
I 

 

AcknowledgementsAcknowledgementsAcknowledgementsAcknowledgements    
 

 

I would like to express my gratitude to all who gave 

me the possibility to complete this thesis. Special 

thanks to my family for their love and care that 

enabled me to complete this work. Finally, I would like 

to thank my supervisor Prof. Elnazeir Osman Hamza 

for his great support. 

 

 

 

 

 

 

 

 

 



II 

 

Table of Contents 

 

Acknowledgements ……………………………….……..…………………... I 

Table of Contents ………………………………………......………………... II 

 List of Tables……………………………………………...………………… V 

List of Figures................................................................................................... VI 

Abbreviations………………………………………………..……………….. VII 

Abstract………………………………………………….…………………… VIII 

 IX ..………..….…………………………………………………………المستخلص

Introduction………………………………………………………..………... 1 

1.1 Problem statement……………………………………………………… 1 

1.2 Objective …………………………………………………………......... 1 

1.3 Methodology …………………………………………………………... 1 

1.4 Results………………………………………………………………….. 2 

1.5 Thesis layout …………………………………………………………... 2 

2 Theoretical background    

    2.1 Sudden cardiac arrest management……………………………………. 3 

         2.1.1 Cardiopulmonary resuscitation ………………...……………….. 3 

         2.1.2 Defibrillation …………………………...…………………… ….. 4 

         2.1.3 Medications …………………...……………………………… … 4 

   2.2 Source of ECG ………….……………………………………………... 5 

   2.3 A finite impulse response (FIR) Filter ……………………………… 6 

        2.3.1 Definition ………………………………………………………… 6 

              2.3.2 Properties ……..……………………………………………… 7 

              2.3.3 Impulse response ………………..……………………………. 8 

              2.3.4 Filter design ………………………..………………………… 8 



III 

 

                  2.3.4.1 Window design method ……………..………………… 9 

    2.4 A fast Fourier transform (FFT) ……………………………………….. 10 

    2.5 Spectral Density ………………………………………………………. 10 

        2.5.1 Power spectral density …………………………………………… 11 

        2.5.2 Properties of the power spectral density ………………………….  12 

     2.6 Decision tree ………………………………….……………………… 12 

        2.6.1 Decision tree advantages …………………………………………. 14 

3 Literature review    

   3.1 sudden cardiac death (SCD) Prediction ……………………………….. 15 

   3.2 QT Interval Measurements …………………………………………….. 15 

       3.2.1 Advanced Markers ………………………………………………... 15 

       3.1.2 Improved Systems ………………………………………………… 16 

   3.3. Ischemia……………………………………………………………….. 17 

       3.3.1 Methods Based on Electrophysiological Mechanisms …………… 17 

       3.3.2 Methods Based on Measurements from Patient Data Bases………. 18 

   3.4. Heart Rate Variability (HRV) Algorithms ……………………………. 19 

       2.4.1 Time Domain Methods……………………………………………. 19 

       2.4.2 Spectral Methods………………………………………………….. 19 

       3.4.3 HRV Risk Stratification…………………………………………… 20 

4 Research Method  

   4.1 How a Process Works………………………………………………….. 22 

   4.2 Design the graphical user interface (GUI) …………………………….. 24 

   4.3 Calculate System Sensitivity …………………………………………... 25 

5 Results and Discussion  

   5.1 Data import and plotting……………………………………………….. 28 

   5.2 Signal Conditioning/Noise Reduction…………………………………. 29 



IV 

 

       5.2.1 Bandpass filter …………………………………………………….. 30 

       5.2.2 The filter specifications …………………………………………… 35 

   5.3 Spectral Analysis of the ECG………………………………………….. 36 

   5.4 ECG signals in time and frequency domain …………………………… 40 

   5.5 graphical user interface (GUI) ………………………………………… 41 

   5.6 Signal Diagnosis ………………………………………………………. 43 

   5.7 System Sensitivity ……………………………………………………... 46 

6 Conclusion and Recommendation ………………….…………………… 47 

References…………………………………………………………………… 48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



V 

 

List of Tables 

 

Table 4.1Gold standard sensitivity test ………………………………………. 27 

Table 5.1 filter function ………………………………………………………. 30 

Table 5.2 standard deviation calculated for PSD from SCD signals………….. 43 

Table 5.3 standard deviation calculated for PSD from normal signals……….. 44 

Table 5.4 a test for sensitivity ………………………………………………... 46 

 

 

 

 

 

 

 

 

 

 

 

 



VI 

 

List of Figures 

Figure 4.1: sudden cardiac death prediction system algorithm………………... 23 

Figure 4.2: GUI builder……………...………………………………………… 25 

Figure 5.1: graphical output from import function   …..…………...………….. 28 

Figure 5.2: Clean and noisy segment of 10 seconds of signal ………………… 29 

Figure 5.3: Magnitude of the frequency response of all the filters designed….. 31 

Figure 5.4: Magnitude of the frequency response of the filter designed using the 

Fir1 MATLAB function…………………………………………….. 

 

32 

Figure 5.5: low-frequency cutoff of 1Hz………………………………………. 33 

Figure 5.6: low-frequency cutoff of 10Hz……………………………………... 33 

Figure5.7: high-frequency cutoff of 50Hz……………………………………... 34 

Figure 5.8: high-frequency cutoff of 20Hz………………………………….…. 35 

Figure 5.9: Ten seconds of 125-Hz……………………………………………… 36 

Figure 5.10: PSD (dB/Hz) of all 12 standard leads of 10 seconds of an ECG…… 38 

Figure 5.11: PSD for normal ECG signal………………………………………... 39 

Figuer.5.12: PSD for SCD signal…………………………………………...…… 39 

Figure 5.13 ECG showing normal heart beat in time domain and frequency 

                  domain……………………………………………………………….. 

 

40 

Figure 5.14 ECG showing ventricular fibrillation in time and frequency domain 41 

Figure 5.15 a GUI for detection and prediction a sudden cardiac death…………. 42 

 



VII 

 

Abbreviations 

 

SCD                                            Sudden Cardiac Death 

ECG                                           Electro Cardio Graph 

CPR                                            Cardiopulmonary Resuscitation  

SCA                                            Sudden Cardiac Arrest 

FIR                                             Finite Iimpulse Response 

IIR                                              Infinite Impulse Response 

FFT                                             Fast Fourier Transform  

DFT                                            Discrete  Fourier Transform  

HRV                                           Heart Rate Variability 

PSD                                            Power Spectral Density 

ESD                                            Energy Spectral Density 

CART                                         Classification and Regression Tree 

ICD                                             Implantable Cardiac Device 

GUI                                             Graphical User Interface 

CSC                                            cross spectral coherence 

SD                                              Standard Deviation 

 



VIII 

 

Abstract 

 

Sudden cardiac death (SCD) is a condition in which the heart suddenly and 

unexpectedly stops beating. If this happens, blood stops flowing to the brain and 

other vital organs. SCD usually causes death if it's not treated within minutes. 

In the out-hospital patients it is difficult to diagnose the SCD by escorts to revive 

the patient’s, a new home healthcare system for prediction of sudden cardiac death 

was designed. Matlab simulation environment software was used for signal 

analysis. As the ECG signals are acquire from PhysioNet website, ECG signals are 

imported and passes through several processing steps. Noise was removed using 

bandpass filter, the fast Fourier transform was applied to extract the signal 

components. Then calculated and determine the power of ECG signals, 

classification tree was used to assess the ECG and the distinction between normal 

and risk of sudden cardiac death. The new system was found to be sensitive to 

predict a sudden death to save patients’ lives. Diagnostic sensitivity was 

determined by gold standard in the system up to 91.3%. 

 

 

 

 

 

 

 



IX 

 

  صلخستمال                                          

  

وعند  الحالة التى يتوقف فيھا القلب بصورة مفاجئة عن الخفقان.) ھو SCD( المفاجئ من القلب الموت

لم  بالموت إذا وعادة ما يتسبب SCDاxعضاء الحيوية اxخرى. الدماغ و الىالدم حدوث ذلك يتوقف تدفق 

أنه من  نجد المستشفى حالة المرضي المصابين بامراض القلب خارج ي. ففي غضون دقائق يتم ع�جه

 الوفاة للتنبؤ لمنزليةالرعاية الصحية ا نظام لذلك تم تصميم، المرافقينعن طريق  SCD تشخيص الصعب

 إشارات الحصول على تم .تحليل ا�شاراتل MATLAB  محاكاة بيئة برنامج تم استخدام. القلبية المفاجئة

. لمعالجةلخطوات  عدة عبر مرتو تخطيط القلب إشارات حيث جلبت.PhysioNet من موقع تخطيط القلب

، السريع رتحويل فوريي تم تطبيق بعد ذلك. امرار الحزمة مرشح باستخدام اxولى ، الضوضاء إزالة تتم

 واستخدمت، تخطيط القلب إشارات طاقة وتحديد تم احتساب ثم التردد. مجال في إشارة مكونات�ستخراج 

 مكن نظاميُ  المفاجئة. القلبيةخطر الوفاة العادي و والتمييز بين تخطيط القلب وتقيم تصنيفل القرار شجرة

 حساسية تم تحديد. المرضى حياة نقاذوإ القلب نعاش� المفاجئ من اتخاذ تدابير القلبي الموتب التنبؤ

 .٪ 91.3 إلى التى تصل في النظام gold standard التشخيص من خ�ل

 

 

 

 

 

 

 

 

 

 


