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Abstract. Artifacts should be corrected previous heart rate variability analysis. 
A new method for artifact correction in multilead ECG is proposed in this  
paper. The method detects artifacts in the RR series, takes the corresponding 
segment of the multilead ECG, uses entropy of the signal for selecting the 
“cleanest” ECG channel, and uses the wavelet transform to recalculate positions 
of R peaks. The method was evaluated with ECG records of arrhythmia data-
base MIT/BIH, with good results. 

Keywords: ECG, artifact correction, entropy, wavelet, multilead ECG. 

1 Introduction 

The study of the electrocardiogram (ECG) provides great clinical information, not 
only for heart disease but others as neuropathy [1], ischemia [2], etc. Each beat is 
characterized by the points P, Q, R, S and T, providing information for diagnosis and 
prognosis. A topic widely studied is the heart rate variability (HRV) that provides 
information about the functioning of the heart and its interaction with the nervous 
system, in terms of the balance between sympathetic and vagal systems. HRV is    
described by statistical and spectral indexes calculated from time series obtained from 
the differences between R peaks (RR series) [3]. 

The study of HRV in long-term records of ECG obtained by ambulatory 
monitoring (usually 24 hours) is most reliable because the patient performs normal 
activities. This procedure allows studying the true behavior of the heart in certain 
situations. However, artifacts and interference contaminate the information in the 
HRV signal, so that many of the monitored patients can be wrongly classified as 
healthy subjects [1, 3]. Modern devices allow recording multiple channels, but 
sometimes one of them may fail or contain artifacts that are not present in the other. 
Therefore researchers have implemented several methods and techniques in order to 
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separate or extract useful information from the ECG signals, including the QRS 
complex detection, artifacts detection and correction, index calculations, etc. 

The wavelet transform and entropy analysis have already been successfully used 
individually or combined in various areas of electrocardiology. In [4] a wavelet entro-
py (WS) based method is employed to detect QRS complexes in ECG signal from two 
significant channels. In addition, a method to detect multichannel ECG signals by 
using combined entropy is proposed in [5]. 

Methods proposed in [4] and [5] are very effective to detect QRS complexes in 
presence of artifacts such as baseline drift, and others. These artifacts are not present 
all the time in the signal, however the calculation based on wavelet and entropy is 
done for the whole signal. That means a high computing cost. The use of a lower cost 
computational method for detection of QRS complexes, only using the method based 
on wavelet and entropy in signal sections with artifacts seems to be a better option. 

In this paper we propose a new method for correction of artifacts by combining the 
entropy for channel selection and the subsequent detection of R peaks with wavelet 
transform. 

2 Entropy and Wavelets  

2.1 Entropy 

The basic concept of entropy has much to do with the uncertainty that exists in any 
experiment or random signal. It is also the amount of "noise" or "clutter" that contains 
or releases a system. Thus, one can speak about the amount of information carried by 
a signal. 

ECG has varying amplitudes, both over time and between patients, or even with 
the measurement conditions; therefore it is desirable to provide methods for 
parameters analysis independent of signal amplitude. Entropy measures, which reflect 
the "order" of the signal, have this feature. The ECG signal has certain monotony 
from the viewpoint entropy. This can be seen as the appearance of regular and 
recurring waves (each heartbeat) with variations in the morphology and amplitude. 
Entropy measures, which quantify this order, look appropriate to detect events 
associated with muscle movements, noise, interference or artifacts in general [6]. 

To calculate the entropy is convenient to think about the histogram of the signal. 
This is done by making discrete the value range of the signal at L intervals. For each 
interval i there will be a probability of occurrence pi given by: 
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Where Fi is the amount of signal values that are in the interval i. Shannon entropy 
E of the signal x is defined by: 
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2.2 Wavelets 

A wavelet expansion consists of translations and dilations of one fixed function, the 
wavelet ψ Є L2(R), where R denotes the set of real numbers, and L2(R) denotes the set 
of measurable, square integrable one-dimensional  functions [7].  In the continuous 
wavelet transform (CWT), the translation and dilation parameters can vary conti-
nuously. This means that we use the functions: 
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Where the parameter a is the scale and b is the position parameter. The factor 1/2
a

−  

has been introduced to guarantee energy preservation [8]. Given a continuous signal 
f(t) Є L2(R), the CWT of f(t) is: 
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Where ψ*a,b (t) is the complex conjugate of ψa,b (t). ECG signals are highly non sta-
tioneries, so the CWT is able to locate events in time and frequency. This analysis 
includes a windows technique with log time intervals for low frequency information, 
and short time intervals for high frequency information. 

3 Artifact Correction Algorithm 

The presented algorithm uses ECG signals in n channels, using the redundancy of 
information being given. The first step is to create the series of positions of the QRS 
complexes (R series) in any one of ECG channels. These QRS complexes are detected 
using a method based on the threshold of the derivative [9]. From R series, RR series 
are constructed in 300 beats segments, as recommended in [3] for short time RR 
series. The mean RR value of the series is calculated for each segment. The mean 
value is an artifact robust parameter of the series. Those points of the RR series that 
deviate more than 20% from the mean RR value are considered artifacts. This 
threshold has been evaluated empirically by the authors with good results. For each 
artifact, it is located in the ECG the heartbeat which originates the artifact, and sets 
the interval to be analyzed. To do this, choose a multi-channel ECG segment between 
the four seconds before the beat for the artifact detected and four seconds later. In the 
selected ECG interval the channel of smaller entropy is chosen, calculated according 
to (2) in the whole 8-second window. The R peaks are detected in this channel using 
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the method based on the wavelet transform, reported in [10, 11], with the Gaussian 
Wavelet Daubechies function of fourth order and decomposition in 8 levels. The db4 
contains good resemblance with the basic QRS shape of the ECG signal. This promi-
nent feature of db4 insisted us to use it as the mother wavelet. The use of 8th level 
Daubechies wavelets neutralizes the baseline drift. 

Then R series is updated with these new values, the RR series is recalculated and 
the process is repeated until no artifact is present or if the number of iterations is 
greater than 20-25. This maximal number of iterations is a reasonable limit to the 
number of artifacts in a short time RR series. Figure 1 shows the steps of the 
algorithm. 

Begin

Detect R peaks and 
create R and RR 

series

Take first 300 beats
interval

Take any artifact and determine
position in ECG

Determine ECG interval around 
artifact for analysis

Take the same interval in all ECG channels and 
determine the channel with smallest entropy

Detect R peaks in the selected channel and 
update R serie with these new values

Recalculate RR serie

Yes No Take next 300 
beats interval

Yes

No

End

Is the last 
300 beats
interval?

Are there 
artifacts?

 

Fig. 1. Algorithm proposed for artifact correction 
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4 Results and Discussion 

The effectiveness of the proposed method was tested using ECG signals of arrhythmia 
database MIT/BIH. These ECG signals are 30 minutes registers in a range of 0-10 
mV, sampled at 360 Hz. The resolution of each sample is 11 bits. The 48 records of 
this database have a variety of ECG morphologies, including heart disease, which 
makes them optimal for a qualitative and quantitative assessment of the algorithms 
described. 
109270 beats (almost all of the base) were used, and the effectiveness of the proposed 
method to detect QRS complexes was proved. The results of this method were 
compared in two steps with the observations made by an expert. This is an indirect 
assessment of the effectiveness of the method to avoid the effect of the artifacts in the 
QRS detection in a multi-channel ECG. 

The first step evaluates the effectiveness of the QRS detections by using 1st deriva-
tive QRS detector applied in one channel. The second step makes artifact detection, 
correction with entropy and wavelet, and the evaluation of the whole method. 

Three reference parameters for the analysis of the proposed algorithm were esti-
mated: the sensitivity (Se), positive predictability (P+) and error (E).  

Sensitivity reflects the percentage of heartbeats which have been detected correctly 
by the algorithm on total existing heartbeat indicated by the expert. It shows the ca-
pacity of the detection method for detecting a peak. Sensitivity is calculated by: 

(%) *100
TP

Se
TP FN

=
+

                                              (5) 

Where: 
TP: Number of true positives. This term represents the number of QRS complex-
es indicated by the expert and detected by the algorithm. 
FN: Number of false negatives. This term represents the number of QRS 
complexes indicated by the expert and not detected by the algorithm. 

The value of P+ gives information about the percentage of beats correctly detected 
on total beats detected, ie, the probability that each point detected whether or not a 
peak R and is determined by the following mathematical equation: 
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Where: 
 FP: Number of false positives. It is determined by all the points identified as 
QRS complexes by the algorithm, and not indicated by the expert. 

Another important aspect to evaluate each one of the described algorithms is the 
error, given by the following mathematical expression: 

(%) *100
FP FN

E
TL

+=                                               (6) 

Where TL is the total number of analyzed beats (TP + FP). 
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Tables 1 and 2 show the results of applying the steps of the method to the MIT-
BIH database. Table 1 indicates large number of FN and FP when the 1st derivative 
QRS detector is applied. Table 2 shows how the number of FN and FP strongly de-
crease when the artifacts are detected and corrected by the entropy and wavelet me-
thod.   

Table 1. The results of the first step 

TL TP FN FP Se (%) P+ (%) E (%) 

109270 101458 7812 1723 92.85 98.33 8.73 

Table 2. The results of the proposed algorithm 

TL TP FN FP Se (%) P+ (%) E (%) 

109270 108717 553 120 99.49 99.89 0.67 

 
Table 2 illustrates that the proposed method achieves an average sensitivity of 

99.49%, the positive prediction of 99.89% and the failed detection of 0.67%. These 
results show high values of sensibility and positive prediction, besides a very low 
error rate. Then it is possible to conclude that the proposed method can be applied 
with good results in the detection of QRS complexes in multilead ECG with artifacts. 
This result may be useful in studies of HRV, and in other applications that require 
high precision and dependability of the results. The method shows difficulties when 
artifacts appear in all the channels at the same time. This is not very frequent unless it 
is an artifact of physiologic origin. 

5 Conclusions 

The method developed shows very good indicators in detecting QRS complexes in 
multilead ECG with artifacts, based on the use of the entropy for the selection of the 
channel, together with the detection of devices using the transformed of wavelet.  
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