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Abstract:- This paper dispenses on the accord of the study 

and analysis of Electro Cardiogram Processing by MATLAB 

tool effectively. Examination of the ECG signal implies on the 

generation of ECG signal which pertains to the waves that are 

produced by an electrical impulse or wave that travels through 

the heart. It estimates the heat rhythm as well as the rate. The 

work is allocated on MATLAB coding which is indeed 

instrumental to provide data to the patients or subjects without 

any physiological involvement. Through the graphical 

representation procured through MATLAB coding, the anatomy 

and physiology of cardio vascular exploration can be done. 

Further requisite and obligatory informations that are inevitable 

like heart attack, abnormal heart rhythms can be disclosed. 

Subjects can easily differentiate the original data obtained along 

with the graphs obtained which also provides coherent 

information about the exact transposition of their reports. Thus, 

working with MATLAB along with their simulink and 

MATLAB provides consequent exertion to work with ECG for 

signal processing and thus developing further prospects in order 

to get more and more concise results with appropriate fidelity 

and satisfaction. 

  Keywords:  MATLAB, ECG Analysis, Cardiovascular, QRS 

Complex,  

I. INTRODUCTION

In studying and examination of various cardiac anatomy and 

heart pathology and physiology, electrocardiography has been 

most functional as it has vigorous operational and working 

parameters since long time [1].  A methodical and well-

structured nature of standard cardiac cycle is habitual with 

QRS complex along with P wave followed by U wave as well 

as T wave [2]. Many other scientific as well as indifferent 

clinical methods of ECG findings are not well recognized and 

clearly interpreted. As a result, the method of modeling signal 

and analyse it through ECG simulation acts as an effective 

tool to enhance on the significance to get clear and coherent 

acceptance through justified understanding [3]. There are 

several issues that emerge as a major obstacle to cardiac 

health of humans and constant monitoring and check up is not 

possible. For this reason this paper focuses on the exploration 

to examine various kinds of ECG waves that are normal for 

any subject and calculation of average heart beat that entails 

to ensure cardiac state. 

Electrocardiogram, an analog signal, usually fetches the 

representation of voltage against time in a graphical form. 

The frequency of this signal ranges from 0.05-100 Hz and the 

value of voltage spans between 1-10 mV [3]. The formulation 

and constitution of ECG signal comprises of many unfamiliar 

and distinctive parts that are tethered by a baseline. 

Figure 1: Graphical Representation of ECG signal 

Isoelectric line: This line is the baseline that binds the 

fragments of ECG wave. In other words, this is termed as 

isopotential line. It basically represents the short inert period 

of heart. It is specified a zero voltage [4].  

QRS Complex: This part represents the excitation or 

stimulation of ventricular depolarization and atrial 

repolarization or in other words, the beneath part of human 

heart [5]. 

P- Wave: It is the initial positive wave of ECG signal which

constitutes the superior chamber activity of heart. The

impulse received from the sinoatrial node instigates the

triggering of atrial depolarization in conjunction summons the

P wave [5].

P-R interval: This interval customarily comprehends three

parts which represents atrial activity; the emergence of

activity chambers that gives the conduction of atria and

ventricles, the impulse which passes through the atrio-

ventricular node and the parts appends P wave followed by P-

R segment and QRS complex [5].

S-wave and Q wave are normally positive and negative wave

respectively. The highest graphical wave that portrays cardiac

cycle is R- wave [5].
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Figure 2: Cardiac cycle of a healthy heart. 

 

T –wave: It is the wave thus generated when the heart returns 

to its inert state and the repolarization of cardiac ventricles 

takes place. Relative refractory period can also be called as T- 

wave.  

S-T interval:  Section bridging the T wave and QRS complex 

characterizes the isoelectric line due to the time confiscated 

by ventricles after depolarization in order to undergo 

repolarization. 

U- Wave: This wave is designated after potentials and is 

unavailable in standard ECG wave. Healthy and standard 

heart beat is between 60 to 100 beats per minute. Each part of 

ECG signal has numerical values as in [3],[6]: 

TABLE I: AMPLITUDE OF RESPECTIVE PARTS OF 

ECG WAVEFORM 
Parts of ECG Signal Amplitude of Parts (mV) 

P wave 0.25 

Q wave 25% R wave 

R wave 1.60 

S wave 0.8 

T wave 0.1 to 0.5 

 

TABLE II: TIME OF OCCURRENCE OF ECG WAVES 

PARTS 
Parts of ECG Signal Duration of Parts (ms) 

P wave 100 to 110 

Q wave 30 

S wave 50 

T wave 42 

QRS complex 50 to 110 

QRS interval 40 to 120 

P-R interval 120 to 200 

Q-T interval 350 to 440 

S-T interval 50 to 150 

P-QRS interval 90 

 

A. Heart Pathology 

Heart pathology implies the indication of digression of heart 

valves from its normal action and is superintended for serious 

heart issues like cardiac arrhythmia [7]. This pathological 

issuance is the outcome of the circumstance may be caused as 

a result of relatively change in the concentration of sodium 

(Na+), calcium (Ca+), Potassium(K+) and magnesium (Mg+) 

as compared to their customary concentration across the cells 

of myocardia [4]. It is always impelled to observe and 

perceive emerging techniques including new strategies and 

tactical practices related to cardiac diseases and obstacles 

relating to it so that early-stage detection can be encountered 

so that therapies that are imperative and requisite for this 

affliction can be provided [6]. Thus, recognition followed by 

proper perception of ECG assists in rehabilitation of cardiac 

arrhythmia. There are varied pathologies that superintends 

serious cardiac arrhythmia. Some of them correlating this 

disease are:   

Hyperkalemia and hypokalemia- Hyperkalemia is the 

instance the level of serum potassium is more than 5 mmol 

per litre in adults [8]. On the other hand, hypokalemia 

correlates the situation where the level of potassium falls 

below 3.6 mmol per litre [8] and it can be fatal as dangerous 

arrhythmic diseases for normal heart rates can be the outcome 

of hypokalemia. It also heightens the circumstances which 

enhances the effect of arrhythmia in the diseased hearts [9]. 

The consequence of untreated hyperkalemia results in 

ventricular myocardium depolarization that eventually 

concludes in ventricular fibrillation. 

Dextrocardia – This is quite sparse and infrequent congenital 

condition of heart where heart points towards the chest which 

is opposite in normal condition i.e towards the right side of 

the heart. It generally takes place by the side of heart defects 

that are invariably major and complex. To detect abnormality 

of heart, chest X-rays and electrocardiogram are the crucial 

tools that bear considerable significance. 

Angina Pectoris – It is the chest pain felt due to 

inconsiderable supply of oxygenated blood originating from 

heart and to its respective heart muscles [10]. Angina is 

referred as the manifestation of coronary heart disease (CHD) 

called ischemia as well as coronary microvascular disease 

(MVD) called cardiac syndrome X [11]. 

II. METHODOLOGY 

The preliminary inceptive in signal processing, to examine 

any data is feature extraction [12]. In this paper focus on each 

heart wave through MATLAB simulation is done which 

fetches original ECG signal thus making feasible for 

comparison between abnormal ECG signals of several 

diseases and fundamentally engendering fatal diseases like 

arrhythmia. Such signals of ECG correlating heart pathology 

are being undergone simulation by extracting the respective 

wave characteristics from data obtained from real time. 

According to the groundwork of the model [4] illustrated in 

the flowchart underneath, accompanied by following the 

technique for simulation of pathological ECG model 

signaling. 
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Figure 3: Flow Chart representing the synthesis of Normal ECG 

 

All the respective parts of the ECG signal are exclaimed as its 

feature and is designed with the help of measurements using 

biological constants that are taken from habitual pathologies 

separately. MATLAB software programming is an intricate 

tool to sustain each and every feature of the simulation 

process. The simulator conceptualizes the basis of Fourier 

series approximation which enables each feature of ECG 

signal. The waveform of ECG is periodic in nature and its 

fundamental frequency is as similar as heartbeat. This signal 

mainly persuades the Dirichlets condition that is the prime 

criteria or measure for a wave that is to be constituted with 

the help of Fourier series [13]. The significance of specific 

function of cardiac valves is denoted by each feature of ECG 

[11]. If modelling of each feature is done mathematically as 

mathematical functions, then expression can be done on them 

based on Fourier series. As a result, graphical representation 

of Fourier series parts represented accords the PQRST wave. 

The model basically focuses on the basic ground features 

deviated from normal part of ECG waves. Hence the 

deformity of all respective features of pathological ECG 

signal are directly explored and investigated. The values that 

are outlined from the basic biological characteristics of the 

ECG wave. By taking this into concern three pathologies 

have been modeled, specifically hypokalemia, angina 

pectoris, dextrocardia, hyperkalemia, which approaches as 

consequential elementary cause leading to cardiac 

arrhythmia. The model which resulted fits the pathology for 

which modelling is done and thus assists in acting as a 

reference in future for further detection of the three 

pathologies considered in this context. Thus, plays as an 

operative an effective role in early-stage detection of 

arrhythmia.   

III. RESULTS AND DISCUSSIONS 

In this entire work MATLAB signal processing is being 

done which dictate various ECG waves and their respective 

peaks. 

Figure 4: ECG R-Peak detection plot 

 

Figure 4 depicts R-peaks of ECG Wave. It represents the 

electrical stimulus as the wave passes through the main 

portion of the ventricular walls. 

 
Figure 5: Flow Chart representing the synthesis of Normal ECG 

 

Figure 5 depicts QRS Complex, the combination of Q 

wave, R wave, and S wave which represents ventricular 

depolarization. 

 
Figure 6: P and Q wave modulation and shifting 
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P wave and Q wave is depicted through its modulation and 

shifting in figure 6.  Through modulation the data are 

converted into waves by adding information and to a 

signal. Sampling is done initially which depicts the 

resolution of the wave generated through the signal and 

quantization is done subsequent to sampling where the 

values of amplitude of waves are represented in finite 

figures.   

 
Figure 7: Depiction of various stages of ECG waves.  

 

In figure 7, initially through MATLAB Coding the original 

wave was generated and then discretization is done with 

the help of sampling in MATLAB, where filtration is done 

in 2 stages and in the 4th stage peaks are detected and in the 

second pass the filtered ECG is obtained. Finally detected 

peaks are generated.  

  
Figure 8: Average HR calculation 

 

Average Heart beat calculation is shown in figure 8, where 

every single input is considered and calculated. That 

computation makes it easier for patients to simultaneously 

input their data and get the consequent respective readings 

of average heart beat as per the data input given by the 

patient. Thus, real life accuracy is provided and multiple 

subjects can undergo this method to get the information 

about their heart rate. 

IV. CONCLUSIONS 

ECG signal is undoubtedly one of the major signals to 

examine the heart rates and take necessary steps or 

medications required for further prospects and monitoring 

to be done with cardio physiological parameters of our 

body. The cruciality of ECG pertains to the major fact that 

checking of appropriate functioning of our heart can be 

purposeful as it measures the electrical activity of our heart 

by an electrical impulse that travels through our heart.  

Thus, from this paper it can be concluded that MATLAB is 

an indispensable thing for ECG signal processing and it has 

an immense consequence in it. They are so functional and 

practical that it can be easily beneficial and advantageous 

to everyone. The heart condition of patients and the 

respective waves can easily be identified and recognized to 

get proper records and reports.  Throughout this paper all 

the waves that are detected can be also be used and 

associated in order to check and tally with the original 

reports of the patient. Thus, it is instrumental as it is done 

without ECG data as well. Without ECG data it can be 

simulated and examined with pertinent and significant 

investigation to examine. 
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