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Abstract
Background/Objectives: As multi-agent system requirement is high in e-health care, this module for analysis and 
diagnosis of cardiac patients has been designed using transformation method in this work. Methods/Statistical Analysis: 
The baseline drift of the ECG has been eliminated and the beat rate is evaluated from the peaks of the signals using Fast 
Fourier Transform. It helps for analysis of the patients’ cardiac condition. Further for an adaptive window size, wavelet 
transform is utilized for both time and frequency component of a signal. This makes it as a potential technique for baseline 
drift removal and detection more accurate than FFT. Findings: FT analysis provides only the frequency component of any 
signal. The analysis will be more versatile and informative if both time and frequency information are investigated. For an 
adaptive window size, wavelet analysis can take care of both time and frequency component of a signal adequately. This 
makes it as a potential technique for this work. Subsequently an attempt is made to estimate the base line drift removal of 
the signal to obtain the main signal using wavelet decomposition. Next to it discrete wavelet transform have been applied 
to enrich the result. Application/Improvements: This can be well utilized in e-healthcare systems for the benefits of both 
patients and hospitals irrespective of distance. Also this module can be improved for other diseases.

1. Introduction 
Different signals of human body give information regard-
ing his/her activities. These signals can be correlated with 
the healthy subject and also with the pathological param-
eters. Some of these signals are time-varying in nature. 
ECG is one of these signals and provides information 
about the state of heart functionality. This can also pro-
vide the information regarding heart related diseases, 
since it is the electrical characteristics of the heart mus-
cles. The muscle function can be transmitted through the 
cellular structure and can be noted at the time of require-
ment. These signals can be helpful to the signal processing 
researchers for design and development of the modern 
equipments for diagnosis and monitoring1-6. Further 
research will grow for smart equipments and intelligent 

methods of diagnosis. Many techniques have been used to 
identify QRS region and R-peak detection7-17. 

Detection of R-peak from ECG signal using Hilbert 
Transform has been reported in. Also thresholding 
method has been applied for R-peak detection in. Wavelet 
packet is an alternative for such task as suggested in. Soft 
computing approaches like artificial neural network, 
fuzzy system and hybrid networks have been employed 
to improve the accuracy of the QRS detectors and ECG 
beat recognition18-19. For the same the abnormalities in 
ECG have been detected in. Similar work in this direc-
tion demands for an effective diagnosis and monitoring 
system based on ECG signals.

Extraction of suitable and reliable features describing 
the disease of a person is a prerequisite for any diagnosis 
and health monitoring system. Fourier transform has been 
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an effective feature representing frequency component of 
the signal of interest. However, considerable informa-
tion on the patients’ health condition can be obtained by 
exploring both time and frequency component of the sig-
nal. Short time Fourier transform or windowed transform 
has been an effective method that takes care of both these 
components of a signal20-21. It can be effectively used for 
health monitoring and disease diagnosis by researchers. 
While STFT provides a uniform resolution due to fixed 
window size required to describe the signal; however, to 
represent different frequency component with varying 
window needs an adaptive resolution. Wavelet analysis 
can be a potential candidate in this regard and has been 
opted in22-28. Initially noise of the signal is removed using 
filtering technique during pre-processing stage before 
wavelet and FT analysis. Finally, different order of the 
Daubechies wavelet such as db2, db4, and db6 wavelet 
decomposition of the signal is carried out as a mode of 
comparison. Finally the results of both FT and wavelet 
analysis are compared to diagnose a potential ill human 
being. In this piece of work an approach has been pro-
posed using wavelet transform for multiple tasks such as 
baseline drift elimination, R-peak detection and heart-
beat evaluation. Instead of using too many methods 
wavelet transform is used reduce the task complexity and 
enhance the accuracy. 

The paper is organized as follows. The introduc-
tion and state of art of the work is provided in section 1. 
Section 2 describes the methodology and its result is ana-
lyzed in section 3. Finally section 4 concludes the work 
and suggest for the application in e-health care use.

2. Methodology
ECG is the informative graph of the heart’s electrical 
behavior, that helps the physicians for diagnosis of the 
disorder. The graph can provide different types of for-
mation about the functionality of heart such as, rhythm, 
heart rate from which the physician can decide the future 
action of the human subject. Simultaneously, the graph 
helps the engineers and researchers for development 
and accuracy. As the electrical characteristics of EEG is 
around 10mV and 100Hz in standard form, the deviation 
will alert to the designers to check the equipment for bet-
ter accuracy and detection of different segments as QRS, 
ST etc. Hence, the result can help the pathologist and phy-
sician for smart service. The analysis of the ECG signal 

not only help for diagnosis and detection, but also help 
to communicate different places for analysis and moni-
tor the health condition of a patient. Since the analysis is 
helpful for many applications, it is proposed in this paper 
as a subsystem of the health care system. The spectral 
characteristics of the signal is more informative for which 
the attempt is taken with it. Similarly the single tool and 
transform can perform most of the operations like, noise 
removal, spectral representation with perfect time local-
ization, and also can provide information about the bit 
rate of the heart in wavelet transform. The spectral char-
acterization was tasted with popular Fourier Transform 
and next to it has been applied using wavelet transform. 
The basic waveform and its components are shown in 
Figure 1.

Figure 1. Components of ECG signal.

The method of detection of disease involves following 
steps as shown in the block diagram of Figure 2. Initially, 
the data has been acquired from the desired source. 
Pre-processing of the data has been done to remove 
any unwanted background and environment noise. Two 
methods of feature extraction as Fourier Transform and 
Wavelet Transform have been performed. Consequently, 
the R-peaks of the signal are detected based on these fea-
tures. From the R-peaks, the baseline drifts are estimated 
to obtain the main signal from the original signal. The 
magnitude of the R-peak has been computed further. 
Finally, heartbeats are estimated based on the peaks of the 
signal as shown in the result. Both wavelet and FT analy-
ses are made and results are compared.
 Fourier Transform
The basic tool for spectral analysis is Fourier Transform. 
For discretized ECG signal Discrete Fourier Transform is 
used, that will produce the spectral content of the signal. 
It can be represented by.
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Figure 2. Proposed method.
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The IDFT can be computed as
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By applying DFT initially, the low frequncies are 
removed in order to straighten the ECG which is uneven. 
Then the ECG signal is restored by applying inverse DFT 
(IDFT). Using windowing the maximum values are cal-
culated by adjusting the window. The R-peaks are then 
detected and corresponding magnitudes are estimated. 
But the method has the problem in time scaling for which 
wavelet transfomr is used. 
Wavelet Transform

Basically wavelet transform decomposes the signal in 
different scales. This will represent to the resolution of the 
signal. The corresponding frequency can be found accord-
ing to time localization. Because of its scaling property, it 
holds a unique position for time-frequency analysis of the 
non-stationary signals. Since ECG is a category of non-
stationary as well as noisy signal, wavelet transform is 
chosen for such analysis. In this case, noise is removed 
and simultaneously the specific peaks are located clearly.

In wavelet analysis any signal space of a multi-res-
olution approximation can be decomposed into lower 
frequency (lower-resolution) approximation and high 
frequency (higher-resolution) approximation as shown 
in Figure 3. This can be obtained by the division of the 
orthogonal basis, into corresponding two orthogonal 
basis as given by:
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Where, Ui is the orthogonal basis, D i+1 is the detailed 
space and U i+1 is the approximation space.

Figure 3. Wavelete decomposition into low and high 
frequncy components.

The noise is eliminated by discarding the detail coef-
ficients D1, D2. Secondly, in our method, using filtering 
approach before wavelet and FT analysis we have removed 
most of the unwanted noise of the signal. The probability 
of error in R peak detection is minimized in spite of the 
presence of drastic irregularity in the baseline.

Haar wavelet is the simplest and first of wavelet family 
that resembles to a step function. Daubechies is the mostly 
discussed wavelet family in signal processing approach. It 
is generally represented as dbN where, N signifies order 
of the wavelet. An order of 2, 4 and 6 has been used for 
comparison of the unhealthy person from a normal per-
son. In this case the ‘R’ peaks are detected successfully by 
selecting the optimum coefficients. 

Different mother wavelets like Coiflet, Symlet and 
Daubechies have been tested for this problem. The best 
result with Daubechies have been reported. In case of 
high pass filtering Db 6 and for low pass filtering Db 2 
have shown the best result and is shown in result section.

For ‘R’ peak detection the following processor has 
been proposed.

•	 Consider the filter ECG signal as the input and 
calculate the wavelet co-efficient.

•	 Initialize the window time the total time can be 
evaluated as total number of samples/sampling 
frequency.

•	 Find the maximum and minimum for each win-
dow from all possible QRS segment.

•	 Now locate the R peaks of QRS complexes from 
different segment. 

3. Result and Discussion
Initally, FT analysis has been utilized to determine the 
persons health condition. It is shown in Figure 4 through 
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Figure 6. The orignal 100m ECT signal is shown in Figure 
4 and corresponding R-peaks in Figure 5. The FT analysis 
has been investigated in Figure 6. In the first segment of 
Figure 6, the original noisy signal has been shown. The 
baseline drift of the signal is estimated in second seg-
ment of the same Figure. The clean signal after denosing 
is shown in the last segment. The heartbeat rate of both 
normal and unhealthy persons has been investigated 
using wavelet analysis (Figure 7-Figure 11). The results 
of identifying an unhealthy person by analyzing his/her 
heartbeat, is shown in Figure 1 through Figure 11.

Each Figure consists of four components. The baseline 
drift of the heart beat rate is shown in second segment of 
the figures. The main signal after elimination of the base-
line drift signal is given in third segment. The R-peaks are 
shown in fourth segments. Figure 1 provides the heart-
beat of a person affected with the cardiac problem. As 
shown in Figure 7, the heartbeat rate is highest. Since, 
the normal heart beat rate of an average healthy person 
lies in between 72 to 120. Thus, a value of 132 as heart-
beat indicates the degree of illness the person is affected 
with. Hence it requires immediate attention. The R-peaks 
are also of highest amplitude. Similar results could be 
observed from the wavelet features in Figure 8.

Figure 7. Identifiction of a terminal ill person from R-peak 
using db2 wavelet features.

In Figure 9, the value of heartbeat is shown as 90. It 
indicates the poor health condition of that person. The 

Figure 4. 100m, Original ECG signal.

Figure 5. 100m, Original ECG signal including R-peak using 
Fourier transform.

Figure 6. Baseline drift estimation using fourier transform 
on ECG signal. 
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Figure 8. Identifiction of a terminal ill person from R-peak 
using Haar wavelet features.

Figure 9. Identifiction of a sick person from R-peak using 
db6 wavelet features.

Figure 10. Identifiction of a normal person from R-peak 
using db4 wavelet features.

Figure 11. Identifiction of a normal person from R-peak 
using Haar wavelet features.

patients may not be seriosely ill but a higher beat rate 
indicates his/her level of sickness. The R-peaks are also 
large although less than that in Figure 7 and Figure 8.  

Both db and Haar family of wavelet has been used to 
rate the normal person based on his/her heartbeat. The 
coefficients extracted and analysed in the Figure 4 and 
Figure 5. Analysis of these coefficients and indication of 
corresponding R-peaks point towards a normal human 
being. A beat rate of 74 in Figure 10 and 74 in Figure 11 
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indicates that the person is perfectly healthy. The peaks 
are also minimum in both the Figures.

The representation and beat rate can be transmitted 
over the communication module, which is another agent 
of the system. Finally the principal agent (Doctor) can 
decide the future action.

4. Conclusion
In this paper the analysis for the diagnostic agent is done 
accurately for further suggestion. This may be imple-
mented in the full system to be effective one. Proper 
diagnosis of cardiac related symptoms can prevent long-
time health issues of human being. Though, researchers 
are endeavoring to achieve an efficient diagnosis system, 
still there is scope for further research. By analysis both 
time and frequency module of an ECG signal, we have 
moved a step closure in this direction. The method tried 
to focus one of the crucial R-peak components of the sig-
nal. Removal of noise before analysis of the signal and 
during feature extraction made the signal able to indicate 
accurate heartbeat measurement of an acute ill person in 
this work. 
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