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Abstract: Smart City has become increasingly important worldwide since the last decade. It is the advanced system for
communication among people with smart infrastructure ingrained in the smart city. In the smart city, the infrastructure
will track and manage all basic facilities, health care, law implementation, water supply, traffic, and transport.
Improvement in smart sensor networks, ubiquitous computing, mobile cloud computing, and intellectual services for the
communication of information among the sensors, all these facilities built the base for the smart city. The smart health
care system will perform an important part in transforming old cities into smart cities. Telecommunication engineering
scientists have prepared smarter health services which are improving the standards of living of the society. These health
care services significantly develop the quality of health care services in hospitals and also decrease the burden of health
care professionals and paramedical staff. This research article presents the applications of a smart health care system
which will benefit everyone in the society by providing easy telecommunication access to health care professionals and
patients. This system will also track the patient's health online using wearable and implantable devices.
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I. INTRODUCTION

The high standard of life for urban citizens is the assurance

provided by the smart city. Innovative ideas and problem- Smart
solving methods are required for the progress and execution of Energy
the smart city project but still, the innovation period for the

perfect meaning of smart city is not over yet but Singh [1]

described eight key characteristics for the smart city:

Smart
Building

Smart Smart

He described the smart city as those cities that compromise at Technology Mobility
least five qualities out of eight as depicted above.
Furthermore, if a city has less than five of these qualities o

Infrastructure

known as an eco-friendly city. Fig 1. The Smart City Concept [1]

Several years back the knowledge of big data gained 4nq their applications that can be provided in smart cities.
popularity and recognized as a new research area. Data exist in

every computer in all generations this mean big data is not a
new concept. Due to the advancement in technology in every  rime requirement for the smart city. Real-time sensors are
field, and the utilization of these technologies has created a required to gather environment data. Gathered data become
stacl_< _of data. Blg_datf_i is about the usage _of enormous data huge over a passage of time, at this stage; big data plays an
proficiently for estimation and recommendations on it. important role when smart devices and sensors generate data.
Many people in society are prone to diseases especially the  cojjected data is used for making real-time decisions. The
young population —is vulnerable to chronic syndromes,  smart city is the need of the current era for better living norms
hypersensitivity, diabetes, lung diseases, loss of memory, o citizens. Many renowned companies are investing in
mental or physical disability, etc. are the basic issues in  yesearch and inventing to build the infrastructure of the smart
society. Lack Qf awareness of healthy activities I_|k_e sports, city project. As stated by the World Health Organization's
exercise, etc. is the major _challenge in smart cities _for a8 global health report, 54% of the population lives in the city
healthy life. This paper will discuss smart healthcare devices which is estimated to grow by 70% by 2050 [2]. Numbers and
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Real-time sensors and communication infrastructure is the
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figures reveal the need for the deployment of infrastructure
and efficient management for the population.

Il. A COMPARISON AMONG E-HEALTH, M-HEALTH, AND S-
HEALTH

For the past twenty years, information technology has
significantly used in the health domain. It introduced the
notion of electronic health (e-Health) system. Improved
patient documentation process by keeping track of patient
health history and procedures performed on patients.
Conventionally health care practitioners keep patient records
and history on paper. Further improvement in the technology
developed cellular phones which introduced us to the mobile
health (m-Health) system.

m-Health is a common word used for cellular phone
technology or any other wireless technology in the medical
domain. Applications of m-health involve the use of mobile
technology to train consumers regarding precautionary
healthcare services. In addition to this, m-health is also used
for treatment support, chronic and acute disease management,
epidemic outbreak, and treatment support and disease
investigation. Nowadays, m-health is becoming the most
common choice is the unprivileged area where the use of a
mobile phone is very common.

With the advancement, the field of Information Technology,
the concept of smart health (s-health) system has become
popular. It is the combined form of m-health and intelligent
sensors. It uses the latest information technology, such as
artificial intelligence, cloud computing, big data; wearable
devices, and mobile internet, Internet of things (loT). With the
integration of m-health with intelligent sensors, it allows to
access the information dynamically, distribute information
among people and medical institutions. s-health can encourage
collaboration among the stack holder of the healthcare
domain. It ensures the services to the members, helps the
members to make informed decisions, and provides the
balance distribution of allocation. In conclusion, the s-health
care system is the advanced level of information construction
in the health care area [3].

I1l. LITERATURE SURVEY OF SMART HEALTHCARE SYSTEM

A healthy lifestyle plays an important role, a demanding and
stressful life with unhealthy intake and lack of exercise or
sports activity, and other factors have made people’s life
susceptible to diseases. This has become a challenge to the
health sector area due to the increased demand for health
practitioners. An alternative to this problem is to adopt the
modern healthcare application which can track and maintain
the fitness, inform and alert about the precautionary measures,
epidemics, etc. The wearable and implantable devices can be
utilized for healthcare monitoring and making a proper
decision on predictions. Many smart cities have adopted these
healthcare devices.

A.Smart Homecare Services

In many regions in the world, aging is the prime concern.
This increases the requirement of health care services. To
fulfill the requirement of healthcare, experts provided the
many innovative ideas like:

The routine checkup of older people by healthcare
practitioners or staff by visiting their homes. Complete
history and medical record of patients is maintained
including digital images of the medical reports, patients’
physical and mental health condition, etc. In the future,
this data can be used to understand patient history or even
it can be accessed by the health staff using a smartphone
[4].

E-homecare services are the extension in-home care
services which include scheduled vaccinations, daily
exercise, balanced diet management, and health
monitoring [5].

Home monitoring technology is used under the floor to help
an old and weak person living independently alone at
home. The dense array of piezo elements are used to
implement the sensor floor, which can inform us about the
movement of a person [6].

The prime role of assistive technology for aged people with
disabilities is to provide support and care. For the
monitoring of these people, a large array of pressure
sensor sensitive tile is implemented in floors [7].

Heart patients need intense care and support especially in a
situation like a fall, intrusion, and other danger.
Implantable devices that can monitor the dynamics of
blood flow like hemodynamic monitors significantly
reduce the heart failure hospitalization rate. [8].

The popularity of smart homes becomes significant in 2000.

Smart homes are available at reasonable rates including home

technologies, home networks, and other smart appliances.

Recently smart homes are equipped with advanced sensors,

cognitive technologies, ubiquitous computing, and 1oT.

B.Portable Healthcare Devices Associated with Smart Phone
Many regions in the world, portable medical devices are
used with smartphones to cut the medical equipment is cost.

e Many portable ultrasound technologies like “Mobisante” [9]
and “Butterfly iQ” [10] are available that works with a
smartphone. Health practitioners use these technologies in
unprivileged areas for heart patients, kidney patients, and
pregnant women. The captured images transmitted to the
hospital with the help of a smartphone.

e A mental healthcare system like “ROCHAS” [11] is for
elderly, isolated, and depressed people.

e “Smart Temporal Thermometer” measures the body
temperature from the temporal artery, as the core body
blood circulates from the temporal artery; it is considered
the best place to measure temperature changes. [12], [13].

C.Smart Wearable Devices

Smart wearable devices indicated many benefits for an
individual against many serious health conditions like
diabetes, joint pain problems, cancer, heart diseases, high
blood pressure, etc.

e “LifeLine” is a health monitoring bracelet that keeps track
of a person’s heartbeat, the glucose level in the blood, the
temperature of the human body, and share the user
information to their mobile or personal computer [14].

e “Lumo Run” and “Lumo Lift”, is a wearable sensor that
monitors and analyzes the human biomechanics. It offers
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real-time audio coaching and pre and post exercise
recommendations based on data [15].

e “K’Watch Glucose” is a continuous glucose monitor
wearable device that tracks blood glucose levels and
provides alerts when the blood sugar level is high or too
low [16].

e “CardioMobile”, a distant observing system for a heart
patient. The heart patient can take part in the supervised
rehabilitation exercise if the patient cannot attend the
hospital-based exercise program [17].

D.Smart Textiles and Footwear
Smart garment plays an important role to monitor one's

health state factors like a pulse rate, blood oxygen, febricity,
breathing rate, deportment, and some exterior aspects like air
quality, temperature, humidity, etc. Furthermore, it may not
change the appearance of clothing and thus enables the wearer
to privately use the technology.

e “ProeTEX” project is aimed to ensure the safety and for the
better efficiency of rescuer, smart wearable cloths with
communication system are introduced to monitor the
body parameters, movement type, location and their
environment during rescue operations [18], [19].

“BBA bootee” provides information on the infant’s activity
and oxygen saturation level in blood. With the help of this
smart device, chronic lung disease, malformation
syndromes, major prematurity can be avoided [20].

“GaitShoe” provides information on a person’s manner of
walking. Its application is to differentiate between healthy
gait and Parkinsonian gait on an individual according to
its output pattern [21].

e “e-Shoe” provides the information of gait [22].

“Arduino Lilypad” shoes are primarily for visually impaired
people to avoid obstacles to reach their destination [23].

E. Smart Healthcare Mobile Applications

The in-built sensors and ever-growing arithmetic abilities of
smartphones have shifted the trend towards mobile-based
health diagnostic systems.

e “MobSpiro” is the smartphone-based software for
identifying chronic obstructive pulmonary disease
(COPD). COPD is a respiratory syndrome in which
patients suffer from difficulty in breathing. MobiSpiro
uses a mobile microphone to analyze the patient’s lung
airflow. The mobile proximity sensor is used to optimize
the patient and microphone distance [24].

e Pulmonary Rehabilitation treatment is helpful for chronic
obstructive pulmonary disease patients. In this treatment,
the heart rate is measured during the workout session
using a wireless pulse oximeter module [25].

e Human facial expression changes with different health
states. With this system, the health practitioner can
continuously monitor the facial expression remotely and
can take action according to health conditions [26].

e The eCAALYX smartphone application aims to build a
remote monitoring system for mature people with various
chronic diseases [27].

F. Smart Implantable Devices

Smart implantable devices placed in a body during a
medical procedure to monitor health and study body organ’s
normal and abnormal functioning.

e The “SmartPill” system consists of an ingestible capsule,
wireless transmitter with sensors, and a "MotiliGI"
display software. The display software captures data at
regular intervals for graphical display [28].

¢ In the hemodynamic monitoring system, the implantable
CardioMEMS sensor provides vital information to a
health practitioner to enhance the timings of the left
ventricular assist device (LVAD) and helps to prevent
cardiac arrest [29].

IV. SUMMARY

In this review, the modern developments in smart healthcare
systems are highlighted. Considerable progress has been made
in smart cities, smart healthcare systems, and conventional
healthcare methods. The recent systems include routine
checkups of older people, scheduled vaccination, diet
monitoring, and home monitoring technology for disabled
persons. Many portable devices have introduced for remote
areas where health facilities are limited. Smart wearable
devices including bracelets, watches, and wearable sensors are
used to keep a record of glucose level, body temperature,
blood pressure, pulse rate, ECG, etc. Smart fabrics are used to
ensure the safety of rescuers and to prevent serious illnesses in
infants at their early stages. Footwear is beneficial to obstruct
the human gait problem and to provide aid to blind people.
Smart implantable devices are helpful to monitor abnormality
in internal human organs. To sum up, maximum smart devices
and applications are showcased in this review paper.
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