
IJSRD - International Journal for Scientific Research & Development| Vol. 5, Issue 07, 2017 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 452 

Automatic Digitization and Feature Extractions of ECG 
Ramesh Kumar Singh1 Shahanaz Ayub2 Gaurav Gupta3 

1,2,3Department of Electronics & Communication Engineering 
1,2,3Bundelkhand Institute of Engineering & Technology Jhansi India

Abstract— The aim of this project is to develop a novel 

algorithm for automatic digitization and Heart rate of ECG. 

The major objective of this study is to design an algorithm to 

create digital excel file and to calculate the Heart Rate 

automatically. The comparison between the calculated Heart 

Rate and Reference Heart Rate has taken into consideration. 

The Difference between the two has been obtained and then 

the Threshold value has been optimized automatically. The 

accuracy has been improved with the further improvement of 

these obtained Threshold values for almost all the samples 

under testing within a certain specified limit range. 
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I. INTRODUCTION 

Electrocardiograph (ECG) is a machine which is utilized   for 

recording of electrical activity of heart during a period of 

interval with the help of electrodes kept on the skin. 

Electrocardiography (ECG) has existed for more than a 

century, and digital ECG has existed for more than two 

decades. Three millions of ECGs are taken worldwide in a 

year [4]. 

A  cardiac  patient  with  history  of  heart  ailments  

will always have to carry and maintain a bulk  of  such  ECG  

reports  while  visiting a medico for consultation.  Further 

these bulk ECG records are very hard to be shared among 

medicos. Even  in hospitals  due to lack of space and 

arduousness in maintaining  records  a  immensely colossal 

amount  of  data  is  discarded time to time. Our goal is to 

design  and  evaluate a  system that transforms a  paper 12-

lead  ECG  into a stream of digital  data  that  can be 

interpreted and  quantified  by a  commercially available 

automated  ECG analysis  program[1]. Hence there is a need 

for its automatic analysis to save the time and get the correct 

interpretation from its printout. 

II. METHODOLOGY 

This process takes different steps to achieve our goal. These 

are following. 

A. Scanning 

ECG paper recordings need to be scanned. Scanning 

resolution can be 300 dpi (dots per inch). Preferred algorithm 

for the image compression is JPEG. Figure 1 represents a 

scanned ECG paper recording.  

B. Digitization Process 

In ECG  digitization  proces, the  ECG paper is scanned as a 

digital image and is converted to 8-bit gray scale.This is 

followed  by an optional step of scaling down the image 

resolution to 300 dpi [3]. This scaling down accommodates 

to reduce computational costs without compromising 

reconstructed  signal quality. 

In integration, a process of  skew rectification i.e. 

redressing the angular orientation of the ECG paper may need 

to be performed. This is performed by calculating the slope 

of the gridlines by picking two points on the same gridline 

and rotating the scanned image utilizing the angle 

obtained.The implement has a graphical utilizer interface that 

requests  a utilizer to mark the two points. 

 
Fig. 1: Shows raw ECG sample 08 

The next  step is a binary thresholding operation to 

abstract the graphical grid and convert the grayscale image to 

a binary image. Since the pixel intensity value of the 

graphical grid is customarily more preponderant than that of 

the printed ECG signal, the threshold (Vi) is tenacious. 

Utilizing the histogram of the image (Fig. 2). 

By considering the pixel intensity of the graphical 

grid region alone (ebony(black) = 0 and white = 255), the 

threshold for the grid abstraction process is resolute 

automatically [4]. 

 
Fig. 2: Shows recoarding of lead II from sample 08 

 
Fig. 3: Shows raw  ECG after removal of gray scale of ECG 

text from sample 08 

In this example, the range 120–135 was contributed 

by the grid lines alone). nuities or gaps in the ECG signal 
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from abstraction of major grid lines due to reduced printer ink 

retention on the major grid lines [2]. Performing median 

filtering and interpolation after the thresholding process 

eliminates these artifacts. On this binary image, a column-

sapient pixel scan is performed to find the contour of the ECG 

waveform predicated on the zero locations (ebony). 

Since the printed ECG signal has some  thickness 

associated with it, a dyad of row indices corresponding to the 

upper and the lower contour is obtained for each column. 

Predicated on the x- and the y-axis scales, the  sampling  rate 

is derived from the resolution of the image, and we obtain 

time-voltage pairs for the mean of the contour of the ECG 

waveform. In the case of low-resolution images, significant 

quantization errors may be introduced in the signal at this 

stage. An optional step of smoothing the reconstructed signal 

to abstract the high-frequency noise introduced due to 

pixeling is carried out next [5]. This pixeling occurs when 

there is nonuniform rendering of the ink along the gridlines 

on the ECG paper. Following this, the DC voltage level of the 

digitized signal is adjusted predicated on the DC level of the 

test square pulse, which is an integral part of the paper ECG 

signal  [1].The  time  scale of  each ECG signal is also 

adjusted  based on the time duration of the test square pulse. 

For purposes of  evaluation, we  consider  ECG  paper 

scanned with  a resolution of 300 Following  the  process of  

gray scaling  and  threshold ingto remove the gridlines onthe 

ECG paper, we  consider the  image  segments corresponding 

to the 12 leads individually .In order to removes altand  

pepper noise, we use a 3×3 median filter on these image 

segments[6]. 

C. Filtering of the raw digital ECG 

In the digitization process, filtering is the important part. It 

contains four steps as following. 

 Uplifting 

 Smoothing 

 FIR filtering 

 High pass filter 

 
Fig. 4: Block Diagram of Filtering process of ECG Signal. 

D. Raw Signal 

It is signal which is extract from scan ECG which is stored as 

excel file fig 3. Due to the movement of the patients in the 

hospital it interference by noisy signal for removing of noisy 

signal we referred the following steps given below. 

 
Fig. 5: Shows raw ECG signal as input sample 08. 

E. Base line shifting to zero axis 

Signal averaging is a signal processing technique applied in 

the time domain, intended to increase the strength of 

a signal relative to noise that is obscuring it. With the help of 

averaging a set of duplicate measurements, the signal-to-

noise ratio will be increased, ideally in the amount to the 

square root of the number of measurements.  

 
Fig. 6: Shows shifted version of ECG signal towards origin 

of sample 08. 

F. Savitzky-Golay filter 

A Savitzky–Golay filter is a digital filter that can be applied 

to a set of digital data points for the purpose of smoothing the 

data, that is, to increase the signal-to-noise ratio without 

greatly distorting the signal .In this study zero order filter is 

used. 

 
Fig. 7: Shows output of S-Golay filter of ECG signal of 

sample 08. 

G. FIR filter 

In signal processing, a finite impulse response (FIR) filter is 

a filter whose impulse response (or response to any finite 

length input) is of finite duration, because it settles to zero in 

finite time. Here a Hsmming window based 20th order  band 

stop filter. The output of Band stop filter  passed through  high 

pass FIR filter(HPF) of order  20 and cut-off frequency of 

HPF is  50 HZ. 

 
Fig. 8: Shows output of Band stop filter of ECG signal of 

sample 08. 

 
Fig. 9: shows output of ECG signal at HPF of sample 08. 

H. Heart Rate Calculation 

Heart rate is the celerity of the heart beat quantified by the 

number of contractions of the heart as beat per minute (bpm). 

The heart rate can vary according to the body's physical 

needs, including the desideratum to absorb oxygen and 

excrete carbon dioxide 

Many texts cite the mundane reposing adult human 

heart rate as ranging from 60–100 bpm. Tachycardia is an 

expeditious heart rate, defined as above 100 bpm at rest. 

Bradycardia is a slow heart rate and defined as below 60 bpm 

at rest. 
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Time duration between two adjacent R peaks is 

know as RR  interval which is utilized  in calculations of heart  

rate  and  rhythm  analysis of  heart .Heart Rate can be 

calculated by calculating R peaks in one minute ECG 

divest[1]. 

HR=60/(RRinterval) 

I. Algorithm for calculation of Heart Rate 

1) Step 1 Scan ECG paper at 300 dpi. 

2) Step 2 Take initial value of threshold Vi = 120 to get 

digitized excel file. 

3) Step 3 Now pass this digital ECG through the filters as 

shown in fig 4. 

4) Step 4 Calculate R peaks from digitized filtered ECG. 

5) Step 5 Calculate Heart rate(HRC) 

𝐻𝑅𝐶 =
60

𝑅𝑅 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙
  bpm 

6) Step 6 Calculate D = HRR –HRC 

Where HRR is the Reference value of Heart rate which 

is taken from scan ECG  paper . 

7) Step 7 If D is ranges from -2 < D < 2 then stop. 

8) Step 8 Otherwise apply Vi = Vi + 2 on scanned ECG and 

now repeat all the step from step 2 until the value of D 

will lie within the range (-2 < D <   +2) 

III. RESULT 

The aim of this paper is to carry out the digitization and 

filtration process of printed ECG samples automatic which 

have taken into account for the analysis purpose. 

In the previous method we have to provide threshold 

values to the system and compare the images (scan ECG 

image with background and image without background) 

manually then change the threshold value according to the 

comparison. Sample has been taken from various hospitals in 

the city. These samples were obtained in the form of printed 

ECG paper. So first of all we need to convert into digital 

sample. 

The optimized threshold value which is used in our 

analysis of the different samples is between 120-130. The 

threshold value which is optimum for the most of the sample, 

is determined by calculating the mode value of thresholds. On 

the basis of our study the optimum threshold value is 120. 

There are following results of analysis is given below. 

S. No. 
Sample 

Number 

Threshold 

Value 
HRC HRR 

Diff. 

(D) 

1 08 120 60 61 1 

2 12 122 67 67 0 

3 13 120 88 89 1 

4 16 120 73 73 0 

5 20 120 67 69 2 

6 24 120 56 58 2 

7 25 120 68 69 1 

8 27 122 91 91 0 

9 28 120 59 59 0 

10 29 120 82 82 0 

11 32 120 70 70 0 

12 35 120 58 58 0 

13 39 120 74 73 -1 

14 43 120 95 94 -1 

15 44 120 95 96 1 

16 51 130 85 85 0 

17 63 120 90 91 1 

18 69 120 97 97 0 

19 71 126 97 97 0 

20 95 122 61 62 1 

Table 1: Analysis table between calculated Heart Rate and 

reference Heart rate reference 

IV. CONCLUSION 

From the performed experimental work, almost 20 samples 

were taken into account. In these samples, the threshold value 

of voltage i.e Vi has been found to be consistently uniform 

with Vi equals to 120. The occurrence of the threshold value 

120 is obtained with almost 75% in these samples. Five of the 

other samples which has been optimized within the range of 

120-130 of Vi. During the optimization of the tested samples, 

maximum tolerance limit of D (difference between HRR-

HRC) is ±2. Almost all the samples which were taken into the 

consideration provides desired result within the specified 

threshold range of 120-122. Among all the 20 samples, 

almost 18 samples provides the desired result.  Two of the 

other samples provide the desired result via optimization of 

the threshold voltage (Vth) of the ECG signal amplitude. 

After the optimization of Vi & Vth of the above tested 

samples, the excellent accuracy of almost 99.99% has been 

achieved. 
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