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Abstract

This project focuses on real-time monitoring of patients' heart rate. The
proposed method uses a heart rate sensor controlled by a microcontroller.
Heart rate readings are displayed on the LCD screen. A heart rate monitor
IS used to record your heart rate over time and calculate your heart rate
per minute. The main goal is continuous monitoring of the patient's heart
rate, which should be available to the attending physician. Healthcare
workers in hospitals are responsible for patient healthcare. The patient's
heart rate is continuously monitored and records are kept. The main
components of this system are the power supply, Atmega328
microcontroller, heart rate sensor and LCD display. This is very important
as we can also use it for people with heart palpitations and to know the

actual heartbeat.
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Chapter One

Introduction



1.1 Introduction
Patients living at home face many challenges due to significant differences

in healthcare standards and availability of prompt care in emergency
situations. This condition can be especially serious for those suffering from
serious medical conditions such as heart disease or diabetes. The need for
stable and reliable assistive technology is of paramount importance when
caring for patients who are not at home. The situation becomes even more
critical for those who are bedridden, as in addition to their existing disability,
they face additional health problems that worsen their condition. This
highlights the need for increased care and vigilance on the part of caregivers.
A device that can address all of these issues would be of great benefit to
patients confined to bed at home. The main objective of our project is to
develop a working prototype of an assistive device specifically designed for
bedridden people. This device will continuously monitor the patient’s heart
rate and will be connected to a sensor unit with a customizable app designed
to activate an alarm system. The main components of this project are a heart
rate sensor, an Arduino Uno, and an LCD screen.[2].

The heart is an important organ in the human body that is located in the middle
area between the lungs in the chest cavity, especially behind the sternum and
slightly inclined to the left. Its dimensions are slightly larger than a fist and
its weight is between 200 and 425 grams. The heart beats about 100,000 times
a day and acts as a double pump that circulates about 7,600 liters of blood a
day. The right side of the heart receives deoxygenated blood from different
parts of the body and then pumps it to the lungs for oxygenation. However,
the left side of the heart receives oxygen-rich blood from the lungs and
distributes it throughout the body. This continuous movement of blood
through the heart and throughout the body is called the circulatory system.
It is important to note that blood leaves the heart through arteries and returns
through veins, where veins are the vessels that return blood to the heart, while
arteries carry blood away. They do. As shown in fig (1.1).
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Fig(1.1) the heart

Heart rate is a vital sign that doctors usually assess when a patient is
admitted. Heart rate refers to the rate at which the heart contracts and relaxes
over a period of time, usually measured per minute. This frequency varies
depending on age. For adults 18 years and older, a normal resting heart rate is
approximately 72 beats per minute (bpm). Heart efficiency can be determined
by a lower heart rate during periods of rest. Infants have significantly higher
heart rates, averaging around 120 beats per minute, while older children
typically have heart rates around 90 beats per minute. A heart rate below
normal indicates bradycardia, while a heart rate above normal indicates
tachycardia. The output of the heart rate sensor is connected to a
microcontroller that processes the information and displays it on the LCD
screen.. [3,4]

If the heart rate is lower than the normal heart rate, it is an indication of a
condition known as bradycardia and if the heart rate is higher than the normal
heart rate, it is an indication of a condition known as tachycardia. The output
of the heart rate sensor is connected to the microcontroller. The
microcontroller processes this data and displays it in LCD. [5,6,7]
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1.2 Aim of The Study

The goal is to create a high-precision heart rate monitor using Arduino that
can display the heart rate on a 16x2 LED screen. This device is designed to
track the heart rate of a patient, the results of which are available to the
attending physician. In a hospital setting, monitoring the patient's health is
carried out by medical personnel who constantly monitor and document the
patient's heart rate. The most important components of this system are the
power supply, the Atmega328 microcontroller, the heart rate sensor, and the
LCD display..
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2.1 Heart beat monitoring

A heart rate monitor is a personal device designed to measure your heart
rate in real time or record it for later analysis. Early models included a
monitoring unit attached to your chest with a series of electrode cables. The
resting heart rate of a healthy adult is about 72 beats per minute, a child's heart
rate is typically about 120 beats per minute, and older children's heart rate is
about 90 beats per minute. During physical activity, your heart rate gradually
increases and returns to your resting level more slowly after exercise. The
time it takes for your heart rate to return to normal is an indicator of your
fitness level. A heart rate lower than normal may indicate a condition called
bradycardia, while a higher heart rate is called tachycardia. Your heart rate
can be measured by placing your thumb on your arterial pulse and then timing
it by counting your heartbeats at 30-second intervals. The heart rate in beats
per minute is then calculated by multiplying the calculated beats by two.
Although this method is simple, it lacks accuracy, especially at higher levels.
More advanced methods of measuring heart rate use electronic methods, with
the electrocardiogram (ECG) being one of the most commonly used methods,
although more expensive. In addition, affordable wristwatches are available
to monitor heart rate in real time. Although these devices can provide accurate
measurements, they often cost more than a few hundred dollars, making them
more affordable. Therefore, heart rate monitors are valuable tools for
assessing the heart rate of individuals or patients.. [10,11,12]

2.1.1 Significance of Heart

The heart functions as a pump, circulating blood that is rich in oxygen and
nutrients throughout the body to maintain its operations. During physical
exertion, the heart rate fluctuates in direct relation to the level of effort being
applied. By measuring the electrical signals generated by the heart's
contractions, one can easily monitor its rate, which serves various health-
related purposes. The heart beats vigorously to deliver oxygenated blood to
the muscles while also facilitating the removal of metabolic waste products.
Monitoring the heart rate during exercise provides valuable insight into the
effectiveness of the workout in enhancing overall health. [13,14]
2.1.2 Measuring heartbeat
Modern technology encompasses both optical and electrical monitoring
systems. The electrical approach necessitates a cumbersome strap that is worn
around the chest. In contrast, the optical method eliminates the need for such
a strap, offering a more convenient alternative. Several challenges exist in the
development of heart monitors. Primarily, it is essential to identify the
technology employed for pulse measurement. An economical solution for



pulse detection involves the integration of a light-emitting diode (LED) and
a photo-sensor.[15,16]
2.1.2.1 Electrical Method

Heart rate chest straps utilize electrodes to detect the electrical impulses
produced by your heartbeat. This data is transmitted to a receiver Via radio
signals emitted by the chest strap. The receiver subsequently analyzes this
information to determine your heart rate. Certain monitors feature
"encrypted signals,” which embed a unique code within the radio
transmission, thereby preventing receivers from picking up signals from
other nearby devices. Although this concern may not always be critical, it
can lead to inconvenience or data corruption. Furthermore, this approach has
several drawbacks, including the possibility of inaccuracies and the
complexity of wiring connections across the body.

2.1.2.2 Optical Method

This optical method uses the natural behavior of small subcutaneous
blood vessels known as capillaries, located in well-perfused areas of the
skin, such as the fingertips or the edges of the ears. These vessels undergo
rhythmic expansion and contraction in tandem with the heartbeat. A
combination of standard infrared LEDs and phototransistors can detect
these subtle fluctuations as changes in skin contrast. This approach uses the
principles of transmission and reflection. It is a non-invasive way to
measure heart rate without the need for physical attachment or insertion
into the body. It is also accurate and cost-effective.[17,18]. As shown in fig
(2.1).

Fig (2.2) Optical measuring meth
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3.1 Materials

This Heartbeat system consists of four main parts which are:

power Supply
Microcontroller unit
Heart beat sensor
Display.

All these components are encased in a plastic box with the following
dimensions:

1. 'Length=11cm
2. 'Width =11 cm
3. 'Height =6 cm

The volume for the box = 726 cm?

3.1.1 The power Supply
The power supply unit of this device is rechargeable and
consists of:

Li-ion Battery 9volt

9V battery connector

Charger

Power Switch with LED indicator



3.1.1.1 Li-ion Battery 9volt

A nine-volt battery, commonly known as a 9-volt battery, serves as an
electrical power source that provides a nominal voltage of 9 volts. The
actual output can vary between 7.2 and 9.6 volts, depending on the
particular technology utilized. These batteries are produced in various
sizes and capacities, with the PP3 size being particularly prevalent.
The PP3 battery features a rectangular prism design with rounded
corners and is equipped with two polarized snap connectors located at
the top. This type of battery is widely utilized across numerous
applications.[19,20] As shown in fig (3.1).
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Fig (3.1) Li-ion Battery 9volt

3.1.1.2 9V battery connector + DC jack (battery connector cover)

Fig(3.2) 9V battery connector



Fig(3.2) 9V battery connector



3.1.1.3 Charger

A battery charger, also known as a charger, is a device designed to supply
power to a battery pack or rechargeable battery by passing an electric current
through it. The charger used is a 5V 1A type with a micro USB port..[21] As
shown in fig (3.3).

Fig (3.3) Battery charger

3.1.1.4 Power Switch with LED indicator
A three-ampere switch regulates the power supply to the device. Additionally, the

system features a 5mm LED that illuminates when the system is activated. As shown
in fig (3.4),(3.5).

Fig (3.4) Power switch



Fig (3.5) Light emitting diode (LED)



3.1.2 Microcontroller Unit

To control the input and output data, we used Arduino Uno, which is based on the ATMEGA328
microcontroller.

3.1.2.1 Arduino Uno

Arduino Uno is an open source microcontroller board that uses Microchip
Atmega328P microcontroller and was developed by Arduino. The board has a
large number of digital and analog input/output (1/0O) pins that allow connection
to a variety of shields and other electronic circuits. It includes 14 digital 1/0
ports, six of which support pulse width modulation (PWM), as well as 6 analog
I/0 ports. Programming is done through the Arduino Integrated Development
Environment (IDE) using a USB Type-B cable.  This board can be powered via
a USB connection or an external 9V battery with a voltage range of 7-20V. This
board is similar to the Arduino Nano and Leonardo models. The hardware
reference design is available under the Creative Commons Attribution Share-All
2.5 license..[22] As shown in fig (3.6).

SR W ARDUING  €C « BADE IN XTALY

Fig(3.6) Arduino Uno
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3.1.2.2 Arduino board contents
There are many Arduino boards available, each designed for a specific

application.While some boards may look slightly different, most Arduino boards
are made up of similar parts..[18]

Fig(3.7) Arduino sub-tokens

e Power Input (CD/USB jack)
All Arduino boards need some way to be connected to a power source. Arduino
Uno can be powered via a USB cable from a computer or from a wall outlet using
a Barrel Jack. In the picture above, the number (1) refers to the USB connection,

while the number (2) refers to the cylinder socket. Also, through the USB
connection, the code was uploaded to the Arduino board. To learn more about

how to program the Arduino, you can read this tutorial on Installing and
Programming Arduino (coming soon).
e Note: Do not use any power supply greater than 20V because the Arduino cannot
handle a voltage greater than that, and it will be destroyed. The recommended
voltage for most versions of Arduino is between 6 and 12 volts. Ports (pins) (5V,
3.3V, GND), Analog, Digital, PIWM, AREF.

The ports on the Arduino are where you connect wires to build an electronic
circuit (using a breadboard and wires). These ports often have black, plastic
"heads" that allow you to attach a wire to the breadboard. There are different
types of ports, each with a name or symbol next to it written on the board to
differentiate them, and they have many different functions.
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e GND(@3):
abbreviation for ground. There are several GND ports on the Arduino board, any
of them can be used to ground the circuit.
= 5V (4) and 3V (5): These are the two ports for powering the
components
= that connect to the Arduino. The 5V port supplies 5V, while the
3.3V
o port supplies 3.3V. Most of the simple components that are used with
o Arduino work fine at 5 or 3.3 volts
e Analog (6):
The ports in the area below the word "Analog In" (A0 through A5 on the Arduino
Uno) are the analog inputs. These ports can read the signal coming from the
analog sensors (such as a temperature sensor) and then convert it into a digital
value that we can read.
e Digital (7):
On the other side of the analog pins are the digital pins (0 to 13 on the Arduino
Uno). These ports can be used for both digital input (eg telling you if a button
is pressed) and digital output (eg LED lighting).
e PWM (8):
= You may have noticed the (~) sign next to some of the digital
ports (3, 5, 6, 9, 10, 11 on the Arduino Uno). These ports can
function as regular digital ports, but they can also be used for
something called pulse-width modulation. There is a lesson on
PWM (coming soon), but now imagine that these ports can
simulate an analog output port.
e AREF (9): Anabbreviation for "Analog Reference," this port is typically non-
functional. However, it may occasionally be utilized to establish a maximum
external reference voltage, ranging from 0 to 5 volts, for the analog input ports.
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e Reset Button (10)

Similar to the original Nintendo console, the Arduino is equipped with a reset
button. When this button (10) is activated, the reset port is momentarily grounded,
resulting in the deletion of any code currently loaded onto the Arduino and the
restoration of the device's original driver as it was at the time of purchase. This
feature can be beneficial if your code is not recursive, although it may require
several attempts to achieve the desired outcome. In contrast to the Nintendo,
blowing into the Arduino will not resolve any issues.[23,24]

e Power LED Indicator (11)

At the bottom right of the word “ONO” on the Arduino board, there is a small
LED next to the word “ON” (indicated in the picture as the number 11). This
LED lights up when you connect the Arduino to a power source. If this light does
not work, there may be a problem, and you should check the circuit you installed.

e TXand RX LEDs (TX RX LEDs)

TX stands for transmit, while RX denotes receive. These abbreviations are
commonly used in electronics to identify the ports designated for serial
communication. In our case, there are two places on the Arduino Uno where TX
and RX appear - the first is next to the digital pins 0 and 1, and the second is next
to the illuminated transceiver diodes (12). These diodes give us an appropriate
indication to know if the Arduino is sending or receiving data (such as while
loading a new program to the Arduino board).

e main integrated circuit
The black thing with metal legs (13) An integrated circuit serves as the core

component of the Arduino, functioning similarly to a brain. The specific type of
integrated circuit utilized in an Arduino board can differ, with many boards
featuring components from ATMEL's Atmega series.

Prior to uploading any new software to the Arduino, it is crucial to identify the type of
integrated circuit in conjunction with the specific Arduino board being used. This
information is typically inscribed on the upper surface of the integrated circuit. For a
deeper understanding of the distinctions among various integrated circuits, consulting
the data sheets provided with the boards may prove beneficial.
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3.1.3 Heart rate sensor

The MAX30102 Pulse Oximeter and Heart Rate Sensor are low-power, 12C-
based biometric sensors designed for easy integration. It can be used by
students, hobbyists, engineers, and makers, as well as game and mobile
developers who want to integrate real-time heart rate data into their
applications. This module replaces the MAX30100 with the MAX30102, an
advanced integrated analog package. It combines dual diodes,
photodetectors,optimized optical components, and analog signal processing to
accurately measure pulse oximetry (SpO2) and heart rate (HR).[25,26]. As
shown in fig (3.8).

MAX30102

Photodetector RED and
d

IR LED

T

Fig(3.8)The MAX30102 has two LEDs - red and IR LED.

On either side of the window, the MAX30102 is equipped with two LEDs: red
and infrared. In front of these LEDs is a very sensitive photodetector. The
principle is to illuminate one LED at a time and measure the intensity of the
light reflected back to the detector. This light signature analysis can be used to
determine blood oxygen levels and heart rate..

3.1.3.1 Power Requirement
The MAX30102 chip necessitates two distinct supply voltages: 1.8V for the
integrated circuit and 3.3V for the red and infrared LEDs. Consequently, the
module is equipped with both a 3.3V and a 1.8V regulator.As shown in fig (3.9).
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3.3V
LDO Regulator

1.8V
LDO Regulator

Fig(3.9) LDO regulator in sensor max 30102

There is solder on the back of the PCB that makes it easy to select between 3.3V
and 1.8V logic levels. The standard power supply is 3.3V, which is the logic
level used by Arduino. However, you have the option to switch to 1.8V logic
level, depending on your needs. This feature allows you to connect the module
to a microcontroller that operates at 5V, 3.3V or 1.8V 1/O levels.

& @
. . . . Logic Level
GND RD IRD INY Selection Jumper

MHET 3
VINSDASTLGND _

w3
P0G

Fig(3.10)Transit select the logic level in the sensor max 30102

A key characteristic of the MAX30102 is its minimal power consumption, as it
operates at less than 600pA during measurement. Additionally, the device can
be placed in standby mode, reducing its consumption to merely 0.7pA. This
efficient power usage facilitates its integration into battery-operated devices,
including handsets, wearables, and smartwatches..[27,28] As shown in fig
(3.10).
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3.1.3.2 How MAX30102 Pulse Oximeter and Heart Rate Sensor
Works?

The MAX30102, like all optical pulse oximeters and heart rate sensors, consists
of two high-intensity light-emitting diodes (LEDs) that emit red and infrared
light at different wavelengths, as well as an optical sensor. Specifically, the
wavelength of these LEDs is 660 nm for red light and 880 nm for infrared
light.[32,34] As shown in fig (3.11).

\)y

Photo Red and IR

F'ig (3.1A1)':MAX30102 heart rate sensor

The MAX30102 works by shining two light sources onto the shoulder,
earlobe, or other areas where the skin is too thin to allow effective light
penetration. It then measures the amount of reflected light using an optical
detector. This method of detecting pulses using light is called
photoplethysmography.

Technical Specifications
Table of Here are the technical specifications:

Power supply 3.3V to 5.5V

Current draw ~600uA (during measurements)
~0.7pA (during standby mode)

Red LED Wavelength 660nm

IR LED Wavelength 880nm

Temperature Range -40°C to +85°C

Temperature Accuracy +1°C

18| Page




3.1.4 Display

An LCD (Liquid Crystal Display) screen is an electronic display module used in a
variety of applications. A 16x2 LCD display is a basic module that is often used in
a variety of devices and circuits. Specifically, the 16x2 LCD can display up to 16
icons across two rows.Each letter on this screen is represented by a 5x7 pixel
matrix. This intelligent alphanumeric matrix dot display shows a total of 224
different signs and symbols. The blue backlit LCD is very useful for monitoring
your heart rate and body temperature. Dimensions are 16 x 2..[35] As shown in fig
(3.13).

Fig (3.12) LCD display 16x2
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3.2 Working Principle

The proposed methodology aims to develop an automated health
monitoring system. The purpose of this system is to continuously monitor the
patient's heart rate and display the data to the doctor through technology. In
healthcare facilities, the patient's health is usually monitored by hospital staff.
The patient's heart rate is regularly monitored and detailed records are kept.
The essential components of this system include a power supply, an
ATmega328 microcontroller, a heart rate sensor, and an LCD display. An
ATmega328 microcontroller acts as a central processor for monitoring the
patient's heart rate. The functionality of this proposed health monitoring
system can be illustrated using a block diagram.[36,37]. As shown in fig
(3.14).

Fig(3.13) Device block diagram
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This block diagram illustrates the connections of the LCD module, where the
four data pins—D4, D5, D6, and D7—are linked to pins 1, 1, 1, and 1 on the
Arduino UNO. Additionally, a 10K€Q resistor is attached to pin 3 of the LCD,
which serves as the brightness adjustment pin. The RS and E pins of the LCD,
designated as pins 3 and 5, are connected to pins 1 and 1 on the Arduino UNO.
Furthermore, the output from the heart rate sensor module should be
connected to the analog input pin (pin 1) of the Arduino.[38,39] As shown in
fig (3.15).
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Fig (3.14) Internal components of the device

To start the process, insert any finger (except the thumb) into the sensor
clamp and press the switch (button).The Arduino will analyze the data
received from the sensor to determine your heart rate, which will be
displayed in beats per minute (bpm). During the data collection phase, it is
recommended to sit comfortably and avoid any movement of the wire as
this can lead to inaccurate readings. Once the results are displayed on the
LCD, you can perform another test by simply pressing the reset button on
the Arduino and repeating the procedure.[40,41,42]
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Fig (3.16) External components of the device.
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Chapter Four

Results and
Conclusion



4.1 Comparison of readings between a heart rate sensor
and a pulse oximeter

Patients name Patients age Device heart rate Pulse oximeter
karar ali 18 83 83
abd hasn 13 72 72
gheth ali 35 69 72

mohammed 23 81 81

abbas

abrahem ali 25 61 72
hussan faez 22 68 74
kazem saker 40 88 88
Mustafa ali 24 78 80
ali hasn 52 82 74
greda nasr 56 85 85
aya akel 24 90 90
shkre krem 61 76 81
gder naser 23 81 81
noor ali 48 66 78
greba naem 56 69 69
twfek frag 39 70 70
ngah zher 41 84 112
ali bder 32 78 78
naser abbas 38 67 86

furgan nasser 23 65 71

hsnen ali 43 70 83
wsen kamel 37 72 72
adnan hwas 57 79 89

zahraa basem 19 72 75

total no.of values —total no. true value detect
) *100%

Accuracy =(1

total no.of values

25-11

=(1 -2 *100%

25

= 44%



4.2 Heart rate sensor diagram and oximeter

120

100

80
m39
60 m70
m 702
40
20
0
ngah zher ali bder naser abbas furgan nasser  hsnen ali wsen kamel
Fig (4.1) The first diagram of the heart rate sensor and oximeter
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Mustafa ali ali hasn greda nasr aya akel shkre krem

Fig (4.2) The second chart of the heart rate sensor and oximeter
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Fig (4.3) The third chart of the heart rate sensor and oximeter




4.3 Results
When the power supply is active, the green LED on the device will light
up, indicating that the circuit is working properly. The system includes a
heart rate sensor that measures your heart rate and then displays it on an
LCD screen[.43,45,46] As shown in fig (4.1).

Fig (4.4) The device While working

The measured data is sent through the sensor, and the heart rate meter
has a custom Arduino programmed that is used to display the data on the

device screen.
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4.4  Conclusion

This project involves the analysis of a patient health monitoring system
focusing on human heart rate monitoring. Heart rate is assessed using a light
emitting diode in conjunction with a lit LED. The data is processed by an
Arduino Uno and displayed on a screen, allowing the doctor to evaluate the
readings and determine if the person is experiencing a health crisis.

4.5 Future Applications and Developments

e The device is capable of connecting to a PC via serial output, allowing the
measured heartbeat data to be transmitted for subsequent online or offline
analysis. Notifications regarding any health abnormalities can be presented.
Additionally, sound alerts can be enhanced to be more engaging. The output
can also be transmitted to mobile devices using either a GSM module or a
Bluetooth module for further examination. Furthermore, additional
parameters, such as blood pressure, can be incorporated into the device. The
system can be equipped with a GSM module, enabling it to send alert
messages to healthcare providers. As new sensors become available or
advancements in biomedical technology occur, more parameters can be
monitored, significantly enhancing the effectiveness of the monitoring
system within the biomedical sector.

31|Page



References

1. M. M. A. Hashem, R. Shams, Md. A. Kader and A. Sayed, “Design and
development of a heart rate measuring device using fingertip,” 3rd IEEE
International Conference on Computer and Communication Engineering
(ICCCE'10), Kuala Lumpur, Malaysia, May 11-12, 2010.

2. M. Navale, S. Damare, R. Chavan, R. Dube, and S. Patil “Android Based
Heart Monitoring and Reporting System”, International Journal of Advanced
Research in Computer and Communication Engineering Vol. 3, Issue5, May
2014.

3. Bandana Mallick, Ajit Kumar Patro, “Heart rate monitoring system using
fingertip through arduino and processing software”, International Journal
of Science, Engineering and Technology Research (IJSETR), Volume 5,
Issue 1, January 2016.

4. Hashem et al., —’Design and development of a heart rate measuring
device using fingertip”, IEEE International Conference on Computer and
Communication Engineering (ICCCE), 2010.

5. P. Venkat Rao, V.Akhila, Y.Vasavi, K.Nissie, “An 10T based patient
health monitoring system using Arduino Uno”, International Journal of
Research in Information Technology (IJRIT), Volume 1, Issue 1, Engin et all,
“portable heart rate monitoring system” 14th national conference on
biomedical engineering, 20-22 may 2009, pp.1-4, ISBN: 978-1-4244-3606-4

6. Embedded Lab. PC-based heart rate monitor using arduino and Easy Pulse sensor.

http://embeddedlab.com/blog/?p=7485, 2013.

7. Hashem et al., —Design and Development of a Heart Rate Measuring Device

using Fingertipl, IEEE International Conference on Computer and communication
Engineering (ICCCE), ISBN: 978-1- 4244-6235-3, 2010.

8. Embedded Lab”Arduino measures heart beat rate from fingertip .

9. Neramitr C, Thadsanee T and Yuwathida C 2018 Heart rate measurement
and electrical pulse sign analysis for subjects span of 20-80 years. Journal of
Electrical Systems and Information Technology. 112-120

10. Embedded Lab. Introducing Easy Pulse: A DIY photoplethysmographic sensor
for measuring heart rate. 2012.

11. Britt, L. D.; Barie, Phillip S.; Peitzman, Andrew B.; Jurkovich, Gregory (2012).
Acute Care Surgery. Lippincott Williams & Wilkins. p. 707.

12. Kelly, Greg S. (March 2007). "Body temperature variability (Part 2): masking
influences of body temperature variability and a review of body temperature
variability in disease". Alternative Medicine Review. 12 (1): 49— 62.

13. Mackowiak, Philip A.; Wasserman, Steven S.; Levine, Myron M. (1992- 09-
23). "A critical appraisal of 98.6 degrees F, the upper limit of the normal body
temperature, and other legacies of Carl Reinhold August Wunderlich". Journal
of the American Medical Association. 268 (12): 1578-1580.

14. Sund-Levander, Martha; Forsberg, Christina; Wahren, Lis Karin (June 2002).

32|Page


http://embeddedlab.com/blog/?p=7485

"Normal oral, rectal, tympanic and axillary body temperature in adult men and
women: a systematic literature review". Scandinavian Journal of Caring
Sciences. 16 (2): 122-8.
15. Wong, Lena (2005). "Temperature of a Healthy Human (Body Temperature)".
The Physics Factbook. Retrieved 2007-08-22.
16. Sudipan Saha, Sutasom Bhaumik "SMS Based Wireless Global Range
Automation & Security System™ IEMCON,2011
17. Dr.B.Ramamurhy , S.Bhargavi, DR.R.ShashiKumar "Development Of a
Low-Cost GSM SMS-Based Humidity Remote Monitoring and Controlling
System for Industrial Applications” IJACSA, Vol 1, No 4,0ctober 2010.
18. Deepak Krishnan M Unnikrishnan, Vineeth Radhakrishnan, Denny C
Jacob, Akhil K.S. Arnrita Vishwa Vidyapeetham University, Arnritapuri,
Clappana "Wireless gadget for Home Bound Patients (using IEEE
Standard 1073 for Medical Device Communications)" 15th Oct 201I11EEE
19. Nitika "Multimesseging system using GSM modem™ IJAEST VoN. no. 11
Issue no. 1 157-161
20. Karandeep Malhi, Subhas Chandra Mukhopadhyoy "A Zigbee-Based
Wearable Physiological Parameters Monitoring System™ IEEE Vol.12 no. 3
March 2012.
21. Details ofIR Base Hear Rate Sensor www.sunrom.com
22. Arduino Uno data sheet www.arduino
23. R. G. Landaeta, O. Casas, and R.P. Areny, “Heart rate detection from
plantar bioimpedance measurements”, 28th IEEE EMBS Annual
International Conference, USA, 2006, pp. 5113-5116.
25. M. M. A. Hashem, R. Shams, Md. A. Kader and A. Sayed, “Design and
development of a heart rate measuring device using fingertip,” 3rd IEEE
International Conference on Computer and Communication Engineering
(ICCCE'10), Kuala Lumpur, Malaysia, May 11-12, 2010
25. M. Navale, S. Damare, R. Chavan, R. Dube, and S. Patil “Android
Based Heart Monitoring and Reporting System”, International Journal of
Advanced Research in Computer and Communication Engineering Vol.
3, Issue5, May 2014
27. N. Indumathy and K. K. Patil “Medical Alert System for Remote
Health Monitoring Using Sensors and Cloud Computing” International
Journal of Research in Engineering and Technology, vol. 3, no. 04, pp. 884-
888, 2014
28. Pulse oximetry explained, August 24, 2015
http://www.howequipmentworks.com/physics/respi_measurements/oxy
gen/oximeter/pulse_oximeter.htm
29. Matina Kiourexidou, Konstantinos Natsis, Panagiotis Bamidis, Nikos
Antonopoulos, Efthymia Papathanasiou, Markos Sgantzos, and Andreas
Veglis, “Augmented reality for the study of human heart anatomy”
International Journal of Electronics Communication and Computer

33|Page


http://www.sunrom.com/
http://www.howequipmentworks.com/physics/respi_measurements/oxy

Engineering, 2015.

30. J.Parak, J. Havlik, “ECG signal processing and heart rate frequency
detection methods”, Technical Computing 2011 at Prague, 2011.

31. Bandana Mallick, Ajit Kumar Patro, “Heart rate monitoring system
using

fingertip through arduino and processing software”, International Journal
of Science, Engineering and Technology Research (IJSETR), Volume 5,
Issue 1, January 2016.

32. Bhagya Lakshmi.J.M, Hariharan.R, Udaya Sri.C Nandhini Devi.P,
Sowmiya.N, “Heart beat detector using infrared pulse sensor”,
International Journal for Scientific Research & Development (1JSRD)
Vol. 3, Issue 09, 2015.

33. Nazmus Saquib, Md. Tarikul Islam Papon, Ishtiyaque Ahmad, and
Ashikur Rahman, “Measurement of heart rate using
Photoplethysmography”, 2015 International Conference on Networking
Systems and Security (NSysS), 2015.

34. Souvik Das, “The development of a microcontroller based low cost
heart

rate counter for health care systems”, International Journal of Engineering
Trends and Technology, Volume 4, Issue2, 2013.

35. Ch.Sandeep Kumar Subudhi, “Intelligent wireless patient monitoring
and

tracking system (using sensor network and wireless communication)”,
International Journal of Interdisciplinary and Multidisciplinary Studies,
Volume 1, Issue 3, 2014.

36. R. Rajand S. J. Jothi. “Estimation of heart rate from
photoplethysmographic signal using SVR method”. The International
Journal of Science & Technology, Volume 2, Issue 2, 2014.

37. Hashem et al., —”Design and development of a heart rate measuring
device using fingertip”, IEEE International Conference on Computer and
Communication Engineering (ICCCE), 2010

38. Sagar C. Chhatrala, Mitul R. Khandhedia, “Ubiquitous physiological
monitoring of SPO2 & heart rate”, International Journal for Research in
Technological Studies Vol. 1, Issue 2, January 2014.

39. Ufoaroh S.U, Oranugo C.O, Uchechukwu M.E, “Heartbeat
monitoring &

alert system using GSM technology”, International Journal of
Engineering Research and General Science Volume 3, Issue 4, JulyAugust,
2015.

40. Sankar Kumar S, Gayathri N , Nivedhitha D , Priyanka A S, “A cost
effective arduino module for bed-ridden patient’s respiratory monitor and
control”, International Journal of Advanced Research Trends in
Engineering and Technology (IJARTET) VOL. I, special issue XXI,
March 2015.

34|Page



41. Pushpa Gothwal, “Designing of PPG based Heart-beat Monitor”,
International Journal for Research in Applied Science & Engineering
Technology (IJRASET), August 2016.

42. P. Venkat Rao, V.Akhila, Y.Vasavi, K.Nissie, “An I0T based patient
health monitoring system using Arduino Uno”, International Journal of
Research in Information Technology (1JRIT), Volume 1, Issue 1, 2017.
43. Peng Zhou, Tianjin, China Fangfang Sui,Angiong Zhang, Fang Wang,
Guohui Li “Heart rate indication using musical data”, [EEE
Transactions on biomedical engineering, ISSN :0018-9294,INSPEC
Accession Number:7311368,PubMed ID : 12083308, VVolume:49 , Issue:
7, pp. 729 — 733, DOI :10.1109/TBME.2002.1010857.

44. Yokoyama, K. Ushida, J. Sugiura, Y.Mizuno,Mizuno, Takata, K
“Music

therapy on heart rate variability” 3rd Iternational conference on
Biomedical and Informatics (BMEI), Yantai , 16-18 Oct. 2010,
ISBN:978-1-4244-6495-1,Volume 3, pp. 965 — 968, DOI

45. Suzuki D, Takegawa Y, Terada, Tsukamoto, M. A “heart rate
presentation system for keeping music tempo in live performance”
Published in: IEEE 2nd Global conference on Consumer Electronics
(GCCE), 2013, Tokyo, 1-4 Oct. 2013, ISBN: 978-1-4799-0890-5,
pp.177 — 181, DOI: 10.1109/GCCE.2013.6664791

46. Chiu H.W, Lin L.S, Kuo M.C, Chiang, Hsu, C.Y. Using “heart rate
variability analysis to assess the effect of music therapy on anxiety
reduction of patients”,IEEE, 21-24 Sept. 2003 ISSN: 0276-6547, ISBN:
0-7803-8170-X, pp. 469 — 472, DOI: 10.1109/CIC.2003.1291194

47. Shih-Hsiang, Hsinchu, Yu-Chieh Huang, Ching-Yen Chien, Lei-Chun
Chou, Sheng-Chieh Huang, Ming- YieJan, “A Study of the Relationship
between Two Musica Rhythm Characteristics and Heart Rate
Variability (HRV)” 2008 IEEE Iternational conference on Biomedical
and Informatics (BMEI), sanya, 27-30 May 2008 , ISBN: 978-0-7695-
3118-2 Volume:2 , pp. 344 — 347 , DOI : 10.1109/BMEI.2008.305.

48. Rezal, Jannis, Mengko, “The development of heart rate variability
analysis software for detection of individual autonomic response on
music and Quran recitation” IEEE 2009 International conference on
electrical engineering and informatics, Selangor, 5-7 Aug 2009, ISBN:
978-1-4244-4913-2 VVolume 01, pp. 212 — 215, DOI:
10.1109/1CEEI.2009.5254787.

49. Fukumoto et all,“Extended interactive evolutionary computation using
heart rate variability as fitness value for composing music chord
progression” 2nd world congress on nature and biologically inspired
computing (NaBIC), Fukuoka, 15-17 Dec.2010, ISBN: 978-1-4244-
73779, pp. 407-412, DOI: 10.1109/NABIC.2010.571634.

50. Dousty et all,“The effect of different kind of music and silences on
electrical heart working”, 2010 17th Iranian conference of biomedical

35|Page



engineering, Isfahan, 3-4 Nov. 2010, ISBN: 978-1-4244-7483-7, pp. 1-4,
DOI: 10.1109/ICBME.2010.5704936

51. Lee Y et all,“Remote heart rate monitoring system based on
phonocardiography”, IEEE student conference on research and
development, 2002, pp. 27-30, ISBN: 0-7803-7565-3, DOI:
10.1109/SCORED.

52. Engin et all, “portable heart rate monitoring system” 14th national
conference on biomedical engineering, 20-22 may 2009, pp.1-4, ISBN:
978-1-4244-3606-4.

36|Page



	Book Cover (2)
	KG24-3918.pdf

