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Introduction

In the last twenty years, there has been a continuing pro-
liferation of computerized ECG processing systems. The
volume of ECG data produced by monitoring systems can
be very large, as a long period of time Is required to gather
enough information about the patient. For that reason, ef-
ficient methods for storing and retrieving ECG data have
been proposed in the literature. By observing ECG wave-
forms, it can be concluded that they do not only show cor-
relation between adjacent samples but also between adja-
cent heartbeats. Therefore, this paper discusses the effi-
ciency of using a two-dimensional ECG compression
scheme, combined with some preprocessing techniques.
The MIT-BIH Arrhythmia database is used to evaluate the
performance of the method.

Materials and Methods

In order to construct an image from the 1-D ECG signal,
we have first to identify each heartbeat by a QRS detec-
tion algorithm. Then, the signal is cut at every 130" sam-
ple before each QRS peak and heartbeats are aligned in a
matrix. The second step is to apply some preprocessing
techniques in order to make the ECG image smoother and
then easier to compress by transform coding.
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Fig.1 The 2-D compression scheme.

Figure 1 shows the 1-D to 2-D conversion process, which
includes the QRS detection and alignment of the heart-
beats along with a wavelet-based compression. The pe-
riod sorting, proposed in [1] is done Iin order to improve the
inter-beat correlation and is especially effective for records
with irregular periods. As the different periods of the signal
obviously do not show the same length, length equaliza-
tion must be done in order to map the periods in a matrix.
It can be made in different ways, including zero-padding,

mean extension and period equalization. The period nor-
malization consists of changing the length of all periods to
a common value, using cubic splines [2]. Moreover, a DC
equalization step eliminates the high frequencies along the
vertical axis. The preprocessing steps bring some side in-
formation that needs to be recorded losslessly for further
reconstruction. After the preprocessing, a wavelet-based
Image coder is applied on the matrix. The output of this
block, along with the overhead information gives the final
bitstream. The advantage of performing period equaliza-
tion is that the normalized period size, N, can be chosen to
be smaller than the mean length of the heartbeats. For
example, if the mean period length is 300 and we take N
equal to 100, it is just as if we have already compressed
the image by a factor of 3. However, the period normaliza-
tion is a lossy technique that will tend to increase signifi-
cantly the distortion if N is too small. Then N should be
carefully chosen. Figure 2 shows the non-compressed
ECG image obtained with no preprocessing (left) and pre-
processing (right) for record 119.
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Fig.2 2-D arrays formed with 10 min of ECG from record 119.
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Simulations and Discussion

The performance indicator used in this study is the Per-
cent Root mean square difference (PRD):
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First, we tested the proposed compression scheme on the
entire MIT-BIH Arrhythmia database (48 records), with the
JPEG 2000 standard coding system. We compared the
performance with different length normalization ap-
proaches, such as zero-padding, mean extension, period

normalization, and the DC equalization step (figure 3, left).
The period sorting block is always used (except for the no
preprocessing case). The matrices include approximately
10 min of ECG data. The number of columns is equal to
the maximum period length, except for the period normali-
zation, where N is equal to 128.
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Fig.3 PRD comparison between different preprocessing techniques
(left) and between JPEG 2000 and SPIHT (right)

As we can see, the best performance is obtained with the
period normalization and DC equalization. Then we com-
pare the performance of JPEG 2000 with another powerful
coding system, namely SPIHT. The number of wavelet
level is 5 and we used the biorthogonal 9/7 tap filters. On
figure 3 (right), we see that JPEG 2000 slightly outper-
forms SPIHT.

Conclusion and Future work

In this paper, we showed the improvement added by some
simple preprocessing techniques on the compression per-
formance of 2-D compression algorithms. The next step of
this work consists of implementing a modified SPIHT algo-
rithm that would reduce the redundancy that exists among
medium- and high frequency subbands, between insignifi-
cant wavelet coefficients that correspond to the same spa-
tial location.
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