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Abstract - India, along with most other countries, has
experienced a consistent rise in the elderly population over
the last few years. Due to this growth, their health and safety
concerns have increased dramatically. Among these,
accidental falls are some of the most common and dangerous
conditions faced by senior citizens. One single fall often
reduces the overall standard of life by creating fractures,
hospitalization, and a long recovery time. The current
research proposes an loT-based smart chair system that is
aimed at monitoring the health status of elderly individuals
and identifying falls efficiently. The chair uses sensors like
accelerometers and gyroscopes to measure body movement
and posture and also contains health-related sensors that
monitor key vital signs such as heart rate and temperature.
The data collected from these sensors is processed in a
microcontroller and then transmitted wirelessly to a cloud
platform. The proposed smart chair goes beyond the
conventional smart wheelchairs that are largely designed to
improve mobility. In this model, the focus is on providing
round-the-clock health monitoring along with accurate fall
detection, which makes it highly relevant for preventive
healthcare in elderly care. The system has been designed to
be user-friendly, economical, and practical for everyday use,
ensuring quick detection of abnormal conditions and
immediate communication to caregivers, the smart chair can
reduce the chances of medical complications and create a
safer and more independent living environment for senior
citizens. Keywords: Internet of Things (IoT), Smart Chair,
Elderly Care, Fall Detection, Health Monitoring, Assistive
Technology, Preventive Healthcare.

1.INTRODUCTION

In recent decades, improvements in healthcare and living
conditions have resulted in longer life expectancy. As a
result, the number of older adults has been consistently
increasing, both worldwide and within India. With medical
advancements and better living conditions, people live
longer, but this also brings new challenges to healthcare
systems and families. Among the many health concerns
facing senior citizens, ac-cidental falls remain one of the
most serious issues. A fall may result in injuries such as
fractures, head trauma, or long hospitalization. Beyond
physical injuries, such incidents also bring psychological
effects, as seniors can develop a constant fear of falling again.

This fear reduces their confidence and discourages them
from moving freely, which in turn affects their
independence. However, with the increasing prevalence of
nuclear households, urban migration, and busy profes-sional
commitments, providing continuous supervision has become
a growing challenge. Hospitals and care institutions can
extend some support, but they too face shortages of staffand
resources. These circumstances make it essential to develop
dependable and affordable solutions that can ensure
continuous monitoring of elderly persons while at the same
time maintaining their comfort and dignity. In this regard,
the rapid progress of the Internet of Things (IoT) offers a
promising pathway. Such an arrangement ensures that care-
givers and medical staffs are immediately informed of
unusual conditions, allowing them to take quick and effective
action during emergencies. Previous research has shown
applications of [oT in smart wheelchairs, health monitoring
systems, and rehabilitation devices. Most of these works
have concentrated on mobility support or specific medical
functions. However, very few studies have addressed the
combined need of fall detection and continuous health
monitoring within a simple, non-intrusive system designed
particularly for the elderly. The present study seeks to
bridge this gap by introducing an IoT-based smart chair
system. The chair is equipped with sensors capable of
identifying unusual body movements that may indicate a fall,
while also tracking vital signs such as heart rate and body
temperature. The collected data is analysed and sent in real
time through wireless communication, al-lowing caregivers
and family members to receive immediate alerts whenever
necessary. This work contributes to the wider domain of
assistive technologies by offering a solution that is both
economical and practical for elderly populations. By
combining fall detection with continuous health monitoring
in a single framework, the smart chair aims to strengthen
safety, promote independent living, and improve the overall
quality of life of senior citizens.

2. LITERATURE REVIEW

Over the last two decades, technology has increasingly
found its way into healthcare. One promising area is the use
of the Internet of Things (IoT) in assistive devices,
particularly for elderly people and those with disabilities.
Researchers have explored innovations such as smart
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wheelchairs, health monitoring systems, and fall detection
tools, all of which have gradually led to more capable
assistive solutions. Kaur and Gupta (2018) created a smart
wheelchair, using an Arduino microcontroller, with sensors
to support basic navigation and automation. Similarly,
Sharma, Yadav, and Rana (2017) pro-posed a low-cost and
accessible IoT-enabled wheelchair model to demonstrate
how embedded sensors and wireless modules could help
user independence. While both sets of studies add value to
mobility, they showed little interest in preventive health,
such as fall detection or continuous monitoring of vital signs.
Taking innovation a step further, Abou-Zeid et al. (2018)
introduced a wheelchair controlled via brain signals. By
combining brain-computer interface (BCI) technology with
[oT, their system allowed users with physical disabilities to
operate the chair through neural activity. Although highly
inventive, the complexity of this approach makes it less
practical for elderly care, where simplicity and ease of use
are essential. Simulation methods have also been applied to
assistive device development. Van Brussel and Hoogstrate
(2004) created an electric wheelchair simulator to test new
designs in a virtual environment, highlighting the advantages
of simulation for safety and performance evaluation. Their
investigations, however, were limited to mobility. They did
not delve into the health monitoring capabilities of [oT and
therefore did not respond to the falling risks associated with
elders. The potential for health monitoring using IoT devices
is well known and recognized in various contexts. Korhonen,
Parkka, and Van Gils (2003) first described the notion of a
connected home, which included the idea of continuous
monitoring of health through various wearable and embed-
ded sensors. From this basis, future systems have integrated
both environmental sensing capabilities alongside
background health inferences. Dasgupta and Dutta (2015)
exemplified how smart wheelchairs can include cloud-based
services to enrich user experience, but again, the focus was
on mobility rather than fall prevention. More recently, there
has been growing attention focused on the needs of elderly
users. For instance, Majumder, Bhattacharjee, and Banerjee
(2019) developed a smart wheelchair that provides both
mobility support and health monitoring functionality for
users. Researchers now seem to be aware that aging users
present unique needs that require consideration in systems
design. Nevertheless, most studies continue to focus
primarily on mobility, with only limited exploration of chairs
designed specifically for fall detection and preventive care.
Taken together, these studies demonstrate the important
role IoT has played in advancing assistive technology,
particularly in enhancing mobility. Still, there is a distinct
need for a simple, usable solution that can assist in
maintaining health and wellness by offering monitoring and
fall prevention capabilities. The majority of designs on the
market are either far too complicated, only addressing
mobility, or do not offer core features found in preventive
healthcare. In this study, we have addressed the need for a
simpler, user-friendly smart solution by proposing an IoT-
based smart chair that addresses safety and health instead of

just mobility as the primary focus. This chair would use
sensors to monitor movement and health vitals
electronically and was to send alerts to caregivers (in real
time) using internet-based technology. This chair, designed
for elderly users, serves as a preventive health tool for use in
home care or care settings, which most designs have not
offered via their innovations. Balance between comfort and
safety and continuous monitoring or preventive healthcare
has been achieved with this design.

3. METHODOLOGY

The IoT-based Fall Detection Chair methodology envisions
a systematic approach to gather and analyze data to design,
develop, and implement a reliable fall-detection system and
program in support of elderly monitoring. This methodology
describes the entire process of developing a fall-detection
program from the outset including research, selection of
sensors, combining hardware and software, data processing,
communication, alerts, testing, and evaluation. The purpose
of the process described is to create a totally reliable (real
time) fall-detection system which detects falls very
accurately with minimal false alarms whilst not
compromising user safety or comfort.

RESEARCH AND REQUIREMENTS ANALYSIS

Stage one of the project began with a detailed examination
into existing fall-detection methods and technology to assess
the current failings of these devices or systems. Particular
focus was placed on wearable devices and video-based
monitoring systems. The principals of this stage had two
main objectives: To understand the current limitations of
these methods. To find suitable sensors for the detection of
reliable falls. To determine the most suitable communication
protocols to send alerts in a timely manner. To ascertain the
needs of the user (with respect to their context - whether
this be elderly-home, hospital, rehabilitation centre). From
this, the chair was designed to provide monitoring of users
in an unobtrusive manner continuously, whilst maintaining
ease of use and reliability.
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HARDWARE DESIGN AND INTEGRATION

The chair included a total of three sensors accelerometers,

gyroscopes and pressure sensors. Together these monitored

IoT Communication and posture, movement and sudden falls. These sensors captured
Alerts . .

accelerometric data from the user which was sent to an

ESP32 microcontroller that acted as the central processing
unit. The microcontroller utilized sensor input, processed
the accelero-metric data and communicated the fall

detection motion using Wi-Fi.

Testing and Validation
The MPU-6050 (GYRO Sensor) is a Micro-Electro-Mechanical
System (MEMS) sensor that works by using tiny, moving

masses to detect changes in acceleration and rotation.

FIG-1: Flow Chart Diagram FIG-4: Gyro Sensor
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LCD Display shows the IP address, warnings, and system

status.
FIG-5: MPU6050
FIG-8: LCD Display
Ultrasonic sensors can convert electrical energy into sound
waves and vice versa. Capacitor, device for storing electrical energy, consisting of
two conductors in close proximity and insulated from each
other.

FIG-9: Capacitor
FIG-6: Ultrasonic Sensors
Resistors are what are called “Passive Devices”, that is they

The primary microcontroller is the ESP32.To send alerts, it contain no source of power or amplification but only
connects to Wi-Fi, reads sensor data, and processes it. attenuate or reduce the voltage or current signal passing
through them.

FIG-10: Resistors

SOFTWARE AND FALL DETECTION ALGORITHM

The software aspect focuses on distinguishing and recog-
nizing normal movements from motions that are likely to be
falls. A threshold-based logic is employed, relying on sudden
alterations in acceleration, tilt angles, or pressure variations
to detect falls. The code was programmed in C/C++,
specifically for the ESP32 platform, using sensor state
libraries for sensor control, Wi-Fi, and web server

FIG-7: ESP32
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communications. Alerts are sent to caregivers via a mobile or
web app, with a record of fall events maintained in a history
log.
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DATA ACQUISITION AND DATA PREPARATION

Real-world sensor data is often noisy due contamination
frm vibrations or other relatively innocuous movements. The
first step in achieving meaningful fall detection is to use
preprocessing techniques to eliminate noisy spikes, which
would only generate calls to responders or caregivers who
would not be able to assist when a real danger event
occurred. Some of these processes included high-pass
filtering, which would discard any meaningless motion, and
eliminate false positive that may occur.

DECISION LOGIC

The principal decision logic is based on the threshold logic
system, which recognizes the data received from multiple
sensors. For example, if a member had a sudden spike in
accel-eration and a large drop in pressure was detected, a
fall would be considered. It accounts for surrounding

reference sensor systems to assist with validating the
incident. In essence, if a member had a significant change in
normal activity, such as leaning or transitioning to different
positions in the chair, that could be classified as a fall.

IOT CONNECTIVITY

The ESP32 microcontroller is able to send data to the
cloud services or a local server using Wi-Fi. This enables
mobile and web applications to receive timely data, so alerts
can be sent during emergencies, but we can also keep track
of trends over time. The communication protocol is
equipped for low bandwidth in order to ensure more
responsive reactions over the network during a variety of
circumstances.

=

FIG-12: Wifi Connection with ESP32

USER-CENTERED DESIGN

We are designing this system to support elderly aging in
place, so we chose to focus on simplicity and being
unobtrusive. The sensors are embedded and the chair looks
and feels like an ordinary chair; so the users are not
interacting with any controls, and the alerts are initiated
without any active engagement from the users above the
other types of activities they do whilst seated. Therefore, this
aspect of the design permits greater usability and adherence.

SCALABILITY AND FUTURE WORK

Our ability to ascertain thresholds for detecting falls is
confined to the existing design, however, the overall design
permits for machine learning models to predict future states
that differentiate between falls and other types of activities
in the future. We can also expand the cloud storage and
application analytics in the future to develop predictive
health care and teaming functions allowing caregivers or
family members to get an early alert before the users
experience a fall to warn other care teams when the older
adult has been in a concerning posture for an indeterminate
amount of time. The approach of designing viable systems,
which are flexible to support new advances with [oT and Al
evolution will enhance years of usability.
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4., Result

The IoT-based smart chair was designed and tested to
support elderly care, and the results were very encouraging.
It was able to detect falls from different directions with
nearly 90 percent accuracy, while normal sitting
adjustments did not trigger false alarms. The ultrasonic
sensor worked well in spotting nearby obstacles and
instantly activated the buzzer to warn the user. In case of a
fall, the system quickly sent alerts to the loT dashboard via
Wi-Fj, allowing caregivers to check updates on their phones
or computers. The LCD screen also showed useful
information such as tilt angle, obstacle detection, and
connection status. The chair responded in less than two
seconds, making it fast and reliable during testing.It ran
smoothly for long hours without any issues, and its low
power usage allowed it to work for four to five hours on a
battery pack. Elderly users said they felt safer with the
buzzer and display, while caregivers valued the remote
monitoring option. Overall, the smart chair proved to be
practical, easy to use, and highly effective in ensuring elderly
safety.

IoT Base fall detection chair

5. CONCLUSIONS

Ituses an ESP32 microcontroller along with To putitbriefly,
the IoT-based wheelchair project has the potential to
significantly improve the lives of those who are disabled. It
helps wheelchair users move more easily, stay safe, and feel
more comfortable by utilizing basic technology like sensors
and the internet. Additionally, it eases the burden on physi-
cians and family members, reducing their anxiety. There are
otherissues as well, such as The system’s potential cost, the
Requirement for a steady internet Connection, and the need
for routine Maintenance to maintain Optimal perfor-mance.

Overall, though, it’s a fantastic idea with significant potential.
Future advancements could help even more people live
independently and safely. sensors like pressure sensors ,
gyroscopes, and accelerometers to keep an eye on how
person is sitting,moving,or if they suddenly fall. It can send
instant messages to a caregiver’s phone or computer , and
also gives local warnings through a buzzer and a display
screen. This way, if something happens, help can arrive
faster and the person is notleft alone in an emergency. What
makes this system really useful is that the person doesn’t
have to wear any special devices or do anything extra. The
chair just works like a normal chair, quietly keeping track of
their safety and health without getting in the way.
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