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Abstract— With the rapid development of technology, the 

needs for health care systems research are increasing rapidly.  

Heart rate is one of the most important physiological 

parameter in healthcare.   People in the globe are affected with 

many diseases.  If a person is physically unfit, it may cause 

serious problems like obesity, cardiac arrests, etc.  We can 

use heart beat to predict whether the person is physically unfit 

or fit.  And this provides counter measures to avoid these 

serious problems.  Thus, it is very important to inform about 

person’s unhealthy life.  IoT and machine learning are used 

to predict when the person is in high risk.  Here, IoT (sensors, 

protocols, microcontroller boards) is used to collect data of 

heart beat and machine learning algorithm for prediction.  

However, sensors can face the challenges like motion 

artifacts and position to be chosen, the purpose of this paper 

is to implement a comfortable and easier way to measure the 

heart/pulse rate and analysis can be made. 
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I. INTRODUCTION 

Internet of Things is a new technology, which is widely used 

now-a-days.  It makes things to communicate with each other 

through devices and this communication takes place over the 

internet.  Implementation of IoT can improve the quality of 

lives [1].  There are various factors which plays a major role 

in implementation of such technology are security, privacy, 

sensing, data communication, integrity and authenticity [2]. 

The future of the IoT is expected to have significant 

growth in home, healthcare and business applications which 

increases the economical growth.  Medical care and health 

care are the most attractive application areas in IoT [8] and it 

is considered as a backbone of IoT.  IoT in health care gives 

support to fitness programs, chronic diseases, remote health 

monitoring, and elderly care.  These services are expected to 

reduce costs, increase the quality of life, and enrich the user’s 

experience [8]. 

A normal heart rate for adults ranges from 60 to 100 

beats per minute.  A lower heart rate implies better 

cardiovascular fitness and more efficient heart functions.  For 

example, an athlete might have heart rate closer to 40 beats a 

minute; hence heart rate varies from person to person and 

from time to time.  From heartbeat a real time diagnosis can 

be made. 

There are two ways in which heart rate can be 

monitored.  One way is to check the pulse rate either at neck 

or wrist and the other way is to use sensors.  The easiest way 

to monitor the heart rate is using a Sensor.  The Wireless 

Sensor Networks (WSNs) have been widely used in health-

care.  Sensors include heart beat sensor, pulse sensor, 

electrocardiogram sensor, PPG heart rate detection module.  

These sensor nodes are worn on or implanted into the human 

body to measure the vital parameters (pulse, heart rate, blood 

pressure) [7]. 

IoT devices could be the part of the interconnected 

world.  Sensors are connected to the devices called arduino or 

raspberry pi or pic microcontroller which are single based 

microcontroller.  Communication technologies enable IoT 

devices to communicate with smart devices.   The 

communication technologies can be Wi-Fi, Bluetooth, zigbee 

and z-wave.  Individual’s heart information is collected by the 

sensors and passed to back-end system.  The data (pulse 

rate/heart rate) that are collected can be used to predict the 

fitness of a person using machine learning algorithms.  The 

working principle is represented in Fig 1. 

 
Fig. 1: Flow Diagram 

II. WIRELESS SENSOR NETWORK (WSN) 

A. Heartbeat Sensor 

Heartbeat Sensor is an electronic device that measures the 

heart rate [heartbeat speed per minute].  For each beat, the 

LED flashes.  It normally works on the principle of light 

modulation by blood flow in a finger at each pulse.  The 

output from the sensor is in a digital format.  Heartbeat sensor 

comes in different sizes and shapes. 

B. Pulse Sensor/Heart Rate Detector 

The Pulse sensor is tiny and easy to use.   The pulse rate is 

counted per unit time [6].  It gives out digital pulse according 

to the heartbeat rate or pulse rate of the person.  No need to 

configure, calibrate and adjust the sensor.  The module is a 

truly plug, connected it to power and the output pin gives out 

digital pulses. 

C. Electrocardiogram Sensor 

The Electrocardiogram sensor (ECG or EKG) allows 

accessing the muscular and electrical functions of the heart.  

The electrical waves are measured by selectively placing the 

electrodes on the skin.  These electrodes monitor the activity 

of different parts of the heart muscle.  An EKG displays the 

voltage between pairs of these electrodes. 

D. PPG Heart Rate Detection Module 

PPG (Photoplethysmographic) is a heart rate monitoring 

module which uses PPG technology and power supply.  It 

normally communicates with the host MCU and it uses I²C, 
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SPI interfaces communication.  This micro module size is 

designed especially for wearable products/devices, but it 

suffers by motion artifacts [10]. 

Allegory 

Sensors Voltage Current O/P 

Heart beat 

sensor 

 

+5v DC 

regulated 

100 

mA 
Digital 

Pulse sensor 3.3 – 5V 4mA Digital 

ECG sensor 

 
3.3V 4mA Analog 

PPG 

 
3.3~3.6v DC 2.3mA Analog 

Table 1: Comparison Table for Different Sensors 

On comparing these sensors (table 1), pulse 

sensor/heart rate detector is considered a best one because of 

its accuracy in heart rate and gives definite data.  It gives the 

clear indication of cardiac system.  And it is more convenient 

to use.  It is a harmless sensor that can be worn on a fingertip. 

III. MICROCONTROLLER BOARDS 

A microcontroller board is a Printed Circuit Board (PCB) 

combined with a processor, chipset, serial port, memory, SD 

card slot, Ethernet, etc.  The open source tools that is best 

suited to work with the IoT are arduino, home assistant, zetta, 

device hive, thing speak, raspberry pi. Table 2 represents the 

comparison table for microcontroller boards. 

A. Arduino 

Arduino is an open source computer with flexible and easy to 

use software and hardware components [9].  It is designed by 

using a various microprocessor and controllers.  It works in a 

serial communication interface.  They are pre-programmed 

with a boot loader and the programs are uploaded to on-

chip flash memory.  The main features of arduino are 5V 

(operating voltage), 8 bit, 16MHz, it is very simple to 

program and has analog I/O pins [13]. 

B. Raspberry pi 

Raspberry pi is a small, single board computer and open 

source software packages [9].  It can be operated with USB 

computer keyboard and mouse, USB storage, USB to MIDI 

converters and any other devices with USB capabilities.  In 

order to provide consistency of time to file system, the Pi 

automatically saves the time when re-installing, on booting 

and on shutdown.  It is easy to develop many applications 

using raspberry pi [13]. 

C. PIC Microcontroller 

PIC microcontroller is a type of microcontroller and made by 

microchip technology [14].  PIC is referred to Programmable 

Intelligent Computer.  They are popular because of low cost, 

large user base, wide availability, and extensive collection of 

application notes, serial programming, free development tool 

and re-programmable Flash-memory capability [14]. 

D. Allegory 

Arduino is the best one while comparing with other devices.  

Arduino board is easy to use, makes coding very easy and fast 

since there are many functions in arduino software which 

cannot be possible in simple microcontroller.  The main 

advantage of arduino is automatic unit conversion capability. 

 Arduino 
Raspberry 

pi 
Pic 

Type 

Single based 

microcontrolle

r 

Single 

board 

computer 

Single based 

microcontrolle

r 

CPU 
Atmel AVR, 

ARM cortex 

Quad core 

ARM 

Cortex 

ARM Cortex 

Memor

y 
SRAM 

1GB 

LPDDR2 

RAM 

EEPROM 

Storage 
EEPROM, 

Flash 

MicroSDH

C slot 

EEPROM, 

Flash 

Table 2: Different Microcontroller Boards 

IV. COMMUNICATION PROTOCOLS 

The communication protocols provide a improved insight 

into the functionality and actual meaning of IoT [3].  Objects 

are connected together with the help of communication 

technologies like Wi-Fi, Bluetooth, Z-Wave, ZigBee and 

LoRaWAN to deliver smart services.  The wireless 

communication protocols commonly used are discussed. 

Table 3 represents comparison table for different protocols. 

A. Wi-Fi 

Wi-Fi exchanges data using radio waves within the range of 

100m.  The most common Wi-Fi standard which is used in 

business and home is 802.11n [12].  It allows devices to 

communicate and exchange data without the help of a router.  

The frequency ranges from 2.4GHz and 5GHz bands [12]. 

B. Bluetooth 

Bluetooth allows devices to exchange data over short 

distances.  The most common Bluetooth standard is Bluetooth 

4.2 core specification [12].  It uses short-wavelength radio in 

order to minimize power consumption.  The Bluetooth special 

interest group (SIG) produced Bluetooth 4.1.  It provides 

high-speed, Bluetooth Low Energy and IP connectivity to 

support IoT. 

C. Zigbee 

Zigbee is a wireless communication protocol, designed for 

short-term communication with low-energy consumption [4].  

Zigbee protocol is created by zigbee alliance based on 

wireless IEEE802.15.4 [11].  The advantages of Zigbee are 

low cost, low data rate, low energy consumption, low 

complexity, reliability and security.  Zigbee network can 

support star, tree, and mesh topologies [4]. 

D. Z-wave 

Z-Wave is a short-term wireless communication technology.  

Z-wave is an MAC protocol which was developed by Zensys 

[11].  It has the ability to connect 30-50 nodes.  It will be 

suitable for small message applications like healthcare 

control, energy control and light control.  The main objective 

of Z-wave is to provide reliable transmission and supports the 

dynamic routing technology. 
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E. LoRaWAN 

LoRaWAN is a protocol based on Long Range (LoRa) radio 

and maintained by LoRa Alliance [4].  It is optimized for low 

power consumption and supports millions of devices to form 

a larger network [12]. 

F. Allegory 

Zigbee consumes low power and able to cover distance up to 

100m.  It is more efficient and cheaper in production.  The 

data transfer is more reliable and secured.  It is easy to deploy, 

and it can be implemented with any type of microcontroller.  

So, zigbee is better than other wireless technologies. 

Protocols Range Data rates 

Wi-Fi Approximately 50m 
600 Mbps 

maximum 

Bluetooth 
50-150m 

(Smart/BLE) 

1Mbps 

(Smart/BLE) 

ZigBee 10-100m 250kbps 

Z-Wave 30m 9.6/40/100kbit/s 

LoRaWAN 2-5km 0.3-50 kbps. 

Table 3: Comparison Table for Communication Protocols 

V. MACHINE LEARNING ALGORITHMS 

Machine learning algorithm is used for prediction.  It is one 

of the applications of artificial intelligence (AI) which allows 

the system to learn automatically without human intervention 

and able to improve the ability from experience without any 

explicitly programs.  This learning process begins with data 

or observations for finding the patterns in data and allows 

making better decisions in the future.  The commonly used 

machine learning algorithms for prediction are logistic 

regression, support vector machines, decision tree and 

artificial neural network. 

A. Logistic Regression 

Logistic regression is a predictive analysis.   It can be used to 

describe data and denotes the relationship between dependent 

binary variable and independent variables.  This supervised 

learning measures the connection between two data sets: 

watched information X and an outer variable y which are 

attempting to anticipate, as a rule called "target" or "names," 

where y is a 1D cluster of n samples [6]. 

B. Support Vector Machine 

A support vector machine is a binary classification algorithm.  

It is a discriminate Classifier, characterized by an isolating 

hyper plane [6].  It is a frontier that segregates two classes 

(hyper-plane/line) accurately.  Support Vectors are co-

ordinates of each observation.  It is effective in high 

dimensional space.  It is memory efficient since it uses a 

subset of training points in the decision function. 

C. Decision Tree 

Decision tree is the most popular and powerful tool for 

prediction and classification.  It is a tree like structure, where 

each leaf node has a class label, each internal node tests the 

attribute, each branch represents result of the test, and each 

leaf node has a class label.  It provides a framework to achieve 

the probabilities and quantify the outcome values. 

D. Artificial Neural Network 

Artificial neural network is the tool which uses raw data for 

prediction.  It has the ability to learn, model complex and 

nonlinear relationships.   After learning their initial inputs and 

relationships, it can find unseen relationships from unseen 

data, and makes the model to generalize and predict.  It gives 

prognostic information according to retrospective parameter 

analysis.  It does not allow any restrictions in input 

parameters. 

E. Allegory 

Decision tree is the best one over other learning algorithms.  It 

implicitly performs feature selection and it requires little effort 

for data preparation from users.  It is more robust and able to 

handle non-linear effects and uses all predictors.  It need not 

assume normally distributed error terms.  Most probably, it is 

easy to implement and very efficient to train. 

VI. ARCHITECTURE 

The heartbeat is collected using pulse sensor; with the help of 

data, prediction is done whether the person is physically fit or 

unfit.  Figure 2 represents the working of the system. 

 
Fig. 2: Data Collection & Predictive Analysis System 

VII. CONCLUSION & FUTURE WORK 

Earlier prediction of disease may lead to cure or longer 

survival.  Heart rate is one of the important parameter to 

check whether the person is physically fit or not.  A real-time 

pulse rate/heart rate monitoring with pulse sensor provides an 

accuracy and stability in heart rate detection.  After obtaining 

the parameters, the device [arduino] will send data via 

communication technology like zigbee.  Prediction is done 

using data sets with the help of learning algorithm [logistic 

regression].  It is a solution to overcome barriers to improve 

health care in low- and middle-income countries.  The next 

step in this work would be, along with the heart rate/pulse 

rate, galvanic skin response is used to detect the mood of a 

person at that time.  And also for more accurate results, neural 

networks can be used in the future. 
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