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ABSTRACT 

In electrocardiogram (ECG), noise removal and QRS complex play the vital role for detecting various heart 
diseases. So, noise free and accurate QRS detection becomes very important in ECG signal. In this paper 
we are going to describe a new algorithms which are able to make it noise free and detect QRS complex 
in ECG signal. Generally, a noise free algorithm removes the noisy signal and we have used Remez 
exchange algorithm for 1st algorithm, designed an arbitrary magnitude with FIR filter for 2nd algorithm 
and FIR filter with window method for 3rd proposed algorithms. The noise free ECG signal of QRS complex 
can be detected by proposed detection algorithms. The performance parameters are SNR, PRD, MSE and 
Correlation and accuracy, sensitivity, specificity, precision are used to justify the proposed noise free 
algorithm and QRS detection. The real data examples and experimental results approve new algorithms 
which are more effective in ECG applications. 

Keywords—ECG, QRS complex, Threshold, SNR, PRD.  

1 Introduction 
Electrocardiogram (ECG) is the recording of electrical activity of the heart and used to investigate the heart 
diseases. Due to its non-invasive nature it is a most popular diagnostic tool. This is done by measuring the 
potential difference between several electrodes which are placed on the skin at predefined points of the 
human body [1]. ECG is a graphical representation of heart based on electrical impulses. This graphical or 
recording is  for the case of chest pain occurred such as heart attack, rapidity of breath, faster heartbeats, 
high blood pressure, high cholesterol and to check the heart’s electrical activity [21]. Mostly ECG recording 
is very sensitive and its affects by different types of noise and its change the amplitude and duration of 
the signal. In literature review that mostly ECG signals are affected by white noise, colored noise, electrode 
movement noise, muscle artifact noise, baseline wander, composite noise, electromyographic (EMG) 
noise, abrupt noise and power line interference [21], [25]. These noise creates more complicated for 
diagnosis of the ECG signal. Many researcher, find out the problem statement of noises. Some of the 
authors have solved this problem by proposed different algorithm for remove of noise [23], [24], [25]. The 
authors [24], proposed algorithm based on linear FIR filter with Recursive Running Sum (RRS) filters. They 
have considered 50 or 60 HZ power line noise for a high resolution ECG signal sampling at 600Hz. This 
algorithm have shown low resolution smooth signal. In [21], the authors were found the performance of 
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adaptive NLMS filter better than adaptive LMS filter. But in practical way, the performance parameters 
have shown lowest values than others. The proposed algorithm with DWT in [22] have shown good results 
based on WGN noise and Poisson noise. They didn’t justify of this algorithm based on performance 
parameters. The authors [26] were proposed enhanced adaptive impulsive noise cancellation technique 
using State Space Recursive Least Square (SSRLS) algorithm based. This algorithm is used only MSE for 
performance of proposed algorithm and shown lowest results than others. 

ECG consists of three wave components and they are P wave, QRS complex and T wave. The most 
important part of ECG signal is QRS complex because heart beat detection depends on it. QRS complex of 
ECG signal can be definitely distinguished from P wave and T wave because of its high amplitude and peak 
with long time span as in Figure 1. Many researchers have developed methodology or algorithm for the 
use of R peak / QRS complex detection. The peak detection difficulties occur when the input electrical 
signal is disrupted by unwanted noise and interference [9].  Mohamed Elgendi is improved QRS detection 
algorithm using dynamic thresholds [2]. Jiapu Pan developed an algorithm for QRS detection which was 
based on slope, amplitude, and width [3]. Ren-guey lee developed a new QRS detection algorithm.  This 
algorithm is enhanced the accuracy of R wave detection by reverse R wave [4]. They have not shown other 
detection parameter values such as sensitivity, specification, precision. Q. Xue, developed a neural-
network-based adaptive matched filtering for QRS detection [5]. In reference [6], V.S. Chouhan developed 
a methodology to detect of QRS complexes in 12-lead ECG using adaptive quantized. Form this 
methodology or algorithms, there are some lack of novelty work. We are tried to find the problem 
statement of ECG diagnosis. The most important effect of ECG noise and detection. In this research work 
we are going to propose few new algorithms for noise free ECG signal and then proposed detection 
algorithm which will detect a QRS complex and for simplicity we are ignoring P wave and T wave. 

This paper is structured as follows. Section 2 describes the proposed methodology for noise free. Section 
3 describes new algorithm for QRS detection. Section 4 describes performance measurements for 
evaluation of signal. Section 5 demonstrates the simulation result & discussion. Finally in Section 6, a 
conclusion is presented. 

 

 Figure 1. An example of ECG signal. 

2 Noise Elimination Methodology 
We have proposed some algorithm for noise elimination of ECG signal which is described as below: 
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2.1 Algorithm-1 
We have described an algorithm based on linear phase FIR low pass filter using Remez exchange algorithm 
[9] as below: 

1. To design linear phase FIR low pass filters using Remez exchange algorithm required to satisfy the 
following specifications: 

Passband 0-900Hz 
Passband ripple 3dB 
Stopband ripple 40dB 
Cutoff frequency 900-1000Hz 
Sampling frequency 2000Hz 

2. Normalized each band edge frequency by sampling frequency and transition width. 
3. Estimate of filter length can be determined by using Remez exchange algorithm [9]. This 

require by need to calculate of  passband and stopband deviation by [9]: 

𝛿𝛿𝑝𝑝 = 2 ×
10

𝐴𝐴𝑝𝑝
20 − 1

10
𝐴𝐴𝑝𝑝
20 + 1

, 𝛿𝛿𝑠𝑠 = 10−
𝐴𝐴𝑠𝑠
20 

Where 𝐴𝐴𝑝𝑝and 𝐴𝐴𝑠𝑠 are the passband and stopband ripples respectively, in dB. 
4. The input parameters are setting for optimal design program to obtain the coefficients of filter 

length and band edge frequencies. 
5. Check the pass band ripple and stop band attenuation produced by program 
6. If the specifications are not satisfied, repeat the procedure of step 4 and 5. 

7. Find the out the impulse response or filter coefficients and apply to noisy ECG signal and get ECG 
filtered signal. 

2.2 Algorithm-2 
Design of FIR filter with arbitrary magnitude response: 

1. A prerequisite FIR filter that the desired frequency response (𝐻𝐻(𝑘𝑘)) characteristics depicted as 
specified requirements: 

Passband frequency 1 0-150Hz 
Transition Band frequency 1 150-250 Hz 
Passband frequency 2 250-450 Hz 
Transition Band frequency 2 450-500 Hz 
Passband frequency 3 500-750 Hz 
Transition Band frequency 3 750-850 Hz 
Stopband frequency 850-1000 Hz 
Passband ripple 0 dB 
Stopband ripple 0 dB 

2. Assume sampling frequency 2KHz and filter length N=10. 

3. From the specification can be design tables as 

U R L :  http://dx.doi.org/10.14738/jbemi.34.2113   3 
 

 

http://dx.doi.org/10.14738/jbemi.34.2113


J O U R N A L  O F  B I O M E D I C A L  E N G I N E E R I N G  A N D  M E D I C A L  I M A G I N G ,  V ol u me  3 ,  N o .  4 ,  Au g 2 0 1 6 
 

Frequency sampling 
point (𝑓𝑓𝑑𝑑) 

0 0.15 0.25 0.45 0.5 0.75 0.85 1 

Frequency sample 
(𝐻𝐻(𝑘𝑘)) 

1 1 0.6 0.6 0.1 0.1 0 0 

 

4. The impulse response or filter coefficients ℎ(𝑛𝑛)  can be obtained as the inverse DFT of the 

frequency sample ℎ(𝑛𝑛) = 1
𝑁𝑁
∑ 𝐻𝐻(𝑘𝑘)𝑒𝑒𝑗𝑗�2𝜋𝜋 𝑁𝑁� �𝑛𝑛𝑛𝑛𝑁𝑁−1
𝑛𝑛=0  where 𝐻𝐻(𝑘𝑘),𝑘𝑘 = 0,1, … ,𝑁𝑁 − 1 samples of 

the ideal or target frequency response are. 

5. The impulse response ℎ(𝑛𝑛) coefficients is applied to noisy ECG signal to find the filtered ECG 

signal. 

2.3 Algorithm-3 
Design an FIR low pass filter using window method to remove noise from signal and its algorithm is 
described as: 

1. Specifying an FIR filter design of a low pass filter 𝐻𝐻𝑑𝑑(𝑤𝑤) = � 1,    |𝜔𝜔| < 𝜋𝜋
4

0, 𝑜𝑜𝑜𝑜ℎ𝑒𝑒𝑒𝑒𝑤𝑤𝑒𝑒𝑒𝑒𝑒𝑒
 

2. Obtained the desired response ℎ𝐷𝐷(𝑛𝑛) from the 𝐻𝐻𝑑𝑑(𝑤𝑤) as like  

3. ℎ𝑑𝑑(𝑛𝑛) = �
2𝑓𝑓𝑐𝑐

𝑠𝑠𝑠𝑠𝑛𝑛𝑐𝑐(𝑛𝑛𝜔𝜔𝑐𝑐)
𝑛𝑛𝜔𝜔𝑐𝑐

 ,𝑛𝑛 = 1,2, … .𝑀𝑀− 1

2𝑓𝑓𝑐𝑐  ,𝑛𝑛 = 0
 

4. Select a window function 𝑤𝑤(𝑛𝑛)(such as Rectangular, Hamming, Hanning, Blackman, and Kaiser 
[9]) that satisfies the passband or stopband attenuation. 

5. Assume the filter length 𝑀𝑀 = 10. 

6. Obtained values of 𝑤𝑤(𝑛𝑛)  for chosen window function and the values of the actual FIR filter 
coefficients by ℎ(𝑛𝑛) = ℎ𝑑𝑑(𝑛𝑛) ∗ 𝑤𝑤(𝑛𝑛). 

7. Apply filter coefficients ℎ(𝑛𝑛)  to the ECG noisy signal and remove unwanted signal and get 
smoothed ECG signal. 

3 QRS Detection Methodology 
The proposed QRS complex of ECG signal detection algorithm is summarized as Algorithm-4: 

1. Introduce ECG signals from ECG database. 
2. Perform the different noises (i.e., power line interference, Baseline wonder, EMG, abrupt noise) 

individual into the original ECG signal. 
3.  Filtered of ECG noisy signal by using Algorithm-1, Algorithm-2, and Algorithm-3 respectively. 
4. Detection of QRS : 
5.  Apply proposed threshold (T) on ECG signal  

𝑇𝑇 = 1
𝑁𝑁
∑ 𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒𝑠𝑠

2𝑁𝑁
𝑠𝑠=1 . 
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where 𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒  is the raw ECG signal and N vectors of 𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒𝑠𝑠, 𝑒𝑒 ∈ {1,2, … …𝑁𝑁}  of signal samples 

numbers. 
With proposed threshold (T), QRS detection is calculated by  

𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒 = �
𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒  𝑓𝑓𝑜𝑜𝑒𝑒  𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒 ≥ 𝑇𝑇
0     𝑓𝑓𝑜𝑜𝑒𝑒 𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒 < 𝑇𝑇  

6. Repeat procedures: 
Input:  

𝑒𝑒: present sample value, 
𝑒𝑒 − 1: past sample value, 
𝑒𝑒 + 1: future sample value 

Assume detect position and values are zero, i.e., 
𝑅𝑅𝑝𝑝 = 0,𝑄𝑄𝑝𝑝 = 0, 𝑆𝑆𝑝𝑝 = 0,𝑅𝑅𝑣𝑣 = 0,𝑄𝑄𝑣𝑣 = 0, 𝑆𝑆𝑣𝑣 = 0. 

// First find out the R-wave positions and values:  
Old difference = (𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒(i − 1) − 𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒(𝑒𝑒)) ; 
New difference = (𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒(i)− 𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒(𝑒𝑒 + 1)); 

For 𝑒𝑒 = 1: 𝑙𝑙𝑒𝑒𝑛𝑛𝑙𝑙𝑜𝑜ℎ (𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒) 
 𝑒𝑒𝑓𝑓 (Old difference <0 && New difference >0) 

         𝑅𝑅𝑝𝑝 = [𝑅𝑅𝑝𝑝 i]; 
        𝑅𝑅𝑣𝑣 = [𝑅𝑅𝑣𝑣    𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒 (i)]; 

 else continue; 
// First find out the Q-wave positions and values:  

𝑄𝑄 = 𝑒𝑒 − 1;  

      𝑤𝑤ℎ𝑒𝑒𝑙𝑙𝑒𝑒 (𝑂𝑂𝑙𝑙𝑂𝑂 𝑂𝑂𝑒𝑒𝑓𝑓𝑓𝑓𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛𝑑𝑑𝑒𝑒 < 0) 

          Old difference = ((𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒(𝑄𝑄 − 1) − 𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒(𝑄𝑄));   

            𝑄𝑄 = 𝑄𝑄 − 1; 

end 
    𝑄𝑄𝑝𝑝 = �𝑄𝑄𝑝𝑝  Q�; 
    𝑄𝑄𝑣𝑣 = [𝑄𝑄𝑣𝑣   𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒(Q) ]; 

// First find out the S-wave positions and values:  

S=i+1; 

  while (𝑁𝑁𝑒𝑒𝑤𝑤 𝑂𝑂𝑒𝑒𝑓𝑓𝑓𝑓𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛𝑑𝑑𝑒𝑒 > 0) 

            New difference = (𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒(S)− 𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒(S + 1)); 

                   𝑆𝑆 = 𝑆𝑆 + 1; 

    end 

         𝑆𝑆𝑝𝑝 = �𝑆𝑆𝑝𝑝 − 𝑆𝑆�; 

    𝑆𝑆𝑝𝑝=[𝑆𝑆𝑝𝑝  𝑥𝑥�𝑒𝑒𝑐𝑐𝑒𝑒(S)]; 
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end 

       end 

7. Finally store and detect of QRS position and values. 

8. Output: QRS detection from ECG signal 

9. Until there is no further successive ECG signal. 

10. Performance test based on accuracy, sensitivity, specification, precision. 

11. Compare this algorithm with conventional algorithm. 

4 Performance Assessments 
Many literature review have studies about the performance assessment of reconstructed signal and 
original signal and their comparative evaluation [27]. Some of performance parameter are described 
below that were used in this research work. 

4.1 Signal to Noise ratio:  
The signal-to-noise ratio can be defined as 

𝑆𝑆𝑁𝑁𝑅𝑅𝑒𝑒𝑐𝑐𝑒𝑒 =
1
𝑁𝑁∑ 𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒𝑠𝑠

2𝑁𝑁
𝑠𝑠=1

1
𝑁𝑁∑ 𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒𝑠𝑠

2𝑁𝑁
𝑠𝑠=1 − 1

𝑁𝑁∑ 𝑥𝑥𝐷𝐷𝑒𝑒𝑛𝑛𝐷𝐷𝑠𝑠𝑠𝑠𝑒𝑒𝑑𝑑_𝑒𝑒𝑐𝑐𝑒𝑒𝑠𝑠
2𝑁𝑁

𝑠𝑠=1

 

Where 𝑆𝑆𝑁𝑁𝑅𝑅 = 10𝑙𝑙𝑜𝑜𝑙𝑙10𝑆𝑆𝑁𝑁𝑅𝑅𝑒𝑒𝑐𝑐𝑒𝑒 𝑂𝑂𝑑𝑑 and 𝑥𝑥𝐷𝐷𝑒𝑒𝑛𝑛𝐷𝐷𝑠𝑠𝑠𝑠𝑒𝑒𝑑𝑑_𝑒𝑒𝑐𝑐𝑒𝑒 is the filtered ECG signal. 

4.2 Mean Square Error: 
It is measured between the original ECG signal and filtered ECG signal. It can be defined as 

𝑀𝑀𝑆𝑆𝑀𝑀 =
1
𝑁𝑁
� �𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒𝑠𝑠

2 − 𝑥𝑥𝐷𝐷𝑒𝑒𝑛𝑛𝐷𝐷𝑠𝑠𝑠𝑠𝑒𝑒𝑑𝑑_𝑒𝑒𝑐𝑐𝑒𝑒𝑠𝑠
2�

𝑁𝑁

𝑠𝑠=1
 

4.3 Percentage root-mean-square difference (PRD): 
It can be defined as: 
 

𝑃𝑃𝑅𝑅𝑃𝑃 = �
∑ �𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒𝑠𝑠

2 − 𝑥𝑥𝐷𝐷𝑒𝑒𝑛𝑛𝐷𝐷𝑠𝑠𝑠𝑠𝑒𝑒𝑑𝑑_𝑒𝑒𝑐𝑐𝑒𝑒𝑠𝑠
2�𝑁𝑁

𝑠𝑠=1

1
𝑁𝑁∑ 𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒𝑠𝑠

2𝑁𝑁
𝑠𝑠=1

× 100 

4.4 Correlation: 
The discrete autocorrelation between the two signal 𝑥𝑥 and 𝑦𝑦 is defined as 

𝑒𝑒𝑥𝑥𝑥𝑥 =
1
𝑁𝑁
� 𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒[𝑛𝑛]𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒[𝑛𝑛 + 𝑘𝑘]

𝑁𝑁

𝑛𝑛=1
 

and the cross correlation is  
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𝑒𝑒𝑥𝑥𝑥𝑥 =
1
𝑁𝑁
� 𝑥𝑥𝐷𝐷𝑒𝑒𝑛𝑛𝐷𝐷𝑠𝑠𝑠𝑠𝑒𝑒𝑑𝑑_𝑒𝑒𝑐𝑐𝑒𝑒[𝑛𝑛]𝑥𝑥𝑒𝑒𝑐𝑐𝑒𝑒[𝑛𝑛 + 𝑘𝑘]

𝑁𝑁

𝑛𝑛=1
 

The correlation coefficient (𝑒𝑒)  is measured between two numerical variables or signals for paired 
observations. If the correlation coefficient is normalized, its absolute value will range from 0 to  1, making 
it easier to judge the similarity between the signals. If the normalized correlation coefficient is equal to 
either 1 or−1, the two signals are perfectly correlated.  If 𝑒𝑒 value is close to +1 indicates a perfect positive 
fit or positive relationship between the two signal 𝑥𝑥 and 𝑦𝑦 i.e., the values of 𝑥𝑥 increases, the values of 𝑦𝑦 
also increases. If 𝑒𝑒 value is close to −1 indicates a perfect negative fit. If 𝑒𝑒 value is close to 0, there is no 
relationship between 𝑥𝑥 and 𝑦𝑦.   

4.5 Power Spectral Density: 
We have investigated three methods for power spectral estimation (PSD) such as non-parametric 
methods such as Periodogram, Welch and Lomb-Scargle algorithm [27]. Lomb-Scargle algorithm can 
compute spectra of nonuniformly sampled signals or signals with missing samples.  

Taking Fourier transform of autocorrelation equation results are an estimate of power spectrum [27]:  

𝑃𝑃�𝑒𝑒𝑗𝑗𝜔𝜔� = � 𝑒𝑒𝑥𝑥𝑥𝑥𝑒𝑒−𝑗𝑗𝜔𝜔𝑛𝑛
𝑁𝑁−1

𝑛𝑛=−𝑁𝑁+1

 

is called Periodogram. 

Consider, an N point data ECG sequence is partition as 𝑥𝑥[𝑛𝑛],0 ≤ 𝑛𝑛 ≤ 𝑁𝑁 − 1 , into 𝐿𝐿  segments of 𝑀𝑀 
samples each thesegments 𝑥𝑥𝑀𝑀𝑙𝑙 [𝑛𝑛]  are formed we have 𝑁𝑁 ≫ 𝐿𝐿𝑀𝑀. Thus, 

𝑥𝑥𝑀𝑀𝑙𝑙 [𝑛𝑛] = 𝑥𝑥[𝑛𝑛 + 𝑙𝑙𝑀𝑀 −𝑀𝑀] �0 ≤ 𝑛𝑛 ≤ 𝑀𝑀 − 1 
1 ≤ 𝑙𝑙 ≤ 𝐿𝐿  

For estimate of Welch PSD computation of 𝐿𝐿 periodograms 

𝑃𝑃𝑀𝑀𝑙𝑙 �𝑒𝑒𝑗𝑗𝜔𝜔� =
1
𝑊𝑊 �

1
𝑁𝑁
� 𝑥𝑥𝑀𝑀𝑙𝑙 [𝑛𝑛]𝑒𝑒−𝑗𝑗𝜔𝜔𝑛𝑛
𝑁𝑁−1

𝑛𝑛=0

�

2

, 1 ≤ 𝑙𝑙 ≤ 𝑀𝑀 

where 𝑾𝑾 = ∑ 𝒘𝒘𝟐𝟐(𝒍𝒍)𝑴𝑴
𝒍𝒍=𝟏𝟏  and 𝒘𝒘(𝒍𝒍) is window function. This is the Welch method of PSD. 

5 Simulation Results 
The ECG dataset used in this research work are collected from the MIT/BIH Arrhythmia Database [7]. In 
Figure 2(a), (b), we have plotted the raw ECG signal and noisy ECG signal. We have considered different 
noises such as power line interference, baseline wonder and EMG and abrupt noise. For power line 
interference and baseline wonder, we have considered 50Hz noise frequency and 0.5mV amplitude for 
added into ECG signal. This electromyography (EMG) noise is simulated by adding random noise to the 
ECG. Array of random numbers was created consisting of values of ±0.50 of the ECG maximum amplitude 
to the uncorrupted ECG. The reduced noise levels are formed by scaling the random numbers by the 
appropriate amount. For abrupt shift noise random numbers (within ±0.5 mV) were generated, but the 
same random number was taken for 500 ms duration cycle and then another random number was 
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generated for next cycle and so on.  All of these noises are filtered by Algorithm-1, Algorithm-2, and 
Algorithm-3 respectively. Figure 2(c) shows the ECG filtered signal by using Algorithm -1, Figure 2(d) shows 
ECG filtered signal by Algorithm-2 where Figure 3 has shown the desired frequency response for filter 
operations. Figure 2(e) shows the noise removed from ECG signal after applied Algorithm-3 where we 
have used Hanning window. To measure the performance for different noise removal methods, the 
distortion between original signal and reconstructed signal is measured by mean square error (MSE), 
signal-to-noise ratio (SNR), percentage root-mean-square difference (PRD), and correlation coefficients 
values. In Table I-IV have shown the results of correlation values, SNR, MSE and percentage root-mean-
square difference (PRD). The proposed Algorithm-1, & 3 have acquired highest SNR, and lowest MSE, PRD 
and also good correlation coefficients values than Algorithm-2 & 3. The Algorithm -1 is achieve 9.0202 for 
SNR, 0.0395 for MSE, 40.65 for PRD and 0.9912 for correlation on an average value in MIT-BIH database 
as shown in Table I-IV for power line interference and base interference noise. However, the case of EMG 
and abrupt noise, the values of SNR, MSE, PRD and Correlation value are slightly difference than power 
line interference and base interference noise. We have checked that the correlation coefficients value(𝑒𝑒), 
if 𝑒𝑒 > 0.8 is generally described as strong, whereas 𝑒𝑒 < 0.5  is generally described as weak in MIT-BIH 
database. In Table I, Algorithm-1 shows strong correlation value (𝑒𝑒 ≈ 1)  whereas Algorithm-2 & 
Algorithm -3 also shows positive and strong correlation value (𝑒𝑒 ≈ 0.76)and (𝑒𝑒 ≈ 0.64) for all noises. 
However, in visual representation, Figures 2(c) - (e), the Algorithm 2 and 3 have shown good smoothed 
ECG signal as compared to Algorithm-1.In this figure we have consider only EMG noise. In Table II shows 
Algorithm-1 is achieved the highest SNR value (𝑆𝑆𝑁𝑁𝑅𝑅 = 10 (𝑜𝑜𝑛𝑛 𝑎𝑎𝑎𝑎𝑒𝑒𝑒𝑒𝑎𝑎𝑙𝑙𝑒𝑒)) than the Algorithm-2 and 3. 
Table III and IV shows Algorithm-1 achieves 0.03 for MSE and 41% for PDR which is the lowest than 
Algorithm-2 and 3. 
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Figure 2. The raw ECG signal collected from MIT/BIH Arrhythmia Database. 

 

Figure 3. An FIR filter that the desired frequency response (𝑯𝑯(𝒌𝒌) characteristics for Algorithm-2. 
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Figure 4. Correlation of ECG signal and filtered signal by auto correlation (𝑹𝑹𝒙𝒙𝒙𝒙(𝝉𝝉)) and cross correlation 
(𝑹𝑹𝒙𝒙𝒙𝒙(𝝉𝝉)). 

For comparison between the ECG signal and filtered signal by proposed algorithm, we have also 
considered three processes such autocorrelation, cross-correlation and power spectral density (PSD) as 
described in section IV. In Figure 4, the first subplot indicates that the ECG signal and filtered signal by 
Algorithm-1, Algorithm-2 and Algorithm-3 with high peaks are good correlated individual by 
autocorrelation. This shows that the autocorrelation is a periodic function. The second subplot is shown 
while the high peak shown in filtered signal is present in the ECG signal by cross correlation. This is same 
as first subplot because autocorrelation and cross-correlation are maintains same properties in some 
cases.  

To estimate of power spectral density of noisy or filtered signal, we have considered non-parametric 
methods such as Periodogram, Welch and Lomb-Scargle algorithm. Lomb-Scargle algorithm can compute 
spectra of nonuniformly sampled signals or signals with missing samples. This algorithm is used to find out 
noninformity of ECG signal of MIT-BIH database. In Figure 5 we can be observed all signals are uniformly 
collected of ECG signal. We have used for test by 50 Hz in the noisy signal into ECG signal whereas sampled 
frequency of each signal 2000Hz and then estimate power spectral density by Periodogram, and Welch 
methods. In Figure 5 it can observed that peak of noisy signal is raised because it’s added by noise and the 
larger the amplitude for a given power. The filter signal by Algorithm 1, 2 & 3 have smaller amplitude of 
power than noisy ECG signal and more and more resolution of side lobes of filtered signal. 

The performance parameters for detection have used accuracy, sensitivity, specificity, precision, [20]. 
These parameters are defined as follows: 

Accuracy =
Total no. of correctly detected sample points

Total numbers of sample points
× 100 

Sensitivity =
True Positive

True Positive + Fasle Negative
× 100 
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Specificity =
True Negative

True Negative + Fasle Positive
× 100 

𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏 =
𝐓𝐓𝐏𝐏𝐓𝐓𝐏𝐏 𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏

𝐓𝐓𝐏𝐏𝐓𝐓𝐏𝐏 𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏+ 𝐅𝐅𝐅𝐅𝐏𝐏𝐅𝐅𝐏𝐏 𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏
× 𝟏𝟏𝟏𝟏𝟏𝟏 

Table 5: Comparisons of performance parameters for detection algorithms. 

Algorithm Database Accuracy (%) Sensitivity (%) Specificity (%) Precision (%) 

N. Arzeno 2008 [10] MIT-BIH − 99.68 − 99.63 

V. Afonso 1999 [11] MIT-BIH − 99.59 − 99.56 

J. Pan 1985 [3] MIT-BIH − 99.30 − - 
P. Hamilton 1986 [13] MIT-BIH − 99.69 − 99.77 

J. Martinez 2004 [14] MIT-BIH, QT, ST-T, CSE − 99.66 − 99.56 

C. Li 1995 [15] MIT-BIH − 99.80 − - 
B. Abibullaev 2011 [16] MIT-BIH − 97.20 − 98.52 

Q. Xue 1992 [17] MIT-BIH − 99.50 − 97.50 

D. Coast 1990 [18] AHA − 97.25 − 85.67 

R. Poli 1995 [19] MIT-BIH − 99.60 − 99.51 

A. Martinez 2010 [20] MIT-BIH, QT, ST-T,TWA − 99.81 − 99.89 

Proposed MIT-BIH 98.94 99.84 98.85 99.62 

 

We also observed the difference between the ECG noisy signal and filtered signal by Spectrogram. The 
spectrogram shows visual representation of spectrum of frequency in signal as they vary with time. The 
ECG signal is applied to short time Fourier transform by eight segment with Hamming window of length 
512, 256 samples that of each of segment overlaps with 2000Hz sampling frequency. The Figure 6 shows 
of a signal in which the vertical axis is frequency, the horizontal axis is time, and amplitude is shown on a 
color map.  This map shows  the amount of  energy of ECG signal  is displayed as level of yellow color at 
time and frequency where weak energy appears blue color in the spectrogram. The Algorithm-2 & 3 have 
shown high amount of  energy ECG signal  as yellow and also clearly show blue color which indicates the 
remove noise from ECG as compare with top Figure 6. 

Many researcher have done some sate of the art noise remove algorithms. We did some research 
contribution in this field as comparison in our proposed noise removed algorithms as in Table V. This table 
shows that the proposed algorithms are the highest results than other reference works. The results are 
shown in average of SNR, PRD, MSE, Correlation coefficients values because each signal of MIT-BIH 
database is simulated and figure out in average of all signals for comparisons. 

U R L :  http://dx.doi.org/10.14738/jbemi.34.2113   11 
 

 

http://dx.doi.org/10.14738/jbemi.34.2113


J O U R N A L  O F  B I O M E D I C A L  E N G I N E E R I N G  A N D  M E D I C A L  I M A G I N G ,  V ol u me  3 ,  N o .  4 ,  Au g 2 0 1 6 
 

  

Figure 5. Power spectral density of ECG signal 
and filtered signal by Periodogram, Welch method 

and Lomb-Scargle algorithm. 

Figure 6. Spectrogram of noisy ECG and filtered 
ECG signal by proposed algorithms 

 

After filtered ECG signal we can detect QRS complex of ECG signal by using Algorithm-4. Figure 7 shows 
QRS detection for the full sample indexes that was given in MIT-BIH database and Figure 6, its small scale 
sample indexes. The ECG signal and filtered ECG signal by Algorithm-1 as shown in Figure 7 (a) & (b) and 
also Figure 8 (a) & (b). The ECG signal obtained after the thresholding is shown in Figure 7 (c) & 8 (c). 
Finally we have successfully detected the QRS complexes in ECG signal which are shown in Figure 7 (d) & 
8(d). We also present a comparison of results obtained with the algorithms implemented as Table VI. The 
values presented are the results we got after doing multiple tests with each algorithm, and testing 
different detection parameters. We can get better results in accuracy, sensitivity, specificity, precision 
parameters than others with the entire database. For example, in Hamilton & Tompkins or Pan & 
Tompkins algorithm,  have shown good detection rate but they don’t find smaller peak in fixed interval. 
This algorithm would good sensitivity if local smaller peak would be detected by low interval, however the 
predictivity or precision would be worse. The proposed detection Algorithm-4 has acquired the values of 
detection parameter such as 98.94% accuracy, 99.84% sensitivity, 98.85% specificity, 98.62% precision. 
We also measured the heart rate which is 74.4828. It proved that our algorithm is simulated properly. 
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Figure 7. The detected QRS complexes in ECG 
signal (small sample indexes [n]). 

Figure 8. The detected QRS complexes in ECG 
signal (Full sample indexes [n]). 

 

6 Conclusions 
We have successfully filtered ECG signal and also detected the QRS complex in ECG signal. The results 
shows higher signal-to-noise ratio, good PRD, low MSE and also positive correlation values which 
represent strong correlation between ECG signal and filtered signal. The simulation results have shown 
that proposed Algorithm 1, 2, and 3 are better for diagnostics purposes of ECG and Algorithm 4 is more 
efficient for detection of heart diseases. The proposed detection achieved higher accuracy, sensitivity, 
specificity and precision value than other conventional methods. The heart beat rate will be measured 
accurately and 100% accuracy from the detected QRS complexes by proposed detection algorithm and 
also specified the heart diseases based on database. 
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            Table 1: Results of performance parameter correlation coefficients for proposed algorithms 

 

                 Table 2: Results of performance parameter SNR for proposed algorithms 

 

                     Table 3: Results of performance parameter MSE for proposed algorithms
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Table 4: Results of performance parameter PRD for proposed algorithms 

 

Table 5: Comparison results of existing methods, proposed algorithm and performance techniques for ECG 
dataset 
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