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Abstract

This paper presents a detailed analytical study to develop a
dynamic model for simulating the electro cardio graph (ECG) signal
and all its leads using the least squares method, based on twelve real
ECG signals. Various types of noise that can interfere with the ECG
signal during recording are studied. Models for the four basic noise
signals (50Hz, Base line wander, Dc offset, White noise) have been
added to the proposed ECG model for obtaining a signal close to the
reality.

The developed model was used to build an interactive system
by MATLAB GUI to simulate the ECG signal and all its standard
leads in addition to seven ECG arrhythmia types. This system provides
the simulation of these signals with the ability to adjust the heart rate
and its parameters (sampling rate, amplitude, time period, time
position) of the segments (P, Q, R, S, T) for each signal. In addition, it
provides the possibility of adding many types of noise signals that
probably interfere with the cardiac signals during the
electrocardiogram for technical or physiological reasons. As a result of
the comparison with standard values, the accuracy could reach 98%.

Key words: ECG signal, Gaussian model, Curve fitting, LMS algorism, MATLAB
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P Q R
Amp Pos Wid | Amp | Pos Wid Amp Pos Wid

I 10.09773 | 0.117 |0.02208|-0.06059 0.2517 |0.005937| 0.4742 | 0.2773 | 0.01187
I 0.1371 |0.1172]0.02462| -0.049 | 0.25 |0.004717| 0.7892 | 0.2766 | 0.01192
111 ]0.04021 [0.04021]0.03189| 0 0 0 00.3122| 0.3122 | 0.0125
AVR | -0.1159 | 0.2511|0.02335|0.05946| 0.2769 |0.005176| -0.628 | 0.302 | 0.01198
AVL |0.02807 |0.2166|0.01799]-0.02897 0.3493| 0.01102 | 0.07264 | 0.3809 | 0.01317
AVF | 0.08591 | 0.217 |0.02708|-0.01808| 0.35 |0.004237| 0.5488 | 0.3761 | 0.0121
V1 |0.03781[0.2174]0.02027| 0.1646 | 0.3648 | 0.01084 | -0.6099 | 0.3905 | 0.009985
V2 |0.07946 [0.1171]0.02284| 0.3767 | 0.2677 |0.008416| -0.9922 | 0.292 | 0.009396
V3 [0.09483[0.1179]0.02516|-0.06768| 0.2453 |0.007105| 0.899 | 0.2698 | 0.009702
V4 | 0.1045 |0.1045]0.02603]-0.08034]0.08034{0.005335| 1.012 | 0.2727 | 0.01101
V5 | 0.1068 |0.1174]0.02814]-0.09885| 0.2515|0.004313| 0.8581 | 0.2751 | 0.01146
V6 |0.07743]0.1177] 0.0227 |-0.09964| 0.2516 |0.005686| 0.6986 | 0.2763 | 0.01196

S T
Amp Pos Wid Amp Pos Wid

I -0.04642 0.301 0.002994 0.1958 0.5182 0.04837

[l -0.05897 0.3012 0.0049 0.2693 0.5185 0.05162
11 -0.02521 0.02521 | 0.004062 0.07505 0.07505 | 0.003891
AVR 0.05449 0.5183 0.05866 -0.2323 0.1171 0.04933

AVL -0.01321 0.4128 | 0.009319 0.05908 0.6184 0.0448
AVF -0.03626 0.4024 | 0.005214 0.1717 0.6183 0.05204
Vi1 0 0 0 0.07199 0.6182 0.04642
V2 0 0 0 0.2226 0.5217 0.04716
V3 -0.7552 0.2929 | 0.007444 0.436 0.5168 0.04763
V4 -0.2819 0.2819 | 0.007008 0.3729 0.3729 0.04679
V5 -0.08004 0.3003 | 0.006403 0.2245 0.5222 0.04816
V6 -0.04749 0.3035 | 0.006508 0.1577 0.5195 0.04798
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P Q R
R- R- R-
SSE RMSE | SSE RMSE | SSE RMSE
square square square

I 10.003232 |0.9538|0.008292|0.0003228 0.9511]0.005681| 0.00564 |0.9887(0.01822
Il | 0.007154 |0.9153]| 0.0143 | 0.001249 |0.8331| 0.01117 | 0.01901 [0.9887|0.03163

11 | 0.001798 {0.8229]0.006058 - - - 0.002434 10.9904]0.01132

AVR| 0.004306 |0.9561[0.009375]0.0003696 |0.9455|0.006408| 0.006891 |0.99110.02075
AVL|0.0003349]0.9106|0.003341| 5.85e-05 |0.9566|0.002208|0.0009394 |0.9308 [0.007224
AVF| 0.001701 [0.9152|0.007408|0.000398510.7123|0.006019| 0.00683 |0.9897|0.02004
V1] 0.001056 [0.8601[0.005416] 0.002105 [0.9751{ 0.01113 | 0.02019 |0.9807|0.03349
V2| 0.00501 |0.8852(0.01119| 0.0113 ]0.9762| 0.02439 | 0.05159 |0.9842|0.04736
V3] 0.01403 |0.8192|0.01786 |0.0005079(0.9254{0.007968| 0.04712 [0.9693|0.06021

V4| 0.01035 [0.8757{0.01516 | 0.002913 |0.7971| 0.01707 | 0.02108 | 0.988 |0.03881

V5 | 0.006595 |0.8888| 0.013 | 0.008064 [0.6682] 0.02592 | 0.04832 [0.9708|0.05495
V6 | 0.005081 [0.8803|0.01127 | 0.002266 |0.8463| 0.01505 | 0.02999 [0.9744| 0.042
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S T
SSE R-square| RMSE SSE R-square | RMSE

| 0.005063 0.7887 | 0.02516 0.01384 0.9653 0.01307

1 0.002733 0.7311 0.01397 0.01938 0.9654 0.01618
1] 0.004725 | 0.7549 | 0.01984 | 0.003381 | 0.9288 | 0.006421
AVR 0.01009 0.7765 | 0.03176 | 0.01835 | 0.9719 | 0.01428
AVL 0.0001342 | 0.8035 | 0.003213 | 0.001545 | 0.9493 | 0.004732
AVF 0.00277 0.7682 | 0.01407 | 0.008669 0.973 0.009925
V1 - - - 0.005445 | 0.9089 | 0.008199
V2 - - - 0.03893 0.9331 0.02179
V3 0.06527 0.9584 | 0.05713 | 0.08589 | 0.9574 | 0.03277
V4 0.01417 0.9304 | 0.02805 0.0592 0.9641 0.02639
V5 0.004093 | 0.7311 | 0.01929 | 0.03064 | 0.9396 | 0.01995
V6 0.0005483 | 0.8497 | 0.007805 | 0.01376 | 0.9371 0.01382
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