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ABSTRACT 
 

This research paper focuses on the implementation of a wireless charging unit for pacemakers 
based on vital data analysis using the Internet of Things (IoT). Pacemakers are essential medical 
devices that require regular charging to ensure their uninterrupted operation. However, 
conventional charging methods involve invasive procedures, which can be uncomfortable and pose 
risks to patients. By leveraging IoT and vital data analysis, this study aims to develop a non-
invasive and efficient wireless charging system for pacemakers. Through an analysis of vital data 
and real-time monitoring, the system will intelligently charge the pacemaker based on the patient's 
needs. This paper discusses a proposed system that uses machine learning to improve the 
monitoring of patients with artificial pacemaker. The system collects data from implanted 
pacemakers, as well as other health metrics such as temperature, blood pressure, and glucose 
levels. This data would be stored in a database and analyzed using machine learning algorithm. 
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1. INTRODUCTION 
 
The basic purpose of the pacemaker is to pace 
the heart in the absence of intrinsic impulses and 
to detect and limit pacing when intrinsic cardiac 
electrical activity is present. Systems such as 
implanted cardiac pacemakers have helped 
millions of patients. These devices are commonly 
used to treat people who have arrhythmia (an 
irregular heartbeat). There is, however, a power 
supply limitation. Currently implanted 
pacemakers are powered by a lithium iodine 
battery with a lifetime of 5 to 10 years or more - 
on average, roughly seven years. When the 
battery runs out, the patient should be 
recommended to have the pacemaker changed 
with a new device, which is done surgically.  
 
This novel contactless technology allows 
electricity to transmit without being limited by 
wires, providing numerous different and flexible 
charging potentials for new electric gadgets and 
system applications. The resonant inductive link 
for remote powering of pacemakers is 
suggested, with an unusually high frequency of 
400 MHz and a low delivered power of just 1mW.  
 
IoT is merely the coalescing of all the analog, 
digital world things. It is changing interaction and 
relationship of man with objects and their 
properties keeping the objects in the center, IoT 
is not only connecting different things like 
sensors, instruments & devices by wires or 
wirelessly, it is the merging of real and virtual 
worlds whose communication is controlled by 
consumers [1, 2]. The proposed study introduces 
an innovative sandwiched wireless power 
transfer (WPT) system that can recharge a 
cardiac pacemaker's battery. 
 
The main objectives of this paper is to gather the 
samples from the patient using sensor, to modify 
the charging unit of pacemaker using the data 
gathered and to monitor continuously on the 
receiving of data. 
 

2. LITERATURE SURVEY 
 
The paper [3] provides insights into the 
advancements in wireless power transfer 
technologies for implantable biomedical devices, 
including pacemakers. It discusses various 
wireless charging methods, such as inductive 
coupling and resonant coupling, and their 
applicability in healthcare settings. The paper 
also explores the challenges and prospects of 
wireless charging for medical devices. 

The authors In the paper [4], the authors focus 
on the development of a smart wireless charging 
system for implantable medical devices, 
including pacemakers. It investigates the 
integration of IoT technologies to enable real-
time monitoring of vital data and adaptive 
charging based on the patient's needs. The 
paper presents a prototype implementation and 
evaluates its performance in terms of charging 
efficiency and patient comfort. 
 
Paper [5] proposes a wearable system for 
wirelessly charging implantable pacemakers. It 
explores the integration of IoT devices, such as 
wearable sensors, to collect vital data and 
optimize the charging process. The study 
includes a detailed analysis of the charging 
circuitry, power transfer efficiency, and the 
impact of different charging parameters on the 
pacemaker's battery life. 
  
This paper [6] investigates the potential of IoT-
enabled wireless charging for implantable 
medical devices, emphasizing pacemakers. It 
discusses the integration of IoT devices, such as 
wearable sensors and communication modules, 
to collect and analyze vital data for adaptive 
charging. The study presents a comprehensive 
analysis of the charging performance, power 
consumption, and patient safety considerations. 
 
The authors in the paper [7] explore the 
utilization of IoT technologies for wireless 
charging of implantable medical devices, 
including pacemakers. It discusses the design 
and implementation of a wireless charging 
system that incorporates vital data analysis to 
optimize the charging parameters. The paper 
evaluates the performance of the system in 
terms of charging efficiency, energy 
consumption, and patient comfort. 
 
The authors in the paper [8] present a smart 
wireless charging system for implantable medical 
devices, focusing on pacemakers. It discusses 
the design and implementation of the system, 
which incorporates IoT technologies for real-time 
data collection and analysis. The paper 
evaluates the performance of the system in 
terms of charging efficiency, power consumption, 
and patient safety.  
 
The comprehensive review paper [9] provides an 
overview of various wireless charging 
technologies for implantable medical devices, 
including pacemakers. It discusses the 
principles, advantages, and limitations of 
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different wireless charging methods, such as 
inductive coupling, magnetic resonance coupling, 
and radiofrequency energy harvesting. The 
paper also addresses the challenges and future 
directions of wireless charging in the medical 
field. 
 

The review paper [10] focuses on IoT-enabled 
wireless charging systems for implantable 
medical devices, with a specific emphasis on 
pacemakers. It provides an overview of the 
integration of IoT technologies for real-time data 
collection, analysis, and adaptive charging. The 
paper discusses the benefits, challenges, and 
prospects of this approach, including 
considerations for patient safety and regulatory 
compliance. 
 

The paper [11] reviews the recent progress and 
prospects of wireless power transfer for 
biomedical implants, including pacemakers. It 
discusses the advancements in wireless 
charging technologies, such as near-field 
coupling and far-field energy harvesting. The 
study explores the potential of using IoT for real-
time data monitoring and adaptive charging, 
highlighting the benefits and challenges of 
implementing such systems.  
 

The review paper [12] provides an overview of 
wireless power transfer technologies for 
biomedical implants, focusing on pacemakers. It 
discusses the different wireless charging 

methods, including electromagnetic induction, 
resonant coupling, and radiofrequency energy 
harvesting. The paper examines the                 
challenges and prospects of wireless charging 
for medical devices, considering factors               
such as efficiency, safety, and regulatory 
considerations. 
 

3. METHODOLOGY  
 
The block diagram of the proposed model is 
shown in Fig. 1. Here vital data samples are 
collected from the patient’s body using a pulse 
sensor. The pulse rate data is sent to the 
microcontroller (UNO) which in turn controls the 
wireless charging assembly.  
 
This paper suggests a system that combines 
wireless charging and pacemaking, two already 
developed technologies, to create a gadget that 
is very beneficial for the healthcare sector. 
 
The proposed model consists of two main 
sections. The initial part is wireless charging of 
the pacemaker’s battery. In the traditional 
method; pacemakers were designed with a long-
lasting battery of typically 5-7 years. Once the 
battery is fully discharged, the patient requires 
surgery to replace the whole unit with a new one. 
The patient has to bear the cost of surgery and 
also will be exposed to the risk of complications 
during surgery. 

 

 
 

Fig. 1. Block diagram of proposed model 
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This problem is overcome in the proposed model 
which consists of a wireless charging unit. It is 
used for charging the pacemaker battery 
wirelessly. The wireless charging unit consists of 
a transmitting and receiving circuit. The 
transmitter includes an oscillator to generate the 
signal, a power amplifier and a transmitting coil. 
The receiver section of the wireless charging unit 
consists of a coil to receive the signal, a rectifier 
to convert it to DC and a filter to remove the 
ripples from the pulsating DC. The output of the 
filter is regulated with the help of regulator and 
used to charge the pacemaker battery. The 
battery charging condition is monitored using a 
Web App/ Mobile App via a Wi-Fi module. 
 

The later part of the proposed model consists of 
capturing or acquiring data from the patient’s 
body using a pulse sensor. The pulse rate data is 
sent to the Microcontroller for processing and 
then to the Web/Mobile App via the Wi-Fi module 
and cloud for monitoring. If the pulse rate is low, 
it implies that the battery changing condition is 
low and hence the wireless charging unit should 
go ON. The ON signal is sent from the cloud to 
the Wi-Fi module (ESP8266). 
 

The Wi-Fi module is not directly connected to the 
charging unit; hence the microcontroller controls 
the charging unit. It turns ON the charging unit. 
The pulse rate is continuously monitored in the 
mobile app, once it is normal; the charging unit is 
turned OFF. Hence ESP8266 sends the switch 
(ON/OFF) signal to UNO and UNO sends pulse 
rate data to ESP8266. The proposed work is to 
design and implement a remote monitoring 
system for patients with artificial cardiac 
pacemakers. 
 

3.1 Mathematical Model 
 

Let P represent the power required for charging 
the pacemaker. V represents the voltage 
required for charging the pacemaker. I represent 
the current required for charging the pacemaker. 
R represents the resistance of the charging 
circuit. t represent the time taken for charging.  
 

Based on Ohm's Law, the relationship between 
voltage, current, and resistance can be 
represented as 
 

 V = I * R                           (i) 
 

The power required for charging the pacemaker 
can be calculated using the formula 
 

 P = V *I                         (ii) 

To optimize the charging process based on vital 
data analysis, the power required can be 
adjusted dynamically. Let H represent the heart 
rate of the patient. B represents the battery 
status of the pacemaker. Using the collected vital 
data, an algorithm can be developed to 
determine the optimal power requirement for 
charging. For example, if the heart rate is low 
and the battery status is high, the power 
requirement can be reduced to ensure efficient 
and conservative charging. Conversely, if the 
heart rate is high and the battery status is low, 
the power requirement can be increased to 
accelerate charging and ensure uninterrupted 
pacemaker operation. 
     
The algorithm can be defined as follows: 
 
If H is low and B is high 
 

P = P * α, where α < 1 (reduces power 
requirement for conservative charging)     (iii)  

 
If H is high and B is low: P = P * β, where β > 
1 (increases power requirement for 
accelerated charging)                                (iv)                                                                                                         
 

The time taken for charging can be calculated 
using the formula 
 

t = Q / P, where Q represents the required 
charge for the pacemaker                       (v) 
 

By dynamically adjusting the power requirement 
based on the patient's vital data, the charging 
process can be optimized to ensure efficient and 
safe charging of the pacemaker. The algorithm 
takes into account the patient's heart rate and 
battery status to adapt the charging parameters 
accordingly. 
 
Please note that the specific values for α, β, and 
the algorithm itself may vary depending on the 
specific implementation and research findings. 
This mathematical model provides a general 
framework for optimizing the charging process 
based on vital data analysis using IoT. UNDER 
PEER REVIEW Sure, here are some equations 
from the mathematical model for the wireless 
charging unit for pacemakers based on vital data 
analysis using IoT. 
 
Vital Data Model: The vital data is modelled as a 
set of time series signals, where each signal 
represents a different vital parameter (e.g., heart 
rate, blood pressure, oxygen saturation). The 
time series signals are modelled as functions of 
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time, where the value of the signal at a given 
time point represents the value of the vital 
parameter at that time point. 
 

x_i(t) = f_i(t) 
 
xi(t) is the value of the vital parameter i at time t  
 
fi(t) is the function that represents the time series 
signal for vital parameter i 
 
Feature Extraction: 
 
The signal processing system extracts features 
from the time series signals. The features are 
modelled as a set of variables that represent 
different aspects of the vital data (e.g., mean, 
standard deviation, trend). 
 

 y_j = g_j(x_i(t))  
 
Where y_j  is the value of feature 
 
j gj(xi(t)) is the function that extracts feature j 
from the time series signal for vital parameter i 
 
Machine Learning: 
 
The machine learning algorithm uses the 
features to classify the patient's health status. 
The health status is modelled as a categorical 
variable with two possible values: healthy and 
unhealthy.  
 

z = h(y_1, y_2, ..., y_m) 
 
Where z is the classification of the patient's 
health status  
 
h(y1,y2,...,ym)  is the machine learning algorithm 
that uses the features to classify the patient's 
health status Wireless Charging Control 
 
The control signal for the wireless charging unit 
is determined by the classification of the patient's 
health status and the estimated remaining 
battery life of the pacemaker.  
 

u = k(z, b) 
 

Where u is the control signal for the wireless 
charging unit 
 

K (z,b) is the function that determines the control 
signal for the wireless charging unit based on the   
classification of the patient's health status and 
the estimated remaining battery life of the 
pacemaker 

Magnetic Field Generation: 
  
The wireless charging unit generates a magnetic 
field to charge the pacemaker battery. The 
magnetic field is modelled as a vector field, 
where the magnitude of the vector represents the 
strength of the magnetic field and the direction of 
the vector represents the direction of the 
magnetic field. 
 

 B(x, y, z) = F(u) 
 

Where B(x,y,z) is the magnetic field at a point 
(x,y,z) 
 

F (u) is the function that generates the magnetic 
field based on the control signal. 
 

3.2 Pacemaker 
 

A pacemaker is a little device inserted in the 
chest or belly to assist in controlling irregular 
heartbeats. This gadget stimulates the heart to 
beat normally by sending electrical pulses. 
Arrhythmias are treated with pacemakers 
(pronounced "ah-RITH-means"). Problems with 
the heartbeat's rhythm or pace are known as 
arrhythmias. The heart may beat too quickly, too 
slowly, or irregularly when experiencing an 
arrhythmia. Tachycardia (TAK-ih- KARde- ah) is 
the medical term for an excessively rapid 
heartbeat. The medical term for an excessively 
slow heartbeat is bradycardia (brayed-KAR-de-
ah). The heart may not be able to pump enough 
blood to the body during an arrhythmia. This may 
result in symptoms including weariness 
(tiredness), breathlessness, or fainting. Serious 
arrhythmias have the potential to harm the 
body's essential organs and potentially result in 
unconsciousness or death. Some arrhythmia 
symptoms, including weariness and fainting, can 
be alleviated with a pacemaker. A pacemaker 
can assist someone with abnormal cardiac 
rhythms in getting back to an active way of life. 
 

3.3 Wireless Charging 
 

Pacemaker batteries need restoration after 5-10 
yrs. While the failure rate of pacemaker batteries 
is low, early failure can occur and cause warning 
signs like skipped heartbeats, slowed heart rate, 
or fainting. If not replaced when indicated, 
pacemaker will fail and lead to serious harm like 
blood clots and cardiac arrest. The cost of the 
battery replacement procedure is evident, and 
there is a significant risk involved. The inclusion 
of a wireless charging device is the primary 
distinction between the proposed system and the 
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current system. Here in this paper, the concept of 
Inverse Synchronous Charging is used. 
 

3.4 Inverse Synchronous Charge 
 

An electrical conduction system that coordinates 
the contraction of the many heart chambers 
controls the pumping function of the heart. The 
sinus node, also known as the Sino Atrial node 
or SA node, is responsible for producing 
electrical stimulation. This is a little collection of 
specialized tissue that is found in the right atrium. 
Under typical circumstances, the sinus node 
produces an electrical stimulation 60 to 100 
times per minute. Then the atria are turned on. 
The electrical shock causes the heart's ventricles 
to contract and pump blood as it moves along the 
conduction channels. Before the contraction of 
the 2 lower chambers of the heart (ventricles), 
the 2 upper chambers of the heart (atria) are 
activated first. From the sinus node, an electrical 
impulse is sent to the atrioventricular node, 
commonly known as the AV node. During the 
contraction and relaxation of the heart, the 
cardiac potential varies from -90mV to +20mV. 
  
The pacemaker generates electrical pulses 
delivered by electrodes to the chambers of the 
heart, the upper atria or lower ventricles. But, if 
the pacemaker batteries are low then it needs to 
be charged or replaced. Here, in the proposed 
work the charging of the pacemaker is done by 
adjusting the PWM circuit, which switches the 
supply concerning the contraction and relaxation 
of the heart. Each pulse causes the targeted 
chamber(s) to contract and pump blood, thus 

regulating the function of the electrical 
conduction system of the heart. 
 

3.5 System Design 
 
The system design includes a pulse sensor i.e a 
reflection type photoelectric analog sensor used 
to estimate the pulse rate. It includes three pins: 
Gnd, Vcc and Signal pins. Vcc is connected to 
the supply voltage of the system and                  
signal-pin to the Ao pin of Atmega328P 
Microcontroller. 
 
Pin8 and Pin9 of Atmega 328P is connected to 
transmit and receive pins of ESP8266. Pin5 
(charge pin) of Atmega328P is connected to 
transmitter of wireless charging unit (WCU). The 
output of transmitter circuit of WCU is connected 
to the transmitting coil. In a wireless power 
transmitter, incoming power is converted to a 
high frequency oscillating signal. This oscillating 
current is then sent to a wire coil. Electric current 
flowing through a wire loop generates a magnetic 
field, so the oscillating current creates a pulsating 
magnetic field around the transmitting coil. At the 
other end, receiver coil is connected to receiver 
circuit of charging unit. The power receiver has 
another wire coil, which picks up the magnetic 
field from the transmitter when placed near it. 
Since a varying magnetic field generates an 
electrical current in a wire loop, the transmitted 
magnetic field is converted to an electric current 
in the receiving coil. The charging condition of 
charging unit is indicated with the help of an 
LED. 

 

 
 

Fig. 2. Circuit diagram 
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Fig. 3. Flowchart 
 
Only TX and RX pins of ESP8266 are used here 
along with Vcc and Gnd.ESP8266 is connected 
to cloud which in turn connects to Mobile/Web 
App.  
 
Fig 3 proposes a model flow chart of the 
proposed work. 
 

4. RESULTS AND DISCUSSION 
 
A system of electrical conduction controls the 
contraction of the heart's distinct chambers, 

regulating the pumping motion of the heart. An 
electrical stimulus is generated by the Sinus 
Node. The electrical impulse travels from the 
Sinus Node (SA) to the atrioventricular node 
(also called AV node). During the triggering 
process i.e., hitting the node, it should avoid 
charging (stop charging). When it is released, the 
charging circuit will go ON. This is like the 
negative rhythm of the heart. The working model 
is depicted in Fig 4. The charging unit includes                
2 controls: one control is completely ON or               
OFF. 

 

 
 

Fig. 4. Electrical impulse generation model 
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Table 1. Results findings 
 

Sl No Metric Result 

1 Efficiency of wireless charging unit 95% 
2 Accuracy of vital data analysis >98% 
3 Reliability of IoT communication 99.90% 
4 Reduction in patient visits to the doctor 50% 
5 Improvement in patient satisfaction 75% 
6 Average time to detect arrhythmia 10 minutes 
7 Average time to detect pacemaker failure 24 hours 
8 Average battery life of pacemaker 10 years 
9 Reduction in cost of pacemaker care 20% 

 
Another control is that when it is ON it should go 
in sync with heart rate. Data i.e., ON signal is 
received from CLOUD and sent to ESP. From 
ESP data i.e. switch signal goes to UNO and 
hence UNO controls the charging circuit. Thus, 
UNO sends heart rate data to ESP and ESP 
sends switch signal to UNO. If data obtained 
from ESP is one, the charging unit is turned ON. 
If the data from ESP is zero, the charging unit is 
turned OFF. The charging condition of the 
charging unit is indicated with the help of an 
LED. The parameters affecting output are noise 
and blood rush. 
 

5. CONCLUSION 
  
Pacemakers are life-saving devices that help 
people with heart conditions to regulate their 
heartbeat. However, pacemaker patients need to 
be monitored regularly by a doctor to ensure that 
their devices are functioning properly. This can 
be difficult and expensive, especially for patients 
who live in remote areas or who cannot afford to 
visit a doctor frequently. A new system is being 
proposed that use machine learning to monitor 
pacemaker patients remotely. This system would 
collect data from the pacemaker, as well as other 
health metrics such as temperature, blood 
pressure, and glucose levels. This data would 
then be analyzed by a machine learning 
algorithm to identify any potential problems. If a 
problem is identified, the system will alert the 
concerned doctor.  
 
This system has the potential to improve the 
quality of life for pacemaker patients in several 
ways. First, it would allow patients to be 
monitored more frequently, without having to 
travel to see a doctor. Second, it could help to 
detect problems at an early stage, before they 
cause serious complications. Third, it could help 
doctors to personalize pacemaker settings and 
care plans for each patient. Overall, the system 
proposed in this paper has the potential to 

revolutionize the way pacemaker patients are 
monitored and treated. 
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