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ABSTRACT

In this paper ECG signal acquisition and compression of
the ECG signal is presented. ECG is an electronic
method of recording the heart beat of the patient. The
characteristic of heart beat is determined by PQRST
curve. The detection of QRS complexes in an ECG
signal provides information about the heart rate. This
paper includes all the details about how to get the proper
ECG signal and how it can be compressed. The paper
presents an Electrocardiographic (ECG) signal front-end
amplifier or pre-amplification of ECG for further
processing. The signal  conditioning  contains
amplification and filtering. Compression is required for
the fast transmission of ECG signal over wireless
network and to reduce the amount of data storage in
long-term ECG recording. A new algorithm named
Partition Algorithm is proposed for ECG signal
compression and reconstruction which involves the
partitioning of input signal into eight digital threshold
levels which are further reconstructed. Also, it is proved
that eight threshold levels are sufficient for providing the
necessary ECG information in digital format.
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1. INTRODUCTION

The electrocardiogram (ECG) is a recording of body
surface potentials generated by the electrical activity of
the heart. As recording and interpretation of the ECG has
a very long history. It is an important aspect of the
clinical evaluation of an individual’s cardiac status and
overall health. The ECG characteristics are described by
the PQRST curve. The shape and size of the P-QRS-T
wave and the time intervals between various peaks
contains useful information about the nature of disease
afflicting the heart. The P, QRS and T waves reflect the
rhythmic electrical depolarization and re-polarization of
the myocardium associated with the contraction of Atria
and Ventricles.

«  The horizontal segment of the waveform preceding
and P wave is designated as baseline for iso-
potential line.

» P wave represent the depolarization of Atria
musculature.

« The QRS complex is combined result of re-
polarization of Atria and depolarization of
Ventricles which occurs  almost simultaneously.

«  The T wave is a wave of Ventricles re-polarization.

Mandeep Singh
Centre for Development of Advanced
Computing, Mohali, Punjab, India

Figurel. PQRST curve

The need for compressing biomedical signals is
important due to the tremendous amount of data that
need to be stored efficiently at low cost [1]. The desired
objective is to provide a high-quality reconstruction of
electrocardiogram (ECG) signals at low bit rates and
acceptable distortion levels. Mainly ECG data
compression has two goals: - (1) to reduce the number of
bits per sample and (2) to preserve the original signal
quality [1]. The first step in the design of an ECG system
involves understanding the nature of the signal that needs
to be acquired. ECG signal consists of low amplitude
voltages in the presence of high offsets and noise.
Ag/AgCl  (Silver-Silver chloride) is the common
electrode used in ECG systems and has a maximum
offset voltage of +300mV. The actual desired signal is
+0.5mV superimposed on the electrode offset. So the
system also picks up the 50/60Hz noise from the power
lines which forms the common mode signal. As
amplitude of the power line noise could be very high and
needs to be filtered.

2. SIGNAL CONDITIONING OF
ECG SIGNAL

Analog Front-End processing forms a significant part of
the ECG system since it needs to make a distinction
between noise and which is of small amplitude having
desired signal. The front-end processing circuitry
consists of an instrumentation amplifier which reduces
the common mode signal. The instrumentation
amplifiers ought to have high input impedance since the
skin resistance could be incredibly large. Operational
amplifiers are required for signal conditioning of ECG
device. The signal chain in support of the ECG signal
conditioning consists of instrumentation amplifiers,
filters implemented through op-amps or through R
(resistor) and C (capacitor) component. The genuine
ECG signal value is 0.2mV or 0.5mV with frequency of
0.5Hz to 100Hz and we require proper amplification of
the signal. But during amplification, the noise is also
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amplified by the amplifier and we have to reduce the
noise from the ECG signal. The main sources of noise in
ECG are

e Baseline wander (low frequency noise)

e Power line interference ( 50Hz or 60Hz noise from
power lines)

e Muscle noise (This noise is very hard to remove as
it is in the same section as the actual signal that is
usually corrected in software.)

e  Other disturbance (i.e., radio frequency noise from
other equipment)
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Figure2.Block schematic of a pre-amplification circuit
Figure2 shows the necessary ECG front end analog
processing. The Instrumentation amplifier provides
difference between the ECG leads (it can be RA, LA and
RL) and it attenuates the noise also. The output of the
INA is quite low and we need amplification of the signal,
but the amplification of the signal further amplifies the
noise also, so we need filtering of the signal.
Instrumentation amplifier used here is AD620 or
differential op-amp INA 106 .The filtering of the signal
reduce noise , therefore plan an high pass filter (with op-
amp or RC filter ) with cut-off frequency of 0.5Hz and it
may need some more stages of the high pass filter (as per
the required output ) . The main source of noise is power
line noise. The Notch filter is used for eliminating the
power line noise (50Hz or 60 Hz). Basically Notch filter
gives the zero output at the particular frequency, it
basically a band pass filter (49Hz to 51Hz). It contains
H.P.F and L.P.F called twin-T network. Designing a
notch filter of 50Hz frequency results in exclusion of
power line noise and it also rectifies the signal. After
using H.P.F and notch filter, the low frequency noise is
removed by low pass filter, therefore use a low pass filter
with cutoff frequency of 48Hz and it may also need some
more stages of the low pass filter. For providing the
isolation between the circuits, an op-amp can be used as
a buffer and it also advantage in removal of background
noise of the signal, basically it is a unity gain amplifier.
Output possibly will be in fewer amplitude, but further
strengthening of the signal results into exact preferred
ECG signal. The very last amplification is done by the
operational amplifier which increase the strength of
signal, to amplify ECG signal the gain of the associated
operational amplifier must be very high.

The amplification is ended by CA-3140 BiMOS
operational amplifier with MOSFET input / bipolar
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output is a high performance amplifier. CA3140 are
integrated circuit operational amplifiers that merge the
advantages of high voltage PMOS transistors with high
voltage bipolar transistors on a single monolithic chip.
By the appropriate use of this analog circuitry we can
extract the proper ECG signal.

3. SYSTEM APPROACH

PREAMPLIFICATION

CIRCUIT ADC
A 4
Display
device DAC Microcontrolle

Figure3. Block schematic of a proposed system
Above figure shows the block diagram of proposed
system. The ECG pre-amplification circuitry is already
discussed in the previous block diagram (figure no.2).
The ECG signal is initially transformed into digital form
by means of Analog to Digital converter (ADC)
afterward it fed to the microcontroller unit. The proposed
compression algorithm has been burn in microcontroller.
The microcontroller ATMega32A is taken as tool for
compression algorithm. The compressed ECG signal
from the microcontroller is further converted into analog
signal by means of digital to analog converter (DAC).
The DAC 0808 is used to convert the digital signal to
analog signal. Cathode ray oscilloscope (CRO) can be
used as display tool.

4. ECG DATA COMPRESSION

METHODOLOGY

After the extraction of the appropriate ECG signal, it is
transformed into digital form by means of inbuilt ADC in
microcontroller (ATMega32A microcontroller has inbuilt
10 bit ADC). The output of ADC is an 8 bit data it is
converted into 3 bit, fundamentally it encoded 8 bit data
into 3 bit. Compression is done by reducing the number
of bits of the original signal. Encoding involves the use
of a code to change of the original data into a form that
can be used by external process. Encoding of the data
shows the compression of the original ECG signal. After
compressing the signal it is necessary to reconstruct the
original signal. Decoding process has been used for
decompressing the compressed data.

DISPLAY Decoding

DEVICE




Figure4. Block schematic of a proposed ECG
compression algorithm

Decoding involves the conversion of an encoded format
back into the original sequence of data. In the decoding
section the compressed 3 bit data is decoded into 8 bit
data and this 8 bit data is further fed toward Digital
analog converter (DAC). The proposed algorithm
includes the process of encoding and decoding of the
data. The entire process of analog to digital conversion,
encoding and decoding is done in microcontroller as
shown in figure4. The last section includes display unit,
display device can used to see the required signal and the
display equipment can be CRO.

4.1 Compression Algorithm
The Proposed Algorithm for ECG Signal compression
involves partitioning the input signal into some threshold
voltage levels hence it is named Partition Algorithm. The
Partition Algorithm involves two sections:

1. Data compression (Encoding)

Il. Data reconstruction (Decoding)

i.  Data compression (Encoding)

Data compression involves simply an encoding stage as
shown in figure4. The 8 bit digital output from ADC
(Analog to Digital Converter) can range from 00 to FF
(in Hexadecimal) i.e. 0 to 255 (in decimal). This 8-bit
data from the ADC is encoded into 3 bit data in encoding
block. Fundamentally, it reduces the resolution of the
signal by converting the 8 bit into 3 bit i.e. total number
of values reduces from 2% = 256 to 2° = 8. Since ECG
signal involves five peaks PQRST, thus eight digital
values are sufficient to represent these peak values. The
Digital ECG signal obtained from ADC is divided into 8

voltage threshold levels as shown in table 1.

Tablel. Different threshold levels
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Tt | Stoua | Shiteuute
(decimal) (Binary)
0-31 000 0
32-63 001 32
64-95 010 64
96-127 011 96
128-159 100 128
160-191 101 160
192-223 110 192
224-255 111 255

These levels are separated as per the output voltage range
of the pre-amplification circuit. The reference voltage
(Vref) of the ADC should be carefully decided. The eight
voltage levels include all the peaks of the ECG PQRST
curves. The 8-bit digital output of ADC are sent serially
by UART and seen on PC. The digital form of the signal
has some pattern of values, for example 000 118 063 244
024 106. The maximum value of the signal represents the
R peak of the ECG waveform (i.e. 244), 118 represents P
wave, 063 show Q wave, 106 represents T wave etc. If
the value lies between different ranges then it can be
taken as corresponding value of the level, suppose value
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244 lies between the range of “224-255” then it is taken
as “111” and if value is “067” is came then it will lie
between the range of “064-095” then it will taken as
“011” as shown in table 1.

ii.  Data Reconstruction (Decoding)
Data reconstruction involves simply a decoding stage as
shown in figure4. The 3-bit digital output from encoding
stage can range from 000 to 111 (in binary) i.e. 0to 7 (in
decimal). If this 3-bit digital data is seen on CRO then
we cannot easily identify the PQRST peaks. However,
with a closer look and proper knowledge of ECG signal
one can identify this 3-bit Signal also. As R peak has
Maximum value (111) and S peak has minimum value
(000), therefore these are easily identified. However, we
require the peaks to be clearly visible, so the 3-bit output
of encoding stage is converted into 8-bit Digital format
to increase the difference between various peaks and
hence PQRST peaks are easily identified. Since the input
to Decoding stage can range from 000 to 111 i.e. only 8
voltage values, so the original signal of 255 values is
almost impossible to recover from here.

Thus, an efficient approach is to provide 8-bit eight
voltage values corresponding to 3-bit eight voltage
values, so that each peak clearly distinguishes from each
other. This is done by providing the R-peak with
Maximum value (FF in hex), S peak with Minimum
value (00 in hex) and the values for remaining three
curves can be assigned three of the remaining six levels.
The 8-bit value assigned corresponding to 3-bit input is
shown in table 1. As R and S peak is detected by the O0H
and FFH value respectively, thus the peak exactly right
to S will be T peak, low value peak exactly left to R will
be Q peak and the high value peak exactly left to Q peak
will be P peak. In this way, PQRST complex is easily
obtained on CRO providing the necessary information.
The Partition Algorithm shows the eight digital values
that are sufficient for displaying the ECG signal while at
the same time providing the necessary information of
patient.

5. RESULT
The results of the proposed algorithm can be described
by its compression ratio. Compression ratio (CR) can be
explain as, or calculated as

CR= Do / DC
Where Dg is the total number of bits in the original
signal and D¢ is the total number of bits in the
compressed signal [1].
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Figure5. Weak ECG signal
Table2. Performance Comparison

Algorithm Compression ratio (CR)
Proposed 32
m-AZTEC 5.6
Hilton [7] 8
Djohan [9] 8
SPIHT [10] 8
VQ-Based m-AZTEC 11.2
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Figure6. Actual ECG signal output

6. CONCLUSION

An effective ECG compression algorithm is proposed in
this paper. By using this proposed algorithm the
obtained compression ratio is much improved than
other methods. The clinical information is preserved
after compression and this makes the algorithm safe to
be used to compress the ECG signals. The proposed
technique can achieve good compression ratio with low
distortion. The simplicity makes the algorithm unique
and attractive approach for mobile ECG data

monitoring system.
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