
  
 
 

 
 

39 Electrocardiogram (ECG) Image processing and Extraction of Numerical Information 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 3, Issue 7 

July 2016       

Electrocardiogram (ECG) Image processing and Extraction of 

Numerical Information 
  

Dharmendra Gurve
1
, Alok Kumar Srivastava

 2
, Kingsuk Mukhopadhyay

 2
, N Eswara Prasad

 2
,  

Sachin Shukla
1
, H. Muthurajan

1 

1
National Center for Nano Science and Nano Technology, University of Mumbai, 

Vidyanagri, Kalina, Santacruz(E), Mumbai  
2
Defence Materials Research & Development Establishment (DMSRDE), DRDO 

GT Road Kanpur, India 

 
Abstract: An Electrocardiogram (ECG) is a graphic tracing of electrical patterns produced by the heart. This test is 

frequently used for patients who have heart problems and is an important diagnostic procedure. Standard ECG are 

recorded on paper has a grid on it. The grid work on ECG records is made up of many tiny blocks that are 1 mm square. 

Each of these tiny boxes is generally 40 ms duration. Heavier lines are used to make larger squares of five boxes tall and 

five boxes wide. Each larger square has a duration of 200 ms. Five of these larger squares (200 × 5) equals 1000 ms or 

1 sec. By counting out the grids, we can get a fast approximation of the duration of a particular cardiac cycle or timing 

cycle. However this becomes increasingly complicated when we would like to analysis the ECG data for higher 

precision. The normal ECG record comprises a P wave, QRS complex, ST segment, and T wave. Analysis of each 

segment duration is very important for critical decisions by clinician. In view of this we have developed MATLAB based 

algorithm to read the ECG images, which has options to calibration in both X and Y axis, followed by algorithm to 

remove the background grids and extract the numerical co-ordinates of individual points of ECG curve. The numerical 

data extracted from ECG are highly useful for high precision diagnosis and the details are discussed in the manuscript. 
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1. Introduction 

Analysis of electrocardiogram (ECG) as a tool for 

clinical diagnosis has been an active research area 

in the past decades. The validity of using ECG 

tracing for heart disease detection supported by the 

fact that the physiological differences of the heart 

in different individuals display certain uniqueness 

in their ECG signals [1]. Human individuals present 

different patterns in their ECG regarding wave 

shape, amplitude, PT interval, due to the difference 

in the physical conditions of the heart [2].  Further, 

ECG signal is a life indicator, and can be used as a 

tool for liveness detection. An ECG graph paper 

can find wide applications in physical access 

control, medical records management and forensic 

applications. ECG tracing is printed on graph 

papers for accurate interpretation. On ECG graph 

the Y-axis represents voltage in mV. The bar 

indicated below represents 1 millivolt (mV). This 

denotes the electrical strength of the signal. 

Therefore, each big square represent 0.5 mV and 

each small square represent 0.1mV. The X-axis 

represents time in seconds. Each big square 

represent 0.2 seconds. Therefore, each small square 

represents 0.04 seconds. 

There any application of ECG tracing on graph 

paper but in many application ECG tracing without 

grids are needed, so in such cases extraction of 

plane ECG signal without grids from the scanned 

graph paper is important. This process is known as 

feature extraction or image background removal. 

Background subtraction is a process of extracting 

foreground objects in a particular image. The 

foreground object boundaries extraction reduces the 

amount of data to be processed and also provide 

important information about the object. 

The various methods are presented to remove 

background, among them (SHARP) is the widely 

used background field removal technique [3]. 

SHARP uses the spherical mean value (SMV) 

property to remove the harmonic component, i.e., 

background field, from the measured total field. 

Pixel-based techniques assume that the time series 

of observations is independent at each pixel. In 

contrast, some researchers [4-6] employ a region- or 

frame based approach by segmenting an image into 

regions or by refining low-level classification 

obtained at the pixel level. Markov random field 
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techniques employed in [7, 8] can also model both 

temporal and spatial context. Algorithms in [9,10] 

aim to segment the foreground objects in dynamic 

textured backgrounds (e.g., water, escalators, 

waving trees, etc.). Furthermore, Amer et al. [11] 

describes interactions between low-level object 

segments and high-level information such as 

tracking or event description. All the methods are 

very complex to implement and takes more time 

when is applying on ECG graphs for grid removal.  

To address these problems, an X, Y coordinate 

point storage based method is suggested. The 

proposed method captures the continuous patterns 

in a heartbeat signal, and able to plot all captured 

points. The remainder of this paper is organized as 

follows. The proposed method is discussed in 

Section 2. In Section 3, we present the experimental 

results along with detailed discussion. Conclusion 

and future works are presented in Section 4. 

 

2. Proposed algorithm for background removal  

In order to extract the ECG trace from the 

background and conversion to a time series signal is 

as shown in the flowchart in Figure. 1 

 

 

Figure 1: Complete flowchart for proposed 

method. 
 

2.1 Image upload 

In the first step of proposed method we choose the 

image of our interest as shown in Figure 2. 

Proposed method supports all type of image like 

BMP, JPG, TIF, GIF, and PNG files. It also 

supports single or multiple traces on a single image. 

 

 

Figure 2: Option to upload image 

 

2.2 Image resizing 

Image interpolation occurs when user resize or 

distort subject image from one pixel grid to another. 

Image resizing is necessary when increase or 

decrease in the total number of pixels is needed. In 

the proposed method the processing image is 

resized into 512 512 pixels. Although it can be 

possible to resize image into 128 128 or 

1024 1024 or in other slandered size. Resizing in 

standard size allows all processing operations faster 

in time.   

2.3 Axis dimensions calibration: 

The image processing operations in machine vision 

are usually done in the coordinate system of the 

image array, with the origin at the upper left pixel 

[12]. The rows and columns correspond to integer 

coordinates for the pixel grid. Conversion from 

pixel coordinates to image plane coordinates can be 

possible using calibrating image axis dimensions. In 

order to perform this calibrations we have develop 

an algorithm which will prompt for user input 

before grabbing ECG trace points. In the first stage 

of this process user manually set minimum limit of 

the x-axis (Figure 3a) and then maximum limit of 

the x-axis (Figure 3b), which indicate that all the 

extracted points will fall within these limits 

(amplitude scale). For example if the user enter 

minimum point as -1 and maximum point as +1 

then the extracted ECG will have amplitude of this 

range. In the next step of axis calibration similar 

process is repeated for y-axis (Figure 3c & 3d) 

calibration (time scale). 
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Figure 3: (a) X-axis calibration-origin   (b) X-axis 

calibration-maximum    (c) Y-axis calibration-origin    

(d) Y-axis calibration-maximum 

 

2.4 ECG Trace extraction 

 

In the next step of the proposed method ECG trace 

can be extract by grabbing points on the ECG trace 

from the input image. By right clicking desired 

point can be selected and next point can be store by 

again clicking mouse. All points are stored on the 

basis of coordinate system of the image array. Let 

us assume that (Xi, Yi) are the co-ordinate position 

of the current point. Initially we set Xi=0 and Yi=0, 

where i increases from zero to number of points 

that we want to store. On the first click i become 1 

and the X1, Y1 location of the first point is stored 

in a variable and on next click X2, Y2 location is 

stored. By pressing „a‟ on the keyboard the input 

image can be zoom for the clear view of the ECG 

trace if the input ECG trace is very small.  The 

same process is repeated on each click and data all 

data stored in a variable.  

 
Figure 4: ECG Trace extraction process 

Current data point 

(a) 

(b) 

(c) 

(d) 
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2.5 ECG plotting 

Finally all the grabbed points are stored in a single 

variable which can be plot can be plot in which the 

background grids are removed. Figure 5 shows the 

grabbed point stored in a variable. If the number of 

points for the fixed time scale is more accurate 

ECG tracing can be plot. 

 

Figure 5: Stored points in single variable. 

The extracted numerical data can be directly use for 

further processing or the plotted waveform can be 

save as image in any format like BMP, JPG, TIF, 

GIF, and PNG files. 

 

3. Results and Discussion 

To demonstrate the accuracy proposed method for 

grid-noise removal in ECG graph image, 

experiments were performed with the many images 

with light, moderate and dark background. The 

proposed method is also tested on multiple graphs 

on single image. The feasibility of the introduced 

solutions is demonstrated using ECG data from two 

public databases, PTB [13] and MIT-BIH [14]. 

Experimentation shows that the proposed methods 

produce promising results. 

Figure 6(a) shows the original ECG graph with 

light background in which some text also written as 

watermark. Figure 6(b) shows the extracted ECG 

trace from Figure 6(a), in which we can see that all 

background grids as well as watermark is removed. 

 
 

 

 

Figure 6: (a) ECG tracing image with grids and 

watermark background (b) ECG tracing image 

without grids and watermark background 

The proposed method for extraction of numerical 

information from image is also applied on MIT-

database images (record number MIT-07910), 

which is shown in Figure 7(a). Figure 7(b) shows 

the removed background and the perfect tracing of 

ECG signal from Figure 7(a).    

 

Figure 7: (a) ECG tracing MIT-DB 07190 image 

with background (b) ECG tracing MIT-DB 07190 

image without background 

 

Further, in order to check the accuracy of the 

proposed method e have tested this method on PTB 

database images (record number PTB-0114lre), 

which is shown in Figure 8(a). The output image 

with removed background grids from Figure 8(a) is 

shown in Figure 8(b).     

 

(a) 

(a) 

(b) (b) 

 (a) 

  (a) 

(b) 
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Figure 8: (a) ECG tracing PTB-DB 0114lre image 

with background (b) ECG tracing PTB-DB 0114lre 

image without background 

As discussed previously that proposed method is 

able to remove background for multiple graphs on 

single image. Figure 9(a) shows the original image 

in which two ECG graphs from different lead. After 

applying proposed method the plotted ECG traces 

are shown in Figure 9(b). In this case the grabbed 

points for first ECG trace is store in one variable 

and grabbed points for second ECG trace is stored 

in second variable. Axis dimensions calibration for 

each trace need to perform individually.  

 

Figure 9: (a) Multiple ECG tracing image with 

background (b) Multiple ECG tracing image 

without background 

As discussed earlier that the storage size of the 

image can be also reduce by removing the 

background which facilities the better transmission 

of images. Image compression has itself many 

advantages in image processing and transmission. 

Table 1 shows the image size before and after 

applying proposed method. Figure 6 has .GIF 

format, figure 7 & 8 has .JPEG format and figure 9 

has .PNG format.    

Table 1: Image size comparison before and after 

applying proposed method 

Image Size (Before) Size (After) 

Figure 6 109 KB 61 KB 

Figure 7 26 KB 20 KB 

Figure 8 23 KB 19 KB 

Figure 9 55 KB 44 KB 

 

4. Conclusion 

A background removal technique from ECG graphs 

is proposed here by incorporating an idea of storing 

current points in a variable. The advantage of the 

proposed method is that it can applicable on all 

kind of images like BMP, JPG, TIF, GIF, and PNG 

files. Also it preserves sharp edges as well as all 

peaks present in the ECG signal. Due to the 

simplicity of the proposed method, it has many 

applications in the fields of computational 

photography, image processing and medical 

imaging. Experimental results show that the 

proposed method can produce images with 

excellent visual quality and able two remove 

background for two ECG traces in single image. 

Proposed method also reduces the size of the image 

by preserving all the characteristics of the ECG 

signal.   
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