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Abstract - This paper presents a novel algorithm 
for compression of single lead Electrocardiogram 
(ECG) signals. The method is based on Pole-Zero 
modelling of the Discrete Cosine Transformed (DCT) 
signal. A n  extension is proposed to the well known 
Steiglite-Mcbride algorithm, to model the higher 
frequency components of the input signal more accur- 
ately. This i s  achieved by weighting the error 
function minimized by the algorith to estimate the 
lode1 parmeters. The data colpression achieved by 
the parametric model is further enhanced by Differen- 
tial Pulse Code Modulation (DPCX) of the model 
parameters. The method accomplishes a compression 
ratio in the range of 1:20 to 1:40, which far exceeds 
those achieved by most of the current methods. 

I .  INTRODUCTION 

Data Compression of ECG signals has been 
widely studied, in digital storage and 
transmissionapplications[ll.More recently 
the wide spread use of ambulatory ECG 
monitors has once again triggered a spur of 
research activities in this area. In this 
paper we propose an innovative algorithm 
for the compression of ECG signals based on 
the parametric modelling algorithm pres- 
ented in [ 2 3 ,  The algorithm consisted of 
modelling the Discrete Cosine Transform 
(DCT) of the ECG signal using the Steigl- 
itz-McBride (SM) method[3].However, since 
the model impulse response died down quick- 
ly after excitation, it failed to recon- 
struct the higher DCT coefficients accur- 
ately. A s  DCT is a frequency transforma- 
tion, l o s s  of higher DCT coefficients 
results in loss of clinically significant 
notches such as the Q and S waves in some 
normal signals. In this paper we propose an 
extension to the SM method, to overcome 
this problem by weighting the error funct- 
ion. We call this technique as the Weighted 
SM method. 

11. ALCORITIIM 

1) The Weighted Steigl itz-McBride method 
Let S(k),k=O,l, ...,( N-1) be the DCT of 

the ECG signal. S(k) is approximated as the 
impulse response of a model with a rational 
transfer function of the form, 

N(z)  ( l+B1z-'+. . . +BPz-') 

( 1+Alz-l+. . .+A z-p) (1) 
D ( z )  

where p is the model order. In the original 
SM method, the model parameters Ai and Bi 

H(z) = ---- = Bo ..................... 
P 

are estimated by minimizing the sum of 
squared error between S(k) and the model 
response, Here we wei h this error cri- 
terion by a function w f k), to get 

N- 1 N(z )  

k= 0 D(z) 
E = Z w(k) [S (k)  - ---- 8(k)12  ( 2 )  

where 6(k) is the unit impulse. 
Minimization of E in ( 2 )  with respect to 
the unknowns Ai arid Bi, results in a set of 
nonlinear equations. This problem is 
overcome by iteratively minimizing a simi- 
lar error function E' [3], which is given by 

N- 1 D(z)S(k) N(zWk) 
1 ( 3 )  

k= 0 D ' ( z )  D e ( ~ )  

The algorithm is started with an AR esti- 
mate D (1;) obtained from linear prediction 
(LP) method and is continued till the 
difference in model parameters between two 
successive iterations is less than a pre- 
specified threshold. In case of actual ECG 
data the algorithm always converged within 
10 to 15 iterations. 

2) Selection oi' weighting function: The 
DCT of the ECG signal contains most of its 
energy in the first 50 or so coefficients. 
Since most of the error energy minimized by 
the original SM atlgorithm is concentrated 
along the first few samples, the model 
impulse response matches S(k) closely only 
in this region. E;xtensive tests done have 
shown that for error free recovery of Q and 
S waves, accurate reconstruction of the DCT 
in the region from about 0.15N to 0.6N is 
also necessary. Thus we choose an error 
weighting function with larger gain in this 
region as shown in Fig 1, The region 0.6N 
onwards is weighted less as it contributes 
more to the noise in the signal than to any 
component waves. 

E' = E w(k) I-.------- - -------- 

0-7803-0785-2/92$03,00 OIEEE 612 

3) Quantization: It is well known that 
quantization of the MA and AR coefficients 
in ( 1 )  needs a latrger number of bits than 
that required to quantize the model zeros 
and poles, for the same quantization error. 
Thus the magnitude and phase of the model 
singularities viz, the poles and zeros are 
quantized along with the gain Bo of the MA 
polynomial. Additional bits are used to 
indicate if the quantized singularities are 



real or  in complex conjugate form, in which 
case only half the number of parameters are 
stored. The ECG signals were reconstructed 
with less than 7% NMSE when a zero, a pole 
and the gain were quantized with 24,22,14 
bits respectively. 

4 )  Reconstruction: The ECG signal is 
reconstructed by computing the Inverse 
Discrete Cosine Transform (IDCT) of the 
model impulse response. 

111. APPLICATION OF DPCM TECHNIQUES 

Using a simple QRS detection algorithm, 
we choose the frame of analysis to contain 
a beat of ECG signal. Due to the high 
degree of similarity between beats, the 
model parameters viz. poles and zeros, of 
adjacent frames change very little. We 
exploit this result to further enhance the 
bit rate by DPCM coding the poles and zeros 
of the consecutive frames. Redundancies in 
the information are removed by coding the 
difference between parameters of the two 
adjacent frames. This resulted in a sub- 
stantial savings in the number of bits, by 
as much as 90%. 

IV. RESULTS 

The database for analysis consisted of 10 
seconds of three lead ECG data, sampled 
from 60 subjects at 500 Hz and 12 bit 
resolution. Twelve of the subjects had 
rhythm disorders, 38 of them had morphol- 
ogical abnormalities while the remaining 10 
were normal. 
The original ECG signal, the signals 

reconstructed from the SM and WSM methods 
are shown in Fig 2a. The expanded views of 
the corresponding QRS regions are shown in 
Fig 2b. As can be seen clearlythe WSM has 
been able to model the notch while the SM 
has failed to do so. A model order of 10 
was used for this signal. 
Continuous records of normal sinus rhythm 

and the corresponding reconstructed signal 
are shown in Fig 3 .  The signal was split 
into beat synchronous frames and modelled. 
The model order used was 10. DPCM of the 
model parameters resulted in a compression 
of 1:35. The NMSE of the reconstructed 
signal is 6%. 

V. CONCLUSION 

We proposed a new method for efficient 
representation of ECG by modifying the 
error criterion used in identifying the 
signal model. The clinically significant Q 
and S waves and QRS notches were recon- 
structed with a high degree of accuracy. 
Use of DPCM on model parameters improved 
the compression from about 1:20 to 1:40. 
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