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IOT AND LOCOMOTOR DISABILITY

Abstract

Disability is a consequence of a
limitation that restricts a person's capacity to
engage in daily activities. This disability
may be mental, physical, physical, sensory,
personal, growth-oriented, or a combination
of these. Walking, running, gripping,
moving goods, using pens, and other fine
motor skills are all affected by locomotor

deficits. Locomotor problems include
cerebral palsy, spinal cord damage,
muscular  dystrophy, cerebrovascular

accidents, spinal cord injury, and other
locomotor disorders. To support these
people financially and socially, particular
devices or technology, i.e., assistive
Technology, are constantly needed to
enhancetheir involvement in daily activities
and so make them independent. AT is an

area of engineering focused on the
development of methods, systems, and
technologies to assist people with

impairments in doing daily tasks. In this
respect, an assistive technology device is
one that can be utilized to increase or
improve the functioning abilities of any
impaired individual also, these technologies
can aid in reducing or removing disability,
ensuring PwDs live dignified and
independent  lives. The Internet of
Things(loT) is made up of everyday objects
that have computational, sensory, and
networking capabilities for data collection
and transfer. Low-cost CPUs and simple-to-
install wireless networks are essential 10T
technologies. Sensors can collect and
transmit data in real timeto servers with
minimal or no human involvement.
Advances in artificial intelligence, data
transmission, and cloud computing have
accelerated 10T development. The Internet
of Things (loT) has the potential toenhance
the lives of disabled individuals as well as
our society and industries. Individuals with
impairments are gradually gaining access to
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loT devices and services. The Internet of
Things and its related gathering of data is
resulting in technological developments
ranging from smart home devices to self-
driving cars. loT-based services also allow
persons with impairments to participate
more fully and autonomously in daily life
by eliminating the need for human
facilitators or adaptations. Due to the
miniaturization of electrical devices and the
significantly  improved availability of
internet connectivity, all of this is made
possible. The possible uses of this new
Internet of Things are essentially infinite,
and they have the potential to significantly
improve the quality of life of people with
disabilities. This chapter investigates the
influence of the Internet of Things on
people with locomotor disabilities, focusing
on devices such as walkers, crutches, and
wheelchairs that use 10T.
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I. INTRODUCTION

This section includes an introduction to locomotor disabilities, assistive technology,
loT its definition, its features, advantages, disadvantages, and application of IoT, in
disabilities and IoT in assistive technology for people with locomotor disabilities.

1. Locomotor Disability: In all, over a billion individuals are impaired globally, with a
significant number of locomotor disabilities caused by injuries due to traffic accidents,
falls, burns, and violent acts such as child abuse, teen violence, war, or conflicts. Motor
disability constitutes the second highest percentage of disability, but it is also one of the
most neglected, as it frequently seems that this type of disability doesn't need special care
or consideration like the other groups likevisual, mental, and hearing impaired, and is thus
marked as a neglected category in the disabled population. Disability in developing
countries differs from disability in developed countries. Around 15% of the world's
population is disabled, with 2-4% having significant difficulties functioning[1]. A person
with a disability is more likely to have poor socioeconomic outcomes, physiological
stress, and inequalities in access to critical services such as education, health care,
employment, and social interaction. Education, work, freedom of activity, availability of
knowledge, sufficient health care, and the opportunity to make their own decisions are
often restricted to people with disabilities[2]. Despite assistive technologies have the
ability to enhance the quality of life and participation, they cannot ensure performance.
Apart from the technology, the user's physical traits, goals, preferences, and expectations
have to be addressed. As per to the World Health Organization's burden of disease
research (2010), noncommunicable diseases like musculoskeletal disorders such as
diabetes and stroke with associated disabilities, are changing global disease demographics
and moving towards infectious diseases, which leads to a rise in locomotor disabilities[3].
A few kinds of locomotor disability are paraplegia, which is the paralysis of the lower
limb as a result of spinal cord damage caused by any reason, such as a fall, a car accident,
or a gunshot injury, and results in the loss of both feeling and movement of the lower
legs; Quadriplegia is a paralysis of both the arms and legs caused by spinal cord injury,
resulting in loss of feeling as well as movement in both the upper and lower limbs,
resulting in significant functional limits, Cerebral palsy is a congenital defect in the brain
that causes neurological problems and functional abnormalities in children. Muscular
dystrophy is a hereditary illness that involvesgradual muscle weakness and wastage that
worsens with age and leads to severe functional deficits with physical activity limits.
Amputation is the surgical removal of a limb, which can be upper or lower, as a result of
an accident, diabetes, or cancer, and results in complete physical limits. Arthritis is a
condition characterized by joint inflammation, which causes pain and stiffness, and, as a
result, disability. People with locomotor disabilities are prescribed assistive technology
such as prostheses, orthoses, canes, crutches, and wheelchairs to improve their mobility
and independence. It has a significant impact on the lives of people with locomotor
disability. People with locomotor disabilities sometimes experience difficulties
performing routine tasks owing to physical limitations. Assistive technology bridges these
gaps, improving independence, functionality, and overall quality of life[4].

2. Assistive Technology: Any product, which can include any device, instrument,
technology, or software, that is specifically designed for preventing, compensating for,
relieving, or neutralizing impairment, limitation of activities, or restriction in participation
in daily tasks is referred to as assistive technology for people with disabilities. People
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with disabilities can live better lives due to technology by having more independence,
communication, accessibility, and an all-around better quality of life[5]. People with
impairments may now access information, connect with others, and carry out daily duties
because of assistive technology. With the use of assistive technology, people with visual,
hearing, or mobility impairments can access digital information and connect with
computers or mobile devices. Examples of this technology include screen readers, braille
displays, speech recognition software, and alternate input devices. With the use of
assistive technology, people with visual, hearing, or mobility impairments can access
digital information and connect with computers or mobile devices. Examples of this
technology include screen readers, braille displays, speech recognition software, and
alternate input devices. It also helps persons with locomotor impairments stay safe and
prevent falls. To create safer conditions and reduce the chance of accidents and injuries,
public spacesincludes grab rails, wheelchair ramps, handrails, and grab rails. Individuals
with mobility issues can use voice-activated assistants, smart home automation systems,
and environmental control devices to manage various aspects of their living space,
including the lighting, temperature, and appliances[6].Few examples of mobility aids to
enhance mobility and quality of life for people with physical disability include
wheelchairs, prosthetics, and exoskeletons. Due to the use of assistive technologies the
woerkoppurtunities for the people to work has been increased.it also helps people to
participate in activities and enhance social inclusion.

3. Internet of Things : The term Internet of things has been coined by Kevin Ashton, who
was a British technology developer , he describes a setup in which the internet is
connected to the real world via common sensors. The Internet of Things (loT) is a
network of things that are embedded with , circuits, software, sensors, network
connectivity, and other components to gather and share data. Through the use of existing
network infrastructure, the Internet of Things makes it possible for objects to be sensed
and controlled remotely, enhancing efficiency and accuracy and enabling a more direct
integration of the physical world with computer-based systems. 10T may interact without
the involvement of a human. In the fields of healthcare, transportation, and automobiles,
several preliminary Internet of Things applications have already been created. Despite the
fact that Internet of Things (loT) technologies are currently still at the beginning, there
have been numerous notable developments in the online integration of objects with
sensors.[7]

We can divide the five eras of the Internet's development into five categories:

e The Internet of Documents, which includes websites with documents as the content.

e The Internet of Commerce, which includes websites for e-commerce, e-banking, and
stock trading.

e Web 2.0 and the Internet of Applications

e Social networks on the Internet of People.

e The Internet of Things -- Machines and connected gadgets
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Figure 1: Evolution of loT

4. Process of 10T: There is various steps on which the internet of things works :

Ingestion of Data : 10T devices/sensors get information from their surroundings.The
data must be transferred to the cloud for analysis.

Transmission of Data : The data is sent to the cloud using Gateways (Telemetry
Devices), which employ both cellular and satellite communication to provide the data
like Bluetooth.

Processing of Data : The loT platform processes the data once it reaches the cloud.

Three stages comprise the data processing cycle: input (data), processing with
storage, and output (information). Data collection and conversion into machine-
readable form take place at this stage. Processing is the second stage. It is the place
where data is categorized into groups, ordered (for instance, alphabetically), and
calculated (using arithmetic and logical processes).The data is transformed into
human-readable form at the third stage.

Input output
[ Data | ‘ Processing

Information

Storage

5. Features of loT: Its most important loT features include connectivity, analysis,
integration, active participation, and many more. Some examples are provided below:

Connectivity: Connectivity refers to the creation of a proper link between all 10T
components and an loT platform, which could be a server or a cloud. After connecting
the 10T devices, reliable, secure, and bi-directional communication requires high-
speed messaging between the devices and the cloud.
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e Analyzing: Once all of the important objects have been linked, it is time to evaluate
the real-time data and use it to develop efficient business knowledge. If we have a
complete understanding of the data collected from all of these sources, itcan
be referred as a smart system.

e Integrating: loT also mixes several models to improve the user experience.

e Artificial Intelligence: I0T uses data to make things smarter and improve people's
lives.

e Sensing: Sensor devices are used in 10T technologies to discover, assess, and track
environmental changes. Because of the Internet of Things, previously inactive
networks are now operational. There could be no genuine or functioning loT
environment without sensors.

e Active Engagement: 10T allows linked devices, goods, or services to actively engage
with one another.

e Endpoint Management: Gateway management is critical for every 10T system; else,
the system will fail totally.

Connectivity
|| Analyzing

Integrating

Features of |/ Artificial
LT b, mtelligence

\\ | Sensing

|\ Active
engagement

| Endpoint
managermert

Figure 3: Features of loT

6. Advantages of 10T : The Internet of Things provides numerous benefits in the business
sector on a daily basis. Some of its advantages are as follows:
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e Effective resource management: IoT makes it easier to understand how each device
functions, which improves effective resource management.

¢ Reduce human effort: As 10T devices connect and communicate with one another,
this reduces human effort.

e Save time: By lowering the amount of human work, time is also saved.

e Enhance Data Collection: 10T enhances the data collection

e Improve security: loT has a network that connects systems, which can increase
efficiency and security.

Effective ;
AR Reduce human Savetime Enahance data Improve

iniaria et effort collection secumty

Figure 4: Advantages of loT
7. Disadvantages of 10T: The IoT has some disadvantages also which are as follows:

e Security: The Internet of Things (IoT) creates an environmental framework for
devices that often connect to networks. Furthermore, the program offers little
regulation despite safety precautions.

e Privacy: The Internet of Things system provides considerable personal data at a high
level of precision even when the user is not actively participating.

e Complexity: Creating, managing, and enabling large-scale technologies for loT
systems is challenging.

e Flexibility: Flexibility is lacking in it. Consumers are uncertain about how easily the
loT system can be integrated. There are issues about coming across too many
protected or incompatible source codes

-

Disadvantages ofiot
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Figure 5: Disadvantages of 10T
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8. Applications of 10T: The Internet of Things (loT) is used in a range of sectors and
industries. These are a few of the most important 10T applications:

e Smart Homes: "Smart homes" is a significant 1oT application that appeals notably to
people with disabilities. The concepts of assisted living and home automation—both
of which have long been pursued in the disability community—are broadened by this.
Numerous home systems and appliances may be automated and managed thanks to
loT. Smart appliances, lighting fixtures, security cameras, and thermostats may all be
remotely controlled and monitored by users using voice-controlled devices or
smartphones when they are all connected to the internet. This resulting living area is
therefore more practical and energy-efficient. However, as a result of their broad
availability in nearby hardware and furnishing stores, home automation systems are
now significantly more durable and affordable for people with disabilities than they
were when they were specific custom-made solutions][8].

e Industrial Settings: 10T is also applied in commercial settings to improve output,
effectiveness, and security. loT applications link sensors and devices to equipment,
machines, and processes for monitoring and control. Predictive maintenance,
inventory management, supply chain optimization, and remote asset management are
now all feasible.[9]

e Smart Cities: 10T is essential for the growth of smart cities, which use technology to
enhance urban infrastructure and services. Internet of Things sensors can handle junk
gathering, regulate street lighting, improve parking spaces, and keep an eye on the
weather. By gathering and analyzing data, cities may advance sustainability in
general, increase energy efficiency, and enhance mobility[10].

e Healthcare: 10T applications in healthcare, often known as the Internet of Medical
Things (IoMT), improve patient administration, monitoring, and care. Wearable
technology, such as fitness trackers and smartwatches, monitors vital signs and
physical activity. l1oT-enabled medical devices can remotely monitor patients, remind
users to take their medications, and send data for instant analysis to healthcare
specialists. This enables personalized healthcare, remote patient monitoring, and the
early detection of health issues[11].

e Agriculture: The Internet of Things is revolutionizing agriculture by providing
precise farming techniques. Sensors are placed in fields to assess the soil's
temperature, moisture level, and nutrient content in order to optimize irrigation and
fertilization. Crops can be scanned for pests or illnesses by drones equipped with
cameras and sensors. 10T also makes it possible to better manage all facets of farm
management and monitor livestock, animal behavior, and health[12].

e Transportation:_ The Internet of Things in transportation is revolutionizing logistics
and transportation by improving efficiency, security, and asset management.
Connected vehicles and infrastructure provide real-time traffic monitoring, reducing
congestion and enhancing safety on the road. 10T sensors can track and monitor
shipments, which improves logistics and supply chain management procedures[13].
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e Energy Saving: For energy monitoring, administration, and optimization, loT is
employed in residences, workplaces, and industries. Smart meters give users access to
real-time information on energy use, enabling them to plan their usage and reduce
waste.[14]

e Management of Inventories and Retail: 10T is utilized in retail to improve
inventory management, enhance the consumer experience, and enable smart retail
solutions. By delivering location-based offers and recommendations, beacons and
digital signs powered by the Internet of Things may customise the customer
experience[15]
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lot in Disabilities: People with disabilities are particularly touched by the Internet of
Things (loT)'s potential opportunities. 10T enables people and objects to be connected at
any time, in any location, and via any network or service. 10T networks may work within
healthcare institutions, being developed to provide services to urban neighborhoods, and
even connect patients and healthcare professionals across greater distances, removing
geographical barriers to access to healthcare as well as the requirement of healthcare
facilities. E-health services that rely on electronic devices and intelligent settings are
driving the expansion of assistive solutions based on wireless networks and loT
installation. Devices that monitor and help patients with particular aspects of their health
and well-being are made available to patients because of recent technologies. An IoT
device and a server at the center normally transfer the obtained data over a wireless
network[16]. To enable patients to be remotely monitored for anomalies and helped with
specific health conditions, a data structure is developed. The potential of home
automation has been further expanded by the most recent development of various
artificial intelligence systems created especially for this purpose. This includes Google
Assistant, Apple Siri, Cortana from Microsoft, and Alexa from Amazon. Although it's
easy that eventually, in addition to controlling televisions and other home appliances,
these smart devices may also find their way to workplaces, public transportation systems,
and other locations, becoming a part of everyday surroundings. Some of the earliest
instances of lIoT applications can be found in the connected coffee maker and vending
machine, which were put at an office and a university, respectively. Several signal
systems are now being employed to facilitate inside and outdoor navigation, particularly
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in public buildings and other high-traffic areas. These increase physical environment
accessibility by making it easier and quicker for people with disabilities to move around
in public spaces and buildings[17].Individuals’ work settings and general inclusion in
human resources may suffer as a result of their impairment. To improve the quality of life
of such people and solve their difficulties, universal design (U.D.) and the Internet of
Things (1oT) is also included into present design practices. Products are available on the
market to make the life of the elderly or differently abled individuals easier. 10T serves as
a pivot in bridging the gap between the actual and virtual worlds, increasing the
ecosystem'’s universality. The usage of 10T and sustainable development may help to
remove preconceptions about products, services, and the environment. In terms of basic
necessities, incorporating 10T into the early design process would aid in the creation of a
universal ecosystem accessible to all groups of people[18].

The Internet of Things (1oT) has the potential to significantly assist people with
impairments by allowing them previously impossible access to the actual world.
However, if 10T devices are adopted without taking into account the needs of persons
with disabilities, they may become a hindrance rather than an aid. A smartphone app, for
example, may allow better access to an loT heating system than actual knobs. If this app
is inaccessible, the cost of this 10T system will be more than that of a traditional system
with physical knobs[19].

10. lot And AT For The People With Locomotor Disabilities: The fundamental
advantages of loT sensors and technologies have influenced numerous areas of
application. Implanted sensors on patients, acquire information remotely, assisting in
anticipatory healthcare by foreseeing health risks through vital sign monitoring.
Implantable sensors have a proven track record of efficacy, and they have a major impact
on patients' long-term quality of life[20]. According to a survey, almost one-third of those
who are paralysed are dissatisfied with the degree of rehabilitative technologies available
on the market. 10T technology has the potential to improve this situation and boost the
standard of living for people with impairments in general. According to World Health
Organisation (WHO) estimates, over a billion people suffer from physical disability[21].
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Another important innovation in e-healthcare is the movement of paralysed persons.
Exoskeletons are the most often utilised assistance and rehabilitation approach for
disabled persons today. Exoskeletons are available in a range of designs and serve a
variety of applications, such as movement help, rehabilitation, and transportation
assistance. These have major portability, flexibility, adaptation, and wearability issues.
The Brain Energised Full Body Exoskeleton (BFBE) uses EEG sensors to record brain
waves. When the user wishes to make a specific movement, such as sitting, standing, or
sleeping, the sensors detect brain impulses. The Control Unit's microprocessor
subsequently generates a signal for the necessary body portion[22]. Below are the
examples of the 10T in the most commonly used mobility aids for people with locomotor
disabilities

11. Smart Crutch: A smart crutch is a more modern take on the classic crutch that includes a
number of functions to improve its usability, comfort, and functionality. In order to give
users further advantages, these crutches frequently incorporate sensors, microprocessors,
and wireless communication[23]. Here are a few characteristics that a smart crutch could
have.

e Load Sensors: It monitors the force that the user applies to the crutch, which is
crucial since it may give feedback on optimal weight distribution, assisting users in
preventing overstretching or damage.

e Height Adjustment: Automated height-adjustment devices may be included with
smart crutches. With this function, users can quickly change the crutch's height with
the push of a button or a simple motion.

e Fall Detection: The smart crutch's integrated accelerometers and gyroscopes can
detect rapid movements or changes in orientation, allowing it to identify and inform
the user or caretakers in the event of a fall. This feature can give a greater sense of
security, especially for people who have mobility challenges.

e GPS Tracking: Smart crutches may contain GPS tracking capabilities, which can be
useful for detecting missing crutches as well as a safety measure by allowing carers or
emergency services to locate the user in the event of an emergency.

e Anti Slip Feature: To improve stability on varied surfaces, smart crutches can be
constructed with anti-slip tips or feet. These characteristics serve to reduce
unintentional slips and falls, giving users more confidence and support when on the

go.

e Activity Monitoring: Smart crutches may monitor the user's daily activity levels,
including the number of steps taken and the distance traveled. This information can be
linked with a smartphone app or the system of a healthcare provider, allowing
consumers to track their progress or exchange information with medical specialists.
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e Haptic Feedback: Some smart crutches may have haptic feedback systems that offer
users with vibrations or gentle reminders, assisting with gait training, posture
correction, or reminding users to take breaks or conduct specified exercises.[24]

Padding

Support Flexible polyurethane foam

Rigid structural polyurethane foam

* Handle
Kuhber
Rod
Anticorodal aluminium
Tip
Non-slip rubber

Figure 8: Smart crutch[23

According to one study, the long-term, repeated research and survey at the Centre
for the Rehabilitation of the Paralysed (CRP) resulted in the application of the developed
Robotic Crutch. The smart crutch implementation is an actual time architectural system
designed for paralyzed people as appliances to provide the necessary assistance so that
they can move freely. The E-Care architecture is a newly added component of the robotic
crutch that allows the user's family members to view their physical state correctly using
loT. In this case, the IoT module aids in the patient's actual tracking[25].

Figure 9: Smart crutch developed in a study[24]

Copyright © 2024Authors Page | 20



Futuristic Trends in IOT

e-ISBN: 978-93-6252-967-1

I1P Series, Volume 3, Book 6, Part 1, Chapter 2
I0T AND LOCOMOTOR DISABILITY

12. Smart walker: A smart walker, often called an intelligent walker or a high-tech walker,
is a technologically enhanced variation on a regular walker that includes a number of
capabilities to improve users' mobility, safety, and convenience. For added utility, these
walkers frequently incorporate sensors, electronics, and networking[26], [27]. It has the
following features:

e Fall Detection and Prevention: It has Sensors that detect rapid movements or
changes in orientation allowing them to detect and stop falls. To enhance stability and
prevent tipping, they have features like automated braking or stability control
systems.

e Navigation and Obstacle Detection: Some smart walkers have sensors or cameras
that can recognize obstacles in the user's route and send alerts or even perform
automatic navigation to avoid them. People with limited mobility or visual
impairments may find this function to be especially helpful.

e Height Adjustments: Users of smart walkers may have access to automated height
adjustment devices that make it simple to change the walker's height with the push of
a button or a hand motion. This eliminates the requirement for manual adjustments
and maintains the user's comfort and appropriate alignment.

e Vital Signs Monitoring: Smart walkers have sensors which can monitor all the vital
signs such as heart rate , blood pressure or oxygen saturation levels. These parameters
can be easily transmitted wirelessly and information may reach to health care provider
or care takers for easy monitoring and timely intervention.

e Integrated Seat and Storage: Smart walkers can have incorporated seats or storage
space , so that user can carry personal belongings with ease, this may improve users
comfort and convenience during longer walks.

e GPS Tracking and Location Services: Some smart walkers have GPS tracking
facilities so that caretakers can locate the user and ensure the safety of the individual.

Figure 10: Smart walkerdeveloped in a study[26]
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13. Smart Wheelchair: A smart wheelchair also known as an intelligent wheelchair is an
advanced version of wheelchair that includes user independence, safety and convenience.
It may have sensors electronics and connectivity to provide additional functions[28], [29].
Some features of the smart wheelchair are

e Powered Mobility: It has powered mobility same as a motorized wheelchair
functions which enables users to effortlessly maneuver the wheelchair without using
their upper body strength. For people with more severe issues with mobility,
motorized wheelchairs can be controlled via joystick interfaces or other input devices
for more independent control

e Obstacle Detection: It has sensors and cameras to detect obstacles in the user’s path
it help in preventing collisions and enhancing safety.

e Navigation And Mapping: Some wheelchair has incorporated GPS technology and
mapping systems, which is useful for outdoor navigation

e Seating and Comfort Adjustments: It offers adjustable seating positions for more
comfort, it may include features like adjustable backrests, seat tilt, and leg rest
elevation for proper posture and pressure distributions[30]

e User Friendly Controls : It has additional features like touchscreens , voice
commands or sip and puff systems , so that people with severe mobility issues can
operate the wheelchair with ease

e Remote monitoring and communication : Some smart wheelchair has a feature that
it can be connected to caregiver’ smart phone for location tracking or communication
or in case of any emergency

e Power and battery management: It has advanced battery management feature which
optimizes battery usage and indicates when it is required to charge the wheelchair so
that it can have sufficient power for the users need[31].

Contact
Sensors

Hokuyo
Lidar

Contact
Sensor

Figure 1: Smart wheelchair [28]
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14. lot In Prosthetics : The field of prosthetics deals with the development of artificial limbs
to aid in the restoration of functionality to those who have lost or are missing one or more
limbs. Early prosthetics were composed of wood, copper, iron, and steel, but their utility
was restricted.

Prostheses have been used to restore the functions of the missing limb, e.g.,
cooking, feeding and dressing. Fully restoring the appearance and the function is
challenging due to the large number of degrees of freedom involved. Nowadays advance
prosthesis can be developed by using 3D printing and connected devices Patients with
any type of amputation, whether upper or lower limb, can benefit from the use of
connected devices in the field of healthcare equipment. These advantages may include
doctors' capacity to remotely monitor patients with chronic and long-term illnesses,
patients' ability to monitor their own data, and caretakers' ability to obtain essential data
rapidly. With these objectives in mind, a prosthetic device and prototype based on the
Internet of Things (1oT) and a mobile sensor platform were created. From years back IoT
is playing an important role in prostheses it can be lower limb prostheses or upper limb
prostheses[32]. While the concept of prostheses with 10T is still developing few are
examples of prosthesis

e Myoelectric Prosthesis: Myoelectric prosthesis is the externally powered upper limb
prosthesis, which uses 10T technology to achieve upper limb functions. it uses
myoelectrodes which are placed over the muscle belly and it catches the signals from
muscles as it contracts or expands and then amplifies the signals so the hand can
function properly[33], [34]

Mind-controlled prostheses Researchers are researching combining loT
technologies with mind-controlled prostheses, which are prosthetic limbs that are
controlled by neural signals from the user's brain. Brain-computer interfaces (BCIs)
can be used in these prostheses to record the user's intention and transform it into
precise motions of the prosthesis. 10T connectivity can be utilized to communicate
and analyze brain data, allowing for real-time feedback and customization and
modifications to improve control and functionality[35].

e I-Limb Or Microprocessor-Controlled Lower Limb: Though prosthetic legs
improve movement for amputees, typical prostheses are passive, which means they
cannot offer the necessary input to improve motor skills such as balance.
Microprocessors paired with small motion control technology now enable dynamic
prosthetic control, imitating the human reflex loop and improving the gait cycle of the
wearer[32].

e Sensor-Enabled Knee and Ankle Prostheses: Sensors that monitor movement
patterns and joint angles can be included in loT-enabled knee and ankle prostheses.
This information can be wirelessly communicated to a smartphone or a central
monitoring system, allowing physicians or users to track their stride and alter the
prosthetic settings as needed[36].

e Bionic Hand: Sensors in loT-enabled bionic hands can capture data such as grip
strength, finger position, and temperature. loT technology can improve the
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functionality of bionic hands by including gesture recognition capabilities. This
enables users to manage their prosthetic limbs more naturally, utilising sensors,
cameras, or other lIoT devices to precisely understand their motions. A user, for
example, can contract their muscles in a precise way to initiate a specific movement
in their bionic hand. IoT integration can allow bionic hands to communicate with
smart home devices and virtual assistants. Users can use their bionic hand to control
numerous loT-enabled devices such as lights, thermostats, and appliances. This
connection can considerably improve the user's convenience and freedom[37].
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Figure 12: Working Of The Prosthetic Limb In Trans humeral Amputee[30]

15. Orthotics: Orthotics is the external device worn by the patient with locomotor disabilities
which improves their function , encourage proper alignment or protect existing limb , can
be used by the patients in congenital abnormalities , paralysis , flat foot , osteoarthritis
and other neuromuscular or musculoskeletal disorders. The utilization of 10T is still
developing in this field to enhance functionality and user experience of orthotic devices .
loT enabled orthoses incorporate sensors to monitor various parameters like joint angle ,
pressure distribution or gait patterns. These sensors collect real time data about the user’s
movement and biomechanics , so that any asymmetries , gait abnormality or pressure
points can be detected, and this data can be transmitted wirelessely to healthcare
professionals. Motion tracking sensors in loT-enabled orthoses can give real-time
feedback during rehabilitation exercises or functioning movements[38]. To encourage
optimal movement patterns and adherence to recommended rehabilitation procedures,
these gadgets can coach users through exercises, provide performance metrics, and
provide visual or tactile feedback.
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Some examples of orthosis with 10T are:

e Pressure Sensing Insoles : Pressure sensors that can detect and track the distribution
of pressure on the user's feet can be incorporated into loT-enabled insoles. Real-time
analysis of gait patterns, pressure points, and potential problem regions is possible
thanks to the wireless transmission of this data to a mobile application or a healthcare
professional. The data acquired can be used to make treatment decisions or improve
the fit and design of orthotic devices[39].

e Smart Knee Braces: Knee braces with 10T technology can give real-time monitoring
of joint movement and performance. During an activity, sensors can measure the
range of motion, force, and knee angle. To gauge recovery progress or to offer advice
on good biomechanics, the data gathered can be analysed. Medical practitioners can
remotely monitor the data and modify the treatment plan as necessary[40].

e Wearable Back Supports: Back supports and braces with 10T capabilities can
include sensors to monitor posture, movement, and spinal alignment. When users
adopt improper postures or go above certain movement thresholds, these devices can
give them immediate feedback and alerts, encouraging optimal ergonomics and
lowering the risk of harm. Healthcare professionals can also receive the data for
analysis and counselling[41].

Temperature and humidity monitoring IoT technology enables sensors to be
incorporated into orthotic devices, which can then track the temperature and humidity
levels at the point where the device and the user's body meet. This information can be
helpful for evaluating comfort, locating potential skin irritation or moisture buildup,
and refining the materials and design of orthoses[42].
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Figure 13: Working of the pressure sensing insoles[34]
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Table 1: Some more evidences related to 10T in locomotor disability

wheel-chair[29]

P Shetty Prakruthi M,

Syed Haris,
Vijayalakshmi
International Research
Journal of
Modernization in
Engineering

Technology and Science
2023

S.no Study title Author’s and journal Finding
and year of publication
1. |lot based smart| Dr. Pushpa D, Manasvi | In this study, authors worked

on cost-effective loT-based
wheelchair that facilitate
mobility and independence.It
combines sensors, actuators,
and communication modules
with mobile app integration to
enable obstacle detection and
avoidance that provide users
with  enhanced  mobility,
safety, and freedom..

2. | A review of loT
systems to enable
independence  for
the elderly and
disabled
individuals[43]

Perez, Alfredo J.
Siddiqui et.al
Internet of Things
journal

2023

In this study the author did a
literature review on the rapid
growth of 10T devices such as
sensors and actuators has
contributed to the
development of smart homes,
which include various types
of 10T systems that provide
enhanced convenience to
persons with deteriorating
physical and cognitive
abilities.

3. | Remote Monitoring

of Physical
Rehabilitation of

Stroke Patients
Using loT and

Virtual Reality[44]

Octavian Postol ache
D. Jude Hemanth
Ricardo Alexandre et.al

IEEE Journal on
Selected  Areas in
Communications

2021

This study wuses physical
rehabilitation monitoring that
combines 10T, virtual reality
games, and wearable sensor
networks to boost patient
engagement during physical
therapy. It can be used in real-
time  circumstances  for
patients with stroke and other
neurological disorders.

4. | 10T-based
Autonomous
Wheelchair
Hospital
Environment[45]

for

Siddhant Pawar,Yogesh
Kanade ,Hemant Singh
International Journal for
Research in  Applied
Science and
Engineering Technology
2021

The researchers of this study

used IOT to control a
wheelchair. The Wi-Fi
module connects the

wheelchair to the internet.
The wheelchair's movement
will be controlled by six
Infrared sensors that will
follow a map. An object-
detecting system is also
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included in the automation.
Obstacles can be detected
using an ultrasonic sensor.
Furthermore, the embedded
system for fall detection in
the event of an emergency,

that will send an alert
message via the IOT
platform.

5. | Smart Stair Lift for
Disabled and
Elderly[16]

Navya, K

Kumar, B Pavan
Mounika, G Hema
et.al,

International Journal of

Pure and  Applied
Mathematics
2018

In this study author worked
on stairlift, which is a mobile

chair-like mobility device
affixed to one side of
stairways, improves access

for the elderly between floors
in homes and allows many
people with mobility
impairments to live
independently with the help
of the Internet of Things, this
may also reduce the need of
escalators or elevators.

6. | Development of
IoT based lower
limb exoskeleton in
rehabilitation[22]

Phong, Le Dinh

Long, Vu Ngoc
Hoang, et.al 2017 14th
International
Conference on
Ubiquitous Robots and
Ambient Intelligence,
URAI 2017

In this study author has
developed the IloT based
exoskeleton for the gait
rehabilitation , which help the
physical therapist to collect
the data from the sensors for
planning the further
treatment.

Il. CONCLUSION

loT has advanced significantly in recent years, and an extensive range of enabling
technologies have been presented. The Internet of Things (IoT) has emerged as the next
Internet trend. Every available thing is becoming intelligent. 10T research has a wide range of
applications. Many new technologies will develop in the next years, propelling us to an
entirely new degree of smartness. There are many problems in the assistive technologies
which has been resolved by the 10T and all the application of 10T in various mobility aids are
increasing day by day and enhancing the quality of life of people with locomotor disabilities.
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