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Abstract -
ensuring the safety and well-being of senior individuals is a
growing concern. This paper presents a portable pendant
designed for elderly users, embedding fall detection, heart
rate monitoring, and oxygen saturation (Sp02)
measurement. The device utilizes impact-detecting sensors,
accelerometers, and biomedical sensors to provide real-time
health data and emergency alerts. This study discusses the
design, functionality, and potential impact of the proposed
wearable pendant in enhancing elderly care.

With the escalating aging population,
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1.INTRODUCTION

As mature adults face a boost’s the risk of falls and health
complications, there is a need for smart wearable
solutions that can provide constant supervision.
Conventional emergency alert systems require user
intervention, which may not be feasible in critical
situations. The proposed pendant addresses this gap by
incorporating automatic fall detection and vital sign
monitoring in a compact, user-friendly design.

Elderly care involves ensuring safety, health, and quality of
life through continuous monitoring. Key health
parameters include fall detection, heart rate, oxygen
saturation, and activity tracking. Falls are a primary
reason for injury among older adults, making rapid
detection and response critical. Additionally, monitoring
vital signs helps in early detection of cardiac or
respiratory issues.

(Wu et al,, 2015) [1] Demonstrated the potential of using
wearable sensors for real-time fall detection and
emergency alert transmission from sensors. The system
proficiently differentiates between falls and normal
activities through high-level algorithms, boosting
robustness. Future research should focus on perfecting
detection accuracy and improving user comfort to inspire
long-term usage. Delahoz et al. (2014)[2] Outlines the
strengths and weaknesses of current fall detection
technologies. Wearable sensors offer a promising solution

but require further refinement in accuracy and validation
in real-world scenarios. The study suggests that
integrating multiple sensors and machine learning models
can significantly enhance fall detection efficiency and
reliability.

Warrington et al. (2021)[3] evaluates various wearable
sensor technologies and their effectiveness in assessing
fall risks. It concludes that a combination of inertial
sensors and Al-driven models can improve detection
reliability. Future research should focus on user-friendly
designs and conducting real-world testing across diverse
populations to ensure practical applicability.

Moore et al. (2021) [4] emphasizes that ease of use,
comfort, and privacy concerns are critical factors affecting
the adoption of wearable health-monitoring devices. While
continuous health monitoring provides reassurance to
elderly users, better integration with healthcare services is
necessary. Developers should prioritize user-centered
designs and intuitive interfaces to enhance engagement
and usability.

Chaudhuri et al. (2014) [5] finds that wearable fall
detection devices significantly reduce emergency response
times, improving safety for elderly individuals. However,
false alarms and issues related to wearability remain
major challenges, limiting widespread adoption. Future
advancements should focus on improving sensor accuracy,
optimizing device aesthetics, and ensuring seamless
adaptability for daily use.

The presented pendant is designed to address these
challenges efficiently. It integrates accelerometers for fall
detection, biomedical sensors for heart rate and Sp02
monitoring, and wireless communication for real-time
emergency alerts. Its compact and wearable design
ensures ease of use, while automated alerts enhance
caregiver response. By combining affordability with
advanced health tracking, the device aims to improve
elderly safety and reduce healthcare burdens.
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2. Design and Features

. Form Factor: The pendant is minimal weight and
designed to be worn around the neck like a necklace,
ensuring ease of use without being disruptive.

Sensors:

Accelerometer and Gyroscope: Identifies rapid
shifts and fall patterns.

Heart Rate Sensor: Measures heartbeats per
minute to monitor cardiac health.

Pulse Oximeter (SpO2 Sensor): Monitors oxygen
saturation to detect potential respiratory issues.

. Wireless Connectivity: The device is integrated
with Bluetooth and Wi-Fi to sync the collected data with a

smartphone application or directly send alerts to
caregivers.

Battery Life: Enhanced for durability and
longevity with a rechargeable battery.

o Emergency Alert System: In case of a detected fall
or unusual biometric data, the pendant sends an
emergency alert to emergency contacts.

Fig 1. 3D Image
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Fig 2. Front View

Fig3. Side View

Fig 4. Base View
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3. Fall Detection Mechanism

The pendant implements an integration of accelerometers
and machine learning algorithms to help distinguish
between normal movements and abnormal movements.
The accelerometer constantly tracks the wearer's
movements, recording real-time acceleration and
orientation shifts. The ML algorithm is trained to calibrate
to recognize abnormal fall movements by analysing
historical data of actual falls versus normal daily activities.

When a fall is pinpointed, the system initiates a
countdown ranging from 10 to 30 seconds, during which
the user can physically cancel the alert if it is a false alarm.
This is achieved through a physical button press or a voice
command if integrated with a voice-recognition feature. If
the alert is not withdrawn within the deadline, an
emergency signal is automatically sent to pre-designated
contacts, including caregivers or emergency services. The
system can also provide the explicit GPS location of the
wearer to ensure rapid response. Additionally, data
regarding the fall incident is logged and can be rewatched
later for medical assessment and further study of the
detection algorithm to improve accuracy.
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4. Health Monitoring Capabilities

. Heart Rate Monitoring: Persistent pulse tracking
helps detect irregularities such as tachycardia or
bradycardia.

. Sp02 Monitoring: Less oxygen levels can signify
respiratory conditions such as early signs of hypoxia.

Data Logging: Users and caregivers look up prior
health records for better medical decision-making,

5. Implementation and Prototyping

The implementation of the pendant involves both
hardware and software integration to ensure efficient
functionality. The hardware consists of a microcontroller
(e.g., ESP32) with inbuilt Bluetooth and Wi-Fi capabilities
for easy data transmission. The biomedical sensors used
are MAX30102 for heart rate and SpO2 monitoring are
interfaced with the microcontroller wusing I2C
communication protocols.

The prototype development follows a structured process:

. Circuit Design and Integration: The electronic
components, including sensors, power management

circuits, and wireless communication modules, are
embedded on a space efficient PCB (Printed Circuit
Board). The design focuses on energy efficiency and
optimal sensor placement to ensure accurate readings.

. 3D Modeling and Casing Fabrication: The
pendant shell is created using design software, ensuring

comfortable ergonomics and strength. It is then printed in
3D using less heavy, skin-friendly materials suitable for
long-term wear.

. Firmware Development: The firmware is
programmed in C++ using the Arduino IDE software with

addition of signal processing algorithms for perfect fall
detection. The software ensures efficient data handling,
real-time alerts, and periodic health monitoring.

Machine Learning for Fall Detection: A collection
of fall and non-fall motions is used to teach a smart model

that runs on the chip. This boosts precision and reduces
wrong alerts.

R Mobile App Link: A helper app is made for
caregivers and doctors to see live health details and

warnings. The app shows graphs of vitals, keeps past
records, and sends urgent alerts.

. Testing & Check: The sample device is tested with
fake falls and real moves to improve accuracy. The gadget
is also checked for sensor work and power use.
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6. User Experience and Adoption

User-Friendly: Easy interface with an LED light
and vibration alerts for notifications.

o Wearable Comfort: Made for daily use with skin-
safe materials.

Budget-Friendly: Less cost than regular medical
alert devices.

7. Challenges and Future Work

. Reducing False Alerts: Improving smart models to
cut down unnecessary warnings.

Healthcare System Link: Allowing secured data
sharing with doctors and nurses.

. Extended Battery Life: Using less-powered
sensors and energy-saving technology.

8. CONCLUSIONS

This wearable pendant is a major and important step
towards elderly care, incorporating fall detection and vital
tracking in a tiny, all-in-one device. Using modern sensors,
unique algorithms, and wireless networks, it gives
immediate health updates and quick emergency help
when needed.

Its error free performance in fall detection and reduced
false alarms make it a trustworthy tool for senior citizens.
The smooth easy connection with mobile apps lets
caregivers and doctors track patients’ health remotely,
ensuring on time medical help.

The lightweight design makes it easy and comfortable to
wear, and its cheap cost makes it accessible to more
people. Future upgradations, like Al-based health
predictions, better battery life, and stronger telemedicine
support, will help in boosting its usefulness.

With ongoing improvements, this wearable device could
become a key healthcare tool, helping elderly users live
better while easing the workload on caregivers and
doctors.
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