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ABSTRACT
Aim: The aim of this research is to develop an innovative heart rate regulation for pacemaker devices for 
Tachycardia patients. 
Materials and Methods: We use the proportional control (P) and Proportional Derivative (PD) Controller 
techniques in this work, with Proportional Controller (P) serving as a control group and Proportional Derivative 
(PD) Controller serving as a testing group, each with a sample size of 40.  Sampling size settings are set to 
threshold - 0.05, 95% confidence interval, G power 80% and enrolment ratio-1. 
Results: Rise Time, Peak Time, Settling Time, and Overshoot are used to evaluate the performance of both 
proportional and proportional derivative controllers. The mean Rise Time value in Proportional Controller (P) 
was 0.0633, the mean Peak Time value was 0.0633, the mean Settling Time value was 2.01907, and the mean 
Overshoot value was 48.5007. The mean Rise Time value in a Proportional Derivative (PD) Controller is 
0.0417, the mean Peak Time value was 0.0417, the mean Settling Time value was 6.4545, and the mean 
Overshoot value was 45.5587. 
Conclusion: We believe that Proportional Derivative (PD) Controller was significantly stronger than 
Proportional (P) Controller and there was no statistical significance (p>0,05) for all the parameters revealed in 
independent sample T-Test.

Keywords: Innovative heart rate control, Tachycardia, Proportional (P) controller, Proportional Derivative (PD) 
Controller, Rise Time, Peak Time, Settling Time and Overshoot, Bio control systems.

INTRODUCTION
As cardiovascular diseases are the major cause of illness and death in developed countries, and the 

leading cause of death in the United states, precise diagnosis and treatment using advanced cardiac pacemaker 
devices has become important (Shi 2012). The primary goal of biomedical engineering is to improve patients' 
quality of life via healthcare (Ismail, Hashim, and Baharom 2011). A cardiac pacemaker is a type of medical 
electronic device that is implanted and used for control and treatment of heart rhythm abnormalities in order to 
improve health care (Elnaggar et al. 2019); (Sheldon et al. 1998). Every 33 seconds, someone in India dies of a 
heart attack. The cause might be arrhythmias or cardiac arrest (Bajpai et al. 2017); (Fitzpatrick, Kerr, and 
Fitzpatrick 2018). Bradycardia (slow heartbeat) and tachycardia (fast heartbeat) are two common heart 
conditions that can cause fainting, shortness of breath, and even death (Mohsin et al. 2021). Since the invention 
of cardiac pacemakers, which have taken a major step, particularly in the field of cardiovascular systems 
(Arunachalam et al. 2016). The overall control system to be built in this world is thought to be made up of a 
cardiovascular system that is properly activated by an innovative pacemaker system that runs in a closed loop 
with a negative unity benefit in the input direction (Marchon, Naik, and Pai 2018; Yu, Lim, and Shi 2009). With 
the help of Zeigler-Nichols, a classical controller based on Proportional Controller(P) and proportional 
derivative controller (PD) an adaptive control system was developed.
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We searched Google Scholar and PubMed for the most related articles and came up with approximately 
184 articles that are the most cited. An average adult's heart rate is 75 beats per minute, while a young active 
person's rate is around 85 beats per minute and an elderly person's rate is around 65 beats per minute (Yasuda et 
al. 2009). At three separate fixed points of 65, 75, and 85 beats per minute, an adaptive Proportional plus 
Integral Derivative Controller (PID) based on the Delta rule and adaptive correction factor was proposed and 
compared to a classic fuzzy controller in previous papers (bpm) (Busygina 2019). It was discovered that the 
adaptive PID controller has a rise time of 0.00003 seconds and a settling time of 0.02 seconds (Tashan, Karam, 
and Mohsin 2019). Despite this, there is a 1.53% overshoot (Ugalde et al. 2016). However, as compared to other 
similar papers, the results of both Proportional Controller (P) and Proportional derivative (PD) controller are 
different. Rise Time(0.6sec), Peak Time(0.6sec), Settling Time(5.5sec), and Overshoot(55.46 percent) are the 
outcomes of Proportional derivative (PD) controller, while Rise Time(0.08sec), Peak Time(0.08sec), Settling 
Time(4.6sec), and Overshoot(55.46 percent) are the outcomes of Proportional derivative (PD) controller 
(Momani, Batiha, and El-Khazali 2019a); (Imabayashi et al. 2011; Vena and Yadollahi 2015).Our team has 
extensive knowledge and research experience  that has translate into high quality publications(Patturaja and 
Pradeep 2016; Ramesh Kumar et al. 2011; Krishnan, Pandian, and Kumar S 2015; Felicita 2017b, [a] 2017; 
Kumar 2017; Sivamurthy and Sundari 2016; Sathivel et al. 2008; Sekar et al. 2019)

According to the previous literature, intelligent heart rate monitoring procedures for pacemakers are 
less accurate, i.e., they have a shorter settling period, rise time, peak time, and high overshoot. In this study, we 
suggest a novel heart rate controller for pacemaker systems that can respond quickly when the patient 
experiences irregular heart rhythms. Proportional Integral controllers are used to control heart rhythm, and the 
effects are contrasted to proportional integral and derivative controllers in bio control systems.
MATERIALS AND METHODS

This research was carried out in the Saveetha School of Engineering's Digital Signal Processing 
Laboratory. There are two groups: a control group and a study group, with the control group being Proportional 
Controller (P) and the study group being Proportional derivative (PD) controller. The sample size for each 
category is 40, with 40 for the proportional controller (P) and 40 for the Proportional Derivative (PD) controller, 
for a complete sample size of 80. The sample size was calculated using clinical cal.com with the following 
parameters: alpha error threshold 0.05, 95 percent confidence interval, strength 80%, and enrolment ratio-1 
(Yeung, n.d.).
Heart rate controller using P controller: 

The mathematical expression of Pcontrol technique is given in Equation (1)

ݐݑ݋ܲ = (ݐ)݁݌ܭ + 0݌ (1)   

Where             0݌ : Controller error with zero error, ܲݐݑ݋ : Output of the proportional controller, ݌ܭ : Proportional gain, ݁(ݐ): Instantaneous process error at time t. ݁(ݐ) = ܵܲ − ܸܲ, ܵܲ :Set point, ܸܲ :Process variable.

Heart rate controller using PD controller:
The mathematical expression of Pcontrol technique is given in Equation (2)

(ݐ)ݑ = (ݐ)݁݌ܭ + ݅ܭ ∫ ݐ݀(ݐ)݁ + ݌ܭ ௗ௘
ௗ௧

(2)
Where(ݐ)ݑ : PID controller variable, ݌ܭ : proportional gain, ݁(ݐ) : error value, ݅ܭ : integral gain, ݀݁ : change in 
error value, ݀ݐ : change in time.

Here we used the Ziegler-Nichols controller Tuning method for both Proportional(P) controller and 
Proportional Derivative (PD) controller (Satapathy, Bhateja, and Das 2018)(Momani, Batiha, and El-Khazali 
2019b) and the formulas used for Z-N methods are shown in Table 1. After applying K, L values in Table 1 
formulas the controller parameters are tabulated in Table 2.

First order process with dead time (FOPD) is given in Equation (3)
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஼(௦)
௎(௦)=

௄௘ షಽೞ
்௦ା1 (3)

Here
K=2.34, T1=14.05sec, T2=34.52sec,߬=0.25(35-15)=5sec, L=0.5߬=0.5*5=2.5.

In the research process, the mathematical model of the heart and pacemaker is derived, the open loop 
response of the heart with pacemaker is found, closed loop controller parameters are determined from the open 
loop response, the closed loop response of the heart with pacemaker is identified using controller parameters, 
and the time domain parameter of the closed loop response is identified.

The article Design of PID-heart rate controls for cardiac pacemakers contains a mathematical model of 
a heart rate monitor and pacemaker.  (Momani, Batiha, and El-Khazali 2019) The statistical software which we 
have used in this is  IBM SPSS Version 21. The dependent variables in both Proportional (P) Controller and 
Proportional Derivative (PD) controllers are Rise Time(sec), Peak Time(sec), Settling Time(sec) and 
Overshoot(%). The analysis is done by the unpaired T-test, standard deviation and standard error of mean.
RESULTS 

Table 1 represents the formulas of the Ziegler-Nichols Controller tuning method. Table 2 Represents 
the controller parameters for P and PD controllers. Table 3 represents the statistics of Rise Time, Peak Time, 
Settling Time and overshoot for measuring the heart rate of patients using a pacemaker with Proportional (P) 
Controller and Proportional Derivative (PD) controllers. In Proportional Controller(P) mean Rise Time value 
was 0.0633, mean Peak Time value was 0.0633, mean Settling Time value was 6.1700 and mean Overshoot 
value was 45.5587. In Proportional Derivative (PD) controllers mean Rise Time value was 0.0417, mean Peak 
Time value was 0.0417, mean Settling Time value was 6.4545 and mean Overshoot value was 45.5587. 

Table 1. Represents the formulas of Ziegler-Nichols Controller tuning method

Type of controller
Controller Parameters

݌ܭ ܶ݅ ܶ݀
P ܮܶ ∞ 0

PI
0.9 ܮܶ ܮ

0.3 0

Table 2. Represents the controller parameters for P and PD controller

Type of controller
Controller Parameters

݌ܭ ܶ݅ ܶ݀
P 2 - -

PD 1.8 8.33 -
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Table 3. It represents the statistics of Rise Time, Peak Time, Settling Time and overshoot for measuring the 
heart rate of patients using a pacemaker with Proportional (P) Controller and Proportional Derivative (PD) 

controllers. In Proportional Controller(P) mean Rise Time value is 0.0633, mean Peak Time value is 
0.0633,mean Settling Time value is 6.1700 and mean Overshoot value is 45.5587. In Proportional Derivative 

(PD) controllers mean Rise Time value is 0.0417, mean Peak Time value is 0.0417,mean Settling Time value is 
6.4545 and mean Overshoot value is 45.5587.

Group Statistics

GROUP N Mean Std. 
Deviation

Std. Error 
mean

Risetime Proportional Controller 40 0.0633 0.09089 0.01437

Proportional Derivative 
Controller

40 0.0417 0.01998 0.00316

Peaktime Proportional Controller 40 0.0633 0.09089 0.01437

Proportional Derivative 
Controller

40 0.0417 0.01998 0.00316

Settling Time Proportional Controller 40 6.1700 2.01904 0.31924

Proportional Derivative 
Controller

40 6.4545 1.98951 0.31457

Overshoot Proportional Controller 40 48.5007 19.97548 3.15840
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Proportional Derivative 
Controller

40 45.5587 21.93205 3.46776

Table 4 represents that Independent sample test reveals that (p>0.05)) shows statistically insignificant 
in case of Rise Time, Peak Time, Settling Time and overshoot of pacemakers for  Proportional (P) Controller 
and Proportional Derivative (PD) controllers. Table 5 represents the performance measures of  Proportional (P) 
Controller and Proportional Derivative (PD) controllers.
Table 4. Independent sample test reveals that (p>0.05) was statistically insignificant in case of Rise Time, Peak 
Time, Settling Time and overshoot of pacemakers for  Proportional (P) Controller and Proportional Derivative 
(PD) controllers.

Levene’s Test for Equality of                   
Variances

t-test for Equality of Means

F Sig t df Sig 2-
tailed  

Mean 
difference

Std.Error 
Difference

95 confidence 
intervals of the 
Difference
Lower Upper

Risetime Equal 
variance 
assumed

2.526 0.116 1.46 78 0.147 0.02155 0.01471 -0.00774 0.0508

Equal 
variance 
not 
assumed

1.46 42.768 0.150 0.02155 0.01471 -0.00813 0.0512

Peaktime Equal 
variance 
assumed

2.526 0.116 1.46 78 0.147 0.02155 0.01471 -0.00774 0.0508

Equal 
variance 
not 
assumed

1.46 42.768 0.150 0.02155 0.01471 -0.00813 0.0512

Settling Time Equal 
variance 
assumed

0.095 0.759 -0.63 78 0.527 -0.28450 0.44818 -1.17676 0.6077

Equal 
variance 
not 
assumed

-0.63 77.983 0.527 -0.28450 0.44818 -1.17676 0.6077

Overshoot Equal 
variance 
assumed

0.342 0.561 0.62 78 0.532 2.94198 4.69051 -6.39611 12.280

Equal 
variance 
not 
assumed

0.62 77.329 0.532 2.94198 4.69051 -6.39738 12.281

Table 5. Represents the Performance measures of  Proportional (P) Controller and Proportional Derivative 
(PD) controllers.
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Performance Measures P controller PD controller

Rise Time 0.6 Sec 0.08 Sec

Peak Time 0.6 Sec 0.08 Sec

Settling Time 5.5 Sec 4.6 Sec

Overshoot 55.46 % 57.14 %

Fig. 1(a) open loop response of heart rate control, with pacemaker system, Fig. 1(b) represents the 
closed response of pacemaker when P controller used for heart rate regulation, whereas the Fig. 1(c)represents 
the closed loop system response when PD controller used for heart rate control using pacemakers. Fig. 2, the bar 
graph represents the mean Rise Time of  Proportional (P) Controller and Proportional Derivative (PD) 
controllers. Proportional controllers produce most consistent results and Proportional Derivative (PD) 
controllers produce the most variable results with its standard deviation ranging from lower 0 to higher 0.07. In 
Fig. 3, the bar graph represents the mean Peak Time of  Proportional (P) Controller and Proportional Derivative 
(PD) controllers. Proportional controllers produce most consistent results and Proportional Derivative (PD) 
controllers produce the most variable results with its standard deviation ranging from lower 0 to higher 0.07. 

Fig. 1(a). Open loop response of proposed system. Xaxis:Time in secs, Y axis: Heart rate in beats per minutes
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Fig. 1(b). Closed loop system response when P controller used for heart rate control using pacemakers. 
Xaxis:Time in secs, Y axis: Heart rate in beats per minutes

Fig. 1(c). Closed loop system response when PD controller used for heart rate control using pacemakers. 
Xaxis:Time in secs, Y axis: Heart rate in beats per minutes
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Fig. 2. Bar Graph represents the mean Rise Time of  Proportional(P) Controller and Proportional Derivative 
(PD) controllers. Proportional controllers produce most consistent results and Proportional Derivative (PD) 

controllers produce the most variable results with its standard deviation ranging from lower 0 to higher 0.07  and 
error +/-1 SD. X axis: Heart rate control techniques P control vs PD control. Yaxis: Mean rise time.

Fig. 3. Bar Graph represents the mean Peak Time of  Proportional(P) Controller and Proportional Derivative 
(PD) controllers. Proportional controllers produce most consistent results and Proportional Derivative (PD) 
controllers produce the most variable results with its standard deviation ranging from lower 0 to higher 0.07  and 
error +/-1 SD. X axis: Heart rate control techniques P control vs PD control. Yaxis: Mean Peak time.
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Fig. 4, the bar graph represents the mean settling time of  Proportional (P) Controller and Proportional 
Derivative (PD) controllers. Proportional controllers produce most consistent results and Proportional 
Derivative (PD) controllers produce the most variable results with its standard deviation ranging from lower 4.8 
to higher 8.4. Fig. 5, the bar graph represents the mean overshoot of  Proportional (P) Controller and 
Proportional Derivative (PD) controllers. Proportional controllers produce most consistent results and 
Proportional Derivative (PD) controllers produce the most variable results with its standard deviation ranging 
from lower 0 to higher 46%.

Fig. 4. Bar Graph represents the mean settling time of  Proportional(P) Controller and Proportional Derivative 
(PD) controllers. Proportional controllers produce most consistent results and Proportional Derivative (PD) 
controllers produce the most variable results with its standard deviation ranging from lower 4.8 to higher 8.4  
and error +/-1 SD. X axis: Heart rate control techniques P control vs PD control. Yaxis: Mean settling time.

Fig. 5. Bar Graph represents the mean overshoot of  Proportional(P) Controller and Proportional Derivative 
(PD) controllers. Proportional controllers produce most consistent results and Proportional Derivative (PD) 
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controllers produce the most variable results with its standard deviation ranging from lower 0 to higher 46%. X 
axis: Heart rate control techniques P control vs PD control. Yaxis: Mean overshoot time with error +/-1SD. 

DISCUSSION
The findings of the independent sample T-test (p=0.421, Independent sample T-test) revealed that the 

Proportional Derivative (PD) controllers was statistically insignificant but superior to the proportional (P) 
controller in this analysis.Proportional (P) Controller and Proportional Derivative (PD) controllers methods are 
used to compare result values. We obtained the following results after running the Independent T-test: The 
values for Rise Time(sec), Peak Time(sec), Settling Time(sec), and Overshoot(percent) are negligible. Values 
for Rise Time (p=0.116, Independent sample T-test), Peak Time (p=0.116, Independent sample T-test), Settling 
Time (p=0.759, Independent sample T-test), and Overshoot (p=0.561 Independent sample T-test) are all 
negligible. 

There are several articles linked to this study but there is one article that corresponds to this study, 
Advanced smart control and optimization in cardiac pacemakers.(Shi 2012) In this study they have shown how 
the main cause of death and morbidity in affluent nations are cardiovascular illness (Duda 2017). The sudden 
death of patients might be effective from the early detection and medical treatment of cardiac problems (Liu 
2017); (Reznik 1997) Drugs, electrolyte or endocrine imbalances, infection, or the acute phase of myocardial 
infarction are not identified variables that induce temporary depression and cardiac impulse arrangement and 
conduction in cardiac diseases (Ismail, Hashim, and Baharom 2011; Qiu, Zheng, and Chen 2017). Each year 
1,25 million permanent pacemakers are anticipated to be installed globally. In 2016, about 500,000 permanent 
pacemakers were implanted in Europe, with Spain accounting for 37,466 implants (Leung et al. 1996).

There are certain disadvantages with the use of pacemakers, such as the fact that the patients may 
require another procedure if any issues occur during the installation of the pacemaker in the heart. Patients may 
feel uneasy on the incision site for many days. The physicians may insist not to exert or move big objects for a 
week or two. The incision site should be completely cured within two or three weeks and no further limitations 
should be introduced. From 1993 to 2009, 2.9 million patients in the United States obtained a primary 
pacemaker. Although pacemaker implantation is minimally invasive, problems during or after implantation are 
possible. The rate for early complications is 4-5% and for late complications is 2,7%. However because of 
problems in detecting and classifying complications in different research, these rates can raise upto 12,6in 
literature. The technical advances and growing operators' expertise have reduced the occurrence of problems 
significantly.(Kotsakou et al. 2015)

The devices such as Metal detectors, radar machines, satellite transmitters, arc welders, high-tension 
wires, microwave installations, and smelting furnaces may affect the performance of controllers that are used for 
heart rate regulation in pacemakers (Reznik 1997). In future intelligent control techniques such as adaptive 
control technique, fuzzy control technique, adaptive neuro fuzzy inference system technique can be applied for 
improved heart rate control in pacemakers (Al-Ahmad et al. 2010).
CONCLUSION

Proportional Derivative (PD) Controller significantly performed better than Proportional (P) Controller 
for heart rate control in pacemakers
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