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Abstract— This research addresses the need for a pacemaker that 
could perform an automatic system self-diagnostics check to 
assure operational functionality and give doctors a chance to 
assess a patient’s status in the event they are experiencing 
complications the nation's second-largest pacemaker 
manufacturer, has warned doctors that at least 90 of its 
pacemakers being used by heart patients could stop emitting the 
electrical signal that regulates heartbeat. This thesis investigates a 
new conditional type of pacemaker which will give the pulses only 
at the time of improper working of SA  node, AV node, bundle of 
His, purkinje fibers regarding time interval and voltage magnitude 
with the help of ECG signals(with lead V1). Because of this we 
can improve the battery life as well as unnecessary extra pacing 
pulses. It is a type of pacemaker in which pulse will be triggered 
when abnormality is occurred at different nodes and fibers on the 
basis of different predefined threshold values. 

Index Terms— Pacemaker, Electrocardiogram, ECG lead V1, SA 
Node, AV Node, Bundle of His, Purkinge fibers, Atrial 
Flutter(AF), CVS. 

I. INTRODUCTION 

Many algorithms related with  electrocardiogram  (ECG)  
have  been  proposed  in  the  last  40  years [1]–[17].  Until  
recently,  all  ECG algorithms have used simple 
mathematical distortion measures such as the percentage root 
mean square (rms) difference (PRD) for evaluating the 
reconstructed signal.  

In this paper, a new pacemaker algorithm developed on 
MATLAB software using ECG lead V1 signal to correct the 
electrical signal of heart upto the normal level in case of 
abnormality for some particular diseases (six diseases are 
discussing in this paper). 

One of the important thing in ECG lead V1 is that changes in 
lead V1 signal for all six diseased condition (these diseases 
discuss in this paper later). The purpose of this algorithm is 
to show the disease name (in six diseases), finding 
percentage distortion between normal and abnormal 
(diseased) signal, mean, mean square error, simulation and  
of diseased signal  and correction of diseased ECG signal for 

abnormal heart patient and make it upto the normal in the 
ECG case).Consequently, the error will be approximately 
zero. 

Today the accepted way to examine diagnostability is to get 
cardiologists’ evaluations of the system’s performance. This 
solution is expensive and may be applied only for research or 
offline evaluation of coder’s performance. Its advantage, of 
course, lies in the fact that it yields direct information on 
experts’ impression. As yet, there is no mathematical 
measure which is correlated with diagnostic information. 
Such a mea-sure is described in this paper. It has been 
successfully used in an ECG compression system [20], [31]. 

II. PROPOSED MODEL 

The present work supposed to build an experimental set-up. 
The set-up can be shown through flow chart diagram (Fig 
3.1). 

 

Fig 2.1:  Diagram of the flow chart of the proposed work 

The ECG signal is collected by the V1 lead and and this 
signal is collected by the processing unit through the wireless 
telemetry device. This signal going through the feature 
extraction technique and if abnormal condition is occurred 
then external device gives the alert signal to pacemaker to 
give pulses to the heart for conduction as required for normal 
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conduction system with the help of controller. 

The considered model of the heart is composed of the cardio 
vascular system duly energized by pacemaker and operates in 
closed loop manner. The proposed system is found to be 
stable with appropriate controller. PD controller used with 
specific value of Kp, Kd , transfer function of heart and 
pacemaker to control the different kind of abnormal signal in 
different diseased conditions.     

This medical device will useful in electrical impulses, 
delivered by electrodes contracting the heart muscles, to 
regulate the beating of the heart. The primary purpose of a 
pacemaker is to maintain an adequate heart rate, either 
because the heart's natural pacemaker is not fast enough, or 
there is a block in the heart's electrical conduction system. 

III. THE DISTORTION MEASURE 

The proposed WDD measure was first introduced in [22]. 
This measure is based on comparing the PQRST complex 
features of the two ECG signals, the original ECG signal and 
the reconstructed one (the signal recovered from the 
compressed signal). The WDD measures the relative 
preservation of the diagnostic information in the 
reconstructed signal. The relevant diagnostic information in 
the ECG signals exists in the form of PQRST complex 
features. The PQRST complex features (diagnostic features) 
are the location, duration, amplitudes, and shapes of the 
waves and complexes that exist in every beat (PQRST 
complex). These were chosen with the help of an experienced 
cardiologist. 

A. The Diagnostic Features 

The diagnostic features can be divided into three groups: 
duration features (of waves, segments, and intervals), 
amplitude features, and shape of the wave features. The 
duration features are the most significant features in most of 
the applications. Fig. 3.1 shows some amplitude and duration 
of the diagnostic features. The WDD requires the extraction 
of the location, the amplitudes and the shapes of the PQRST 
waves and segments. 

B. Diagnostic Feature Extraction 

The main effort in the PQRST feature extraction is the 
segmentation, namely the determination of the exact location 
of the waves (Fig. 2 shows an example of PQRST waves and 
the location points).  

 

Fig. 3.1. Some of the amplitude and duration diagnostic 
features. 

After segmentation, the determination of the waves 
amplitudes and shapes is much simpler. The strategy for 
finding the waves’ locations is to first recognize the QRS 
complex, which has the highest frequency components. The 
T wave is recognized next, and, finally, the P wave, which is 
usually the smallest wave. The baseline and the ST features 
are relatively easily estimated later [22], [29]. Several 
algorithms for ECG segmentation have been suggested. Most 
are based on time and frequency domain recognition of the 
waves [23]–[26], but other methods [27] have also been 
published. 

 

Fig. 3.2. PQRST waves and location points of one beat. 

C. The WDD(Weighted Diagnostic Distortion)Measure[36] 

For every beat of the original signal and for the reconstructed 
signal, a vector of diagnostic features is defined 
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'β  =[ 'β 1 'β 2 'β 3….. 'β n]; original signal                (1) 

ˆ 'β =[ ˆ 'β 1  ˆ 'β 2 ˆ 'β 3..... ˆ 'β n]; abnormal signal               
(2) 

where is the number of features in the vector, n=10 is used in 
this work. The diagnostic parameters are Features are- 

   1. Magnitude of P wave, 

   2. Magnitude of Q wave, 

   3. Magnitude of R wave, 

   4. Magnitude of S wave, 

   5. Magnitude of T wave, 

   6. Magnitude of U wave  

   7. Duration of P wave, 

   8. Duration of QRS complex, 

   9. Duration of T wave  

 10. Duration of U wave 

The WDD between these two vectors is 

          W (β , β̂ ) = β∆ ’ (A/ tr [A]) β∆  x 100                 (3)                                                              

Where β∆   = Normalized difference vector 

           β∆ ’ = [ β∆ 1 β∆ 2 β∆ 3…. β∆ n]                          
(4)  

A = diagonal matrix of weights of diagnostic  Distortion  

    = diag [A11 A22 A33 A44 A55…..A. 1010] 

Every element shown in A gives the distortion between 
original signal (normal signal) features and the diseased 
signal features. 

The β∆  is given by- 

     β∆  = β  – β̂  /max {  β  ,  β̂  }           

(5)     

This (above concept) is used only for the first two group. 

Values of β  and β̂ , collected from twenty ECG graph paper 
for normal and each six diseased cases(minimum average 
value for occurrence of disease), are: 

β  = [-0.1;0.15;-0.10;0.40;-0.30;-0.10;0.10;0.090;0.20;0.01]  

(Percentage normal values of magnitude of P wave, Q wave, 
R wave, S wave, T wave, U wave (starting five elements of 
β ) and normal value of duration of P wave, QRS complex, 

T wave and U wave(last five element of β ) 

β̂  1 = [0.05;-0.04;-0.5;-0.01;-0.25;0.01;0.00;0.15;0.18;0.01]  

(Percentage abnormal values of the magnitude of P wave, Q 
wave, R wave, S wave, T wave, U wave (starting five 

elements of β̂ ) and normal value of duration of P wave, 

QRS complex, T wave and U wave(last five element of β̂ ) 
in case of SA node improper working) 

β̂ 2 = [0.10;0.045;-1.0;0.05;0.3;0.00;0.04;0.12;0.10;0.00] 

(Percentage abnormal values of the magnitude of P wave, Q 
wave, R wave, S wave, T wave, U wave (starting five 

elements of β̂ ) and normal value of duration of P wave, 

QRS complex, T wave and U wave(last five element of β̂ )  
in case of AV Ist block condition) 

β̂ 3 = [0.08;0.10;0.8;-0.08;-0.5;0.02;0.12;0.16;0.10;0.02] 

(Percentage abnormal values of the magnitude of P wave, Q 
wave, R wave, S wave, T wave, U wave (starting five 

elements of β̂ ) and normal value of duration of P wave, 

QRS complex, T wave and U wave(last five element of β̂ ) 
in case of AV IInd block condition) 

β̂ 4 = [0.09;0.00;0.01;0.00;0.00;0.00;0.08;0.00;0.00;0.00] 

(Percentage abnormal values of the magnitude of P wave, Q 
wave, R wave, S wave, T wave, U wave (starting five 

elements of β̂ ) and normal value of duration of P wave, 

QRS complex, T wave and U wave(last five element of β̂ )  
in case of AV IIIrd block condition) 

β̂ 5 = [-0.10;-0.11;0.80;-0.00;-0.4;0.00;0.00;0.20;0.19;0.00] 
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(Percentage abnormal values of the magnitude of P wave, Q 
wave, R wave, S wave, T wave, U wave (starting five 

elements of β̂ ) and normal value of duration of P wave, 

QRS complex, T wave and U wave(last five element of β̂ ) 
in case of AF with LBBB condition) 

β̂ 6 = [0.1;-0.01;1.1;0.00;0.01;0.00;0.00;0.18;0.21;0.00] 

(Percentage abnormal values of the magnitude of P wave, Q 
wave, R wave, S wave, T wave, U wave (starting five 

elements of β̂ ) and normal value of duration of P wave, 

QRS complex, T wave and U wave(last five element of β̂ ) 
in case of AF with RBBB condition) 

Distortions due to abnormalities in the waveform those are 
obtained from the above mathematical concept is shown in 
following table 1 

For third group (the shape of wave) we shall compare the 
wave shape of normal condition (these waveforms are taken 
by mit-bih arrhythmia database [17]) and abnormal 
conditions type waveform with the help of one algorithm 
designed in MATLAB. This algorithm has a specific pattern 
(subtraction and squared) to compare with the diseased signal 
from the all the available test signals and recognize particular 
signal by the Correlation with Fast Fourier Transform (FFT).      

Correlation between normal signal & abnormal signals 
obtained from designed MATLAB program is shown in table 
2. 

Signals Uses for Plotting Graph (Code): 

Ist abnormal signal     - AV  Ist degree block signal   

IInd abnormal signal   - SA node abnormal working signal 

IIIrd abnormal signal   -  AV  Iind  degree block signal 

IVth abnormal signal   - AV with LBBB signal 

Vth abnormal signal    - AV IIIrd degree block signal 

VIth abnormal signal   - AV with RBBB signal 

Test Signal Ist     - AV  Ist degree block signal  

Test Signal Iind   -  SA node abnormal working signal 

Test Signal IIIrd  -  AV  Iind  degree block signal 

Test Signal Ivth  - AV with LBBB signal 

Test Signal Vth   - AV IIIrd degree block signal 

Test Signal Vith  - AV with RBBB signal 

Table 1: Distortions due to abnormalities in the waveform 

Abnormalities Distortion  in % age 
SA node 3.7430 

AV node(I degree) 1.9190 

AV node(II degree) 1.0098 
AV node(III degree) 2.6364 

AF with LBBB 1.0713 
AF with RBBB 1.4330 

 
IV. TESTING OF SIGNAL 

Testing signals are taken by MIT-BIH arrhythmia database 
[32,33,34] for all the cases. 

a. AV Ist block signal 

For first testing signal, we will give this signal to the made 
program and we can see the outputs those are such that first 
signal has higher correlation than another signals. So we can 
recognize that it is AV Ist block signal by the made program.    
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b. SA node abnormal working signal 

For second testing signal, we will give this signal to the made 
program and we can see the outputs those are such that 

second signal has higher correlation than another signals. So 
we can recognize that it is SA node abnormal working signal 
by the made program. 
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c. AV IInd degree block signal 

For third testing signal, we will give this signal to the made 
program and we can see the outputs those are such that third 
signal has higher correlation than another signals. So we can 
recognize that it is AV  IInd  degree block signal by the made 
program. 
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d.  AV with LBBB signal 

For fourth testing signal, we will give this signal to the made 
program and we can see the outputs those are such that fourth 
signal has higher correlation than another signals. So we can 
recognize that it is AV with LBBB signal by the made 
program.  
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e. AV IIIrd degree block signal 

For fifth testing signal, we will give this signal to the made 
program and we can see the outputs those are such that fifth 
signal has higher correlation than another signals. So we can 
recognize that it is AV IIIrd degree block signal by the made 
program. 

 

 

 

 

f. AV with RBBB signal 

For sixth testing signal, we will give this signal to the made 
program and we can see the outputs those are such that sixth 
signal has higher correlation than another signals. So we can 
recognize that it is AV with RBBB signal by the made 
program. 
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Mean & Std. Deviation for abnormal signals 

From designed algorithm obtained mean of all the diseased 
signals and standard deviations (deviation from average 
signals) of all the diseased signals are shown in table 2.  

Abnormalities Mean Standard 
Deviation 

Normal Condition 0.2394 0.56351 
SA node 0.556 0. 84446 

AV node(I degree) 0.2394218 1.1583 
AV node(II degree) 0.8542 0.5228 

AV node(III degree) 0.7219 0.96916 

AF with LBBB 0.7965 1.03419 
AF with RBBB 0.8542 1.04787 

 
Table2: Mean & Std. Deviation for abnormal signals 

V. CONTROLLER 

Proportional plus rate describes a control mode in which a 
derivative section is added to a proportional controller. This 
derivative section responds to the rate of change of the error 
signal, not the amplitude; this derivative action responds to 
the rate of change the instant it starts. This causes the 
controller output to be initially larger in direct relation with 
the error signal rate of change. The higher the error signal 
rate of change, the sooner the final control element is 
positioned to the desired value.  

Parameter Rise time Over 
shoot 

Settling 
time 

Steady-
state 
error 

 Decrease Increase Small 
change 

Decrease 

 
Minor 
change Decrease Decrease 

No 
effect in 
theory 

 
Table3:  Effects of increasing a parameter independently 
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The added derivative action reduces initial overshoot of the 
measured variable, and therefore aids in stabilizing the 
process sooner. This control mode is called proportional plus 
rate (PD) control because the derivative section responds to 
the rate of change of the error signal. The considered model 
of the heart is composed of the cardio vascular system duly 
energized by pacemaker and operates in closed loop manner. 
The proposed system is found to be stable with appropriate 
controller. The PD (proportional derivative) controllability of 
the complete system is tested and found to be better for the 
proposed system because it improves the transient stability. 

The heart is the central organ and pump for the 
cardiovascular system. Since 1960s, much work has been 
done in this field using physical models of the real system. 
Computer analyses and mathematical models have been 
widely used in the simulation of cardiovascular systems.  

Today, to an increasing extent, artificial hearts and heart 
assistance devices are implanted. They are used to replace a 
weak heart after an infarct or to maintain the circulation until 
a heart transplant can be performed.  

There are two types of method to control the error(abnormal 
signal make upto the normal). 

A. First Method 

In this method, the cardiovascular system is assumed to be a 
second order under damped system having suitable 
parameters [35], so that the heart performs its normal 
function appropriately. The transfer function of the heart is 
chosen as Gh(S)= 163/ (S2+23.8). The controller under 
consideration is a proportional plus derivative having the 
value of Kp and Kd. 

 

Fig5.1: Block Diagram of Artificial Control of Heart Rate   
using Pacemaker 

Since the pacemaker system is a low pass system, controlling 
excitations as evolved in normal metabolic process for the 
normal functioning of a cardio vascular system of a living 
being, the transfer function Gp(S) of the pacemaker is 
considered as Gp(S) = 6.75/ (S+6.75). Control system to 
regulate the heart rate effectively, is represented in Fig.6.1. 

The output of processing unit (taken by the controller 
automatically by designed MATLAB program) will be go 
through the close loop system with PD controller. It will 
control the abnormality (deviation from the normal 
waveform) of the ECG signal and make it or control it upto 
normal value of the ECG signal i.e. removing  the error. 

The used transfer functions for pacemaker and heart are: 

         Gp = 6.75/ (S+6.75)                                         (6) 

         Gh = 163/ (S2+23.8)                                        (7) 

Used controller Kp, Ki and Kd values are: 

                        Kp=1, Ki=0 and Kd=0.05  

The used close loop feedback loop with Controller is shown 
below: 

 
Fig5.2: PD( since Ki=0) controller with specific transfer  

function 

Final errorless output: 

Input is taken by designed program by the close loop system. 
Above system gives the errorless result for all the six cases 
(abnormalities) in single form. The responses for above 
system with controller are shown below: 

 
                 Fig 5.3: The response analysis of controller  
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One can see from output of the controller that the error 
(distortion) in the ECG signals has been removed and now 
obtained errorless ECG signal applied to the SA (sinoatrial) 
node through the pacemaker so that the heart is beating with 
a normal pulse rate  of ECG wave.  

B. Second Method: 

In this method there are six transfer functions for controlling 
the error of all different abnormal signals(for each case there 
will be separate single transfer function) and with  the help of 
these transfer functions controller make abnormal signal upto 
the normal signal This method is using SVD(Single Value 
Decomposition), PSD(Power Spectral Density) and a  y = ax 
+ by  type polynomial (where x= abnormal PSD patterned 
signal and y= normal PSD patterned signal ) in the designed 
MATLAB program. 

 

Fig. 5.4: PID (PD since Ki=0) controller with specific 
transfer function 

The values of Kp , Ki and Kd  of  PD controller are: 

                              Kp=1, Ki =0 and Kd=0.05 

The used transfer functions for all six cases are: 

TF1 = (2.4184S+1.8490) / (1.4757S3)                       (8)                                    

TF2 = (0.1561S-0.0710)/(0.0461S3)                          (9)                                                

TF3 = (9.5790S+8.7096)/(5.9030S3)                       (10)                                                

 TF4 = (21.3999S+3.0357)/(11.8059S3)                   (11)                                                 

TF5 = (3.9525S+3.5713)/(2.9515S3)                       (12)                                                

 TF6 = (3.9530S+3.5717)/(2.9520S3)                       (13)                                                 

Final errorless output: 

Input is taken by designed program  by the close loop system 
for all six cases. Above system gives the errorless result for 
all the six cases (abnormalities). The responses for all six 
cases of above system with controller are shown below: 

 
                            Fig5.5: First error free signal 

 
                          Fig5.6: Second error free signal 

 
                              Fig5.7: Third error free signal 
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                       Fig5.8: Fourth error free signal 

 
                            Fig5.9: Fifth error free signal 

 
Fig5.10: Sixth error free signal 

                                                                    
One can see from output of the controller that the error 
(distortion) in the ECG signals has been removed in all six 
cases separately and now obtained errorless ECG signal 
applied to the SA (sinoatrial) node through the pacemaker so 

that the heart is beating with a normal pulse rate  of ECG 
wave. 

From above discussed two methods the second method has 
more accuracy as well as less oscillation in all the six cases.  

VI. CONCLUSION   

The system offers the mechanism for optimal control of heart 
rate (reaches upto the normal value of the ECG wave). The 
designed system is found to have a better feature extraction 
capability (have less mean square error and have less 
percentage distortion ) to extract the feature from available 
diseased signal and give it to PD controller having  a gain 
margin of infinity and a phase margin of high value. The 
proposed system is a controllable and observable. The 
proposed design is compared with available systems and 
found to be better and efficient. Since the system is stable the 
design of an artificial heart control system becomes feasible. 

From all above discussion we conclude that with the help of 
feature extraction technique and controller one can control 
the heart rate upto the normal level in respect of voltage and 
time duration response. 

VII. SCOPE OF FUTURE WORK 

The feature extraction technique can also be useful in other 
types of detection rather than ECG detection, like EEG 
(electroencephalogram) signal and EMG (electromyogram) 
detections various type of diseased conditions. Transfer 
fuction of heart and pacemaker will also be helpful in various 
projects related with cardiovascular system. It will also be 
useful for for knowing the diseases and differentiate the 
disease rather than the mentioned diseased (mentioned six 
diseases) signal.  
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