig. 3 BW image 
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Fig. 4 Negated BW image (BWn) 

 
We propose to remove horizontal and vertical lined intense pixels by using Top-Hat filter separately. Top-hat 

filtering calculates the morphological opening and then subtracts the resultant image (C) from the source image (A) as 
shown in following equations. 

T = A – C, and 
C = (A ʘ ρ) ϴ ρi 
Where, A, C, ρ, ʘ, ϴ and ρi denotes original image, morphological opening, structure element, erosion, dilation and 

inverse structure element respectively.  
Top-Hat filter with a horizontal structuring element of points equal to the horizontal length of image is considered 

to remove the horizontal intense lines pixels in given image and similarly for vertical lines.  
Input image (BWn) for horizontal top hat filtering is shown below. 
 

 
Fig. 5 Negated BW image (BWn) 

 
Removal of horizontal lines using Image opening and subtracting from BWn image gives image as,  

 

 
Fig. 6 Removed horizontal grid lines 

 
Here we can see the removal of maximum horizontal line only some components are remaining which can be 

removed in further processes. Before processing for removal of vertical grid lines, this image is needed to process for 
enhancement of bright pixels by dilation process. Image dilation process gives enhancement of all the components for 
reduction of unwanted component and enhancement of region of interest.  
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Fig. 7 Dilated image 

 
Above Fig. enhances the entire components from which small components are reduced using image opening. Image 

opening consisting of erosion and dilation is performed for reduction of unwanted components. Erosion clears 
maximum all the small components using given structural elements and again dilation process brings the remaining 
components to original form. Figure bellow shows the reduction of noise from above Figure. 
 

 
Fig. 8 Image opening is performed 

 
Now it is needed to remove vertical lines from above image. This image is processed with Top Hat filtering with 

vertical structural element of points equal to the vertical height of image in which given image is processed with 
morphological opening followed by subtraction from input image. The final image after removal of horizontal line 
without noise is used for removing the vertical lines. Output image got may consist of vertical noise. It can be again 
reduced with morphological processes. 
 

 
Fig. 9 Removed vertical lines 

 
Image is eroded to remove unwanted components.  

 
Fig. 10 Eroded Image 
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Then it is again dilated as, 

 
Fig. 11 Dilated image 

 
The unwanted components are removed by using image opening operator as used in horizontal lines removal 

process. The final image shows the removal of maximum all the vertical and horizontal grid lines with removal of noise 
generated in process. 

 
Fig. 12 Image opened to remove noise 

 
The bright components are then digitized by finding the locations of it and plotted as shown below. 
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Fig. 13 Final digitized ECG 

VI. CONCLUSION 
 

Need of ECG digitization is specified by many cardiologist, researchers and authors in their literature. A new 
algorithm morphological Top-hat transform for noise suppression using non linear transform was developed. It consists 
of morphological operator which are closing and opening. These operators are used as structuring element SE. Various 
problems, needs, requirements and expectations related with various algorithms in ECG digitization are detailed in this 
work.  
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