l“ufaice of novetive Minds"

International Journal of Trendy Research in Engineering and Technology

Volume 8 Proceedings of NCCDS-24
ISSN NO 2582-0958

REVOLUTIONIZING ALZHEIMER'S CARE: INTEGRATING
EMBEDDED SYSTEMS AND IOT FOR ENHANCED PATIENT
MONITORING AND ENGAGEMENT

Dr. Punith Kumar M B, Meghana N, Nisarga B, Pooja S D, Rakshith H D

Department of Electronics and Communication Engineering
PES College of Engineering, Mandya, INDIA
psd455419@gmail.com

ABSTRACT
This study explores integrating embedded systems and 10T technologies for Alzheimer's patient monitoring.
Utilizing tilt, PIR, wet and pressure sensors with ESP32 and Raspberry Pi 4W, we developed a system for
activity monitoring and cognitive engagement through memory-related activities. The system employs audio
cues for daily routines. Preliminary results show improved patient engagement and monitoring. This paper

discusses design, challenges, and initial findings.
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I. INTRODUCTION

A. Background

A neurocognitive ailment that progresses over time
and is mostly caused by aberrant brain protein
accumulation, Alzheimer's disease is characterized by
behavioral abnormalities, memory loss, and impaired
judgement. About 8.8 million people, or 7.4% of the
population in India over 60, are thought to have
Alzheimer's disease. Three stages, each with unique
symptoms and difficulties, are experienced as the
disease advances. Innovative automated monitoring
systems offer potential benefits in early detection and
continuous surveillance, improving patient care and
safety. Current treatments include pharmaceutical
and non- pharmaceutical methods.

1) Pharmaceutical: Medications are used in
pharmaceutical management to treat Alzheimer's
symptoms. Galantamine, rivastigmine, and donepezil
are a few examples of cholinesterase inhibitors that
are frequently recommended for mild to moderate.
Alzheimer's disease. These medications function by
raising the brain's concentration of acetylcholine, a
neurotransmitter linked to learning and memory.
They might provide momentary respite and
potentially slow down the disease's course by
assisting in the reduction of behavioural and cognitive
symptoms.

2) Non-Pharmaceutical: The goal of non-
pharmaceutical management is to control

Alzheimer’s symptoms without the use of drugs.
Memory training and the use of external memory
aides can help maximize cognitive function and
encourage independence in the early stages of
dementia. Furthermore, complementary therapies like
animal-  assisted  therapy, light  massage,
aromatherapy, music and dance therapy, and
multisensory therapy can be used in conjunction with
traditional therapies to improve overall quality of life,
lower anxiety, and promote well-being in
Alzheimer’s patients.

B. Problem

Alzheimer’s disease remains a formidable global
health challenge with significant and escalating
impacts. Currently affecting millions worldwide, its
prevalence is projected to increase dramatically,
particularly as populations age. Despite considerable
efforts, there remains no cure for Alzheimer’s, with
existing treatments largely focusing on symptom
management rather than disease modification. This
lack of effective curative therapy underscores the
critical need for innovative research and solution
development.

The socioeconomic impacts of Alzheimer’s are
profound and multifaceted. Economically, the disease
imposes substantial costs on healthcare systems, with
billions spent annually on care and associated services.
Socially, the burden on families and caregivers is
immense, often resulting in significant emotional and
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financial strain. Productivity losses due to early
retirements and the necessity of part-time employment
to manage caregiving responsibilities further illustrate
the pervasive impact of this disease

This research paper seeks not only to elucidate the
complexities of Alzheimer’s disease but also to
explore creative solutions that could potentially
mitigate its prevalence and impact. By examining
innovative therapeutic strategies and care models,
this study aims to contribute valuable insights into
combating this growing catastrophe, offering hope
and direction for future efforts in managing and
ultimately curing Alzheimer’s disease.

C. Proposed Soluton:

Our proposed solution is designed to enhance the
care of Alzheimer's patients through a smart home
system equipped with 10T sensors. These sensors will
monitor patients’ daily activities and behaviors,
providing crucial data for caregivers and family
members. An application will allow real-time access
to this data, helping to assess the patient’s condition
effectively. Additionally, an instant notification
system will alert caregivers when immediate
intervention is necessary. By integrating these
technologies, our system aims to support the
independence of Alzheimer’s patients while offering
caregivers valuable tools for improved supervision
and response.

Il. OBSERVATION

During the rigorous testing of the monitoring
system, a comprehensive range of scenarios and
conditions was simulated to thoroughly validate the
accuracy and responsiveness of the sensors.

The wet sensors, designed to detect moisture on
the bed surface, consistently and reliably triggered
immediate alerts upon detecting any presence of
moisture, ensuring swift responsiveness to potential
incidents.

Similarly, the pressure sensors demonstrated
exceptional capability in distinguishing between bed
occupancy and vacancy. This functionality not only
facilitated accurate sleep pattern analysis but also
contributed to the overall effectiveness of the system
in monitoring user activities and behaviors during
rest.

Tilt sensors, integrated into the system, accurately
detectedsubtle posture changes with precision. This
feature was particularly crucial in providing insights
into sleep positions and movements, enhancing the
system's ability to track and analyze sleeping patterns
effectively.

Furthermore, the motion sensors played a pivotal
role by delivering real-time updates on user activity
levels. This continuous monitoring capability was
instrumental in ensuring timely responses to any
significant deviations or anomalies in expected
behavior.

Collectively, these tests validated the system's
robustness and reliability across a spectrum of
conditions, affirming its suitability for accurately
capturing and interpreting data related to user
comfort, safety, and well-being.
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Fig 1: Block Diagram

IV. HARDWARE REQUIREMENTS

A. ESP32:

Fig 2: ESP32 DevKitC V4 Microcontroller

The ESP32 DevKitC V4 is a versatile development
board based on the ESP32 microcontroller. It features
dual-core processing power with integrated Wi-Fi
and Bluetooth connectivity, making it ideal for loT
(Internet of Things) projects. Equipped with a wide
range of GPIO pins and peripherals, including SPI,
I12C, UART, and PWM, it enables seamless
integration with various sensors, actuators, and other
electronic components.With its compact form factor
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and onboard USB-to-UART interface, programming
and debugging become convenient tasks. The board
supports development using the Arduino IDE,
Espressif IDF (loT Development Framework), and
other popular platforms, offering flexibility to
developers of different skill levels. Its robust design
and support for low-power modes make it suitable for
battery-operated applications, extending its utility to
wearable devices, sensor networks, and more.

Additionally, the ESP32 DevKitC V4 benefits
from the extensive community support and resources
available online, facilitating rapid prototyping and
development cycles.

B. Tilt Sensor:

Fig 3: Two Channel - Tilt Sensor

Tilt sensors are essential for safeguarding
individuals with Alzheimer's disease, who often face
mobility challenges and an increased risk of falls.
Positioned on chairs and beds, these sensors
continuously monitor surface angles, detecting even
subtle deviations from normal positions. When
precarious postures are detected, tilt sensors trigger
alerts, swiftly notifying caregivers or medical staff
through various means like alarms or mobile
notifications.

This proactive approach enables immediate
intervention, preventing potential falls and ensuring
patient safety. By offering real-time monitoring and
alerts, tilt sensors empower caregivers to intervene
effectively, reducing accidents and enhancing overall
safety. This proactive strategy not only minimizes
falls but also alleviates stress for both patients and
caregivers, fostering a safer and more comfortable
care environment.

C. Moisture Sensor:

Fig4: Wet Sensor SEN-13322

The wet sensor is crucial in our project,
specifically designed to monitor moisture levels on
the bed of Alzheimer's patients, who often suffer
from urinary incontinence due to significant memory
loss. Positioned near the center of the bed, it detects
moisture when patients inadvertently fail to use the
lavatory. This early detection is vital, as unaddressed
wetness can lead to infections and considerable
discomfort.

This sensor alerts caregivers immediately when
moisture exceeds a certain threshold, allowing for
swift action to maintain hygiene and comfort. By
quickly addressing these incidents, caregivers
prevent potential health risks and ensure a clean,
dignified living environment for the patient. The
implementation of this sensor underscores our
commitment to enhancing patient care and
supporting caregivers with effective tools to manage
the challenges of Alzheimer’s care.

D. Force Sensor:

Fig 5: Force Sensor FSR_402

The force sensor, also known as a pressure sensor,
is integral to our project, monitoring the sleep patterns
of patients. Placed beneath the pillow or where the
patient rests their head, it detects their presence on the
bed by measuring applied pressure. For those with
Alzheimer's, maintaining consistent sleep patterns
can be difficult due to condition- related disruptions.
The force sensor offers insights into their sleep
behavior, aiding caregivers in assessing duration and
quality of rest.

By setting a threshold, caregivers establish
parameters for recognizing when the patient is on the
bed. When pressure exceeds this threshold, it
indicates the patient is resting; conversely, pressure
below the threshold suggests they're not on the bed.
This data enables caregivers to track sleep schedules,
identifying irregularities or disturbances. Analyzing
patterns over time provides insights into sleep- wake
cycles, aiding in care optimization and promoting
better sleep hygiene.

The force sensor provides real-time monitoring of
patient sleep patterns, enabling informed care
decisions to support health and well-being.
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E. PIR Sensor:

N -

Fig 6: PIR Sensor HW-416-B1

The sensor in this scenario serves a dual purpose:
recording patient mobility and offering insights into
awareness and sleep patterns. Positioned on the bed,
it detects patient presence, enabling caregivers to
monitor movements. When the sensor detects the
patient off the bed, it signals mobility, crucial for
Alzheimer's care, ensuring patient safety. Moreover,
its ability to detect floor presence provides insights
into sleeping habits, aiding prompt issue resolution.

Integration with other monitoring systems allows
for a comprehensive understanding of patient
behavior over time, enabling personalized care. The
sensor provides real-time information on patient
mobility and sleep, enhancing safety and enabling
proactive Alzheimer's management. Its role in
detecting alternative sleeping locations ensures
caregiver responsiveness, fostering patient comfort
and safety.

F. Buzzer:

Fig 7: Active Buzzer

In our project, integrating a buzzer is pivotal for
patient care. It serves as a vital medication reminder,
especially beneficial for patients with conditions like
Alzheimer's, emitting distinct tones to prompt
medication adherence. Moreover, it acts as an alarm
system, promptly alerting caregivers during
emergencies like falls or sudden illness, ensuring
swift responses to changing medical needs.

The buzzer's multifunctionality significantly
enhances patient safety and medication adherence
while guaranteeing caregivers receive timely alerts.
This integration fosters effective communication

between patients and caregivers, thereby elevating
the overall quality of care delivered.

The buzzer integration is indispensable for
promoting medication adherence and facilitating
rapid responses to medical emergencies, ultimately
improving patient well- being and providing
invaluable support to caregivers.

G. Raspberry pi 4W:

Fig 8: Raspberry Pi 4W

The Raspberry Pi 4W is pivotal in our project,
serving as a central computing platform for
medication reminders and activity displays. Its
compact size and low power consumption make it
ideal for healthcare applications, while its robust
processing capabilities ensure efficient multimedia
handling.

Driven by the Raspberry Pi 4W, visual displays
like monitors or touchscreens present medication
schedules and activities in a clear, engaging manner,
tailored to individual needs. This customizable
interface boosts patient engagement and adherence.
Its audio capabilities enable spoken messages to
reinforce  medication reminders or provide
instructions, catering to patients with varying
cognitive abilities for accessibility and effectiveness.

Furthermore, its connectivity options, including
Wi-Fi and Bluetooth, enable seamless integration
with other devices and systems. This versatility
allows synchronization with electronic health records
and communication with wearables, offering real-
time feedback on patient health metrics. The
Raspberry Pi 4W serves as a potent and flexible
platform, promoting medication adherence and
enhancing patient care through its multimedia
capabilities and connectivity in healthcare settings.
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V. SOFTWARE REQUIREMENTS

A. Arduino IDE:

Fig 9: Arduino IDE Application

To facilitate seamless integration and operation of the
sensors and ESP32 within our system, we utilize the
latest version of the Arduino IDE. This development
environment is crucial for writing, compiling, and
uploading the code that connects and controls the
various components. The Arduino IDE supports a
wide range of libraries and tools that simplify
working with loT devices, making it easier to
implement complex functionalities required for our
monitoring application. By using the Arduino IDE,
we ensure that all components communicate
effectively, enabling robust real- time data collection
and responsive interaction within the entire sensor
network.

B. Mobile Application:

Your Cuardian App for Alzheimer's Monitoring

M
oo™ 3 %

Fig 10: Application logo

Our specialized app, designed for this Alzheimer's
monitoring project, serves as a crucial link between
caregivers and the smart sensor system installed in

the patient's home. It offers real-time alerts and
updates directly to caregivers' smartphones through
push notifications, particularly in emergency
situations, ensuring immediate attention when
needed. The app provides detailed insights into
activity logs, sleep patterns, and incident reports,
keeping caregivers well-informed for prompt and
effective responses. Access to the app is secured with
a login system, where usernames and passwords are
provided exclusively to caregivers to maintain the
confidentiality of patient data. With its user-friendly
interface, the app simplifies complex data
management, making it accessible and practical for
everyday use, ensuring continuous care and
monitoring.

VI. WORKING METHODOLOGY
There are four primary aspects to our project

A. Installing sensors in Alzheimer patients' homes
to create a smart environment.

The first step involves the strategic installation of
various sensors within the homes of Alzheimer's
patients. This includes PIR sensors for motion
detection, wet sensors on beds to detect incontinence,
pressure sensors to monitor sleep patterns, and tilt
sensors to track movements like sitting or standing.
These sensors are seamlessly integrated into everyday
living spaces without intruding on the patient’s
personal environment. The installation process
emphasizes minimal disruption while ensuring
maximum coverage to capture significant activities
and conditions that indicate the patient’s state and
immediate needs.

B. Utilize 10T sensors to track and monitor the daily
activities and routines of Alzheimer patients.

Following installation, these 10T sensors
continuously gather data on the patient's daily
activities and routines. This real- time monitoring is
crucial for tracking significant deviations that might
indicate emergencies or health deteriorations. For
instance, motion sensors can help in identifying
periods of unusual inactivity or wandering at odd
hours, while tilt sensors can alert caregivers to
potential falls. This ongoing monitoring provides a
comprehensive view of the patient’s behavioral
patterns, enabling caregivers and family members to
understand the patient's condition better and
anticipate needs before they become critical issues.

www.trendytechjournals.com 83


http://www.trendytechjournals.com/

l];ﬂk%ﬂﬂﬂﬂmiﬂe“ﬂdi' International Journal of Trendy Research in Engineering and Technology

Volume 8 Proceedings of NCCDS-24
ISSN NO 2582-0958

C. Create an application for family members and
doctors to access and review real-time patient
data.

A specialized application is developed to facilitate
real-time access to the data collected by the sensors.
This app allows family members and doctors to
monitor the patient’s status from any location,
enhancing communication and intervention speed.
The user-friendly interface includes features like data
visualization, health trend analysis, and customizable
alert settings. By providing essential information such
as activity logs, sleep quality indicators, and instant
alerts, the app empowers caregivers and medical
professionals to make informed decisions that
improve patient care and potentially prevent
emergencies.

D. Implement a notification system to alert family
members instantly when attention is needed.

The notification system is a critical component of
the methodology, designed to alert family members
and caregivers immediately when the patient requires
urgent attention. Integrated within the application,
this system sends push notifications directly to the
user's device if abnormal data is detected, such as
potential falls, prolonged inactivity, or other health-
related anomalies. This immediate communication
ensures that caregivers can quickly respond to the
patient's needs, providing a swift intervention that
could be crucial in preventing severe consequences.
The system’s responsiveness and reliability are
continually tested and improved based on user
feedback and technological advancements.

VIIl. RESULTS AND DISCUSSION

Thoroughly examining the system's
performance—with an emphasis on accuracy and
dependability in particular—is crucial for the findings
section. This involves conducting a comprehensive
evaluation of the sensors' ability to react to changes
in the surrounding environment and patient
movements in the house, spanning from motion
detection to moisture detection. Care quality and
reaction times, for example, can be greatly impacted
by the accuracy with which urine incontinence events
and patient movements are detected and reported. Of
much more importance is the system's capacity to
identify critical circumstances that are needed for
quick carer involvement. Some of these situations
may be when the patient is in danger of falling or
when a medical emergency develops because of their
declining health.

The use of this technology has improved patient

JIJ end

safety and health management to a significant degree.
Carers are instantly notified about possible health
hazards through real- time monitoring and alarms,
enabling them to take timely action to minimize
injury. One way the system helps is by preventing
falls by identifying odd patient postures or
movements that point to instability or discomfort.
Similarly, the method also shows its value in treating
problems like infections from extended moisture
exposure brought on by incontinence. Technology
assists in maintaining hygiene and averting serious
health issues by warning carers when it's time to
change the patient's bedding or offer them quick
attention. The conversation ought to encompass
anecdotal evidence or statistics that highlight cases in
which the technology had a direct impact on patient
outcomes.

Fig 11: Circuit Connection

This might include statistics showing a reduction
in the number of falls or skin infections because of
prompt treatment. These findings highlight the
system'’s value as a vital component in improving the
safety and quality of life for Alzheimer's patients in
addition to their monitoring function, thereby
reinforcing the need and effectiveness of
incorporating cutting-edge monitoring technology
into elder care procedures.

VIIl. CONCLUSION

This might include statistics showing a reduction
in the number of falls or skin infections because of
prompt treatment. These findings highlight the
system's value as a vital component in improving the
safety and quality of life for Alzheimer's patients in
addition to their monitoring function, thereby
reinforcing the need and effectiveness of
incorporating cutting-edge monitoring technology
into elder care procedures.
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