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Abstract

In this paper, we proposed a new design of the mathematical model for ECG waveform using Kernel
Function. The continued standard ECG signal was converted to the discrete time signal or original ECG data.
After that the original ECG data was changed to the Kernel ECG data by Kernel Function. Then the Kernel ECG
data was converted to mathematical model using discrete least square technique which was the complete
mathematical model of ECG equation and will be used to implement the ECG simulator with high resolution and
low memory storage. For the accuracy of the ECG signals that were implemented by mathematical models with
ECG simulations, it was presented in a PRD (Percent root mean square difference) and MAPE (Mean absolute
percentage error). In this research, six Kernel Functions were compared on PRD and MAPE. The Kernel
Functions were (1) Epanechnikov, (2) Quartic, (3) Triweight, (4) Triangular, (5) Gaussian and (6) Cosin. Each
Function was subjected to three different kinds of heart disease. The results from these studies showed that the

Kernel Triweight Function gave lowest MAPE and PRD when compared to other Kernel Functions.
Keywords : ECG, Kernel Function, percent root mean square difference, mean absolute percentage error
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Spontaneous Termination of Atrial Fibrillation (AF)

Kernal Function A1 PRD ( %) i1 MAPE

Discrete LS 7.5519 5.3804 X 10°
Epanechnikov 7.5596 5.3606 X 10°
Quartic 7.5669 53771 X 10°
Triweight 7.4951 5.2432 X 10°
Triangular 7.5581 53753 X 10°
Gaussian 7.5551 53802 X 10°
Cosine 7.5609 5.3792 X 10°
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The Apnea-ECG Database (APNEA)

Kernal Function A1 PRD ( %) i1 MAPE

Discrete LS 9.5387 9.6795 X 10°
Epanechnikov 9.5669 9.5951 X 10°
Quartic 9.5777 9.6587 X 10°
Triweight 9.5032 9.0077 X 10°
Triangular 9.5578 9.6582 X 10°
Gaussian 9.5469 9.6784 X 10°
Cosine 9.5628 9.6719 X 10°

91InM3U5uYoyaA28 Kernel Function tgazsianuinsvesdyanuaau liiale The APNEA-

VoA { { 3 A o { '
ECG Tugshiimsn/asuntlasvnauazina1niingaNilSudae Kemel Triweight Function (3141 2 -13) T#sin

v H v Y
PRD 11171 9.5032 1Az MAPE 1171 9.0077 X 10° #tfesiiga dnnansianuraiiouvesdaaiaiosni

q 5]

v o

daanaidfumelsiFunesivaduq wenSeuisududyanuaau i laduaiiv

119



http://ecg.mit.edu/george/publications/apnea-ecg-cinc-2000.pdf
http://ecg.mit.edu/george/publications/apnea-ecg-cinc-2000.pdf

The Journal of Applied Science Vol. 14 No. 2:107-122[2015]
NssIneAaaslssenst

10 20 30 40 50 60
Real Data Challenge 2010 Training Set A - ECG |

10 20 30 40 50 60
Discrete Least Square Function

10 20 30 40 50 60 10 20 30 40 50
Kernel Eqanechnikov functions Kernel Quartic functions

- - - - > - 10 20 30 40 50 60
10 20 30 40 so 60 Kernel Triangular functions
Kernel Triweight functions

- - > - > - 3 40 50 60
10 20 30 40 50 60 Kemel Cosine functions
Kernel Gaussian functions

10 20

51 3 waaamsnfFowiiou (17) dyanueauliiihniale ABT vuuduativ fu aduliihniale ABT flas
y v o o v A oA 7o ¢ \ o A

doyanie (18) aumsmasaeaiosigauvlideiiios waz Weansunesams q Al (19) aums Kermnel
Epanechnikov Function (20) #n13 Kernel Quartic Function (21) #4nN13 Kernel Triweight Function (22)

@1N15 Kernel Triangular Function (23) e#4N15 Kernel Gaussian Function (24) @13 Kernel Cosine Function

120



The Journal of Applied Science Vol. 14 No. 2:107-122[2015]
NssIneAaaslssenst

:; = J a dy o A Y o 1 .
M7 4 uaaamsifseuiouainuHaNeu YD f,uumuwmﬂau‘lwwmﬂmzmngﬂuuu Kernel Function

yoandu 1W#11i219n581 Challenge 2010 Training Set A - ECG I ttazf1 PRD, MAPE

Challenge 2010 Training Set A - ECG I (AEI)

Kernal Function A1 PRD ( %) i1 MAPE

Discrete LS 14.3181 32032 X 10"
Epanechnikov 14.1911 3.1802 X 10"
Quartic 14.2839 3.1975 X 10"
Triweight 13.9038 3.0094 X 10™
Triangular 14.2558 3.1974 X 10"
Gaussian 14.3089 3.2029 X 10™
Cosine 14.2971 3.2011 X 10™
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