
International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084     Volume-5, Issue-8, Aug.-2017 
http://iraj.in 

ACF Algorithm for ECG Signal Implementation 
 

59 

ACF ALGORITHM FOR ECG SIGNAL IMPLEMENTATION 
 

1JENITHA A, 2ELUMALAI R 
 

1 Dept. of Electronics & Communication EPCET, Bangalore, India 
2 Dept. of Electrical and Electronics NHCE, Bangalore, India 
E-mail:128jenitha@gmail.com, 2elumalai.epcet@gmail.com 

 
 
Abstract - It is believed that the ECG signal is a standard signal for the control of heart rate and diagnose various cardiac 
problems. In an ECG signal, the most important feature is the QRS complex. The duration of the QRS complex and the 
height gives a lot of data that allows the doctor to assess the condition of the human heart. However, the ECG signal is noise 
and other artifacts which hamper the analysis of the signal with bare eyes different algorithms are developed to extract 
features from the ECG signal. But here we have implemented two algorithms PAN - TOMPKINS and ACF (autocorrelation 
algorithm) to find the QRS complex of the 12-lead ECG signal. Correlation function is used here to determine whether the 
ECG signal is normal or abnormal signals are called arrhythmias. MATLAB is used for the simulation of both the algorithms 
and the same is also implemented in Xilinx FPGAs. This approach provides accurate for the analysis of ECG results in real 
time. 
 
Key Words - Pan Tompkins Algorithm, Autocorrelation Function Algorithm, Band Pass Filter, Differentiator ,  Moving 
Window. 
  
I. INTRODUCTION 
 
The electrocardiogram is considered a diagnostic tool 
that provides the report on the electrical activity of 
the heart is recorded using skin electrodes. The 
technique used for the measurement of the ECG 
signal is a non-invasive technique which means that 
the signal is measured on the surface of the human 
body. If there is no disturbance of the heart rate or 
rhythm or morphological, the change indicates a 
cardiac arrhythmia, however, this can be determined 
by analysis of the ECG signal. ,, Tachycardia 
Ventricular premature beats, beat fusion, etc. It was 
the most common arrhythmia. In a P-wave duration 
and amplitude ECG - QRS - T contains very useful 
information on the nature of heart disease. 
Depolarization and re polarization of sodium and 
potassium ions in human blood result in ECG signal 
electric waves calls.  
From the analysis of the ECG waveform, they can be 
obtained the following formations of the human 
heart: 
 Provides information on the relative size of the 

camera and the position of the heart. 
 Provides information on the origin and spread of 

momentum. It provides information on changes 
in the concentration of electrolytes. 

 Gives information on heart rhythm and 
conduction disturbances.  

 Provides information on the effects of different 
drugs on the heart.  

 It provides information about the extension of 
myocardial ischemia.  

However, no ECG signal provides data related to the 
contraction of the heart or pump function. Heart 
Anatomy The human heart consists of 4 rooms, ie, 2 
atria, 2 ventricles and various AV and SA nodes. The 
two upper chambers are called right and left atria and 
the two lower chambers are called the right and left 

ventricles. The atria and ventricles are connected by 
fibrous tissue and non-conductive Artia keep 
electrically isolated from the ventricles. The oxygen-
poor or deoxygenated blood from different parts of 
the body is received by the superior and inferior vena 
cava to the right atrium and passed. Once the blood is 
received, the right atrium contracts and thereby 
forcing blood to flow to the right ventricle, the 
ventricles. 
Lungs for purification. The blood is purified in the 
lungs and deoxygenated blood becomes oxygenated 
blood. This oxygenated blood from the lungs is 
received by the left ventricle and the left atrium 
through the pulmonary veins and is pumped to the 
body. 

 
Fig 1 Heart Anatomy 

In the human heart, electrical pulses are generated by 
the SA node (sinoartial). The generated pulses are 
spread around the heart initiating myocardial 
contraction. Depolarization is a process through 
which the electric impulses generated propagate 
through excitable tissues. A current of ions is 
generated by the depolarization of the heart muscle, 
then a voltage drop occurs through the resistive body. 
This voltage is detected by the electrodes are fixed on 
the surface of the body. Therefore, the ECG is only a 
record of the existing voltage drop across the skin, 
which is due to the ionic current flow caused by 
myocardial de polarization. The propagation of 
electrical impulses that is the result of the de-
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polarization through the form of atrial P wave atrial 
myocardium and the extension of the electrical signal 
through the ventricular myocardium leads to 
ventricular depolarization. 
 
II. QRS DETECTION –BRIEF REVIEW 
 
They have developed artificial neural networks, 
genetic algorithms, filter banks and wavelet transform 
to detect and analyze the QRS. In the method of 
artificial neural networks, QRS detection is done by 
neural networks forming adaptive linear predictors of 
ECG signal. In the method of the estimation filter 
banks ECG samples it is obtained by a series of 
adaptive filters and the estimate is then given as a 
weighted sum of the previous samples. The Wavelet 
transformation method gives the resulting signal for 
detection of the QRS complex and pending 
correlation methods. In this method, the model is 
given for this first ECG signal, and then syntactic 
approaches where the ECG signal is represented as a 
linear approximation pieces and then analyzed using 
the syntax rules are made. Most of all the algorithms 
uses the same structures as the pre-processing, feature 
extraction and decision. An approach which follows 
the said phase which is the PAN Tompkins algorithm. 
The band-pass filter is used to cut the high-noise, low 
and DC, a differentiator and a quadrature operator 
allowing considerable sturdy characteristics and also 
to a moving window integrator adjustable to soften. 
In this method for detecting QRS signals, the method 
threshold filter is used. For normal QRS complex, the 
Pan-Tompkins algorithm is very good, but when it 
comes to detect abnormalities such as wider QRS 
complex, the performance is quite poor. For the 
algorithm based on the autocorrelation used in the 
pre-processing that follows the band pass filter to cut 
high-noise, low DC and a differentiator. This 
algorithm has the advantage of detecting other 
diseases. Also it analyzes all the peaks and heart 
interval signals inter-peak compared to the algorithm 
Pan-Tompkins. 
 
III. LITERATURE SURVEY 
 
To perform the task given the necessary background 
presented in this chapter. The initial phase of the 
project highlights the relevant material to the given 
task. Several algorithms have been proposed to find 
the QRS complex in the ECG signal. This also 
explains the work done by previous investigators. The 
biomedical background required for the project as 
presented in this section. It is necessary to understand 
electrocardiogram (ECG), the arrangement of the 
various cables and ECG signals as the signals are 
interpreted. Once you understand the 
electrocardiogram, we analyze the algorithms 
required to process the leads of ECG signals. 
 
 

1) Algorithm based on wavelet transform-: 
Analysis of time according to the frequency wavelet 
ECG signal is explained. The ECG waveform records 
the electrical activity of the heart and gives us 
valuable information about heart disease, the patient 
suffers depending on the variation of the ECG signal 
from patient to patient and normal ECG signal 
pattern. In this algorithm, the coefficient of an ECG 
signal at a given scale shows the presence of efficient 
QRS signal without considering noise and more 
unusual breadth of this QRS signal peaks. Here the 
wavelet transform coefficient  signal using Morlet 
wavelet is traced continuously. 
 
2) Algorithm peak detector:- 
In this algorithm, the ECG signal is applied using a 
167 ms window. They are divided into three 
segments 55.6ms. This is the maximum 360 BPM 
beat frequency that is detectable. Here the maximum 
value is required by the algorithm that scans the 
entire range. This algorithm ensure maximum value 
and determines whether the value is in the middle 
segment or not and if its value is higher than a certain 
threshold value. If it true then the positional value is 
taken as a beat and then its amplitude is saved as the 
new threshold value. 
 
3) QRS detector channel (SQRS):- 
This algorithm makes use of the FIR filter and this 
algorithm is based on the transformation length. The 
FIR filter as an approximation of the slope of the 
ECG signal. To be detected exhibits and QRS 
complexes detected using a variable threshold. The 
algorithm to save time and enters a decision stage 
when the filtered signal is greater than the threshold. 
160ms within two to four of these surveys show that 
the rhythm is normal. If more than 4 detections within 
200ms indicated as an artifact. Once the decision if 
the signal has a beat or device, it has taken the 
algorithm is reset. If a time is not detected every 2 
seconds, the threshold value is automatically reduced 
by 1/16 of the original value and if there are more 
than 4 detections, the threshold value increases by 
1/16. The threshold is recalculated each time it is 
detected the normal rhythm. The algorithms above 
cannot detect the QRS complexes of the ECG signal 
in real time. But our striving to overcome these 
problems easily by using the ACF algorithm. This 
thesis presents a method for the design and the 
implementation of the algorithm QRS detection using 
the autocorrelation function in a Field Programmable 
Gate Array (FPGA). The reason for the FPGA 
hardware implementation is that the FPGA supports 
creating more rapid prototyping and can be 
reprogrammed quickly. A cheap and easy to check 
are. This feature allows the implementation and 
verification faster than new projects. The approach 
gives the most precise results for the analysis of real-
time ECG signal. 
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What is the ECG? 
The electrocardiogram can be defined as the 
schematic representation of the electrical activity of 
the heart. There are two terms that have meaning 
Electrokardiogram ECG which has been proposed by 
Willem Einthoven, a Dutch physiologist, in 1890. 
The second term "ECG" is the English version 
Electrocardiogram and now commonly used today. 
Initially, the ECG consisted of only three limb leads 
and were of the main cable. Later, in 1930, the six 
chest leads and leads increased 3 in 1942. This 
ultimately resulted in a 12-lead ECG is used have 
been added today. 

 
Fig 2 ECG waveform 

 
IV. IMPLEMENTATION 
 
A) PAN TOMPKINS ALGORITHM: 
The algorithm can be used for ECG signal analysis 
algorithm is Pan Tompkins. This algorithm detects 
whether the heartbeat is normal or not. Therefore, the 
algorithm mainly detects only the QRS interval. Most 
of the tools require the presence of ECG accurate 
QRS detector. It combines three types QRS detection. 
They are: 
 linear digital filtering. 
 non-linear transformation. 
 adjusts the algorithm decision. 
 
The block diagram of the Pan Tompkins algorithm is 
shown below:  
 

 
Fig 3 : Block diagram of PAN TOMPKINS Algorithm 

 
ECG input: 12-lead sensor is placed in the patient's 
body at various appropriate points. The output of 
these sensors form the input signal. 
Bandpass filter: This phase consists of a low-pass 
filter and high pass filter, together forming a 
bandpass of the filter. ECG signal is limited initially 

to 50 Hz and then sampled at a signal sampling 
frequency = 200 Hz and the ECG input is passed to 
the block which removes the noise component of high 
frequency, the signal P wave, T-wave signal and 
unwanted artifacts. 
Differentiation: differentiation in the art, the ECG 
signal is filtered to remove motion artifacts and is 
also used to increase the signal / noise ratio value. It 
contains information on the slope of the QRS points. 
Squaring : The output of the differentiation block is 
sent to squaring block, squaring this process increases 
the slope of the response of this signal that helps 
detect false peaks in the ECG wave data as T. 
Moving Window: the signal is transmitted option 
squaring and moving window integrator. This is for 
information on the width of the QRS complex. The 
obtained information is passed to the local peak 
detector and the threshold value is set in the 
algorithm as the original web passes the filtered 
signal. This is used to identify the value of the slope 
of the QRS. 
QRS complex output: All current QRS complex in 
the filtered waveform and transformed with respect to 
the signal present in both forms of elaborate wave is 
considered detected QRS complex point. 
 
B. Autocorrelation function (ACF) 
ALGORITHM: 
One of the algorithms that can be used for ECG 
signal analysis algorithm is the autocorrelation 
function. This algorithm has an additional advantage 
to detect heart disease with pulse function. This 
algorithm not only detects the QRS interval but also 
finds other peaks of the ECG signal. Most of the tools 
require the presence of ECG accurate QRS detector. 
It combines three types of detected QRS points. 
 linear digital filtering. 
 non-linear transformation. 
 adjusts the algorithm decision. 
 
The block diagram of the Autocorrelation function 
algorithm is shown below: 

 
Fig 4 Block diagram of Autocorrelation function algorithm 

 
ECG input: 12-lead sensor is placed in the patient's 
body at various appropriate points. The output of 
these sensors form the input signal. 
Differentiation: Differentiation of the signal is 
carried out to eliminate motion artifacts also used to 
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increase the SNR. It contains information on the 
slope of the QRS. 
Bandpass Filter: This step is low pass filter and 
high-pass filters, together forming a loop filter 
bandwidth. ECG signal is initially limited to 50 Hz 
and then sampled at a Fs = 200 Hz signal and the 
differentiated output signal passes this block that 
eliminates high frequency noise components, P wave 
signal between the T-wave signal and unwanted 
artifact signals. 
Autocorrelation function: The output of the filter 
band-pass passes through the autocorrelation function 
to determine the duration of a cardiac cycle in the 
ECG. To analyze the period between the two peaks, 
this block is implemented in the ratio of repeating 
function using the autocorrelation properties. 
QRS complex output: this block is detected first 
period and after looking at the peaks instead of R 
peaks there for the period of detection by 
autocorrelation. The high degree of randomness 
present in the ECG signal, we entered this approach 
to find the QRS complex. 
 
EQUATIONS 
The main concept is to run autocorrelation function x 
on the recorded sample data to get ACF coefficients 
as below: 

 
Where  Rxx(K) – autocorrelation function 
            x(n)    - ECG filtered signal 
   
RESULTS 
 
MATLAB RESULTS: 
A.PAN-TOMPKINS ALGORITHM: 
 

Fig 5 MATLAB Result for PAN TOMPKINS Algorithm 

The above figure shows the result of Pan Tompkins 
Algorithm. X axis indicates the number of samples 
and y axis indicates the amplitude of  ECG signal. 
 

A. ACF OUTPUT: 

 
Fig 6 MATLAB result for ACF Algorithm 

 
ECG signal obtained by the band-pass filter is applied 
to the automatic correlation. In this the signal is 
correlated alone. The figure shows the output of the 
autocorrelation function. 
 

B. FPGA OUTPUT: 
C.  

 
Fig 7 Xilinx simulated result of ACF algorithm 

 
RTL SCHEMATIC: 

 
Fig 8 RTL Schematic diagram of ACF algorithm 
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DEVICE UTILIZATION MEMORY: 
 

 
CONCLUSION 
 
A correlation algorithm and Pan-Tompkins algorithm 
methods used to determine the detection of the 
complex (RR interval) to verify the automatic QRS 
ECG signal of a normal person or a person abnormal. 
The implementation of the ECG signal using the ACF 
algorithm is successful in FPGA. For this analysis we 
arrive at a solution to the health problems, such as 
Cardio Vascular Disease (CVD) and stroke, which 
led to the maximum number of deaths. The solution 
improves the way for a new scenarios and accurate 
diagnosis of many problems related to the heart. 
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