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KEY WORD: ECG (EKG)/ MODELING / COMPRESSION / MULTIQUADRIC (MQ)
POND BOONYAVES : COMPARATIVE STUDY OF ELECTROCADIOGRAM
MODELING TECHNIQUES. THESIS ADVISOR: ASSOC. PROF. SOMCHAI
JITAPUNKUL, Dr.Ing., THESIS CO-ADVISOR: AIR VICE MARSHAL PIAN

TOTARONG, Dr.Ing., 108 pp. ISBN 974-53-1090-5.

ECG signals analysis during exercise stress testing is a simple method and less risk
than other methods. This thesis purposed to use Multiquadric interpolation method (MQ) for
ECG’s mathematical modeling and then compared with another two well-known techniques,
Gaussian function and Spline model. There parameters used in this comparison are the data
compression capability, the ECG signals reconstruction effectiveness and the ECG signals
classification correction in order to select the most appropriate mathematical model for using
in the ECG modeling. The MQ is more efficient and useful than the others in every ways.
However, the MQ is still less complicate than the others. From experimental results using

Matlab run on MS Window PC.
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801/1 957.39 42.59
801/2 1351.8 54.37
804 888.10 41.94
SA 805 804.80 87.64
(&1 812 964.74 83.02
824 1224.1 55.49
826 829.59 68.39
828 1440.9 73.88
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v { a 4 4 o I
Tagl¥aunasmsiiimesvosnau 11111190113 Supraventricular Arthythmia 1du 0 10 uduuy

o | 7] 6]
801/1 61.14 1258.4
801/2 46.51 1096.9
804 18.75 1476.1
SA

a0 805 62.47 963.43
812 38.57 1292.3
824 59.69 2471.8
826 35.62 1129.5
828 61.98 1846.2
104 42.54 1146.3
108 65.41 1422.7
110 29.35 1594.4
204 25.67 1243.8
207 46.85 1697.6

Normal
208 12.76 1375.5
209 16.19 2439.6
504 34.52 1428.5
508 62.48 21238
509 59.21 1539.1
418 16.83 2561.1
419 25.06 1542.3
MVA 421 3147 1395.5
(@10 422 14.65 2284.4
423 50.32 1474.6
424 58.29 1271.9
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v { A 4 4 o I
Tagldaunaemsiiimesvosnau 111111190113 Supraventricular Arthythmia 1du 0 1Huduuy

o | [x] [5]
801/1 742.92 820.38
801/2 517.61 390.43
804 516.65 826.88
SA

3y 805 724.50 336.21

Igu 0
812 52331 1750.6
824 925.24 1022.5
826 907.61 637.19
828 501.49 983.19
104 1830.0 842.16
108 1622.7 453.35
110 1816.1 546.49
204 1828.6 788.95
207 1779.9 2816.2

Normal
208 1817.5 1212.8
209 1791.1 1017.8
504 1831.4 1776.3
508 1846.3 1733.2
509 1683.0 808.13
418 1268.7 932.24
419 1573.9 739.15
MVA 421 1214:5 11429
(@10 422 1286.8 1012.2
423 710.66 367.95
424 1131.6 446.42
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M3199 1.12 MTEEEHYAAIREUVBIUDTIaDINaARIDATN

v { A 4 4 o I
Tagldaunaemsiimesvosnau 111111190113 Supraventricular Arthythmia 1du 0 1Huduuy

o | [x] []
801/1 1665.0 78.72
801/2 1021.6 28.29
804 760.81 51.63
SA
a0 805 1208.8 97.45483
812 1062.7 28.0185
824 1104.3 101.37
826 785.91 83.05
828 726.85 98.45
104 1657.3 99.77
108 1414.1 50.67
110 1642.6 89.86
204 1583.5 93.97
207 1627.7 358.79
Normal
208 1499.1 98.05
209 1508.3 128.28
504 1625.1 292.45
508 1654.6 295.05
509 1483.0 133.32
418 1272.9 31.59
419 1040.2 30.87
MVA 421 881.83 29.02
(@10 422 738.58 31.87
423 785.59 28.80
424 980.52 25.12
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v { a 4 4 o I
Tagl¥aunasmsiimesvosnau 11111190113 Supraventricular Arthythmia 1du 115 udunuy

o | 7] 6]

801/1 46.64 1352.7

801/2 3531 947.32

804 61.44 1560.0

SA

a0 805 40.92 1234.8
812 4217 1126.5

824 18.42 1504.2

826 10.53 1077.4

828 76.25 1475.6

104 51.26 1907.0

108 55.67 1586.4

110 18.21 1697.6

204 48.32 895.24

207 20.16 1054.8

Normal

208 12.54 2106.1

209 52.05 1968.8

504 31.78 1736.7

508 64.10 1857.2

509 81.65 954.8

418 36.17 847.91

419 4533 1156.7

MVA 421 17.52 2517:0
1du 1 422 50.96 1399.4
423 64.28 1572.1

424 62.51 1946.8
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v { A 4 4 o I
Tagldaunaemsiimesvosnau 1111111901173 Supraventricular Arthythmia 1du 118 udunuy

o | [x] 5]

801/1 1368.9 353.92

801/2 1237.5 560.37

804 1304.3 335.96

SA

a0 805 1427.4 233.73
812 1319.8 954.60

824 1456.8 658.72

826 1780.4 311.99

828 1280.5 656.11

104 963.73 707.33

108 882.92 495.69

110 947.28 533.28

204 973.55 636.15

207 929.99 2775.5

Normal

208 936.23 1111.9

209 965.62 908.91

504 955.67 1888.4

508 964.03 1772.3

509 888.94 821.42

418 1312.7 847.57

419 1444.1 698.32

MVA 421 1335:1 56328
1du 1 422 1562.5 968.56
423 1360.8 385.03

424 1663.5 510.28
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v { A 4 4 o I
Tagldaunaemsiimesvosnau 111111190113 Supraventricular Arthythmia 1du 115 udunuy

foya e [X] o]
801/1 953.18 45.83
801/2 1330.2 49.97
804 826.24 44.22
SA
a0 805 770.22 77.54
812 930.80 76.48
824 1305.5 52.20
826 772.86 64.59
828 1399.1 68.34
104 1599.7 107.75
108 1337.1 58.24
110 1587.3 86.66
204 1520.9 85.35
207 1569.5 362.82
Normal
208 1427.8 96.91
209 1435.1 120.12
504 1567.2 291.21
508 1597.6 297.74
509 1404.8 126.92
418 1143.7 25.87
419 12772 33.35
MVA 421 978.45 30.52
1du 1 422 874.15 69.23
423 1263.8 23.08
424 1364.4 35.33
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Abstract

ECG signals are used to diagnose the heart
disease with exercise siress testing, no risk method.
The mathematical models are used to compress data
of ECG signals for storage and transmission. And
parameters, which got from compression, can be
reconstructed ECG signal which is without clinical
information loss for diagnosis later. In this paper
the Multiguadric interpolation method (MQ) is
proposed to compress the ECG  signals.
Compression ratio of reconstruct signals are about
7 and Percent Root Mean Square Different (PRD) are
about 6 percent.

Keywords: ECG (EKG); compression; Multiquadric
(MQ); modeling.

1. INTRODUCTION

ECG signal analysis is a non-invasive diagnosis
tool for heart disease. Performing ECG analysis
during an exercise stress test shows high probability
to detect the Coronary Artery Heart Disease [1. 2, 3].
Moreover, it is simple and has no risk. ECG signals
compression techniques are necessary for data
storage and data transmission. The compression
techniques are without loss of medical information
and with high compression ratio is desired.

Various research works have been developed to
compress ECG signals [4-7]. The parameter of ECG
mathematical model can be used to reconstruct the
ECG signal in telemedicine and to classify heart diseases
as shown in Fig. 1.

CCECE 2004- CCGEI 2004, Niagara Falls. May/mai 2004
0-7803-8253-6/04/$17.00 ©2004 IEEE
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Fig.1 Applications of ECG signals modeling

In general, Multiquadric interpolation method
(MQ) is mainly applied in geological applications {8,
9]. Geological application is 3-dimensions modeling
but ECG signals are 2-dimensions. Therefore, ECG
signals modeling should be simpler than geological
modeling. The MQ is the approximation value
between significant points of signal. So, the data
used MQ for ECG signal will consist. of maximum
points, minimum points and changes in slopes
points. The MQ is a linear combination of square
root quadratic function. The coefficients of this
linear combination, the square root of quadric
functions, are used to represent the ECG signal.

2. MULTIQUADRIC METHOD

To compute a linear combination of absolute value
functions that represents an. ECG signal profile, can be
considered as a series of straight line segments. The MQ
is an interpolation function for linear combination of
square root quadratic function. The interpolation

equation for H (X ) is represented by (1)



H(x)=Y e [0 -x 1

J=1

= jz;ale~Xj]

&y

When o ; are unknown coefficients associated with n

nodal at location X r The nodes could be located in any

number of patterns, space along the X-axis.
The interpolated value at any point p as a function of

X from a solution of equations (1) is

H(‘Ep):zn:‘af[(‘kp’xj)z]yz @
Jj=
by j=L2,...,n

H(x) with the same data could be fitted with a
continuously differentiable curve for the absolute value
function from equation (1) thus

Hi:iaj[(Xi'Xj)Z*”Az}yz ()
=}
by i=1,2,...,l’11

A is an arbitrary constant. The value of A will effect
the smoothness of the reconstructed curve are shown in
Fig.2, 3.

430

400}
350t
300
250

¥ 200

E
150}
100} §

sotL g

Fig.2 MQ fit to data using Eq. (3) with A =0
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Fig.3 MQ fit to data using Eq. 3) with A =2

3. APPLICATION OF MQ FOR
COMPRESS ECG

3.1 The Criteria of Select Significant Point
for MQ

The significant points of MQ for compression of ECG
signals are maximum point, minimum point, and changes
of slope points of each (P, QRS, T). The algorithm and
criteria for sclecting the important points for X ; in

equation (3) is as follow:-

o Select the first and last point of signal.

e  Select the maximum point of P, QRS, T.

¢ Select the minimum point of signal.

When the slope of signal is continuously zero more
than 5 sampled points, select the first point of this
range.

e When the slope of signal change from zero to
positive. And the slope is continuously positive
more than 5 sampled points, select the first point of
this positive range.

e When the slope of signal change from zero to
negative.. And-the slope. is-continuously negative
more than 5 sampled points. select the first point of
this negative range.

o~ When the slope of signal change from positive to
negative. And the negative: slope continues more
than 5 sampled points, select point that first of
negative slope.

e When the slope of signal change from negative to
positive, and the positive slope continuous more
than 5 sampled points, select point that first of
positive slope.

e In case of absolute of signal slope not over 20, if the
point which the absolute of signal slope before that



is less than 10 and after signal slope is more than 15.
And the difference between both signal slopes is
more than 10. Select that peint. (for positive to
positive or negative to negative)

e In case of absolute of signal slope not over 20, if the
point which the absolute of signal slope before that
is more than 15 and after signal slope is less than 10.
And the difference between both signal slopes is
more than 10. Select that point. (for positive to
positive or negative to negative)

« In case of absolute of signal slope more than 20, if
the absolute of signal slopes increase or decrease
continuously. And absolute of signal slopes that are
more than 20 but difference between two signal
slopes is less than 40. Select that point but some
signal not necessary to select that is for better
compression ratio if error of reconstruction is not
much more than selection that point.

3.2 The Reconstruction of ECG using MQ
Parameters

The significant points, from 3.1, will be used as
parameters of MQ for signal reconstruction or data
storage.

From (1), and let O, =|X — X .| and then from (1)
i j

[1#,]=le,Io,] @

Amplitude of significant points are H ; and sampled
point number of significant points are X, for O,

respectively in (4) and the coefficients matrix [oz ! J is

represented by
[aj } = [Q: }ﬁl [H _/} (5)

Therefore MQ parameters from significant points
selection, (4) and (5) are & i and X " Then they are
used for (3).

For ECG signal, A effect to a little bit error (less than
0.01 percent) and best for 8.3 < A £0.7, from testing,

therefore A is used for signal smoothing and nearly
approaching to ECG original signal.

4. RESULT

The MQ algorithm has been proposed to compress
the ECG signal samples obtained from MIT-BIH

102

database {10]. The sampling frequency was 250 Hz and
360 Hz for Malignant Ventricular Arrhythmia (record
418, 419) and Arrhythmia (record 103), respectively. To
evaluate the performance of ECG we use the Percent
Root Mean Square Different (PRD) [4]. The PRD values
of the proposed technique. are between 1-3% and
compression ratio are 7-8, for 360 Hz sampling rate
records and the PRD values are 6-8% and compression
ratio are 5-7, for 250 Hz records, as illustrated in Fig. 4.
And the PRD values of ECG compression using
Gaussian function [4] are about 8-12% when
compression ratios are about 4 for 250 Hz sampling rate
records. But the criteria of Gaussian function for
obtaining some parameters is more difficult to extract
than MQ.

mv

Fig.4 Result of 250 Hz ECG signal record

Fig.4 represents the comparison between the original
signal, Malignant Ventricular Arrhythmia (record 418,
250 Hz), and the reconstructed ECG signal that used our
proposed algorithm and Gaussian function method. The
obtained performance using our proposed technique is
better than the Gaussian function technique in both term
of PRD and the compression ratio. However, there is still
some deviation of the reconstruction signal from the
original one due to smoothing process that suppresses the
noise of signal.

5. CONCLUSION

In this paper, the MQ technique is in one efficiently
technique for compressing the ECG signal and providing
a good performance. When compare with the ECG
compression using Gaussian function method, the PRD
of the proposed technique is better than that of the
Gaussian technique. The criterion used in this paper is
evaluated for two diseases, Malignant Ventricular



Arrhythmia and Arrhythmia. If the MQ is applied to
other diseases the criteria should be re-explored.
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ABSTRACT

This paper proposed fo use multiquadric
interpolation method to compress ECG signal.
Performance of this method was evaluated in
comparison with Gaussian function method. The
results show that our method is simpler and gives
better  performance  for . reconstruction = and
compression ratio.

Keywords: ECG (EKG); compression; Multiguadric
(MQ); modeling.

1. INTRODUCTION

ECG signal analysis is a non-invasive diagnosis
tool for heart disease. Performing ECG analysis
during an exercise stress test shows high
probability to detect the Coronary Artery Heart
Disease {1, 2, 3]. Moreover, it is simple and has
no risk. ECG signals compression techniques are
necessary for data storage and data transmission.
The compression techniques are without loss of
medical information and with high compression
ratio is desired. Various research works have been
developed to compress ECG signals [4-7].
However, the Gaussian function method was shown
that it’s performance is better than another technique.

Normal
8\’ ECG

('i assification

%‘3 Abnaermal
( DAPLEsNIOIN. PSP
| BECG

Telemedicine

ECG M.uhmmﬂcsul Parameter

Sig mﬂ \ladd

Rl construction

1

Reconstructed

ECG
Fig.1 Applications of ECG signals modeling

Fig.1 show the ECG signals model using the
parameter of ECG mathematical model in order to
reconstruct the ECG signal and to classify heart
disease syndrome.

0-7803-8560-8/04/820.00020041EEE

The Gaussian function method is reconstruction
signals wmsing Gaussian function by series of
cosine functions are modulation function. The
process of compression is. reconstruction ECG
signal separately for each wave and segment of
signal, and then combines by superposition
method fater. Most of parameters of Gaussian
function for ECG signals are height, width and
peak position of waves and mean of segments of
ECG signal. And parameters of modulation are
delay positions and @ (rad/sec) of cosine
function.

In general, Multiquadric interpolation method
(MQ) is mainly applied in 3-dimensions modeling
of geological applications [8, 9]. To modify this
method for 2-dimensions ECG signal modeling
should be simpler than geological modeling.

2. MULTIQUADRIC METHOD

The MQ is the approximation value between
significant points of signal. So, the data used MQ
for ECG signal will consist of maximum points,
minimum points and changes in slopes points.
The MQ is a linear combination of square root
quadratic function. The coefficients of this linear
combination, the square root  of quadric
functions, are used to represent the ECG signal.

To.compute a. linear. combination of absolute
value functions that represents an ECG signal profile,
can be considered as a series of straight line segments.
The MQ is an interpolation function for. linear
combination of square root quadratic function. The

interpolation equation for A (X ) is represented by
(O

H(X):Zaj]X—Xj] )
J=
When o , are unknown coefficients associated

with n nodal at location X IE The nodes could be

located in any number of patterns, space along the X-
axis,



The interpolated value at any point p as a function
of X from a solution of (1)is [11]

HX,)=YalX,~x|
=1

by j=12,...,n

H(x) with the same data could be fitted with a

continuously differentiable curve for the absolute
value function from (1) thus

H, ziaj[(X: "X./)z +A2}y2
=1

by i=12,...,n

3

A is an arbitrary constant. The value of A that
effects the smoothness of the reconstructed curve is
shown in Fig.2.

T T
o e ftawD
o deitaz2

o ‘I‘D 210 30 d’ﬂ 80 S‘O 1’\7 l‘o 5‘0 180
Fig.2 MQ fit o data using (3) with A =0 and A =2

3. APPLICATION OF MQ FOR
COMPRESS ECG

3.1. The Criteria of Selected Significant Point
for MQ

The significant points of MQ for ECG: signals
compression are chosen as the maximum point, the
minimum point, and the changes of slope points of
each (P, QRS, T). The algorithm and criteria for

selecting the important poiats for X in (4) are as

follow:-

o  Select the first and last point of signal.

e  Select the maximum point of P, QRS, T.

@  Select the minimum point of signal.

e  When the slope of signal is continuously zero
more than 5 sampled points, select the first point
of this range.

e  When the slope of signal change from zero to
positive. And the slope is continuously positive
more than 5 sampled points, select the first point
of this positive range.
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e  When the slope of signal change from zero to
negative. And the slope is continuously negative
more than 5 sampled points, select the first point
of this negative range.

e  When the slope of signal change from positive to
negative. And the negative slope continues more
than 5 sampled points, select point that first of
negative slope.

e  When the slope of signal change from negative to
positive, and the positive slope continuous more
than 5 sampled points, select point that first of
positive slope.

e In case of absolute of signal slope not over 20, if
the point which the absolute of signal slope
before that is less than 10 and after signal slope is
more than 15. And the difference between both
signal slopes is more than 10. Select that point.
(for positive to positive or negative to negative)

o In case of absolute of signal slope not over 20, if
the point which the absolute of signal slope
before that is more than 15 and after signal slope
is less than 10. And the difference between both
signal slopes is more than 10. Select that point.
(for positive to positive or negative to negative)

e In case of absolute of signal slope more than 20,
if the absolute of signal slopes increase or
decrease continuously. And absolute of signal
slopes that are more than 20 but difference
between two signal slopes is less than 40. Select
that point but some signal not necessary to select
that is for better compression ratio if error of
reconstruction is not much more than selection
that point.

3.2. The Reconstruction of ECG using MQ

Parameters

The significant points, from 3.1, will be used as
parameters- of MQ for signal reconstruction and/or
data storage.

Let O, =lX-le and then from (1)
[Hj}: [ajEQij:ﬂ

Where H ; is amplitude of significant points are

&)

and X ; is sampled point number of significant
points, used for calculating ij respectively in (4)
[a j] is the coefficient matrix.

Therefore MQ parameters «; and X, obtained

from significant points selection are used in (3).

For ECG signal, the best value of A obtained from
testing 0.3 <A <0.7. While it causes a little bit
error (less than 0.1%) Therefore, A of 03 is

proposed to use for signal smoothing with the most
approaching to ECG signal.



4. RESULT

In this paper, The MQ algorithm has been
proposed to compress the ECG signal samples
obtained from MIT-BIH database [10]. The sampling
frequency was 250 Hz for Malignant Ventricular
Arrhythmia (record 418, 419, 421, 424) respectively.
To evaluate the performance of ECG we use the
Percent Root Mean Square Different (PRD) [4]. The
comparison of PRD values and compression ratio of
between the proposed technique and Gaussian
function are illustrated in table 1 and 2.

File No. Signal MQ Gaussian
418 0 5.7773 8.4727
1 9.6888 10.3857
419 0 6.2174 7.7055
1 6.0434 8.1151
1 0 16.4158 | 15.7174
1 9.1452 10.1953
424 0 9.5647 9.7741
1 5.0635 5.3075

Table 1 PRD values of ECG reconstruction using
MQ and Gaussian Function

From Table I and 2, PRD values of MQ are less
than Gaussian function and compression ratio of MQ
are more than Gaussian function. It means that the
performance . of ECG reconstruction using MQ is
better than that using Gaussian function in term of
compression ratio and the criteria of Gaussian
function for obtaining some parameters is more
difficult to extract than MQ.

File No. Signal MQ Gaussian
418 0 5.9524 4.6296
1 6.5789 4
419 0 6.0976 4.4248
1 5.4348 4.902
491 0 5.9524 3.8462
1 7.5758 4.4248
424 0 4.1667 3.2895
1 4.3103 3.5714

Table 2 Compression ratio values of ECG
reconstruction using MQ and Gaussian Function

Fig.3 represents the comparison between the
original signal, Malignant Ventricular Arrhythmia
{record 418, 250 Hz), and the reconstructed ECG
signal that used our proposed algorithm and Gaussian
function  method. However, there is still some
deviation of the reconstruction signal from the
original one due to smoothing process that suppresses
the noise of signal.
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Fig.3 Result of 250 Hz ECG signal record

5. CONCLUSION

It is shown that, in this paper, MQ technique is
very efficient technique for compressing the ECG
signal and providing a good performance. When
compare the result of ECG compression using
Gaussian function method with the proposed
technique in term of the PRD. Our technique is better
than that of the Gaussian technigue. The criterion
used in this paper is evaluated for Malignant
Ventricular Arrhythmia which is noiseless signal. If
the MQ is applied to other diseases the criteria should
be re-explored.
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