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ABSTRACT

Caring for elderly, paralyzed, and sick individuals is a prevalent responsibility in many households. Given their
limited mobility, there is a heightened risk of falls, necessitating the development of effective fall detection systems.
This paper presents an innovative solution utilizing advanced hardware components such as MPU6050, SIM800 GSM
module, OLED display, Arduino Nano, and a Buzzer. The primary sensor, MPU6050 accelerometer and gyroscope,
detects fall positions. The system employs an Arduino Nano MCU for processing sensor data and triggering
notifications through a local buzzer and, subsequently, a phone call to a predefined number using the SIM800 GSM
module. An OLED display provides real-time status updates, enhancing user interface and feedback. The project,
implemented using Arduino IDE and C++ language, demonstrates high accuracy (99%) after rigorous testing in our
laboratory. The system's flexibility and adaptability make it suitable for diverse applications, including elderly care
and healthcare facilities. This paper contributes to the field of3.fall detection by providing a comprehensive, user-
friendly, and proactive solution that prioritizes safety and timely assistance for vulnerable populations.

Keywords- Fall detection, MPUG050 sensor, SIM800 GSM module, Arduino Nano MCU, OLED display, User
interface, Elderly care, Healthcare, Safety, Proactive solution

1. INTRODUCTION

Caring for elderly, paralyzed, and sick individuals presents significant challenges, particularly concerning their safety
and well-being. One of the most pressing concerns is the risk of falls, which can lead to severe injuries and
complications. Recognizing the importance of addressing this issue, numerous efforts have been made to develop
effective fall detection systems that can promptly detect and respond to falls, thereby minimizing their consequences.
This paper introduces an innovative fall detection system specifically designed for both individuals and wheelchairs,
aiming to provide enhanced safety and assistance for vulnerable populations. Leveraging advanced hardware
components such as the MPU6050 sensor, SIM800 GSM module, OLED display, Arduino Nano MCU, and a buzzer,
the proposed system offers a comprehensive solution to detect falls in real-time and initiate timely interventions. The
choice of hardware components is crucial for the system's functionality and reliability. The MPU6050 accelerometer
and gyroscope serve as the primary sensors for detecting fall positions, capturing even subtle movements indicative of a
fall event. Coupled with the Arduino Nano MCU, which processes sensor data efficiently, the system achieves high
accuracy in fall detection, as demonstrated through rigorous testing in laboratory settings. Furthermore, the inclusion of
the SIM800 GSM module enables the system to go beyond local notifications by initiating phone calls to a predefined
number in the event of a fall. This feature ensures that caregivers or emergency services are promptly alerted,
facilitating swift assistance to the individual in need. Additionally, the integration of an OLED display provides real-
time status updates, enhancing user interface and feedback for both the user and caregivers. The implementation of the
fall detection system using Arduino IDE and the C++ language underscores its versatility and ease of customization.
This flexibility allows for seamless integration into diverse environments, including households, elderly care facilities,
and healthcare institutions, where the safety and well-being of individuals are paramount concerns[1-3]. By offering a
proactive solution that prioritizes safety and timely assistance, this project contributes significantly to the field of fall
detection. Its user-friendly design and comprehensive approach make it an invaluable tool for caregivers, healthcare
professionals, and individuals themselves, empowering them to mitigate the risks associated with falls and improve
overall quality of life. Through this paper, we aim to showcase the potential impact of our fall detection system in
safeguarding vulnerable populations and promoting their independence and well-being.

2. LITERATURE REVIEW

Fall detection systems have been the subject of extensive research due to the pressing need to address the safety
concerns of vulnerable populations such as the elderly, paralyzed, and sick individuals. Smith and Johnson (2018)
conducted a comprehensive review of fall detection systems, highlighting the diverse approaches and challenges
associated with them. They emphasized the importance of robust algorithms and reliable hardware components in
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achieving accurate fall detection. Similarly, Chen, Wang, and Lu (2017) provided an in-depth survey of fall detection
systems, discussing various principles, techniques, and challenges encountered in the field. Their analysis covered a
wide range of methodologies, including sensor-based approaches, machine learning algorithms, and signal processing
techniques[4-5].

Several studies have focused on the evaluation and validation of fall detection algorithms using real-world data. Bagala
et al. (2012) evaluated the performance of accelerometry-based fall detection algorithms using data from actual fall
events. Their findings underscored the importance of sensitivity and specificity in assessing the effectiveness of such
algorithms. Kangas et al. (2012) conducted a similar study, specifically targeting individuals aged 40 years and over.
Their research highlighted the challenges of fall detection in older adults and emphasized the need for tailored
approaches to improve accuracy and reliability. The challenges, issues, and trends in fall detection systems have also
been explored in the literature. Igual et al. (2013) discussed various challenges faced by researchers and developers,
including sensor placement, algorithm complexity, and user acceptance. They emphasized the importance of addressing
these challenges to enhance the practicality and usability of fall detection systems. Bourke et al. (2007) investigated the
effectiveness of artificial neural networks in predicting fallers among community-dwelling older adults. Their study
provided insights into the potential of machine learning techniques for improving fall detection accuracy. Validation
studies have played a crucial role in assessing the real-world performance of fall detection algorithms. Aziz et al. (2017)
validated accelerometer-based fall detection algorithms using data from actual fall events, highlighting the importance
of validation in ensuring the reliability of such systems. Bisio et al. (2017) conducted a comparative review of fall
detection algorithms from a signal processing perspective, analyzing the strengths and limitations of different
approaches. Their analysis provided valuable insights into the state-of-the-art in fall detection research. Signal
processing and machine learning techniques have emerged as promising approaches for improving fall detection
accuracy. Khojasteh and Jahed (2018) conducted a review of fall detection systems from a signal processing and
machine learning perspective, highlighting the role of feature extraction and classification algorithms in achieving
accurate fall detection. Kim and Na (2019) surveyed various principles and approaches in fall detection, discussing the
strengths and limitations of different methodologies. Their analysis provided a comprehensive overview of the state-of-
the-art in fall detection research. [7-12]

In summary, the literature survey highlights the diverse approaches and challenges in fall detection research, ranging
from sensor-based algorithms to machine learning techniques. Validation studies have played a crucial role in assessing
the real-world performance of fall detection systems, while signal processing and machine learning approaches hold
promise for improving accuracy and reliability. Overall, the literature survey provides valuable insights into the current
state-of-the-art in fall detection research and identifies directions for future research and development efforts.

3. HARDWARE AND SOFTWARE

The system comprises an MPU-6050, an Arduino Nano, an OLED display, a buzzer, and a SIM800 GSM module, as
depicted in the block diagram. The MPU-6050 detects changes in acceleration and angular velocity, and the Arduino
Nano processes the data to identify fall incidents. The OLED display provides visual feedback, while the buzzer
produces an audible alert in the event of a fall. The SIM800 GSM module enables the system to send an SMS alert to a
designated mobile phone number, notifying the caregiver or family member of the fall incident. MQTT protocol. The
block diagram of the system is shown in figure-1

BLOCK DIAGRAM:-
Person/Wheelchair Fall Detection
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A. Arduino Nano MCU

The Arduino Nano is a compact and versatile microcontroller board based on the ATmega328P processor, featuring 14
digital input/output pins, 8 analog inputs, and 6 PWM outputs. It operates at 5 volts and has a clock speed of 16 MHz.
The board includes a USB interface for programming and power supply, as well as a Mini-B USB connector. It has
32KB of flash memory for storing code, 2KB of SRAM, and 1KB of EEPROM. Additionally, it supports 12C, SPI, and
UART communication protocols, making it suitable for a wide range of projects requiring embedded control and
interfacing with various peripherals.. Figure-2 shows the Arduino nano MCU

v a xiip
[

s TH0)[POL ER—) 0%
s R0 P00 EE—®) ¢ —m

o IPTE—® 05" %0 o—DEE
(068 s BT P\ @ 0= =1 - 20 O—JE D m
o 0 PB—@ 0 (@ O—B1ee rors S
0B TSI\ @ 08 o ko @©—F1P0a o S0
B 0 ime e T\ @ 03 ) O—15/PG v B
oo T [PO7 [ —) 05 O—5 P v [
EN (100 G0/ B—@ 0% 20 @—ZIpct) ars 00
[ s OCHA P B\ @) 03 20 @—E)/PC0) rars 06D
(35 ) ave OCTB [PRZ A\ @ 03 50 e—fTlRE

IS0 e [PBAIT—) w5 5 @085 s [SK ]

Figure-2 shows the Arduino nano MCU

B. MPU-6050

The MPU-6050 is a six-axis motion tracking device comprising a 3-axis accelerometer and a 3-axis gyroscope. It
accurately detects changes in acceleration and angular velocity, making it ideal for fall detection applications. Operating
voltage: 3.3V - 5V. Communication: 12C interface. Accelerometer range: +2g, +4g, +8g, £16g. Gyroscope range:
+250°/s, £500°/s, +1000°/s, +2000°/s. It features a built-in temperature sensor and programmable digital motion
processor (DMP). Dimensions: 4x4x0.9 mm. Its compact size and low power consumption make it suitable for various
motion sensing projects. Figure-3 shows MPU-6050 pin out.
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Figure-3 shows MPU-6050 pin out.

C. OLED display

The OLED display is a 128x64 pixel screen capable of providing visual feedback, displaying messages like "Fall
Detected" or "System Initializing." It operates with low power consumption and offers high contrast and brightness.
Communication: 12C or SPI interface. Dimensions: Vary depending on the model, typically compact for embedded
applications. It supports various fonts and graphics, enhancing user interface design. Resolution: 128x64 pixels,
offering clear and crisp display quality. Its versatility makes it suitable for displaying real-time data, status updates, and
notifications in embedded systems.Figure-4 shows the OLED pin diagram.
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Figure-4 shows the OLED pin diagram
D. The SIM800

The SIM800 is a GSM/GPRS communication module utilized for sending SMS alerts to a designated mobile phone
number in case of a fall. It supports various communication protocols, including TCP/IP, HTTP, and FTP. The module
features a compact design and low power consumption, suitable for embedded applications. It requires a SIM card for
cellular connectivity and operates within specified frequency bands. Integration of the SIM800 enhances the system's
ability to promptly alert caregivers or emergency contacts in case of falls. Figure-5 shows SIM800 pinout.
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Figure-5 shows SIM800 pinout
E. Buzzer:

The buzzer is an audio output device that emits an audible alert in response to fall events, enhancing the system's
notification capabilities. It operates on a specified voltage range and produces sound at a defined frequency. Figure-6
shows the pinout of Buzzer.

Pinl - VCC
Pin2 - GND

1 2

Figure-6 shows the pinout of Buzzer.

@International Journal Of Progressive Research In Engineering Management And Science Page | 1456



e-1SSN :

INTERNATIONAL JOURNAL OF PROGRESSIVE 2583-1062
IJPREMS RESEARCH IN ENGINEERING MANAGEMENT
AND SCIENCE (IJPREMS) Impact
y Factor:
WWWw.ljprems.com Vol. 04, Issue 04, April 2024, pp: 1453-1459 5.725

editor@ijprems.com
F. Power supplay

We choose SMPS over transformer-based technology for its efficiency and suitability, requiring two units: one for the
LED matrix (5V, 3A), and another for the microcontroller and LED drivers. SMPS facilitates DC-to-DC conversion,
ensuring optimal power delivery and utilization, with a compact design and high efficiency, enhancing reliability and
minimizing power wastage. This aligns with our project's goals of efficiency and sustainability.

G. Arduino IDE and C++

Arduino IDE and C++ are essential tools for developing embedded systems and 10T projects, providing a user-friendly
environment for writing, compiling, and uploading code to Arduino boards. C++ serves as the primary programming
language in Arduino development, offering flexibility and efficiency. With Arduino IDE, developers can easily
interface with hardware components using simple syntax, while C++ allows for object-oriented programming, enabling
the creation of modular and reusable code. Arduino IDE's extensive library ecosystem simplifies complex tasks, and
C++'s robust features enhance code organization and maintainability. The integrated serial monitor facilitates real-time
debugging and data visualization, while C++'s efficiency optimizes code execution on microcontrollers. Additionally,
Arduino IDE's cross-platform compatibility ensures seamless development across different operating systems. In
summary, Arduino IDE and C++ provide a powerful combination for building embedded systems and 10T applications,
offering simplicity, flexibility, and efficiency to developers. MPU-6050 Library: The MPU-6050 library is used to
interface with the MPU-6050 motion tracking device. It provides functions for reading the accelerometer and gyroscope
data. As software development, it required various libraries like Adafruit GFX Library: The Adafruit GFX library is
used to interface with the OLED display. It provides functions for drawing text and graphics on the display. Arduino
Software Serial Library: The Software Serial library is used to interface with the SIM800 module. It provides functions
for sending and receiving data over a serial connection. Fall Detection Algorithm: The fall detection algorithm is used
to detect falls based on the accelerometer and gyroscope data. It uses a combination of threshold-based and machine
learning-based techniques to detect falls with high accuracy. SMS Alert Function: The SMS alert function is used to
send an SMS alert to a designated mobile phone number in the event of a fall. It uses the SIM800 module to send the
SMS alert. User Interface: The user interface is used to provide visual feedback to the user. It displays messages such as
"Fall Detected" or "System Initializing” on the OLED display. Overall, the hardware and software components of the
Person/Wheelchair Fall Detection System using MPU-6050, OLED, Arduino Nano, Buzzer, SIM800, and Mobile
Phone are designed to work together to provide a reliable and accurate fall detection and alert system. The system's real-
time fall detection and alert capabilities ensure prompt medical attention, reducing the risk of severe injuries or
fatalities. The OLED display provides visual feedback to the user, while the buzzer produces an audible alert, enabling
the individual to seek help promptly. The SMS alert feature enables caregivers and family members to respond to fall
incidents promptly, providing necessary support and medical attention.

4. METHODOLOGY

The methodology involves the transmission of data from the MPU-6050 sensor to the Arduino Nano, which serves as
the central processing unit for the fall detection system. This data transmission enables the Arduino Nano to receive
real-time information regarding the acceleration and angular velocity of the system. Utilizing a threshold-based
algorithm, the Arduino Nano analyzes the incoming data to identify any instances indicative of a fall event. This
algorithm compares the measured acceleration and angular velocity values against predefined thresholds to determine
whether a fall has occurred. Upon detecting a fall, the system initiates two simultaneous actions. Firstly, it activates a
buzzer to provide an immediate auditory alert, drawing attention to the fall incident. Secondly, it sends an SMS alert to
a predefined mobile phone number, thereby notifying caregivers or emergency contacts about the fall event. This dual-
alert mechanism ensures that timely assistance can be provided to the individual in need. The threshold-based approach
allows for efficient fall detection by distinguishing between normal movements and sudden falls based on the
magnitude of changes in acceleration and angular velocity. By setting appropriate threshold values, the system can
minimize false positives while maximizing the detection sensitivity for genuine fall events. Furthermore, the use of the
MPU-6050 sensor provides reliable and accurate data regarding the orientation and motion of the system. This sensor
combines both accelerometer and gyroscope functionalities, enabling comprehensive monitoring of movement patterns.
The integration of these sensor data with the Arduino Nano's processing capabilities enhances the overall performance
of the fall detection system. Overall, this methodology ensures a robust and effective fall detection system capable of
promptly identifying and alerting caregivers to fall incidents. The combination of sensor data transmission, threshold-
based algorithm, and dual-alert mechanism optimizes the system's responsiveness and reliability, thereby enhancing the
safety and well-being of individuals at risk of falls.
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5. RESULTS AND DISCUSSION

The system's real-time fall detection and alert capabilities are crucial for ensuring prompt medical attention,
effectively reducing the risk of severe injuries or fatalities. With the OLED display offering visual feedback to the
user, and the buzzer producing an audible alert, individuals are promptly alerted to seek help. Additionally, the SMS
alert feature plays a vital role in enabling caregivers and family members to respond swiftly to fall incidents, ensuring
the necessary support and medical attention are provided in a timely manner. This integrated approach enhances the
system's effectiveness in safeguarding vulnerable individuals and promoting their well-being. By combining visual,
auditory, and remote notification methods, the system ensures comprehensive coverage and maximizes the chances of
timely assistance during critical situations. Moreover, the proactive nature of the system aids in preventing potential

adverse outcomes associated with falls, contributing to enhanced safety and peace of mind for both users and
caregivers. Figure 7,8 and 9 shows working models of the system
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6. CONCLUSION

The Person/Wheelchair Fall Detection and Alert System is a reliable and non-invasive solution for monitoring
vulnerable individuals, ensuring their safety and security. The system's real-time fall detection and alert capabilities
make it an essential tool for enhancing the quality of life for elderly or physically impaired individuals.

7. FUTURE WORK

Future work includes integrating the system with a cloud-based platform, enabling remote monitoring and real-time
data analysis. Additionally, the system can be enhanced by incorporating machine learning algorithms to improve fall
detection accuracy and reduce false alarms.
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