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devices enable patients or paralyzed people to be monitored
by their medical providers and authorized personnel from
distance.

Abstract— The advancement of the Internet of Things
technology is playing a key role in developing the health sector
by making it much more accessible and affordable through
easy to use applications for virtual and distant interactions
with patients. Taking the capability of IoT technology into
account, it is possible to overcome the difficulties faced by
physically unstable patients in consulting a doctor physically
on a regular basis. This work has led to a prototype of IoT
Based Remote Health Monitoring System for Patients. This
prototype consists of three health sensors: heart pulse sensor,
body temperature sensor and galvanic skin response sensor.
All these sensors were merged together into a single system
with Arduino Uno and Raspberry Pi combined together. The
data acquired from the sensors is transferred to a cloud
storage via the Raspberry Pi. The cloud storage is continuously
being updated in real time database. An Android Application
was developed using Android Studio which could access the
database and show a graphical representation of the health
parameters. IoT integrated with the health wearables can
overcome the need of visiting hospitals for primary health
issues. This also reduces the medical expenses for patients
significantly. In addition, the doctors can prescribe necessary
medications by observing the patient’s health stats over time
through an application. Detailed analysis of the signals was
obtained with respect to variations in physical and
environmental activities to understand the functioning of the
sensors used.

The cloud-based health monitoring system is capable of
detecting a medical emergency and could provide
biofeedback through early warning. The system allows
elderly patients to keep in touch with their family member
who could always be aware of their physical condition. This
is a remote health monitoring device so it could take all the
information and transfer the data onto the cloud which later
can be accessed by their medical providers and authorized
personnel. These devices may increase the chances of
surviving from unexpected diseases [4].
A. The architecture of the Internet of Things
The Internet of Things is a web-enabled system
consisting of integrated sensors, processors and
communications hardware all function together in order to
accumulate, transmit and perform on data from the
environment. This principle of the Internet of Things gives a
remote access to interconnected devices to its operators
through the use of wireless cloud technology. The devices
must have the luxury of connectivity, so that, they can
communicate with other smart devices far away from them
without any external intercession.
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Basically, there are four stages of designing an Internet
of things (IoT). Different stages perform different
operations. Stage 1 consists of how many things are
connected for getting primary data that could be utilized to
be analyzed further. Typically, it consists of several sensors
that can be either wired type or wireless type. In stage 2 the
collection of related data is performed so that they can be
linked to the internet. An analog to digital conversion is also
actuated in this stage. In stage 3 data preprocessing is

I. INTRODUCTION
Advancement of technology has allowed this generation
to use a miniature version of modern things. Through this
advancement, health monitoring system takes place into it
[1]-[3]. For personal healthcare, fitness, and medical
awareness, the use of remote health monitoring system has
gained a great popularity over recent years. As this kind
978-1-5386-8014-8/19/$31.00 ©2019 IEEE
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executed through IT systems before it goes to the final stage
(stage 4) where the filtered, analyzed, processed data is
stored in a cloud-based storage system in a conventional
back-end data system [5].

Figure 2: Variation of light attenuation by tissue (6)

Figure 1: Stages of IoT Architecture

C. Galvanic Skin Response
Galvanic Skin Response (GSR), also known as skin
conductance (SC) or electro-dermal activity (EDA) is one of
the most delicate measures of emotional arousal [9]. The
EDA controls the quantity of sweat excretion from sweat
glands. The sweat secretion plays a crucial role for
thermoregulation and perception, changes in skin
conductance in hand and foot regions are also triggered
quite impressively by emotional stimulation; the higher the
stimulation, the higher the skin conductance.

(5)

B. Principle of Photoplethysmography
The technique of photoplethysmography is one of the
modern-day non-invasive techniques for measuring the heart
rate. It utilizes the principle of emitting infrared light and
receiving it following the reflection and absorption of light
by biological tissues. The light traveling through the
biological tissues can be absorbed by different components
inside and result in certain characteristic changes of the light
received which can be further analyzed to monitor the heart
rate.

The sweat glands secrete moisture through pores
towards the skin surface whenever they are triggered by
stimuli. As a result, the balance between the ions of opposite
charges occur producing an electric current which can then
be measured for Skin Conductance; higher the Skin
Conductance, lower the resistance of the skin. This
phenomenon is termed Galvanic Skin Response [10].

A sequence of events takes place during a single
heartbeat, known as the cardiac cycle. The systolic phase
and the diastolic phase are the two phases of a cardiac cycle
[6]. The contraction of the heart to pump blood throughout
the whole body refers to the systolic phase, and the
relaxation of heart after heart contraction refers to the
diastolic phase. There is a significant change in the volume
of flow of blood in the blood vessels during this transition of
phases. This volumetric change is detected by utilizing a
Photo plethysmography sensor on the surface of the skin.
The sensor emits light and receives it following a series of
absorptions resulting in changes in light intensity of the light
received. Figure 2 exhibits a photoplethysmography
waveform showing components of alternating current and
direct current respectively.

II. HARDWARE ARCHITECTURE AND SOFTWARE
ARCHITECTURE

A. Hardware Architecture
The hardware architecture of this project consists of
Arduino Uno for sensing the body health parameters. The
Raspberry Pi accumulates this data into its server and
transfers it to the cloud server which is later accessed by the
Android application. The following figure shows the
architecture of the hardware implementation of the project.

The DC component resembles the transmitted or
reflected optical signal from the tissue which depends on the
structure of the tissue and the average blood volume of both
the arteries and veins. The changes in blood volume during
the transition of phases, systolic to diastolic and vice versa,
is exhibited by AC component; the heart rate is responsible
for the fundamental frequency of the AC component which
is then superimposed onto the DC component [7], [8].

Figure 3: Block diagram of the hardware architecture of a
remote health monitoring system
In order to carry out the project without any systematical
error, it was ensured beforehand that each of the
components was calibrated beforehand separate of. Later,
the individual setups were merged together so that the entire
system functions together to achieve the main goal of the
project. The following sections are descriptions of how the
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entire project was implemented sequentially and then
merged together to achieve the final output.
B. Software Architecture
The software integration is one of the most important
aspects of a remote health monitoring system. It is the brain
which learns to function according to the user’s flexibility.
Starting from the use of micro-controller IDE to the use of
Android Development Tool Kit makes up the software
architecture of the remote health monitoring system. The
extraction of data is done by Arduino IDE, an open-source
software for an easy code upload to the development board.
Following that the Raspberry Pi sends the data to cloud
storage. The cloud storage used is Google Firebase, which is
a mobile and web application development platform
developed by Firebase. Using the Android Studio, the app of
the project has been developed which can remotely access
the Google Firebase Database, but with the user to user
encryption. This secures the patient’s personal database to
be accessed by unauthorized personnel. The following
illustration shows the stages that have been used to develop
the software architecture of this remote health monitoring
system.

Figure 5: Circuit implementation of a heart rate monitoring
system
B. Implementation of galvanic skin response
The Galvanic Skin Response (GSR), also named
Electrodermal Activity (EDA) and Skin Conductance (SC),
is a degree of constant differences in the electrical features
of the skin, i.e., for instance, the conductance, caused by the
disparity of the human body sweating. The theory of the
GSR investigation assumes that skin resistance varies with
the state of sweat glands in the skin. Human body sweating
is controlled by the Autonomic Nervous System (ANS). In
particular, if the sympathetic branch (SNS) of the autonomic
nervous system is highly stimulated, then sweat gland
activity also increases, which in turn upsurges skin
conductance and vice versa. In this way, skin conductance
can be an amount of the human Sympathetic Nervous
System responses. Such a system is directly involved in the
emotional behavior regulations in the humans [11].

Figure 4: Software Architecture of remote health monitoring
system

Figure 6: Circuit implementation of measuring galvanic skin
response

III. IMPLEMENTATION OF THE PROJECT

C. Implementation of body temperature measurement
The skin plays a vital role in keeping the body
temperature at the optimum condition in order to ensure that
body enzymes functions at required optimum conditions. It
prevents our body temperature from rising or dropping to an
unhealthy level which, otherwise would be fatal having very
inconsistent body temperature as the enzymes won’t be able
to function properly.

A. Implementation of the heart rate monitoring system
The heart is the body’s one of the most vital parameters
through which the degree of a patient’s health can be
determined. An analysis of Electrocardiogram signals or
Photo plethysmography signals could lead to findings of
several types of heart-related abnormalities and diseases.
For this project, the principle of photoplethysmography has
been used to measure the heart rate and its corresponding
waveform. The hardware implementation of heart pulse
monitoring is very simple as it consists of an Arduino board,
Pulse Sensor and a couple of LEDs

Figure 7: Circuit implementation of body temperature
measurement
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or environmental factors to get a better understanding of
how the sensors work in accordance with some changes.
The following sections are analysis on the signals acquired
and how they have been merged to transfer the data to the
cloud storage for graphical representation on the android
application.

D. Merging of sensors to form a single system
After all the individual circuitry constructions and
calibrations were made, it was time to merge all the sensors
into the Arduino Uno to ensure it functions as a system of
one. There are two stages of this design, sensing, and
transmission. In sense, the Arduino Uno detects the values
from the sensors and processes it accordingly, while in
transmission, the Raspberry Pi 3B connected to Arduino
receives data from Arduino and through complex processing
and analysis, the data is transferred to the cloud storage
which can be later accessed for further analysis.

A. Analysis of PPG Signal from Heart Pulse Sensor
A heart rate of 121 BPM was obtained from the patient
that was monitored and IBI of 1826 ms. When the patient
was relaxed for few minutes, the heart rate dropped to
around 80-90 BPM. While excited or under physical stress,
the heart rate pumped up to above 120 BPM. These values
obtained with respect to behavioral changes and physical
stress were consistent with the theory.

Figure 7: Circuit connection of the merged system
The Raspberry Pi was programmed according to the
algorithms illustrated below. The sensor pins were
initialized at first, then raw data was taken from each of the
sensors. To measure the standard values of Heart Rate,
Body temperature and Galvanic Skin Response, the
corresponding library functions and mathematical formulas
were used to extract the standard values. Following that, the
extracted values of each of the sensors were stored in the
cloud storage which was later accessed by the developed
Android application for a remote visualization.

Figure 9: PPG Signal, Heart Rate, and IBI
B. Analysis of Galvanic Skin Response Signal
The Galvanic Skin Response is a measure of skin’s
conductivity and it is derived by simply measuring the skin
resistance of a patient. The following formula was used
while coding to measure the human resistance, hence, the
conductance of the skin:
Equation (1): Human Resistance =
((1024+2*Serial_Port_Reading) *10000)/(512Serial_Port_Reading)
[10]
The signal of electrodermal activity was difficult to
interpret due to random variations in the signal. However,
there were certain behaviors that were identified through
some physical activity of the fingers. When the skin was
under stress, the plotted graph showed a rise in conductivity
which is easily identified by the peaks of the graph. The
longer the duration of the stress, longer the duration of
conductivity as interpreted from the plots. On the other
hand, there was also a change in the pattern while the patient
breathed in and out. While breathing in, the conductance of
the skin increases and vice versa. Though it was difficult to
interpret the electrodermal activity through such variations
in the signal, the patterns could be identified easily through
some changes in physical behavior. Several patterns could

Figure 8: programming flowchart for Raspberry Pi and
Arduino Uno
IV. RESULT AND ANALYSIS
Initially, the hardware was implemented individually for
heart pulse monitoring, body temperature monitoring, and
galvanic skin response. For each body health parameters, the
obtained results were analyzed by changing the behavioral
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be established further by simply testing for different
environmental and physical conditions.

privacy. To prevent that, the application is encrypted with
login credentials for safety purposes.

Figure 13: Application requesting for login credentials
of the user
In addition, the user can select the modes of monitoring,
Doctor, Personal, and Relatives. Each of this mode is
assigned with a unique ID that can only be permitted by the
patient itself. The following figure shows the display of such
a feature.

Figure 10: A GSR Signal acquired from a patient
showing random variations while putting stress on the skin
of the fingers

Figure 11: The GSR Signal showing variation while
breathing in and out deeply
C. Android Application of the project
After all the individual implementations, all the sensor
implementations were merged into a single functioning
system. The data was stored in the Google Firebase RealTime Database which can be accessed by an Android
Software. The developed software has been titled as the 3rd
Nurse, which had a very simple user interface for easy
understanding of the application.

Figure 14: Application requesting for Patient’s ID
Once, the person monitoring can access the patient’s ID,
the monitor is displayed with a page consisting of real-time
data of body temperature, heart rate, and GSR respectively
as shown in the following figure. In addition, the Doctors
can prescribe the patient by simply monitoring the patterns
of his health status by analyzing the past-present recordings.
This is a very unique feature which enables both the patient
and the doctor to keep a track of the patient’s prescription.

Figure 12: Android Application titled, The 3rd Nurse
The Android app was developed using Android Studio.
It has features of monitoring the health stats of a patient and
allows the personnel monitoring to monitor from distance.
However, anything on the cloud has a risk of leakage of

Figure 15: Display of the health parameter monitoring
page
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V. CONCLUSION AND FUTURE PLAN

through Raspberry Pi, and the users got their desired output
from the system. Through critical reviews, surveys and
design review, it can be established that the main objective
of this project was successfully achieved.

The health sector has been evolving continuously
for the betterment and improvement of patients. Scientists
and engineers have been working continuously by utilizing
the latest technologies in order to bring this enhancement to
the health sector, and wearable technologies have been a
popular concern among them over the years. This paper
addresses current demands for health-based wearable
technologies which could be developed further to function
and meet the need of patients effectively. A greater number
of sensors could be integrated such as respiratory rate
sensor, blood pressure sensor, and blood glucose sensor.
Adding these sensors could provide the consumer of this
product a complete package of the health monitoring system
as it would be monitoring all of the body’s vital parameters.
In addition, machine learning or deep learning could be a
cutting-edge addition keeping in line with modern
applications of machine learning in wearables. Not only it
will reduce the stress of hospital visits, medical bills, and
multiple diagnoses, but also predict the possibility of severe
diseases beforehand which could save lives. This would be a
major innovation to this work and would create a huge
sustainable impact on the health sector.
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The aim of this work was to obtain a sustainable
remote health monitoring system for patients. The person
monitoring the patients can visualize the parameters in a
graphical representation through an android application.
Before executing the system design, each of the sensors was
calibrated individually. Later on, the sensors were merged to
form a single system of sensors measuring health
parameters. Each of the signals obtained from the
parameters was analyzed with respect to certain physical
activity changes. It was observed that the observed signals
and their patterns were consistent with their general working
principle. The final results were transferred to the cloud
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