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Abstract-ECG (electrocardiogram) is a test that measures the electrical activity of the heart. The information obtained from an
electrocardiogram can be used to discover different types of heart disease. It may be useful to see how well the patient is responding to
treatment. An ECG trace is a digitized version of a continuous signal. To reduce the loss in ECG signal we have used some efficient
techniques in our project. Various techniques can be used for compression like the Fast Fourier Transform (FFT), Discrete Cosine
Transform (DCT), Discrete Wavelet Transform (DWT) etc. ECG signal being used in a wide variety of biomedical applications requires
accurate results, less power requirements, faster results and low cost maintenance. Therefore compression plays a very important role in
acquiring these purposes without losing the original information. In general, most of the introduced ECG compression techniques have
inaccuracy and random behavior of error. Hence a new technique was proposed called as Discrete Wavelet Transform (DWT). Also from
the results and computations that we have performed in our project we come to a conclusion that DWT is a better compression technique
than DCT since it has better accuracy and also it correlates very well with the subjective tests.

Index terms-Accuracy, compression, Discrete Cosine Transform (DCT), Discrete Wavelet Transforms (DWT), fast, percent root mean

square difference (PRD) and without losing original information

1 INTRODUCTION

Electrocardiography (ECG or EKG) is a
interpretation of the electrical activity of the heart over time
captured and externally recorded by skin electrodes. It is a
noninvasive recording produced by an electrocardiographic
device. The etymology of the word is derived from the Greek
electro, because it is related to

Electrical activity, kardio, Greek for heart, and graph, a Greek
root meaning "to write". Electrical impulses in the heart
originate in the sinoatrial node and travel through the intrinsic
conducting system to the heart muscle. The impulses
stimulate the myocardial muscle fibers to contract and thus
induce systole. The electrical waves can be measured at
electrodes placed at specific points on the skin. Electrodes on
different sides of the heart measure the activity of different
parts of the heart muscle [1],[2],[3]. An ECG displays the
voltage between pairs of these electrodes, and the muscle
activity that they measure, from different directions, can also
be understood as vectors. This display indicates the overall
rhythm of the heart and weaknesses in different parts of the
heart muscle. It is the best way to measure and diagnose
abnormal rhythms of the heart, particularly abnormal rhythms
caused by damage to the conductive tissue that carries
electrical signals, or abnormal rhythms caused by electrolyte
imbalances.®! In a myocardial infarction (MI), the ECG can
identify if the heart muscle has been damaged in specific
areas, though not all areas of the heart are covered. The ECG
cannot reliably measure the pumping ability of the heart,
forwhich ultrasound-based (echocardiography) or
nuclearmedicine tests are used. Compression is the reduction
in size

transthoracic

of data in order to save space or transmission time. For data
transmission, compression can be performed on just the data
content or on the entire transmission  unit
(including header data) depending on a number of factors.
Compression is it helps the
consumption of expensive resources, such as hard disk space
or transmission bandwidth.Data compression methods for
ECG signals have been playing an important role in computer
processing and analysis of ECG. The major reason for going in
for a higher compression ratio (CR) has been the desire to
obtain higher density storage in medical database and hospital
information systems [7].

useful because reduce

1.1Diagnosis based on heart signals

Normal sinus rhythm:

In a normal heart rhythm, the sinus node generates an
electrical impulse which travels through the right and left
atrial producing electrical changes
represented on the electrocardiogram (ECG) by thep-wave
[1L[2L[3]. The electrical impulses then continue to travel
through specialized tissue known as the atrioventricular node,
which conducts electricity at a slower pace. This will create a
pause (PR interval) before the ventricles are stimulated. This
pause is helpful since it allows blood to be emptied into the
ventricles from the atria prior to ventricular contraction to
propel blood out into the body. The ventricular contraction
isrepresented electrically on the ECG by the QRS complex of
waves. This is followed by the T-wave which represents the
electrical changes in the ventricles as they are relaxing. The

muscles which is
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cardiac cycle after a short pause repeats itself, and so on.
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Therefore, on an ECG in normal sinus rhythm p-waves are
followed after a brief pause by a QRS complex, then a T-wave.

/\ N\

-

Normal sinus rhythm not only indicate that the rhythm is
normally generated by the sinus node and traveling in a
normal fashion in the heart, but also that the heart rate, i.e. the
rate at which the sinus node is generating impulses is within
normal limits. There is no one normal heart rate, but this
varies by age. It is normal for a newborn to have a heart rate
up to 150 beats per minute, while a child of five years of age
may have a heart rate of 100 beats per minute. The adult's
heart rate is even slower at about 60-80 beats per
minute[1],[2],[3],[6].

Sinus tachycardia:

A fast heart rate may occur with a normal heart rhythm, this is
called sinus tachycardia[6]. This means that the impulse
generating the heart beats are normal, but they are occurring
at a faster pace than normal. This is termed sinus tachycardia
and is seen normally with exercise or with excitement.

Sinus bradycardia:

The heart may slow down, yet maintain the normal pattern
of thythm (sinus), this is known as sinus bradycardia [6]. It
usually is benign and may be caused by medications such as
beta blockers.

Premature atrial contraction (PAC):

The atria fire an early impulse which causes the heart to

beat earlier causing irregularity in the heart rhythm.

Premature ventricular contraction (PVC):
The ventricles fire an early impulse which causes the heart
to beat earlier causing irregularity in the heart rhythm.

2 DIFFERENT COMPRESSION
TECHNIQUES&QUALITATIVE ANALYSIS

Data compression methods for ECG signals have been playing
an important role in computer processing and analysis of
ECG. The major reason for going in for a higher compression
ratio (CR) has been the desire to obtain higher density storage
in medical database and hospital information systems.
Another area wherein the need for efficient data compression
for ECG has been felt is Ambulatory ECG Monitoring
(AECGM). AECGM is usually done using the conventional
Holter monitor which consists of a 24 hour cassette recording
of the ECG. Modern Holter monitors with digital IC memory
cards are now expected to improve fidelity of recording and
make the system more compact [1],[2],[3],[6]. But due to the
limited capacity of the IC memory cards, the sampled ECG
data generated during the 24 hours has to be first compressed
before it can be stored digitally. Another application which
has been proposed recently is compression of ECG data for
storing (along with other patient data) on a medical smart
card. These and many other applications demand data
compression algorithms with very high CRs.

Existing ECG data compression techniques have been
classified into

a) Direct data handling:

The data handling techniques
compression by removing the redundancies present in the
actual ECG signal samples. Techniques such as AZTEC,
CORTES, SAPA and DPCM and entropy coding come under
this category.

b) Transformation techniques:
In contrast the transform domain techniques achieve data

direct achieve data

compression by constraining their basis functions. Many
discrete orthogonal transforms such as KLT, DCT, and FT
have been used for ECG data compression.

2.1 Discrete Cosine Transform

The discrete cosine transform (DCT), closely related to the
DFT. The DCT's energy compaction properties are useful for
applications like signal coding. The toolbox function DCT
computes the unitary discrete cosine transform, or DCT, for an
input vector or matrix. Mathematically, the unitary DCT of an
input sequence x is
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n(2n-1)(k—1)
Y (k) = w(k) Zh_y x () cos T2 (1)
k=12..N
1
w k=

The DCT is closely related to the discrete Fourier transform;
the DFT is actually one step in the computation of the DCT for
a sequence. The DCT, however, has better energy compaction
properties, with just a few of the transform -coefficients
representing the majority of the energy in the sequence. The
energy compaction properties of the DCT make it useful in
applications such as data communications [5],[7].

The function IDCTcomputes the inverse DCT for an input
sequence, reconstructing a signal from a complete or partial
set of DCT coefficients. The inverse discrete cosine transform

1S

n(2n—-1)(k—1)

N )
n=12..N

x(n) = L=y x(n) y(k) cos

where
1

N

w(n) = 2
\/;, 2<n<N

Because of the energy compaction mentioned above, it is
possible to reconstruct a signal from only a fraction of its DCT
coefficients. For example,

sequence, sampled at 1000 Hz.

generate a 25Hz sinusoidal

2.2Discrete Wavelet Transform

Wavelet transform decomposes a signal into a set of basic
functions. These basis functions are called wavelets [7].
Wavelets are obtained from a single prototype wavelet y(t)
called mother wavelet by dilations and shifting:

ap() =0 () 3)

a

Where a is the scaling parameter and b is the shifting
parameter

1D Wavelet Transform is given by:
Wi(a,b) = [Tx (D1a,(8)de (4)

Its inverse is given by:
x(6) =< J; 7 Wy (@, b)a (£)db S5 5)

WhereC = fi@dw <o
2.3 QUALITATIVE ANALYSIS

ECG compression literature includes many distortion criteria
for performance evaluation. Among the mostly used measures
is the PRD [8],[9],[10].

Where

PRD is Percent Root mean square Difference

X (n) is the original signal

¥(n)is the reconstructed signal and N is the length of the
segment over which is PRD is calculated[11],[12],[13].In some
of the articles, another version of PRD definition is used [11],
[12], [13].

PRD = TN (x(n)—-%(n))2 X 100 ”

Where

X is the average value of the original signal.

Equation (6) is dependent on mean value of the original
segment; therefore segment with high means will exhibit an
artificially low PRD.

Another distortion measure is the signal to noise ratio and is

expressed as[14].

N (x(n)—x(n))z)
SNR =101 (1— 8
0810 Z4\1,:1(36(70_3?(11))2 8)

Relation between SNR & the PRD (7) is
SNR = 40 — 20log,,(PRD)dB
Or

—SNR
PRD = 10(%5 ) X 100 )

Cross Correlation (CC) measures that determine the amount
of similarity between original & reconstructed signal is
another the quality of

objective criterion for testing

reconstructed signal. It is given by

CC = — ZnaGm)-DEm -5
JE -2 [ -2

(10)
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3 RESULTS

Different ECG signals from MIT/BIH arrhythmia database
were analyzed using MATLAB software. And the various
parameters thatwere used for analysis are PRD, SNR & CC.
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Fig. 1 Simulated result of DCT Compression
techniquel(a):Normal ECG Lead II Wave

1(b,c): DCT of ECG Wave by different sampling periods
1(d): IDCT and last one is the error signal.
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Fig 2 Simulated result of DWT Compression technique
2(a): Original ECG signal
2(b): Contaminated signal while transmission

2(c): Compressed ECG signal

4 CONCLUSION AND OBSERVATION

Electro cardiogram (ECG) is used for the measurement of
electrical activity of the heart. In our report we study the
important parameters of ECG signal.

ECG signal being used in a wide variety of biomedical
applications less  power
requirements, faster results and low maintenance cost.

requires accurate results,
Therefore compression plays a very important role in
acquiring these purposes without

information. To evaluate the performance of these algorithms,

losing the original

several objective and subjective criteria are available in ECG
literature. Performance evaluation of the considered measure
shows that it almost matches the results obtained using
subjective evaluation tests. Results indicate that by using the
above techniques the use of online data communication
schemes can be enabled with high compression without
sacrificing the quality of the transmitted signals.

According to our theoretical analysis, and according to
what study we have done on the compression techniques, we
conclude that DWT compression is highly efficient than DCT
compression. DWT gives a signal with the most accurate
results after compression and still gives a far better
compression ration than DCT.

Most of the biomedical data compression methods have
been developed for ECG signals. However, these methods can
be applied to other biomedical signals with some
modifications. It is difficult to compare the efficiency of
biomedical data compression schemes because coding results
of various data compression schemes are obtained under
different recording conditions such as sampling frequency,
bandwidth, sample precision, and noise level, which may
drastically affect the currently used performance measures.
According to our evaluation compression DCT Ratio is 90.430.
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