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Abstract

The advancements in information and communication technologies have lead a way for the usage of internet and mobile
in health care applications. It may give a drastic increase in the life expectancy of disabled people over the whole world
especially the developing world. In order to meet the needs of elderly or disabled peoples’ health care services, it is
necessary to develop an effective assistive device that is cost-effective, affordable, and easy to use. The work is
undertaken to develop a smart assistive device that combines sensor technology and telecommunication technology to
enable the remote monitoring of disabled patients. The health care system is based on the Internet of Things (IoT) that
makes disabled patients lead an independent life. When the person has whole or partial body movement impairments,
they cannot express their needs to the physicians or care-takers, and moreover, they are unable to communicate like
normal people. So they cannot manage their basic day-to-day activities like holding an object to eat, drink, or to do any
activity. The assistive health care system thereby assists the patients as and when they receive SMS from the patient
with the aid of the IoT network. Each and every slight movement of the patient fingers are converted into their
corresponding needs. Also, it monitors the physiological vital parameters such as heartbeat, temperature, blood
pressure, and respiratory rate. The network will send a corresponding message to the physicians and it will display the
needs on their mobile phone or display gadget. Thus this system makes it possible for the health care professional to

track the patient and to provide distant care in case of an emergency.
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1. Introduction

Recent advancements in telecommunication technologies
provide people with not only sophisticated communication
but also to do a particular task in remote.Nowadays most
people are affected by stroke due to aging, trauma, or
psychosocial factors which results in brain damage and leads
to disability. A disability is any condition that makes it more
difficult for a person to do certain basic day-to-day activities
or to interact with the world around them. It is due to the
restriction of body movements in the patients. The spinal cord
is said to succumb in most or all of the ortho related ailments.
The disabled people affected by one part of their body also,
they need some form of assistive devices for their independent
daily life. Some kinds of spinal cord injury have mild effects
and some have a lasting disability. In other words, spinal cord
injury can be temporary or even recurring. Around 80% of
people suffer from disabilities in one way or the other. It can
be either partial or complete disability. There are many
different causes of disability that often affect basic activities
of daily living such as, eating drinking, dressing, and
maintaining personal hygiene [10]. In which about 83% of
people face non-communicative issues. So, they cannot
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convey their needs to their caretakers at the time of
emergency. The dependence on nurses, healthcare
professionals, and doctors can give an economic burden for
these patients. According to the recent statistics the disabled
patient spends $177K per year on assistive living [38]. In
2017, according to the budget of Ontario, Canada has seen a
massive increase of $11.5 billion as an investment in its health
care services. Hence it may create a socio-economic burden
for the developing countries. In addition to this scenario,
many people are suffering from different kinds of disabilities,
so they are living with the help of assistance from family,
friends, or health caretakers.

In order to eliminate the issues faced by disabled people,
a new and innovative technological solution has been given.
The information and communication technologies give
personalized, cost-effective health care for these patients.
Recent advances in sensor technology have also been used for
the detection of hand movements [49]. Therefore, a need for
cost-effective and assistive devices is the need for the hour in
this ever-changing world to increase the standard of living of
disabled patients.

In case of emergency, the disabled patients need
immediate health care otherwise it may lead to fatal
consequences. It can be eliminated by 24x7 monitoring of
these patients. Remote health monitoring is a platform in
which the patients at their home can be able to obtain high-
quality healthcare that may lead to the independent living of
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disabled patients. Nowadays healthcare service has seen
greater changes over the past years. Mobile and the internet
have a major role in the personalized healthcare system.
Recently, m-health (mobile health) is the term which is used
to represent the usage of smart devices in healthcare.

The proposed system combines various sensors such as a
heartbeat sensor, blood pressure sensor, spo2 sensor,
temperature sensor, and flex sensor to monitor the patient’s
health continuously. Most commonly hand and eye gestures
are used to assist these patients. Sensors such as flex sensors,
MEMS sensors, and EOG sensors can be used to detect these
gestures. The system uses flex sensors attached with the glove
to detect the hand movements with higher accuracy. The
sensors are interfaced with Arduino Uno. The collected data
from the gestures are processed with the help of Arduino and
send it to the distant area via the [oT network. It digitizes and
reduces the data, then sends it down through the network
channel. Hence, this wearable assistive health care system
helps the physicians and caretakers to take care of the disabled
patients when they are not nearby.

2. Remote Health Monitoring

In recent times, the number of disabled patients is increasing
rapidly day by day. According to the World Health
Organization, about 15% of the population lives with some
form of disability, out of which 2-4% experience significant
difficulties in functioning. The primary disability faced by
most of the people is blindness and hearing impaired which is
about 19%. The second common disability is the movement
and speech-related disability of about 18%. Figure 1 shows
the percentage of paralysis patients at different age levels.
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Fig. 1. Percentage of Paralysis Patients at Different Age Levels.
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Disabled people meet a variety of barrier that includes a
few of the following:

1)  Prohibited costs: transportation and availability of
services are the main reason for not receiving proper
healthcare for low-income patients.

ii) Limited availability: the occurrence of disability in
urban areas was about 19.27% and in the rural area was about
28.07%. Rural regions do not have advanced health care
services. Hence the disabled patients in this rural region
cannot get proper treatment in case of an emergency. Hence,
it is needed to send the disabled patients to urban hospitals for
better treatment.

The above barriers to disabled patients can be eliminated
by the implementation of remote health monitoring. It does
monitoring of these patients to get an improved quality of life.
Recent advances in telecommunication technologies can pave
a way for remote health monitoring and the advances in
miniaturized sensor technologies along with the internet leads
to the invention of home-based remote health monitoring.
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Here the miniaturized wearable sensors (flex sensors) detect
the finger movements of the disabled patient and send it to the
Wireless Area Network (WAN). It sends the collected
information to the distant area and gives notification about the
patient’s particular need. The collection of sensors monitors
the patient essential need and sends the detected information
to the distant area for health assistance. E-health and M-health
are the terms in the personalized health care system for
continuous health monitoring.

1)  E-health and M-health: Due to the advancements in
the information technologies to enable the automation of
health care such as e-records, e-prescriptions, etc. foffexample
the e-record contains all the medical information about the
patients with high security and privacy at any part of the
world. Hence it facilitates remote health monitoring. In
addition, it can also be stored in e- health care system for
future use with the help of e-storage systems. Hence it gives
a fully functional personalized health care system. The
architecture of E-health is illustrated in Figure 2.

Telemedicine is the emerging field in e-health which
provides great support for home health monitoring. It collects
all the information available via recent technologies and
makes use of it for giving treatment in an affordable and faster
manner. It helps to reduce hospital stay and mortality rate due
to chronic diseases. The sensor network had been connected
with the mobile phone using the GSM/IoT network. Thus the
smart phone is acting as a gateway for distant communication
such as WAN (Wide Area Network) or WLAN (Wireless
Local Area Network). These systems detect various
physiological parameters of the patient like a heartbeat, pulse
rate, temperature, blood pressure, motion, etc. In addition, it
sends the detected information to the physicians/health
worker to track the patient’s state over the internet. The
system has effective authentication in order to ensure the
privacy and security of transmitted medical data.

Healthcare
Personnel
Pharmacies

Medical Insurance
Authority

Hospitals, Clinics

.
o

Regulatory Body

Fig. 2. Architecture of E-Health

However, recent compact and portable smart devices had
created M-health an essential technology to users in remote
health care that are mostly based on mobile phones, and
computers. Recent mobile communication technologies such
as GSM (Global System for Mobile communication), HSPA
(High-Speed Packet Access) and LTE (Long Term Evolution)
can be used for the data transfer from one region to another
region.

3. Related Works

In the domain of health care, the internet has its unavoidable
role. Due to the largest advancements in information and
communication technology, it is possible to make the health
care system into a personalized one. Variety of technologies
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used in the healthcare system such as GSM, Bluetooth, RFID,
etc as shown in Figure 3. Each technology has its own merits
and demerits summarized in Table 1. In addition, there is an
embedded framework called SEEKS which enables access for
disabled and elderly people based on IP addresses [7].

ies which is fully automated. It is

Smart homes are the recent advancement of internet
technologies more helpful for elderly people who are staying
in their homes. It gives safe, independent, and quality of life
for elderly people [2].

Table 1. Comparison between various Data Transmission Technologies

Technique Pros Cons

Bluetooth Low cost, low power, and long battery life | Low bandwidth and short-range communication

RFID Conyement, small .porjtable database and High-security issues and high cost

real-time communication
. Point to point communication, more gain, . .

Microwave and high bandwidth Incorporate signal absorption and cost

Infrared Cheap, low power and casy to use Cannot move a.roupd while transmission occurs, very short-
range communication

LTE High data transmission and saves time Needs the user to.h.ave a 4G phone, rural regions do not
have the LTE facility.

GSM Worldwide communication and low cost May cause electronic interference and slower than LTE.

Fall detection with the help of IoT, which will detect and
track the elderly people with the help of software named
Microsoft Kinect SDK with high accuracy. If it is an
emergency, it sends a notification to a nearby hospital with
two processes, which are data processing and feature
detection [5].

Wearable [oT based remote monitoring system had been
used to measure the physiological parameters like a heartbeat,
blood pressure; temperature, etc. It uses a system called WISE
(Wearable IoT-cloud baSed hEalth monitoring system along
with the BASN (Body Area Sensor System). It displays the
results in the LCD for diagnosis and treatment [13].

Wireless sensor networks had been used for monitoring
ICU patients. It uses the USH-Ubiquitous Sensing for
Healthcare system, which analyzes the user’s activity and
user’s information [33].

In addition to the IoT, the RFID (RF identification)
technology also used for remote health monitoring that is a
low cost, high energy and it uses the replaceable sensors to
detect the patient’s physiological parameters. It collects a
single channel or multichannel data of the patient [35].

A sensor network consists of a number of sensors that are
embedded into a small miniature device. It collects the
physiological parameters. The data is stored on mobile and
sent to a remote area through Wi-Fi. However, there is a loss
of patient data in this system [51].

Most of the health care systems are single-mode
communication, so it can be expanded to modes such as GSM,
BLE, and IoT. Also, it can be effectively used in health care
monitoring. The system is highly complex and has a limited
speed [52].

A system called an autonomous elderly patient care
system is used to measure the parameters such as temperature,
glucose, and fall detection by continuous monitoring and it
will send notifications via the cloud layer to the mobile
phones. Also, it does not have security while transmitting the
patient’s data [53].

The IoT based system can be used in a real-time
environment to monitor cardiac patients and detects the
conditions of their diseases. So the physician can diagnose at
anytime, anywhere without any external support [54].
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Fig. 3. Generic overview of Remote Health Monitoring

A fall sensing technology that helps the elderly person
works with the help of ZigBee and microprocessor unit in
which the algorithms are developed to transmit the data and
vice versa. It has a low transmission rate [55]. An IoT based
secured system was developed for real-time monitoring of
post-chemotherapy [56].

Thus the wearable health monitoring system helps to
effectively monitor the disabled and elderly people. So it is
very useful for those patients in case of emergency and
increases their lifetime by immediate treatment.

4. Methodology

The proposed assistive health care system uses
telecommunication and wearable sensor technology. It
combines a few hardware sensors and its circuits and software
like the Arduino IDE compiler to interface with the network.
The main components used in the system are the heartbeat
sensor, blood pressure sensor, spo2 sensor, temperature
sensor, flex sensors, and the Arduino Uno board for the
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processing of data. In addition, it consists of three major tasks.
These are mentioned as follows:

e To detect the various physiological parameters and
the hand movements of disabled patients with the
Sensors.

e To transmit the collected data to the distant area
with the help of the IoT network

e To understand the patient’s needs with the help of

detected data from the patients.

The vital signs that are measured in this system are given
as follows:

e  Heartbeat

e Spo2

e Blood pressure
e Temperature

Also, it detects the finger movements of the patients and
gives it as a readable data with their corresponding need.

Flex Sensor

| ——p LCDDisplay
Heart Beat
Sensor — Arduino

UnoR3 ——» WIFI Module
Blood y
Pressure
Sensor —»
Mobile Phone

SPO2 Sensor

—»

12V DC Power Supply

Fig 4. Block Diagram

The assistive system design is a combination of two
modules that are the transmitter and receiver sections. The
transmitter end that is the patient side consists of the glove
with the sensors, Arduino Uno and the receiver end consists
of the buzzer or alarm, mobile phone, or display.

The proposed assistive health care system is more
compatible because of its wearable sensors and it will not
create any discomfort to the patients. These sensors collect the
information from the patient’s finger movement and send it to
the Arduino for further processing. Then it sends the
processed data to the IoT wifi network for transmission.

5. System Implementation

Various software and hardware are used to implement the
major tasks like detecting the hand gestures of the patients, to
transmit the data, and to understand the patient needs with the
help of different hand gestures. Figure 4 illustrates the
workflow of the research undertaken.
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A. Software Implementation

The software called the Arduino IDE compiler was used in
the proposed system. Any programming language can be used
to write coding on this software. It supports the programming
languages like C, C++, etc. then compiles the written program
and control the given process with the help of Arduino Uno.
Software implementation in this system design is performed
with the help of C programming to interface the acquisition
of the patient’s physiological parameters like a heartbeat,
respiration rate, blood pressure, temperature and motion, then
sends the processed data over the network IoT module for the
transmission.

B. Hardware Implementation

i) Interfacing of Arduino with flex sensors

A flex sensor is a kind of sensor that is used to measure the
amount of bending movement. The sensor design is made
using materials like plastic and carbon. The required voltage
of this sensor to activate it ranges from 3.3-5V. One end of
the flex sensor is connected to Arduino GND and another end
is connected to the analog input.

The linear surface of the flex sensor resembles the normal
resistance. When it is bent 45°, its resistance will increase
twice as before and 90° indicates the increase in resistance as
four times higher than normal resistance. The increase in the
resistance is linearly dependent on the angle of bending. Then
this resistance is converted into voltage with the help of the
voltage divider circuit shown in figure 5. It has the resistive
network which combines two resistances R1 and R2. Where
voltage divider R1 and an impedance buffer are used. Hence
the output voltage is given by the following equation: Vour=
Vin {R1/ (R1+R2)}.

The disabled patients have limited hand movements and
it is difficult for normal people or health care professionals to
understand their needs with their simple movements. So there
is a need for a device that amplifies their simple finger
movements into understandable language. These flex sensors
will detect each and every slight movement of the patient’s
finger/hand and it sends it to the Arduino Uno for further
processing.

> Vour

Fig. 5. Circuit of Flex Sensor

The Arduino coding was written for different finger
movements according to the patient’s needs. The patient
should be taught and made familiar with the procedure
involved in detecting finger movements. Accordingly, they
provide with the personalized movements and convey their
needs easily. In addition, it is possible to add more number of
movements and signs into this system according to the
patient’s need.

ii) Interfacing of the heartbeat sensor

Heart rate is the window for human health; it is an easier way
to diagnose many severe diseases. It can be calculated with
the help of a heartbeat sensor. It works based on an optical
method which is also known as photoplethysmography. It
measures the heart rate by means of blood volume changes.
The output pin of the sensor is connected to Arduino, it reads
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the input pulses given by the heartbeat sensor and calculates
the heart rate.

iii) Interfacing of the temperature sensor

LM 35 is a sensor that is used to detect the body temperature
level. The LM35 has three terminals in it. First and third pins
are connected to 5V power supply and ground, whereas the
second pin gives the temperature of the body. It doesn’t
require any external device to operate and it is connected to
the Arduino Uno R3. The detected temperature will give a
10mV output voltage when it senses temperature level
increases in the range of 1 degree.

iv)Interfacing between the blood pressure sensor and
respiration sensor

BMP 180 sensor is used to measure blood pressure. It is a non-
invasive sensor designed to measure human blood pressure.
A respiratory sensor is sensitive to stretch. With the stretching
levels, it measures the respiration range. It is very useful in
terms of detecting the parameters continuously. All these
sensor outputs are connected to Arduino Uno R3 and it
process all the collected information. Hence it will give
notifications about the sensed physiological parameters.

v) WIFI Module

The collected data is processed by the Arduino and sent to the
IoT wifi module. According to the different gestures, the
Arduino sends particular commands to the [oT wifi module
and it performs specific tasks like giving alarm or message
notification to the caretaker.

vi) Arduino Uno

Arduino Uno is a microcontroller board which is equipped
with a set of digital and analog input and outputs pins. It can
be interfaced with various devices and circuits. The Arduino
process collected data from the patient when they move their
hand. Further, it will send the processed data to the IoT wifi
module.

The Arduino has been programmed for various
movements like 90° and 45° of the patient’s finger. Each angle
of a finger shows a particular need for a patient like an
emergency, food, etc. The system has four basic needs that
are food, water, emergency, and requiring medicine. In case
of emergency, the system will send an emergency notification
to the specialists.

vii) Power Supply

12V regulated power supply is connected to the Arduino for
its operation. Linear 12V power supplies are very stable and
regulated supply stabilizes the circuit. It gives its whole
output to the Arduino Uno R3, the Arduino will convert the
voltage into the operating voltage as required.

Table 2 shows the different signs or finger movements and
their corresponding patient’s needs. Each movement has a
different meaning. The signs and their indications have to be
trained by the patients therefore they can fulfill their needs
easily with the help of this system. It can be extended for more
number of movements according to the disabled patient’s
needs

Table 2. Finger Signs According to the Patient Needs

Sl. No. Signs The need of a Patient
L Food
2. Water
3.
Emergency
4. % Requiring Medicine

6. Results and Discussion

The recent information and communication technology
contributes more to the personalized health care system. In
addition to that, wearable sensors like heartbeat sensors,
temperature sensors, blood pressure sensors, and respiration
sensors and flex sensors are used to detect the various
physiological parameters of the patients. The detected
information can be accessed by the physicians or dependents
from a distant area with the help of telecommunication
technology. Hence the disabled patient’s finger movements
and physiological parameters have been detected
continuously and accurately. And also it’s more comfortable
for the patients because of the wearable sensors which are
attached to the hand glove. Three flex sensors used in the
work detect four types of movements. It may be extended with
an increase in the number of flex sensors. Hence the health
care professional or relatives can easily track the patient with
the help of sensor technology.

The proposed design is very useful for disabled people
who are restricted to body movements. The complete design
of this system is shown in figure 5. It continuously monitors
the patients’ needs with the help of flex sensors and it sends
the commands to smartphone/laptop as shown in figure 6.

Table 3. Comparison of the proposed system with the existing health monitoring system

Author & Year Methodology

Uses

Amendola, et al. 2014
personal healthcare in
spaces. [58]

RFID technology for IoT based
smart

The proposed system gathers information such
as Temperature, humidity, and gas levels of the
user’s living environment.

Ghasemi, et al. [2019]

Kong, Xiangbo, et al.2019

The structural and behavioral
reference model for IoT based
elderly health care systems in the
smart home.[2]

A HOG SVM based fall detection
IoT system for elderly persons
using deep sensors [57]
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The proffered system monitors Heart rate,
temperature, blood pressure, and glucose levels
of the patients.

The persons are tracked and detected only
when fall happens.
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Benisha.et al.[2020]

of
Effects

Proposed Work

IoT

An IoT Secured System Design
for Real-Time Health Monitoring
Post-Chemotherapeutic

Automated assistive health care
system for disabled patients using

A health care monitoring system was proposed
to monitor the vital parameters only at post
Chemotherapy. In case of emergency, health
care professionals are notified through email or
SMS using IoT

An assistive health care system is proposed
with a noble intension to assist the disabled
patients in their essential needs based on their
hand movements, also monitors the vital
parameters.

=3

ssistive Healthcare System

Fig. 5. Design of the

It is done with the help of predesigned programs; each
movement represents the different needs of disabled patients
such as food, medicine, water, and emergency. Since the
proposed system uses IoT, it has recompenses over other
existing techniques listed in table 2 such as Rich data transfer,
enhanced security, efficiency, and saves time.

The work undertaken is compared with the existing
systems and detailed in Table 3. Existing systems either
detects fall or monitors vital parameters but the current work
exclusively recognizes the hand movements and converts
them into appropriate massages to address their needs.

http://192.168.43.158

Patlent Name: Mr. Bala

Patlent ID: 29178

Date & Time: 18.09.2020& 1.28 pm
Body Temperature: 97.8°F

Resplratory Rate: 15 Breaths per minute
Heart Rate: 72 bpm

Blood Pressure:110/80 mm Hg

Patlent Condition: Normal

Patlent Need : Food

Fig. 6. Indication of Patient Need (Food)

7. Conclusion

The proposed health care system is a greaterfassistive device
for disabled patients who are suffering from non-
communicative disorders. So these patients can easily convey
their needs to the physicians or caretakers by means of this
wearable assistive health care system. In addition, there are
various sensors fixed to the patients to monitor their health
conditions. This is a fully automated system hence; there is
no need for the caretaker or physician to be there at the
patient’s side always. They can only be available at the time
of emergency for the patient. Also, it operates in a continuous
manner, hence in case of any medical emergencies; it will
send an immediate message to the doctors who are in urban
hospitals. So it improves the quality of life for disabled
patients. This would be a boon to the disabled persons to
perform their day-to-day activities in a much better way.

In the future, the system can be enhanced with GSR,
HBO2, and fall detection features.

This is an Open Access article distributed under the terms of the Creative
Commons Attribution License
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