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Abstract— The Internet of things (IOT) has shown potential application to technologies in connecting various medical devices, sensors, 

and health-care professionals to provide quality medical services in a remote location. To be more specific, the last decade has witnessed 

extensive research in the field of healthcare services and their technological up gradation. The Health care industry always expect 

reduction in healthcare cost; enhanced the accessibility of health-care services attached to the smart wheel-chair; ease of interpretation so 

that amplified the operational efficiency in the healthcare industry; improvement in patients safety; and recovery of patients personal 

satisfaction. IOT based techniques helps to reduce various hurdles or complications. This paper aims to provide a complete state-of-the-art 

summary of IOT based potential healthcare applications or technologies research trends. We anticipate that the information gathered in 

this will enhance awareness of its benefits; challenges; and applications. 

Index Terms— smart wheel-chair; radio frequency; bluethooth; wi-fi; mobile; service; technology; wearable devices; .   

——————————      —————————— 

1 INTRODUCTION                                                                     

n recent year, IOT has not only enhanced the independence but 

also diversified the ability of the human to interact with the 

external environment. With help of futuristic protocol and algo-

rithms, became a major contributor to global communication. The 

growing popularity of the IOT is due to its advantage of showing 

higher accuracy, lower cost, and its ability to predict future 

events in a better way. Further, increased knowledge of software 

and applications, with the up-gradation of mobile and computer 

technologies, easy availability of wireless technology, and the 

increased digital economy have added to the rapid IOT revolution 

[1].A few years ago, the diagnosis of diseases and abnormality in 

the human body was only being possible after having a physical 

analysis in the hospital. Most of the patients had to stay in the 

hospital throughout their treatment period. This resulted in an 

increased healthcare cost and also strained the healthcare facility 

at rural and remote locations. The technological advancement 

that has been achieved through these years has now allowed the 

diagnosis of various diseases and health monitoring using minia-

turized devices like smart watches. Moreover, technology has 

transformed a hospital-centric healthcare system into a patient-

centric system [2, 3]. 

IOT based smart wheel-chair have been developed using the 

various different technologies such as artificial intelligence tech-

nologies (AIT) help the users gain mobility and moving freely 

and safely  without needing someone’s help. However, they are 

too expensive, and their hardware is too heavy which makes the 

software system response too slow.  The most of the people in 

this world wants to be wealthy, comfortable, successful and nor-

mal life. However, but every of us have to face some annoying 

factors such as long illness diseases; car accidents; impairment, 

weakness due to eldership. In such situation, the smart wheel-

chair with IOT based technologies including artificial intelligence 

helps to survive independently and happily for long time. The 

healthcare application with the framework of IOT aids to inte-

grate the advantages of IOT technology and cloud computing in 

the field of medicine. It also lays out the protocols for the trans-

mission of the patient’s data from numerous sensors and medical 

devices to a given healthcare network. The topology of a health 

based IOT is the arrangement of different components of an IOT 

healthcare system/network that are coherently connected in a 

health-care environment.  

2  LITERATURE REVIEW 

Wheel-chairs have evolved very little over the past 1000 years. 

Most of the design changes have occurred within recent decades as 

shown in the following outline of wheel-chair history. In 5th century 

BCE: The earliest record of a device resembling a wheelchair dates 

back to China. Early versions came from wheeled furniture designs. 

It’s believed the Chinese used wheelbarrows to move disabled peo-

ple around. In 6th Century A.D.: Earliest recording of a wheelchair; a 

Chinese engraving picturing a man in a chair with three wheels. 10th 

Century A.D., Wheel-chairs were well-developed in Europe and 

commonly found in drawings and literature [4].  

In 12th century: It’s believed the concept of the wheelbarrow and 

crude versions of the wheelchair began to be used around this time in 

Europe. In 1655, the first self-propelled wheelchair is developed and 

was invented in Germany by disabled watchmaker Stephan Farfler. 

His design included three wheels and he could move it with the use 

of a rotary handle on the front wheel. Around the same time frame, 

German inventor and mechanic, Johann Hautsch, developed a series 

of rolling chairs. In 1760, the bath chair was created by English in-

ventor James Heath. It became a popular way to transport people 

with illnesses and disabilities, even though it was initially designed 
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for women. The design is similar to a rickshaw. It had a three- and 

four-wheel design, and it could be pushed or pulled. Other designs 

were developed so people could be pulled by horse.  

In 18th century: Wheelchairs began to become a normal fixture 

in medical catalogues. They were advertised as transportation devic-

es for patients. They resembled armchairs with two larger wheels at 

the front and a smaller wheel at the back. In 1901: The basic chair 

was invented. It closely resembles the modern design of wheelchairs 

used today. It had a seat, footrests and four wheels – two smaller 

wheels at the front and two larger at the back. In 1903 - An electri-

cally-driven wheelchair operating on a 12-volt battery and a 3/8 

horsepower motor was used to give people rides. At the time it was 

not used for handicapped mobility but it did pave the way for future 

developments.     

In 1909 - Compact wheelchairs were developed using metal tub-

ing instead of the traditional bulky wood components. In World War 

I - The first electric wheelchairs were used for the handicapped. A 

battery and motor were applied to existing wheelchairs with a simple 

one-speed on/off switch [5]. In 1932: The folding wheelchair was 

introduced. It’s one of the biggest design breakthroughs in the de-

vice’s history. It was invented by Harry Jennings for his friend. The 

folding design and tubular steel chair with a cross frame became the 

standard design. This model allowed people to use the wheelchair 

outside of the home, hospitals and care facilities. Later designs built 

on Jennings concepts and were focused on decreasing weight of the 

chair and improving its overall performance. In 1937 - The patent for 

a wheelchair with a folding X-brace frame was issued to two engi-

neers named Everest and Jennings. Though previous chairs had been 

foldable top-to-bottom, the side-to-side folding position of the cross 

frame allowed the drive wheels to remain in place. In 1940 - The 

first patent was issued for an electric wheelchair.   

In 1950 - Sam Duke received a patent for a releasable add-on 

power drive applied to a manual wheelchair (the unit was actually 

permanently fitted to the chair with U-bolts). In 1960’s - Folding 

wheelchairs were commonly fitted with electric drives. The drive 

units were still very heavy and quite difficult to put on and take off. 

At that point both joystick and steering column mechanisms were 

available. After World War II, demand for wheelchairs spiked. There 

were thousands of wounded veterans who needed mobility assis-

tance. A Canadian, George Klein, saw the need and invented the 

electric wheelchair for veterans. The original design was a standard 

wheelchair with a motor added. Later designs had the motor and 

battery built into the chair under the seat. Additional developments in 

ergonomics, controls, comfort, and performance were created as new 

technologies were developed. In 1970’s - Wheelchair frames made of 

aircraft quality aluminum were introduced to the market and started a 

revolution of ultra-light wheelchairs. The technology has aided in the 

reduction of the overall weight of many types of wheelchairs In 

1980: Niche wheelchair designs began to come to market. During 

this time, the rigid wheelchair was created. It was intended for ath-

letes. They are self-propelling and some can reach speeds of up to 30 

km/hr. Most electric wheelchairs on the market were still bulky, 

heavy, and required a special vehicle for transportation. The power 

components of the chair were integrated into the frame which has 

been strengthened to support them [6].  

In 1990’s - The popular electric wheelchairs on the market are 

foldable though they require removal of at least the leg rests and 

batteries. The Americans with Disabilities Act (ADA) and a growing 

awareness for the rights of the disabled have greatly improved re-

search and design efforts in the assistive technology industry. Interest 

has also increased in this area due to the current trend toward the 

"graying of America" as the average age of Americans increases [7]. 

Ergonomics addresses the problems of human comfort, activity and 

health in environments. Selection of the proper seat width is im-

portant to comfort and stability. A seat too narrow is not only uncom-

fortable, but access to the chair is made difficult. In addition, a seat 

wider than is necessary makes propulsion more difficult [8]. A seat 

that is too deep or longer than it should be, can restrict circulation in 

the 2 legs, and causes the patient either to sit with his legs extended 

or to slide forward in the chair.  The backrest of the basic chair is 

made of a flexible material stretched between the two side frames 

which are fixed with respect to the seat. The backrest should be high 

enough to provide support without inhibiting motion and avoid dis-

comfort.  Armrest is providing support for the patient’s arms in a 

resting attitude, and also provides lateral support. The function of the 

footrests is to keep the feet off the floor. In the light of the current 

biomechanical and physiological knowledge of manual wheelchair 

propulsion there seems to be a need for the stimulation of other than 

hand rim propelled manual wheelchairs [9, 10]. 

3  FINAL STAGE HEALTH BASED IOT FRAMEWORK AND 
TECHNOLOGIES 

A basic Health-based IOT system contains mainly three 
components (Fig. 1) such as publisher, broker, and subscriber 
[11]. The publisher represents a network of connected sensors 
and other medical devices that may work individually or sim-
ultaneously to record the patient’s vital information. This in-
formation may include blood pressure, heart rate, tempera-
ture, oxygen saturation, ECG, EEG, EMG, and so on [12]. The 
publisher can send this infor-mation continuously through a 
network to a broker.  

 

 

 

 

 

 

 

 

Fig. 1 Framework of Health based IOT 
The technologies that are used to develop an HIOT system 

are crucial. This is because the use of specific technology can 
enhance the ability of an IOT system [13]. Hence, to integrate 
different healthcare applications with an IOT system, various 
state-of-the-art technologies have been adopted. These tech-
nologies can broadly be categorized into three groups, namely, 
identification technology, communication technology, and 
location technology (Fig. 2). In case of identification technolo-
gy, a practical consideration in designing an HIOT system is 
the accessibility of the patient’s data from the authorized node 
(sensor), which may be present at remote locations. This can 
be carried out with effective identification of the nodes and 
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sensors that are present in the healthcare network. Identifica-
tion follows the process of assigning a unique identifier (UID) 
to each authorized entity so that it can be easily identified and 
unambiguous data exchange can be achieved. In general, eve-
ry resource associated with the healthcare system (hospital, 
doctor, nurses, caregivers, medical de-vices, and so on) is ac-
companied by a digital UID [14]. This ensures the identifica-
tion of the resources as well as the connection among the re-
sources in a digital domain.  

Whereas, communication technologies ensure the connec-
tion among different entities in an halth based IOT network. 
These technologies can be broadly divided into short-range 
and medium-range communication technology. The short-
range communication technologies are the protocols that are 
used to establish a connection among the objects within a lim-
ited range or a body area network (BAN), whereas the medi-
um-range communication technologies usually support com-
munication for a large distance, e.g., communication between 
a base station and the central node of a BAN. The distance of 
communication may vary from a few centimeters to several 
meters in the case of short-range communication.  

 
 
 
 
 
 
 
 
 

Fig. (2) Classification of Health based IOT 
In most of the HIOT applications, short-range communica-

tion technology is preferred. Some of the most widely used 
communication techniques include RFID, Wi-Fi, Zigbee, Blue-
tooth, Satellite, NFC, etc. In location technology, the real-time 
location system (RTLS) or location technologies are used to 
identify and track the position of an object within the 
healthcare network. It also tracks the treatment process based 
on the distribution of available resources. One of the most 
widely used technologies is the Global Positioning System, 
which is commonly known as GPS. It makes use of satellites 
for tracking purposes.  

An object can be detected through GPS as long as there ex-
ist a clear line of sight between the object and four different 
satellites. In HIOT, it can be employed to detect the position of 
the ambulance, healthcare provider, caregivers, patients, etc. 
However, the application of GPS is only limited to outdoor 
applications as the surrounding infrastructures can act as an 
obstruction to the communication between the object and the 
satellite. In such cases, a local positioning (LPS) network can 
be effectively used. LPS can track an object by sensing the ra-
dio signal that is emitted from the traveling object to an array 
of pre-deployed receivers [15]. 

4  ROLE OF SERVICES AND APPLICATIONS IN 
HEALTH BASED IOT 

The considerable impact of IOT, which has been witnessed 

in recent years, is contributing to the evolution of HIOT applica-

tions that includes disease diagnosis, personal care for pediatric 

and elderly patients, health and fitness management, and supervi-

sion of chronic diseases. For a better grasp of these applications, 

it has been divided into two basic categories, namely, various 

services and their applications to be used (Fig. 3). Services: The 

recent advancement in the IOT technology supported the 

healthcare centers to reach more people at a time and deliver ex-

cellent healthcare service at a minimal cost. The application of 

big data and cloud computing has also made communication be-

tween the patient and doctors more reliable and easier. This re-

sulted in an enhanced patient’s engagement in the treatment pro-

cess with a reduced financial burden on the patient. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3) Health based IOT Services and Applications 

Fig. (4) Services Framework [16] 

AAL is a specialized branch of artificial intelligence that inte-

grates with IOT and is used for assisting aging people. The main 

purpose of AAL is to help elderly people to live in-dependently at 

home with convenience and safety. AAL provides a technique for 

real-time monitoring of these patients and making sure that they 

will receive human service-like assistance in case of a medical 

emergency [16]. The basic framework for AAL is shown in Fig. 

4. IOT-based healthcare systems are now able to track indoor air 

quality with help of assistive robots. These systems check the 

quality of air in the environment where the patient resides [17] 

and trigger alerts to the caregivers when there is a reduction in 

the air quality below a standard value. Mobile IOT depicts the 

association of mobile computing, sensors, communication tech-

nologies, and cloud computing to track patient’s health infor-

mation and other physiological conditions (Fig. 5). In other 

words, it provides a communication interface between the per-

sonal area networks and mobile networks (such as 4G and 5G) to 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 13, Issue 7, July-2022                                                                                                661 

ISSN 2229-5518  

 

IJSER © 2022 

http://www.ijser.org 

provide an efficient Internet-based healthcare service [18]. Wear-

able devices (Fig. 5) help healthcare professionals and patients to 

deal with various health issues at a reduced cost. These devices 

are noninvasive and can be developed by integrating various sen-

sors with wearable accessories used by humans such as watch, 

wristband, necklace, shirt, shoes, handbag, caps, and so on [19]. 

Mobile based IOT Motion Senser 

Pressure Sensor Glucose Monitoring 

Fig. (5) Sensing and Werable devices [16] 

Community-based healthcare monitoring is a concept of cre-

ating a healthcare network that covers a local community such as 

a private clinic, a small residential area, a hotel, and so on to 

monitor the health conditions of the people residing in that area. 

In a community based network, various networks are concatenat-

ed and can work cooperatively to give a collaborative service. An 

IOT based cooperative medical network was set up to provide 

healthcare monitoring in remote areas. To establish a secure con-

nection between the networks, different authentication and au-

thorization mechanisms were employed. In another study, a 

community medical network was proposed that was considered 

as a “virtual hospital.” this helped to provide medical facilities to 

the needy from a remote location. In a four-layer structural 

framework was designed for sharing health information that in-

cludes medical records of the patients. This information can be 

accessed by the health centers to provide proper medical advice 

to the patients who are residing in the locality [20]. 

Applications: Electrocardiogram (ECG) represents the electrical 

activity of the heart due to the depolarization and re-polarization 

of atria and ventricles. An ECG provides information about the 

basic rhythms of the heart muscles and acts as an indicator for 

various cardiac abnormalities. These abnormalities include ar-

rhythmia, prolonged QT interval, myocardial ischemia, etc. 

[21,22]. Diabetes is the condition in which the blood glucose 

level in the body remains high for a prolonged period. It is one of 

the most common diseases in humans. Three major types of dia-

betes are generally found, namely, type-I diabetes, type-2 diabe-

tes, and gestational diabetes. The disease and its types can be 

identified following three tests, namely, random plasma glucose 

test, fasting plasma glucose test, and oral glucose tolerance test. 

Human body temperature is an indicator of the maintenance of 

homeostasis and is an important part of many diagnostic process-

es. Additionally, a change in body temperature can be a warning 

sign in some illnesses such as trauma, sepsis, and so on. Keeping 

track of the change in temperature over time helps the doctors to 

make inferences about the patient’s health condition in many dis-

eases [23]. One of the compulsory procedures in any diagnostic 

process is the measurement of blood pressure (BP). The most 

accustomed method of measurement of blood pressure requires at 

least one person to do the recording. However, the integration of 

IOT and other sensing technology has transformed the way BP 

was previously monitored. [24]. Pulse oximetry is the noninva-

sive measurement of oxygen saturation and can be used as a vital 

parameter in healthcare analysis. The non-invasive method elimi-

nates the issues related to the conventional approach and provides 

real-time monitoring. The advancement in the pulse oximeter that 

comes from the integration of IOT-based technology has shown 

potential application in the healthcare industry. A non-invasive 

tissue oximeter was proposed that could measure the blood oxy-

gen saturation level, along with heart rate, and pulse parameters 

[25]. Mood tracking provides vital in-formation regarding a per-

son’s emotional state and is used to maintain a healthy mental 

state. It also assists healthcare professionals while dealing with 

various mental diseases such as depression, stress, bipolar disor-

der, and so on. Medication adherence is a common issue in the 

healthcare industry. Non-adherence to the medication schedule 

may increase the adverse health complications in patients. Medi-

cation non-adherence is mostly found in elderly people as they 

develop clinical conditions like cognitive decline, dementia, and 

so on as the age progresses. Hence, it is difficult for them to 

strictly follow the prescriptions of doctors. 

5  CHALLENGES AND LIMITATIONS 
In the last few years, the healthcare industry has witnessed 

remarkable technological development and its application in 

solving healthcare-related issues. This has significantly improved 

the healthcare services, which have now been brought at the fin-

gertip. With the application of smart sensors, cloud computing, 

and communication technologies, IOT has successfully revolu-

tionized the healthcare industry. Like other technologies, IOT 

also has certain challenges and issues that provide potential scope 

for future research, such as servicing and maintenance cost in 

which the continuous up-gradation required, where high mainte-

nance involved; others factors are of power consumption, where 

high-power battery is required; validation and standardization of 

electronic medical records (EMRs) must be maintained, which is 

considerably extensive; maintaining of data privacy and security 

are very much important health-care based IOT system as mali-

cious attack may occurred; similarly, scalability, self configura-

tion, continuous monitoring, exploration of new diseases, envi-

ronmental impact, etc are such continuous precautionary and im-

portant required factors, which challenges the entire process of 

health-care based IOT system. 

6  CONCLUSIONS 

The different aspects of the health-care based IOT system 

have been investigated using the various current review. The 

comprehensive knowledge about the architecture of an HIOT 

system, their component, and the communication among these 

components has been discussed herein. Additionally, this research 
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provides information about the current healthcare services where 

the IOT-based technologies have been explored. This review re-

flects the robotic action using Artificial Intelligent (AI) concept 

helps to monitor and diagnose several health issues, and trans-

formed the healthcare industry from a hospital-centric to a more 

patient-centric system. 
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