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ABSTRACT

ECG Feature Extraction plays a significant role in diagnosing
most of the cardiac diseases. One cardiac cycle in an ECG
signal consists of the P-QRS-T waves. This feature extraction
scheme determines the amplitudes and intervals in the ECG
signal for subsequent analysis. The amplitudes and intervals
value of P-QRS-T segment determines the functioning of
heart of every human. Recently, numerous research and tech-
niques have been developed for analyzing the ECG signal. For
subsequent analysis of ECG signals its fundamental features
like amplitudes and intervals are required which determine the
functioning of heart. The proposed schemes were mostly
based on Fuzzy Logic Methods, Artificial Neural Networks
(ANN), Genetic Algorithm (GA), Support Vector Machines
(SVM), and other Signal Analysis techniques. All these tech-
niques and algorithms have their advantages and limitations.
This proposed paper discusses various techniques and trans-
formations proposed earlier in literature for extracting feature
from an ECG signal.
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1. INTRODUCTION

Electrocardiogram (ECG) is a nearly periodic signal that re-
flects the activity of the heart. A lot of information on the
normal and pathological physiology of heart can be obtained
from ECG. However, the ECG signals being nonstationary in
nature, it is very difficult to visually analyze them. Thus the
need is there for computer based methods for ECG signal
Analysis. Clinical observation of ECG can take long hours
and can be very tediousECG being a non stationary signal, the
irregularities may not be periodic and may show up at differ-
ent intervals. Moreover, visual analysis cannot be relied upon.
This calls for computer based techniques for ECG analysis. At
every beat, the heart is depolarized to trigger its contraction.
This electrical activity is transmitted throughout the body and
can be picked u p on the skin which is the principle behind the
ECG. An ECG machine records this activity via electrodes on
the skin and displays it graphically. An ECG involves attach-
ing 10 electrical cables to the body: one to each limb and six
across the chest.ECG is a wave that represents an electrical
event in the heart such as atria depolarization, ventricular
depolarization, atria repolarization, ventricular repolarization.
The signal consists of a series of repetitive complex wave-
forms with a frequency of approximately 1 Hz. One cardiac
cycle in an ECG signal consists of the P-QRS-T waves. The
majority of the clinically useful information in the ECG is
originated in the intervals and amplitudes defined by its fea-
tures.The improvement of precise and rapid methods for au-
tomatic ECG feature extraction is of chief importance, partic-
ularly for the examination of long recordings [1].The ECG
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feature extraction system provides fundamental features (am-
plitudes and intervals) to be used in subsequent automatic
analysis. have been proposed to detect these features [2] [3]
[4]. The previously proposed method of ECG signal analysis
was based on time domain method. But this is not always
adequate to study all the features of ECG signals. Therefore
the frequency representation of a signal is required. The de-
viations in the normal electrical patterns indicate various car-
diac disorders.Cardiac cells, in the normal state are electrical-
ly polarized [5].previously proposed method of ECG signal
analysis was based on time domain method. But this is not
always adequate to study all the features of ECG signals.
Therefore the frequency representation of a signal is required.
The deviations in the normal electrical patterns indicate vari-
ous cardiac disorders. Cardiac cells, in the normal state are
electrically polarized [5].
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Figure.1 A Sample of ECG Signal showing P-QRS-T
Wave

The techniques have been used to address this problem such
as the analysis of ECG signals for detection of electrocardio-
graphic changes using the autocorrelation function, frequency
domain features, time-frequency analysis, and wavelet trans-
form. Some methods consist of series of band pass filters
having frequency range of QRS complexes but these methods
have limited accuracy in analyzing ECG features in presence
of high frequency noise as well as the ECG signal affected by
severe base line drift. In recent years, there has been an in-
creasing interest in applying techniques from the domains of
nonlinear analysis and chaos theory in studying the behavior
of a dynamical system from an experimental time series such
as ECG signal. The purpose of these studies is to determine
whether dynamical measures can serve as clinically useful
parameters. Various techniques proposed earlier in literature
for extracting the features from ECG is analyzed this paper
discusses and a review has been made to find out the best



among them with less computational complexity and more
accuracy in prediction and feature extraction.

2. LITERATURE REVIEW

ECG feature extraction has been studied from early time and
lots of advanced techniques as well as transformations have
been proposed for accurate and fast ECG feature extraction.
This section of the paper discusses various techniques and
transformations proposed earlier in literature for extracting
feature from ECG.Zhao et al. [6] proposed a feature extraction
method using wavelet transform and support vector machines.
The paper presented a new approach to the feature extraction
for reliable heart rhythm recognition. The wavelet transform
is used to extract the coefficients of the transform as the fea-
tures of each ECG segment. Concurrently, autoregressive
modeling (AR) is also applied to get hold of the temporal
structures of ECG waveforms. Then at last the support vector
machine (SVM) with Gaussian kernel is used to classify dif-
ferent ECG heart rhythm. The results of computer simulations
provided to determine the performance of the proposed ap-
proach reached the overall accuracy of 99.68%. Their pro-
posed paper present an algorithm, based on the wavelet trans-
form, for feature extraction from an electrocardiograph (ECG)
signal and recognition of abnormal heartbeats. Since wavelet
transforms can be localized both in the frequency and time
domains. They developed a method for choosing an optimal
mother wavelet from a set of orthogonal and bi-orthogonal
wavelet filter bank by means of the best correlation with the
ECG signal. The foremost step of their approach is to denoise
(remove noise) the ECG signal by a soft or hard threshold
with limitation of 99.99 reconstructs ability and then each
PQRST cycle is decomposed into a coefficients vector by the
optimal wavelet function. The coefficients, approximations of
the last scale level and the details of the all levels, are used for
the ECG analyzed. They divided the coefficients of each cycle
into three segments that are related to P-wave, QRS complex,
and T-wave. The summation of the values from these seg-
ments provided the feature vectors of single cycles.
Mahmoodabadi et al. in [1] described an approach for ECG
feature extraction which utilizes Daubechies Wavelets trans-
form. They had developed and evaluated an electrocardiogram
(ECG) feature extraction system based on the multi-resolution
wavelet transform. The ECG signals from Modified Lead Il
(MLIT) were chosen for processing. work is to evaluate the
classification performance of an automatic classifier of the
electrocardiogram (ECG) for the detection abnormal beats
with new concept of feature extraction stage. A classifier was
developed with SOM and learning vector quantization (LVQ)
algorithms using the data from the records recommended by
ANSI/AAMI EC57 standard. In addition their work compares
two strategies for classification of annotated QRS complexes:
based on original ECG morphology features and proposed
new approach - based on preprocessed ECG morphology fea-
tures. The mathematical morphology filtering is used for the
preprocessing of ECG signal.Sufi et al. in [7] formulated a
new ECG obfuscation method for feature extraction and cor-
ruption detection. They present a new ECG obfuscation meth-
od, which uses cross correlation based template matching
approach to distinguish all ECG features followed by corrup-
tion of those features with added noises. It is extremely diffi-
cult to reconstruct the obfuscated features without the
knowledge of the templates used for feature matching and the
noise. Therefore, they considered three templates and three
noises for P wave, QRS Complex and T wave comprise the
key, which is only 0.4%-0.9% of the original ECG file size.
The key distribution among the authorized doctors is efficient
and fast because of its small size. To conclude, the experi-

ments carried on with imaginably high number of noise com-
binations the security strength of the presented method was
very high. Saxena et al in [9] described an approach for effec-
tive feature extraction form ECG signals. Their paper deals
with an competent composite method which has been devel-
oped for data compression, signal retrieval and feature extrac-
tion of ECG signals. After signal retrieval from the com-
pressed data, it has been found that the network not only com-
presses the data, but also improves the quality of retrieved
ECG signal with respect to elimination of high-frequency
interference present in the original signal. With the implemen-
tation of artificial neural network (ANN) the compression
ratio increases as the number of ECG cycle increases. Moreo-
ver the features extracted by amplitude, slope and duration
criteria from the retrieved signal match with the features of
the original signal. Their experimental results at every stage
are steady and consistent and prove beyond doubt that the
composite method can be used for efficient data management
and feature extraction of ECG signals in many real-time ap-
plications. A feature extraction method using Discrete Wave-
let Transform (DWT) was proposed by Emran et al. in [10].
They used a discrete wavelet transform (DWT) to extract the
relevant information from the ECG input data in order to per-
form the classification task. Their proposed work includes the
following modules data acquisition, pre-processing beat de-
tection, feature extraction and classification. In the feature
extraction module the Wavelet Transform (DWT) is designed
to address the problem of non-stationary ECG signals. It was
derived from a single generating function called the mother
wavelet by translation and dilation operations. Using DWT
infeature extraction may lead to an optimal frequency resolu-
tion in all frequency ranges as it has a varying window size,
broad at lower frequencies, and narrow at higher frequencies.
They DWT characterization will deliver the stable features to
the morphology variations of the ECG waveforms. Tayel and
Bouridy together in [12] put forth a technique for ECG image
classification by extracting their feature using wavelet trans-
formation and neural networks. Features are extracted from
wavelet decomposition of the ECG images intensity. The
obtained ECG features are then further processed using artifi-
cial neural networks. The features are: mean, median, maxi-
mum, minimum, range, standard deviation, variance, and
mean absolute deviation. The introduced ANN was trained by
the main features of the 63.

ECG images of different diseases. The test results showed that
the classification accuracy of the introduced classifier was up
to 92%. The extracted features of the ECG signal using wave-
let decomposition was effectively utilized by ANN in produc-
ing the classification accuracy of 92%.Alan and Nikola in
proposed chaos theory that can be successfully applied to
ECG feature extraction. They also discussed numerous chaos
methods, including phase space and attractors, correlation
dimension, spatial filling index, central tendency measure and
approximate entropy. They created a new feature extraction
environment called ECG chaos extractor to apply the above
mentioned chaos methods. A new semi-automatic program for
ECG feature extraction has been implemented and is present-
ed in this article[16]. A succession of transformations of the
filtered and baseline drift corrected ECG signal is used for
mining of a new modified slope-feature. In the presented algo-
rithm, filtering procedure based on moving averages provides
smooth spike-free ECG signal, which is appropriate for slope
feature extraction. The foremost step is to extort slope feature
from the filtered and drift corrected ECG signal, by pro-
cessing and transforming it, in such a way that the extracted
feature signal is significantly enhanced in QRS region and



suppressed in non-QRS region. The proposed method has
detection rate and positive predictivity of 98.56% and 99.18%
respectively.Xu et al.[16] described an algorithm using Slope
Vector Waveform (SVW) for ECG QRS complex detection
and RR interval evaluation. In their proposed method variable
stage differentiation is used to achieve the desired slope vec-
tors for feature extraction, and the non-linear amplification is
used to get better of the signal-to-noise ratio. The method
allows for a fast and accurate search of the R location, QRS
complex duration, and RR interval and yields excellent ECG
feature extraction results. In order to get QRS durations, the
feature extraction rules are needed. A method for automatic
extraction of both time interval and morphological features,
from the Electrocardiogram (ECG) to classify ECGs into
normal and arrhythmic was described by Alexakis et al.[12] .
The method utilized the combination of artificial neural net-
works (ANN) and Linear Discriminant Analysis (LDA) tech-
niques for feature extraction. Five ECG features namely RR,
RTc, T wave amplitude, T wave skewness, and T wave kurto-
sis were used in their method. These features are obtained
with the assistance of automatic algorithms. The onset and
end of the T wave were detected using the tangent method.
The three feature combinations used had very analogous per-
formance when considering the average performance metrics.
A modified combined wavelet transforms technique was de-
veloped by Saxena et al. The technique has been developed to
analyze multi lead electrocardiogram signals for cardiac dis-
ease diagnostics. Two wavelets have been used, i.e.a quadratic
spline wavelet (QSWT) for QRS detection and the
Daubechies six coefficient (DU6) wavelet for P and T detec-
tion. A procedure has been evolved using electrocardiogram
parameters with a point scoring system for diagnosis of vari-
ous cardiac diseases. The consistency and reliability of the
identified and measured parameters were confirmed when
both the diagnostic criteria gave the same results. Table 1
shows the comparison of different ECG signal feature extrac-
tion techniques. A robust ECG feature extraction scheme was
put forth by Olvera in [12]. The proposed method utilizes a
matched filter to detect different signal features on a human
heart electrocardiogram signal. The detection of the ST seg-
ment, which is a precursor of possible cardiac problems, was
more difficult to extract using the matched filter due to noise
and amplitude variability. By improving on the methods used,;
using a different form of the matched filter and better thresh-
old detection, the matched filter ECG feature extraction could
be made more successful. The detection of different features
in the ECG waveform was much harder than anticipated but it
was not due to the implementation of the matched filter. The
more complex part was creating the revealing method to re-
move the feature of interest in each ECG signal. Fatemian et
al. [15] proposed an approach for ECG feature extraction.

3. FUTURE ENHANCEMENT

The ECG detection which shows the information of the heart
and cardiovascular condition is essential to enhance the pa-
tient living quality and appropriate treatment. The ECG fea-
tures can be extracted in time domain[13] or in frequency
domain[14]. The extracted feature from the ECG signal plays
a vital in diagnosing the cardiac disease. The development of
accurate and quick methods for automatic ECG feature extrac-
tion is of major importance. Some of the features extraction
methods implemented in previous research includes Discrete
Wavelet Transform, Karhunen-Loeve Transform, Hermitian
Basis and other methods. Every method has its own ad-
vantages and limitations. The future work primarily focus on
feature extraction from an ECG signal using more statistical
data. In addition the future enhancement eye on utilizing dif-
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ferent transformation technique that provides higher accuracy
in feature extraction. The parameters that must be considered
while developing an algorithm for feature extraction of an
ECG signal are simplicity of the algorithm and the accuracy
of the algorithm in providing the best results in feature extrac-
tion.

Table I. Comparison of Different Feature Extraction
Techniques from an ECG Signal where H, M, L denotes
High, Medium and Low respectively

Approach Simplicity Accuracy Predictivity
Zhao et al H H H

Tadejko L M M

and

Rakowski

Alexakis et | H M M

al.

Xuetal. M H H

Olvera H M M
Emranetal | H M L

4. CONCLUSION

Various techniques and transformations have been proposed
earlier in literature for extracting feature from ECG. This
proposed paper provides an over view of various ECG feature
extraction techniques and algorithms proposed in literature.
The feature extraction technique or algorithm developed for
ECG must be highly accurate and should ensure fast extrac-
tion of features from the ECG signal. This proposed paper
also revealed a comparative table evaluating the performance
of different algorithms that were proposed earlier for ECG
signal feature extraction. The future work mainly concentrates
on developing an algorithm for accurate and fast feature ex-
traction. Therefore our future work also has an eye on im-
provement in diagnosing the cardiac disease.
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