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ABSTRACT

Smart healthcare monitoring systems make use of IoT, the most recent technology. As a result, IoT 
incorporates one of its most critical applications, the health monitoring and control system. Within 
those systems, individuals commonly use pulse rate sensing devices, ECG sensor systems, and 
blood pressure sensor with various embedded systems to collect observations from the identification 
modules and send them to a database machine so that records can be transferred with the patient and 
the physician in an Android app. This investigation makes it easier to imagine how IoT could be used 
in difficult medical procedures. The remote health monitoring management system (HMS) is a key 
IoT app that allows users to connect to smart sensors, people, healthcare professionals, networks, and 
other connected devices. Clinicians can now constantly monitor their own patients from afar thanks 
to the tried method, the internet of things.
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1. INTRoDUCTIoN

After physical sensor systems, it is now possible to distinguish between health data in a doctor’s 
analysis and diagnosis thanks to the Internet of Things. The biggest benefit of “IoT in healthcare” is a 
decrease in maintenance requirements, which is followed by an increase in the possibility of receiving 
treatment. The incorporation of an individual and online healthcare network offered a perfect learning 
opportunity, and it was expected that smart data and general technology-related applications will lead 
to the introduction of cloud health services. The major platform for evaluating neural awareness at 
this time is the Internet of Things. When reliable surveillance equipment is unavailable, much greater 
risks can be assumed. The IoT-enabled health wearable is primarily used for monitoring patients 
remotely, treatment, and in certain situations, rehabilitation. Before sending the user’s or patient’s 
health information to the Internet for additional analysis, the device may do some limited calculations 
using the sensors to gather health-related data.



International Journal of Healthcare Information Systems and Informatics
Volume 18 • Issue 1

2

Sensing is a key component of many IoT applications in one way or another. Sensing is the 
initial stage in almost all IoT applications, whether they are consumer, industrial, or just hobby-based 
deployments of IoT systems. In the majority of instances, actuation constitutes the last stage in the 
whole process of deploying an IoT application. The transduction process serves as the foundation 
for the fundamental science of sensing and actuation. Energy conversion from one state to another 
is called transduction.

Biosensors offer an objective substitute for the otherwise inevitable subjective assumptions that 
people make. An ECG records electrical activity that occurs when the heart muscle depolarizes, or 
when the electric charge shifts negatively, and this electrical activity is sent to the skin as pulsating 
electrical waves. Even in the outer layers and tiny arteries of the skin, blood pressure throughout the 
entire body rises and falls during the cardiac cycle. Then, optical sensors placed on the fingertip, 
ear lobe, or other capillary tissue can be used to gauge the peripheral blood flow. An LED on the 
gadget emits light into the tissue, and a photodiode measures how much of that light is absorbed or 
reflected (a light-sensitive sensor).

Both invasive and non-invasive techniques can be used to test blood pressure. The non-invasive 
approach is simple to use and doesn’t require any piercings. The non-invasive technique of measuring 
blood pressure uses a blood pressure sensor. It is similar to a sphygmomanometer, except instead of a 
mercury column, it measures blood pressure using a pressure sensor. Instead of mercury, a pressure 
sensor is utilized in automated blood pressure measuring systems to detect artery pressure and provide 
an output. On the monitor, this digital output is visible. An internal CPU on this monitor processes 
the pressure sensor’s output, records the data, and displays them on the digital read-out screen.

The most striking use of IoT is in healthcare management, where technologies for monitoring 
physical and environmental conditions are available. IoT is just a method of linking computers to 
the internet via networks and sensors. These coupled components are found in medical monitoring 
devices. The data is then communicated from the used sensors to remote locations through M2M, 
which is equipment for computers, equipment for people, portable devices, or mobile phones. It 
is an easy approach to tracking and improving care for any health issue that is also much smarter, 
more scalable, and interoperable. Modern systems now offer a configurable user interface, personal 
assistants, and mental health management to help people live smarter lives.

In a busy hospital, medical staff members are working diligently to save lives and enhance patients’ 
health. To prevent the worst from happening to the patients, nurses must essentially monitor them 
regularly once they are admitted to the hospital (Zacharias J. M. et al., 2019). The number of patients 
that the nurses must monitor at once can occasionally be excessive. Nursing staff still need to visit 
patients’ rooms one at a time in the modern era to check on them and keep them updated on their 
conditions. Based on the study idea of the IoT European Research Cluster, the “Internet of Things” 
(IoT) is a convincing infrastructure that can be structured and compatible with the guidelines of normal 
group communication-based agreements (IECR). IoT is defined in numerous ways (Bielicki, J. A. et 
al., 2020). Cloud computing is an architecture that links everyone, no matter where they are, to all 
facilities through flexible connection and networking. It is recognized as a revolutionary innovation 
that has undergone countless improvements throughout time. This Internet of Things (IoT) is a true 
game changer that was integrated into a progressive civilization by applying energy-efficient and 
logical technologies (Tan, C. S. et al., 2021). “IoT has gained prominence in a wide range of social 
use aspects, including emotional wellbeing, vitality, the environment, community safety, availability 
to food and supplies, accessibility, factory production, and much more. There is currently 20.35 billion 
IoT-based equipment; by 2025, there will be around 75.44 billion.

The study of “IoT” was extensive and covered many relationships and constraints. IoT’s key 
purpose is to make Web connection channels and the transfer and receiving of data commonly 
available when combined with “electronic sensor” devices. The medium which links two or more 
workstations is called a communication channel. Workstations can connect wirelessly or through 
wired networks. A transmission medium is another name for it. A connection that transmits data 
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among two or more devices is known as a transmission medium or channel. The two categories of 
unguided media transmission and guided media transmission can be used to classify communication 
mediums. Guided Media: In this transmission method, a physical connection is made among two or 
more computers or other devices via wires or cables, and then signals carrying the data are sent over 
these links. The unguided transmission medium is a transmission method that uses wireless signal 
propagation from one device to another. Different communication media have distinct properties such 
as bandwidth, latency, cost, and ease of installation and maintenance. The transmission medium is 
contained in the Physical layer, which is the bottom layer of the OSI reference model.

According to one research, 28.4 billion IoT nodes in 2017 are progressing up to 50.1 billion by 
2020.” Scientific-based charity petition claiming that “IoT” provides a wide range of services (Glantz, 
A., Örmon, K. and Sandström, B, 2019). Wi-Fi, smartphone, NFC, GPS, and so on” enable contact 
continuity (Joseph, S., et al., 2019). In contrast to software development, the Internet of Things’ 
primary purpose is to combine organizations and automation (Dogaru, L. 2020). Accelerometers 
are the most typically recycled sensors, and compression-embedding programs such as “MCUS, and 
MPUs” are utilized at the start of the program (Smiju Sudevan and Mani Joseph, 2019). The services 
have enhanced “intelligent fitness, public transportation, grids, parking, and intelligent houses.” The 
basic goal of IoT is to combine organizations and machines to transmit communications continually 
(M.M. Dhanvijay and S. C. Patil, 2019). The preliminary analysis concludes that software development 
is generally equivalent to the “IoT phase is separated into criteria, configuration, and implementation.

Huge volumes of data are collected over the network platform while using the software, and the 
security of the information must be evaluated fast. Implementing the logical layering, the functions 
corresponding to separate databases will likewise be in an isolated situation. The findings of the initial 
inspection show that the logic layer has a problem with incorrect information, and the risk source 
will be evaluated to avoid issues that might jeopardize security when utilizing data and information. 
The employment of computer software development technologies for the administration of the IoT 
data system enhances both the IoT data system’s data correctness and its productivity to handle data. 
Computer software development technology may create the best development path for the industry 
by using new management concepts, which can also be used to summarise and assess the information 
in the system and offer a secure data storage habitat for the data processing system. As contemporary 
society develops, computer software development technology needs innovation to keep up with market 
growth, diversify technology, and increase computer software development technology’s efficacy in 
many industries, consequently extending the technology’s application prospects.

IoT for manufacturing might transform current production systems and processes by using data 
from equipment and devices. If businesses ignore or downplay the upheaval that the Internet of Things 
will definitely bring, they run the danger of slipping behind competitors and losing customers who 
value speed and innovation. When referred to as an intelligent asset or piece of equipment, these assets 
can detect, communicate, and self-diagnose faults by being equipped with IoT sensors and cognitive 
capabilities, allowing them to maximize performance and save downtime. Just as when you begin to 
suspect something is amiss with your own body, you have the cognitive capacity to detect it, express 
the issue, and most likely have a solid concept of what is wrong.

Our common microprocessor configurations are MPUs. We frequently scale down desktop-style 
systems like these to function in embedded contexts. Microprocessors are semiconductors that need 
peripherals and other systems’ help. One of the most intriguing aspects of MPU systems is the fact 
that many of them will also have an MMU for memory management. When considering embedded 
UI development along with what it takes to truly drive the UI, this is a crucial factor to take into 
account. The actual hardware that manages its virtual memory and caching activities is called a 
memory management unit (MMU). The MMU occasionally runs on a distinct integrated chip but is 
often housed inside the central processor unit (CPU). The MMU receives all data inputs and decides 
if data needs to be recovered from storage. The fact that there hasn’t been any integrated UI interaction 
with MCUs is just a reflection of how much simpler those systems were. They were integrated, yet 
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they usually lacked significant memory or resource capability. Developers would have to think about 
writing code, delivering it to a target, and then properly integrating it into the system as a whole. The 
ability to integrate more memory capabilities into MCU families has made it possible to get them a 
little bit more in line with standard MPU setups.

Computer systems with an embedded purpose are called embedded systems. They are referred 
to as “embedded” because they are part of a larger mechanical or electrical system. An embedded 
system might be of one of four sorts. While a crucial feature of embedded systems is their ability 
to operate within a larger system, standalone systems can operate on their own. Without a host 
computer, standalone embedded systems can generate outputs. The terms network embedded systems 
and networked embedded systems is interchangeable. They cannot function without connecting to 
web servers through wired or wireless networks. Small, transportable gadgets are mobile embedded 
systems. Every solitary embedded system also applies to mobile embedded systems. Mobile embedded 
systems are not necessarily all standalone embedded systems. For real-time embedded systems, output 
production speed is essential.

The research on IoT-based human healthcare is described in detail in this paper. The remainder of 
the essay is broken into three pieces. The usage of IoT in healthcare is discussed in length in Section 
2. The third section examines several studies and metrics that have been used for IoT-based healthcare 
infrastructure. The paper’s conclusion, Section 4, includes its future scope.

2. IoT IN THe HeALTH SeCToR

After the structures of physical sensors, the Internet of Things has made it possible to differentiate 
between “health data” in a doctor’s analysis and diagnosis. The reduction of maintenance responsibility 
is the main advantage of “IoT in healthcare,” accompanied by a rise in the probability of receiving 
healthcare. The expansion of the individual and virtual care network was a great learning opportunity, 
and it was envisioned that the emergence of cloud healthcare services would be facilitated by 
applications for mobile personal data and general technology (M.M.E. Mahmoud et al., 2018). 
IoT-based devices are already available as the main platform for tracking neurological familiarity. 
Because there are no reliable surveillance tools available, much higher risks can be taken. IoT and 
other technologies are used in this. Such caution is in the patient’s best interests. Patient information 
is analyzed using a variety of sensors. The carer can offer sufficient advice on medical matters. It is 
necessary to pay closer attention to IoT machinery that is frequently used by patients with disabilities 
(R Sangeetha et al., 2018). With the aid of the sensors, monitoring strategies have been gathered 
to keep the patients who have been continuously referred there for care moving materials. Figure 1 
demonstrates how IoT is essential to the healthcare industry.

The digital transformation of healthcare has resulted in the development of new technical 
interfaces, such as personalized portals for patient records, electronic prescription delivery, and self-
assessment tools. Healthcare practitioners must change as patients do. Commercial organizations such 
as the Maple Corporation have developed online platforms for physicians to deliver treatment. These 
modifications offer obvious advantages. Virtual care improves patient access by allowing therapy to 
be delivered in remote places, across borders, and to people with mobility issues. Internet platforms 
are also quite useful. To successfully support people with chronic conditions, attach carers to the 
best healthcare systems, support complex mental and behavioral health challenges, and enhance the 
accessibility, outcomes, and affordability of care for each individual, the next generation of virtual 
care should meet higher standards. Given the fast growth of technology, technologies, and digital 
health tools, practicing physicians believe that around 90% of the treatment they offer can be done 
digitally. An excellent virtual expert medical opinion may help members with complicated needs 
receive the proper diagnosis and treatment while avoiding needless care, subpar health outcomes, 
and astronomical medical costs.
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2.1 Healthcare Sector Architecture Based on IoT
IoT refers to a system of physical element devices that enables hearing, analyzing, and monitoring 
by distant devices. The computational method for connecting computer hardware to enable sensor 
and intelligent sewing machine communication. The framework plays an important role in IoT 
implementations for IoT information processing (Dziak, D., et al., 2017). Smart grids, smart cities, 
smart homes, smart agriculture systems, and smart communications systems are examples of other 
IoT systems (J. Qi. et al., 2017) (S.B. Baker, W. Xiang, and I. Atkinson, 2017). The three-layer IoT 
architecture is built on the understanding and networking levels (Yuehong, Y.I.N. et al., 2016) (Ejaz, 
W., et al., 2016). It is extended to include interoperability and commercial applications:

• The layer of perception: The cognitive layer is responsible for identifying the physical and 
auditory tools. The add significant sensor system helps to identify, detect, and collects object 
data. Temperature, mobility, position, relative humidity, sound and vibration, location, bandwidth, 
chemical reactions, and other data can be collected based on the kind of sensor used. IoT sensors 
are tangible objects that collect data and track environmental changes. These are elements of the 
Internet of Things ecosystem, which links the digital and physical worlds. IoT sensors may share 
data with a network in order to identify things like temperature, pressure, and motion if they are 
connected to the network. Several industries, including industry, healthcare, and agriculture, 
employ temperature sensors. Without making direct touch, proximity sensors may sense the 
presence or absence of items nearby. To recognize features and changes in the environment, 
infrared sensors may detect or produce infrared radiation. The following processing layer receives 
the information after that. When a woman wears solitaire that is fixed to her nearby ears area, 

Figure 1. IoT-based healthcare
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clean, and that can be used to diagnose various body part conditions and advance her career? The 
viewing layer uses the node to send the data it has gathered to the computation network layer.

Cognitive impairment and complex multifactorial illnesses like ARHL may interact while 
the investigation is being conducted. Hearing loss will affect the outcomes of cognitive tests and 
might be mistaken for cognitive impairment; conversely, cognitive impairment could also affect 
the results of the auditory function test, magnifying the degree of hearing loss. Hence, it appears 
promising to examine individuals with ARHL utilizing objective electrophysiological techniques. The 
electrocochleogram (ECochG), auditory steady-state response (ASSR), otoacoustic emission (OAE), 
and auditory brainstem reactions are clinical electrophysiological procedures for persons with ARHL 
(ABR) (ABR). These techniques are now useful for assessing a patient’s auditory nerve-auditory 
circuit, cochlear function, and the severity of their hearing issues.

The IoT layers act as a link between the physical and digital worlds by constituting the physical 
parts of the IoT architecture of the internet. In the IoT architectural tiers, the perception layer is in 
charge of translating analog signals into digital signals and vice versa. They come in a huge variety 
of shapes and sizes. Sensors are very small systems or devices that are made to understand and 
recognize changes in their environment in order to further organize data in their system. These sensors 
are often rather small and use a modest amount of electricity to operate. Actuators are machine parts 
that enable the conversion of an electrical signal into physical actions. IoT networks rely heavily on 
these actuators.

• Broadcast Layer: The “Broadcast Layer” is frequently referred to, and its major work is to 
connect with different servers, intelligent objects, and network devices. gather sensor data from 
transmissions made by sensors. Infrared, Wifi, Low - power wireless, Wi-Fi, UMTS, and 3 G 
information technology can all be used as the communication system. The data from the core 
is transferred to the application level, which then moves it to the forefront of the required work 
layer, following network layer coating.

• Middle Layer: The central processing component that stores the vast amount of information 
that the network layer collects. As the middle-based layer provides a service-based layer to the 
lower layers, the database connectivity and financial allocation are accountable. It is related to 
Big Data and Cloud computing because it processes enormous amounts of data. Analyzing and 
checking the core temperature is done using the information that the earrings collected. If the 
average temperature varies in a sector that is dependable and comparable to the customer (A.B. 
Pawar and S. Ghumbre, 2016).

• Sensor Layer: The provision of application-oriented services to end users is a crucial component 
of the application layer. This is due to the layer having application layers that explicitly interact 
with the end user. Inform you that you’re suffering from a fever and that you can communicate 
directly with the woman whose name appears on the registration form once the information on 
the necklaces of a lady has been obtained. This layer contacts the user by transmitting a message 
to their smartphone informing them of the flu.

• Corporate Layer: The corporate-based layer, which governs the entire IoT eco-business model, 
is the business layer. It promotes more effective decision-making for users. A person with a fever, 
for instance, might recommend information about your nearby clinic or hospital.

2.2 IoT-Based wearable Devices for Healthcare
Wearable processes may be tailored to the actual body. This hefty equipment was formerly owned in 
order to contact the person who kept track of the sicknesses, their mental well-being, and the vital 
information that was collected and delivered to the important related research organizations. Three of 
the elements’ bases are camcorder wearable technology, machine structures, and exhibits. Wearable 
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technology should provide natural statistics such as calorie expenditure, measures necessary, heart 
rate, pulse rate, amount of exercise, and so on. Several scientific techniques have been created that 
may be utilized to calculate the input data and ultimately provide the anticipated result for evaluation 
purposes. Yet, it is noted that the implementation of the ML approach is superior technique than the 
traditional techniques. This is because the ML algorithm can evaluate high output accuracy predictions 
by using precise and meaningful input data. One of the different kinds of head-mounted displays 
(HMDs) is smart glass. Smart glass is an intelligent accessory that connects users, computing resources, 
and clients to handle even the most difficult tasks simply (S. Kraijak and P. Tuwanut, 2016). The 
information that is available on the job site can be subsequently transferred to the attempt to control 
and central or transmitted monitoring stations using smart glasses.

Smart glasses include sensors inside of them that enable them to be “smart” and provide a wide 
range of functionality. Some of these sensors are AR-capable. Although the sides of these glasses 
may be thicker than the regular sides, they essentially appear the same. Most smart glasses have an 
integrated microphone that may be used for a variety of purposes, including taking calls and speaking 
to voice assistants. In the frames’ arms, there is a very small CPU as well. Although not all smart 
glasses have an integrated camera, those that do allow for the capturing of films and pictures as well 
as, in certain situations, real-time sharing of the wearer’s perspective (POV). This makes it possible 
for someone else to see the recordings. The fact that many of these tasks may be carried out without 
using your hands is, however, the largest benefit. enabling more user mobility. The remote expert 
may view what the wearer of the smart glasses is viewing as if they are also there on-site if there is a 
functioning internet connection. Industrial companies now have a variety of options for maintaining 
operations with a small on-site workforce thanks to this new kind of collaboration.

The sharing and exchanging of information are carried out quickly and can even be recorded for 
later use. The various wearables are listed below:

• Pulse oximetry: This instrument measures the body’s partial pressure of oxygen and tracks 
changes in skin blood flow as they relate to the ventricular systole. The pump measurement device, 
which has an illustration detection mechanism and LEDs, is associated with the finger area or 
near the ear (LEDs). Pump-probe spectroscopy requires that the physical system be disrupted 
from an equilibrium state since it is a technique for studying dynamic processes. The pump 
pulse is used to do this since it has to take a shorter route to get to the sample first. To stimulate 
the sample correctly, the pump pulse reacts with the sample and may be altered in a variety of 
ways, including energy, intensity, polarisation, and length. When the probe pulse has interacted 
with the sample, it is monitored with a detector. The key to determining the physical condition 
of the sample as it decays back to equilibrium following the disruption from the pump pulse is 
to watch the variability of the probe pulse after it has reacted with the sample. Non-linear optics, 
a discipline that studies the optical characteristics of non-linear materials, includes the topic of 
pump-probe spectroscopy. The optical characteristics of non-linear materials are dependent on 
the incident light field.

Alveoli, or lung air sacs, are important to grasp if you want to comprehend how blood becomes 
oxygen-saturated. The lungs contain millions of these tiny air sacs. They move molecules of carbon 
dioxide and oxygen into and out of circulation. Hemoglobin in the blood binds to oxygen molecules 
as they move through the alveoli. When the hemoglobin circulates, oxygen “hitch-hikes” along with 
it until it is released into the body’s tissues. The hemoglobin then carries carbon dioxide back to the 
alveoli by absorbing it from the tissues. Once there, the cycle may start over from scratch. Hemoglobin 
typically has sufficient oxygen to suit the body’s requirements. However, some conditions weaken 
hemoglobin’s capacity to bind oxygen. Hemoglobin makes up about 270 million molecules of each 
of your blood cells. Any health condition that impairs your body’s ability to produce red blood cells, 
which in turn limits the amount of oxygen that can saturate your blood, can lead to low hemoglobin 
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levels. Red light sent into or backscattered from the internal organs is used to test infrastructure. 
Measuring oxygen saturation was made easier by the difference between the level of implementation 
and the quantity of deoxygenated hemoglobin.

• Electrocardiography (ECG): A impulse response used to track the heart’s activity and provide 
timing data. Furthermore, automated testing preparation for ECG calculating the total wireless 
various sensors is limited.

• Blood pressure: The effort spent as blood circulates through capillaries aids in its 
measurement. For the manual fields of view and diastolic readings, these sensors use the 
pressure transducer method.

• Electroencephalography: Using electroencephalography (EEG), you can visualize how the 
human brain works. The Wireless Smart Sensor (WSS) is an intelligent low-frequency linear 
actuator that can be used for low-level real-time signal processing, wireless technology, and 
analog signal synchronization applications.

Smart sensors build a network in which the entire system service and networked embedded 
control systems are accessible from a single point. A smart sensor is a device that uses a transducer 
to gather particular information from the real-world environment, process the particular type of 
collected data according to a specified and programmed function, and then transfer the data through 
a networked connection. Some of the functions of the smart sensor include smart measurement and 
compensation, self-identification, digital sensor data, multi-sensing capabilities, sensor connection 
for remote & remote monitoring settings, etc. Smart sensors change their physical properties, such 
as speed, temperature, pressure, mass, or the existence of humans, to collect data from their physical 
environment and turn it into calculable electrical impulses. One example of these sensors is a digital 
motion processor. Specifically, a DMP is a sort of microprocessor that enables the sensor to manage 
data from onboard smart sensors, such as by screening noise and other types of interference. The 
different component used in IoT-based wearable smart devices is stated in table 1. The Internet of 
Things is a technique that allows all objects or things that serve a specific purpose to communicate with 
one another and the digital world via the internet to make smart decisions and compute possibilities. 
IoT lacks an explicit definition and architecture. The architecture might change depending on the 
application. The two types of architecture that are most frequently found in the literature are five 
major components (perception layer, transmission control protocol, processing layer, application 
server, and business layer) and three layers (layer and application layer, core network, and application 
server) (Islam, S.R., et al., 2015).

The most basic type of architecture has three layers. In the early stages of this branch of research, it 
was first applied. Its three levels are the application, networking, and perception layers. The perception 

Table 1. The component used for smart wearable devices

Component Description

Ambient light sensor Presenting brightness will improve the visual screen brightness.

Connectivity Helps in establishing a Wi-Fi, Bluetooth, or USB connection between the smart glass and 
another network.

Magnetometer Serves as a decision support tool for smart glass’s navigational services.

Optic lenses Features a field perspective of the capturing area and serves as a structural system for the 
camera.

Memory unit Aids in the storage of data including voice commands, text files, images, and videos.

Gyroscopic sensors Aids in determining the smart glass wearer’s orientation about the reference axis.



International Journal of Healthcare Information Systems and Informatics
Volume 18 • Issue 1

9

layer is made up of physical sensors that are used to perceive and collect environmental data. It locates 
other intelligent gadgets around or picks up certain physical cues. The networking layer is in charge of 
connecting to servers, network elements, and other intelligent things. Furthermore, it uses its attributes 
to communicate and analyze sensor data. The application layer is in charge of providing users with 
application-specific services. It discusses several Internet of Things implementation scenarios.

The five levels are perception, conveyance, processing, application, and business. In a three-layer 
architecture, the applications and perception levels serve the same purpose. The latter three layers’ 
functions are described. The transport layer transfers sensor data from the perception layer to the 
processing layer and back via networks such as WiFi, 3G, LAN, Bluetooth, RFID, and NFC. The 
processing layer is also known as the middleware layer. It processes, saves, and analyses a massive 
amount of data from the transport layer. It is capable of administering and providing a broad range 
of amenities to the lower levels. It employs a number of technologies, such as large data processing 
modules, cloud computing, and databases.

2.3 Blockchain in Healthcare Monitoring
By putting the patient at the center of the healthcare ecosystem and increasing health data security, 
privacy, and interoperability, blockchain has the potential to change healthcare. This breakthrough 
might build a new model for the interchange of health information by adopting digital patient records 
more economical, decentralized, and secure (HIE). While not a panacea, this new and fast-expanding 
subject provides fertile ground for research, funding, and proof-of-concept testing. Healthcare 
ecosystems may be used by companies to enhance patient care and well-being while lowering overall 
expenses. Strong forces that may transform and destroy industries are produced by ecosystems. They 
have the ability to enhance healthcare outcomes and accessibility, increase provider efficiency, involve 
formal and informal carers, and provide customers with a customized and integrated experience. 
We define an ecosystem as a set of capabilities and services that integrate value chain participants 
(customers, suppliers, platforms, and service providers) through a common business model and virtual 
data backbone to enhance consumer and stakeholder experiences and identify significant pain points 
or inefficiencies (enabled by smooth data capture, management, and exchange).

A health information exchange driven by blockchain might uncover the actual potential of 
interoperability. Blockchain-based systems might decrease or perhaps do away with the friction 
and expenses associated with current middlemen. The potential of blockchain has significant 
ramifications for key players in the healthcare sector. Using this technology may enable it to connect 
dissimilar systems in order to gather information and more accurately assess the value of care. 
With the exchange of health information driven by blockchain, the true value of interoperability 
might be revealed. Blockchain-based systems can do away with current middlemen and the costs 
they incur. Three especially compelling use cases for blockchain technology include the National 
Interoperability Roadmap, Patient Care and Outcomes Research (PCOR), and the Precision Medicine 
Initiative. Blockchain technology will put the patient at the center of the healthcare ecosystem while 
simultaneously improving the security, privacy, and interoperability of health data. This technology 
may present a new paradigm for exchanges of health data by enhancing the efficacy, disintermediation, 
and confidentiality of electronic medical records (HIE).

A worldwide blockchain network for digital medical records may lead to increased efficiency 
and encourage positive patient healthcare outcomes in the long run. Figure 2, shows the process 
of blockchain.

A blockchain is a decentralized node network where the data is stored. It is an excellent piece 
of technology for protecting sensitive data across the entire system. With this technology, sensitive 
information may be transmitted securely and privately. It is the best option for safely keeping all 
pertinent paperwork in one location. By computer consensus, a Blockchain system enables peer-to-
peer value transactions without the need for an intermediary. A P2P network of computers running 
the protocol and each having a copy of the transaction ledger is how it operates on top of the internet. 
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The fundamentals of blockchain technology are relatively simple and are continually changing, 
expanding the network of blocks that adapt to the diverse demands and distinctive qualities of many 
businesses. Table 2, shows the blockchain simulation results for healthcare. As the number of blocks 
is increased the number of iterations increases for a particular range, before that it is low and for large 
blocks the iteration is low.

3. PARAMeTeRS USeD FoR IoT HeALTHCARe SeCToR

The following design elements should receive special attention even during the design and fabrication 
phases: spiffy appearance, terms of battery life, interoperability, solidness, data protection, design-
based frame, longevity, dustproof, comfort, the field for view, hands-free, activating, solitude, 
durability, voice-based control, weight, and waterproof (Borgia, E., et al., 2014). Brief descriptions 
of the design parameters and the necessity for consideration are provided in the subsections below 
(Tiwari, A., et al., 2021):

1.  Aesthetic appearance: The product’s appearance and finishing are more important because 
they are factors that affect the market for that product. Therefore, when designing, the product’s 
appearance must be taken into account. Due to the increased importance of online shopping, the 
packaging is now extremely crucial. Some consumers base their decision to rate a product as high 
or low quality mostly on its packing. A crucial element in determining how satisfied customers 
are with a product is the packaging, which should be simple to open and easy. Because customers 

Figure 2. Blockchain process

Table 2. Blockchain simulation results

No. of Blocks Time in Seconds No of Iterations

1 0.066611 0

2 0.096373 285

3 1.006141 14159

4 4.113144 31641

5 48.69262 382184

6 562.3581 0



International Journal of Healthcare Information Systems and Informatics
Volume 18 • Issue 1

11

understand how important it is to use fewer resources to reduce carbon emissions, efficiency 
is also crucial. Smaller package size is an appealing feature for persons with the limited room 
since homes are getting smaller as a result of urbanization. People’s perceptions of a product’s 
quality are influenced by its appearance and design, which significantly influences their decision 
to purchase a product. Customers’ perceptions of value are influenced by a product’s form, 
color, and size, and these characteristics can symbolize certain notions that are consistent with 
customers’ expectations of what a product should look like. Consumers comment on the design’s 
efficiency and ergonomics as well.

2.  Battery life: The majority of IoT health devices were worn by operators during the day or regular 
business hours. Therefore, the battery must be capable of performing the necessary tasks, therefore 
it would be best if battery autonomy were taken into account during the configuration.

3.  Compatibility: Would be a problem when attempting to connect the smart glass to a channel. 
Consequently, the person who created or designed smart glasses should.

4.  Compactness: In some circumstances, compactness integration is more crucial because the 
product’s size should be minimal for a variety of applications. So, it makes sense to choose a 
product of the same kind that is more compact.

5.  Data and its pattern security: Should be one of the primary design considerations. Most of 
the time, the wearer’s on-site data is sent to the main server. Data loss and other problems might 
arise in this circumstance. It would be much better if smart glasses could support distributed 
computing networks or Blockchain technology features.

6.  Robustness: These electronic systems were designed to function in a variety of environmental 
conditions. In a few instances, the environment may be more favorable for monitoring, the 
workforce, the medical industry, education, and other activities in industrial applications like 
petrochemicals, preparation, iron, steel, etc.

In most cases, the pulse and ECG are used for remote monitoring. Figure 3, shows the parameters 
used for IoT-based human health monitoring. In most IoT-based healthcare systems, ECG is used as 
the major parameter for monitoring (Almarzouki, H. Z., et al., 2021).

Figure 3. IoT-based healthcare sector parameters
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In terms of wearable devices finds figure 4, shows the parameters mostly used. It found that most 
wearable devices focus on the heart rate and oxygen level of the human for remote monitoring. As per 
the data from the US government, the worldwide IoT-based Health sector growth is shown in figure 5.

Apart from human monitoring, IoT can be used in different other sectors of healthcare as stated 
in table 3.

Figure 4. IoT-based wearable devices parameters

Figure 5. Growth of IoT-based healthcare
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The wireless surveillance system in the biomedical field will function much more effectively if 
more parameters can be sensed and tracked by the allocation of sensors or developments in biomedical 
trends. On an illustration LCD, a graph depicting the rate of change of numerous medical guidelines 
over a period can be displayed. The whole health tracking system that has been proposed can be 
contained within a small, portable device the size of a smartphone or wristwatch (Ning, H., & Wang, 
Z., et al., 2011). This will make it simpler for the patients to transport this equipment wherever they 
go. By utilizing sensors such as sensing applications, fertility check sensors, and others, we can use 
our system for industrial and agricultural purposes in addition to medical applications. The real future 
of IoT-based healthcare for individuals is shown in figure 6.

Table 3. Different health sector segments using IoT

Segment Growth % Range Description

Medicine 47-68 Dependency on IoT-based systems is 
increasing day by day

Medical instruments 
manufacturing 34-61 Due to automation in manufacturing

Medical plant farming 18-37 Helping to improve the quality of medical 
plants

Data management 56-88 The large data set is managed using the help of 
IoT based system

Prediction 24-41 Health prediction

Financial 34-65 Helps in maintaining the financial flow for 
proper operation of the health sector

Figure 6. Future of IoT-based self-healthcare monitoring
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4. CoNCLUSIoN

One of the most valuable applications of IoT in this article was as the predominant producer of 
healthcare systems. It helps to improve the delivery of healthcare by removing barriers related to 
time, geography, and other factors, while also expanding their coverage area and overall efficiency. 
The IoT medical revolution is a reality, so people can receive high-quality care that is fair and 
affordable. These applications generate a lot of sensor data that needs to be properly monitored and 
handled. Through its Base, cloud computing offers a promising strategy for quick deep learning in 
the medical field. The unique framework offered can be employed to manage patient-specific network 
and cloud device data. The cloud app, which is versatile and productive to the server having data, 
details of users, and attached sensors, is built on IoT and its design concepts and enables interactive 
connections of sensor devices. Smart sensors build a network in which the entire system service and 
networked embedded control systems are accessible from a single point. The suggested approach uses 
blockchain technology to go beyond the traditional healthcare systems that are frequently employed 
by most enterprises. This paper acknowledges the need for further IoT service integration and strives 
to create a fully interconnected IoT-based healthcare system. There needs to be more done on safety 
concerns in propinquity to the various pursuit phases. This study examines the degree of difficulty 
and the number of revisions over time, starting with the block that contains the patient profile and 
continuing to the very end. To calculate and analyze data for transactions between doctors and patients, 
this article used the console application R- Studio 3.5.3.
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