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ABSTRACT

In this thesis, an ECG data compression technique
(CUSAPA) s developed. This technique is based on
combining the features of the well-known cubic spline

approximation and the scan-along polygonal approximation. The
5-Q segment is compressed using the cubic spline function
while the rest of the signal (QRS compiex) is processed with
the polygonal approximation,

CUSAPA has produced as large CR as those
obtained with cther of fline techniques (if not better) but

with improved visuall acceptance. Also GRS, P, and T segments

with fidelities never reached by the e other techniques
considered tn this study, Moreover, CUSAPA achieves
superior 50-Hz noise removal when compared with other
techniques. with some modifications to an existing QRS

detector, the QRS  complex is filtered out with large degree
of accuracy.

This GRS detector extracts the QRS complex without
precise determination of the onset or end points. Nor the
locations or the amplitudes of the peak points are
calculated, wWith the application of thresholding c¢riteria and
line segmentation the attributes of both the terminal and
peak points are computed. Thus, a proper GRS detection is

resulted.
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Additionally, a syntactic algorithm based on the
attribute grammar notation is proposed and applied to the §-Q
segment to return back the best initial Knots for which the
optimal ones are calculated using some IMSL Lbrary
routines. The syntactic algorithm has the feature of avoiding
locating false kKnots due to the effect of the existence of

50-Hz noise in the artginal signal.

An  extensive simulation and comparative analysis for the
proposed {CUSAPA) aigorithm and the other weil-Known
techniques were carried out and implemented on an IBMAXT
machine using an ECG database consisting of nine signals
belonging to seven normal and abnormal cases, These
technigues are classified into three classes:

1. Data handling class: This class enhsts the following
techniques : Turning-point (TP}, Amplitude Zone time
epoch coding (AZTEC;, and Coordinate reduction time
encoding system {CORTES).

2. Redundancy raequction class: This graoup contains three

techniques : Zero-order predictors (Z0P), first-order
interpolator (FOL) and Scan-atong polygonal
approximation algorithm (SAPA).

3. rransform coding class: Some of the orthogonal

transforms are considered sSuch as Fast Fourier Transform

(FFT), Fast walsh Transform (FWT), walish-Hadamard
Transform (WHT) and Discrete cosine Trangform
{DCT)
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The comparative study is based on different performance

evailuation parameters: the compression ratio (CR), the
percentage root-mean square difference (PRD), the visual
acceptability of the reconstructed signal, the processing

time per sample {TPS), the noise removal capability, and

the error in QRS complex detection.

The results of this comparative analysis may Justify the
apphcation of a certain data compression technique to a

specific abnormal case.
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List of Symbols and Abhbbr-eviations

Notation Explaination
Chapter 1

ECG ElectroCardioGraph

A/D Anatog to Digital

S5-A Sinoatrial

A=V AtrioVentricuiar

LA Left Arm

RA Right Arm

LL Left Leg

YCG VectorCardioGraph

I, 4, Unipolar Leads

avL, avR, avF Bipolar Leads
Vy-Vg Chest Leads
X, Y, Z Frank Leads
PVvC Premature vVentricutar Contraction
VTACH Ventricular Tachycarda
AFIB Atrial Fibrillation
AFLUT Atrial Flutter
VFIB Ventricular Fibrilation
PHB Partial Heart Block
CHAPTER 2
f function
AZTEC Amplitude Zone Time Epoch Coding
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CORTES

1P

X0 X1 X2

T, Ty

ZO

Coordnate Reduction Time Encoding
System

Turning Point

3-points TP Configuration

ith ECG data sample

Initial ECG data sample

Maximum value of ECG data samples
Minimum value of ECG data samples
Aperture threshold

AZTEC line

AZTEC line amplitude

AZTEC line duration

Zero-order prediction

AZTEC slope

Maximum dur-ation of AZTEC
plateau

Plateau duration threshold
AZTEC slope value
AZTEC slope duration

ith output point of curve -
fitting processgor

Coefficients of the curve-fitting
parabcla

Least -squares error

ith input sample to the curve-
fitting processor

Shift operator

Plateau length threshold
iriggering saving of TP data
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P1,P2
Fi-Fa
ZOP
FOP

An

Fol
SAPA
ECG (i)

NECG (i)

g(c,te)

ﬁ'l1
Ma

g(c+,0)

KLT
FFT
DCT
FWT
WHT
T(u)
g(x,u)

hi{x,u)

CORTES array pointers

CORTES fiags

Zero-order prediction
First-order prediction

nth -order prediction coefficient
ZOP aperture width

First -order interpolator
Scan-along polygonal approximation
ith ECG original data sample

ith ECG reconstructed data
sample

SAPA allowable error
The iast saved SAPA sample

Two lines Joining ECG (s) to
ECG (¢ )+e

The current smallest value of a(c,€)
The current largest value of g(c,=-€)

straight line between (s,g(s)) and
((c+i),g(c+i})

Karhunen-Loeve transform

Fast Fourier transform

Discrete Cosine transform

Fast Walsh transform

Walsh -Hadamard transform
Transform of original sample f(x)
Forward transformation kernel

Inverse transformation kKernel
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M Number of data Samples

X Vector of sampled ECG data
2 Transform matrix

Y Transform vector

C, Covariance matrix

A Eigenvalue

| Unit matrix

M Number of retained coefficients

e? Mean-square error

DFT Discrete Fourier transform

Wim DFT orthogonal transform

Fevenif agqg Even and odd components of DFT

m{i) Number of multiplications needed
for i-point DFT

a(t) Number of additions needed for
i-point DFT

b {2) Kth bit in the binary
representation of z

YevenWoda Even and odd components of FwT

Hpy Hadamard matrix of nth order

r,c Hadamardg element at rth row
and cth column

CHAPTER 3
CR Compression ratio
PRD Percentage roor-mean square

difference

RMS Root-mean square of the original
signal

RMSe Root-mean square of the error
signal

Central Library - Ain Shams University



s Frocessing time per sample

ECG (1) itih  output of the low-pass
filter

2m+i Duration of @, R, or 5 waves

ECGEU) ith output of the band-pass
filter

ECG3(:) ith output of the high-pass
filter

F Weighting coefficient

BRD Number of data points of QRS
complex

StartJ Starting point of the the Jjth

QRS complex

F'inali Final point of the the Jth
GRS complex

Ngrs Number of QRS compiexes in ECG

Nwaves Number of waves in a QRS complex

L.oc Wave number whose length equals
2m+

DECG First derivative of ECG

(LSign,Lstart.LDur‘)i
Sign, starting paoint, and duration

of the ith line segment
Dirc Direction of Locth wave
Ploc,Pval Time coordinate and amplitude of

the peak point

CHPATER 4
CUSAFPA Cubic splines / SAPA combined
algorithm
pp(t) Piecewise paolynomial
£ 0 nth order polynomial
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Le
(1)

LN ,LP ,LZ

SN ,SP,82

Polynomial coefficienis
Sphne functlion
First-degree gpline coefficients

First derivative of a cubic spine
function

gecond derivative of a cubic spline
function

Cubic spiine function coefficients
Time coordinate of jth knot

Approximation function

vector of parameters of approximation

pata function

Cnebyshev norm

Least deviation norm

t easti-squares norm

ith order approximating function

Large negative, large positive,
large zero

Small negative, small positive ,
small zero

kth kne segment

ith SAPA segment

ith spline segment

overall CR

Knots representing spiine segment
number of kKnots descriptor

Number of subsegments of
syntactic structure
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