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Abstract: This work presents the design and implementation of a Smart Fall Detection and Analysis System
using Al-based human pose estimation, featuring real-time monitoring, automated alert mechanisms, and
interactive visualization. The system utilizes computer vision techniques to accurately capture and analyze
human body posture from live video streams, eliminating the need for wearable sensors while ensuring
non-intrusive and continuous monitoring. A Python-based architecture serves as the core processing unit,
integrating OpenCV for video acquisition and MediaPipe for extracting precise body landmarks from each
frame.
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1. INTRODUCTION

Human monitoring systems often rely on continuous observation to ensure safety, especially in
environments involving elderly individuals or patients prone to falls. Detecting abnormal body posture and
sudden movements in real time is essential to prevent serious injuries and provide timely assistance. For
this, a significant role is played by intelligent fall detection systems based on computer vision. Not only
that, such systems perform various other functions such as posture analysis, fall risk estimation, event
classification, real-time alert generation, and data visualization for monitoring and analysis. It is a real-time
system where most of the tasks are executed simultaneously to ensure accurate and immediate response.

2. LITERATURE SURVEY

The development of intelligent fall detection systems has gained significant attention in recent years due to
the increasing need for elderly care, patient monitoring, and smart healthcare solutions. Researchers have
focused on improving the accuracy, reliability, and real-time performance of fall detection systems using
computer vision and artificial intelligence techniques. This section reviews recent research contributions
related to Al-based human pose estimation systems, particularly focusing on fall detection, posture analysis,
and real-time monitoring approaches.

From the reviewed literature, the following key observations can be made:

* Accurate detection of human posture plays a critical role in identifying fall events and reducing false
alarms.

» Vision-based fall detection methods are more effective than sensor-based approaches as they eliminate
the need for wearable devices and enable non-intrusive monitoring.

» Advanced techniques such as machine learning and deep learning models further improve detection
accuracy and system robustness.
* Real-time processing is essential for immediate alert generation and timely assistance.
» Existing systems often lack explainability, user-friendly visualization, and integrated alert mechanisms,
which limits their practical usability.
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3. PROPOSED SYSTEM
The proposed system is a Smart Fall Detection and Analysis System using Al-based human pose estimation
designed to ensure real-time safety monitoring, accurate fall detection, and efficient analysis through
continuous observation and intelligent processing. The system uses a Python-based architecture as the
central controller to perform both monitoring and analysis operations.
In this system, a webcam is used to capture live video streams of individuals. These frames are processed
using MediaPipe to detect human body landmarks such as shoulders, hips, and head. This approach ensures
non-intrusive monitoring and simplifies the design by eliminating the need for wearable sensors. The
system continuously analyzes these landmarks to calculate important posture parameters such as torso
angle, shoulder tilt, and movement speed, which are used to determine fall conditions.
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Fig 1: Proposed System

A graphical interface is integrated into system using Tkinter to provide real-time information such as:

* Live video feed with pose detection.

* Fall detection alerts.

* Posture analysis parameters.

* System Status.

The system also incorporates safety and alert mechanisms to detect abnormal conditions such as sudden
falls, imbalance, and high-risk posture. In such cases, the system triggers multiple responses including
alarm generation, visual warnings, and real-time updates to a web-based dashboard. The proposed design
offers a simple, cost-effective, and efficient solution for fall detection and monitoring using widely
available technologies.

4. METHODOLOGY

The methodology of the system is organized into the following steps:

1. Voltage Capture:

Each video is captured using a webcam. The camera continuously records

frames, which are used as input for further processing.

2. Data Acquisition:
Each video frame is processed using OpenCV. Multiple frames are analyzed continuously to ensure real-
time performance and improve detection accuracy.

3. Pose Estimation and Parameter Monitoring:
The system uses MediaPipe to extract human body landmarks such as shoulders, hips, and head. The
system continuously calculates: torso angle, shoulder tilt, head-to-hip vertical difference, and movement
speed. These values are compared with predefined threshold limits.

4. Fall Detection Logic:
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The system identifies abnormal posture and sudden movements by analyzing the calculated parameters. It
determines: high-risk posture conditions and rapid body transitions that may indicate a fall event.
5. Risk Analysis (Rule-Based):
If abnormal conditions are detected: a risk score is calculated based on multiple parameters, threshold
conditions are evaluated, and the system classifies the event as low, high, or critical fall risk.
6. Display and Feedback :

The system provides real-time feedback through: a Tkinter interface displaying

live video and alerts, and a web dashboard showing fall events, posture

parameters, and system status.
7. Alert and Protection Mechanism :
The system continuously checks for fall events. If a fall is detected: an alarm sound is triggered, visual
warnings are displayed, and notifications are sent through the web dashboard and email alerts to ensure
user safety.

5. RESULTS AND DISCUSSION

The proposed Smart Fall Detection and Analysis System was successfully developed and tested under
different real-time conditions. The system effectively monitored human posture, detected fall events, and
generated alerts with high responsiveness.

*» The system accurately captured live video using a webcam and processed frames using OpenCV and
MediaPipe. The detected body landmarks were stable and consistent, enabling reliable posture analysis.

* The graphical interface successfully displayed real-time information such as live video feed, detected
poses, and fall alerts, making the system interactive and user-friendly.

* The system was able to detect abnormal posture and fall events during testing based on calculated
parameters such as torso angle, body tilt, and movement speed..

» The rule-based fall detection mechanism worked effectively by analyzing multiple posture conditions and
assigning a risk score to classify fall severity.

*Real-time communication using Flask and Socket.10 successfully updated the web dashboard with fall
events, including details such as time, severity level, and posture analysis.

Status: FALL DETECTED! Status: NORMAL
Torso Angle: 48
Shouider Tik 0.31
Head-Hip Diff 0.37
Risk Score: 273

Torso Angle: 88
Shouider Tik: 0.06
Head-Hip Dift 0.86

Risk Score: 173

Last Fall 10:32 PM

Fig 2. Real-Time Fall Detection Output

The response time of the system was fast, and alerts such as alarm sounds and notifications were triggered

without noticeable delay.

https://doi.org/10.5281/zen0do0.19609299



Journal of Computer and Electrical Sciences (JCES)- Volume-1 Issue-4, April 2026
ISSN: 3049-2602(Online)

@ St Fall Analyss Dashboard
[em] w] =]

'!l‘ [}

® Smart Fall
DGR (]

Reak Time Mociorng System

o

|
H ‘:1 z

]
H

Fig 3 : Web-Based Monitoring and Analysis Interface

Overall, the system demonstrated reliable performance in real-time fall detection, analysis, and alert
generation, making it suitable for smart healthcare and safety monitoring applications.

6. CONCLUSION

This work successfully developed a real-time and efficient Smart Fall Detection and Analysis System using
Al-based human pose estimation and a Python-based architecture. The system effectively monitored human
posture by analyzing key parameters such as torso angle, shoulder tilt, head-to-hip difference, and
movement speed, ensuring accurate fall detection. The implementation of a rule-based analysis approach
improved detection reliability by combining multiple posture conditions instead of relying on a single
factor. By identifying abnormal movements and posture transitions, the system enhanced safety monitoring
and reduced the chances of false detection. The inclusion of a graphical user interface and a web-based
dashboard provided real-time visualization, making the system interactive and easy to monitor

7. FUTURE SCOPE
The proposed system demonstrates an effective approach for real-time fall detection and analysis; however,
there are several opportunities for further enhancement and improvement. Future work can focus on
integrating deep learning models to improve the accuracy and robustness of fall detection beyond rule-
based methods. The system can be extended to support multi-person detection and tracking, enabling
monitoring in crowded environments.
Cloud integration can be implemented to store fall data securely and allow remote access for caregivers and
healthcare professionals. Additionally, the development of a mobile application can enhance accessibility
by providing real-time notifications and monitoring on smartphones. Advanced analytics and predictive
models can be incorporated to analyze user behavior over time and predict potential fall risks in advance.
Furthermore, the system can be improved by incorporating additional sensors such as wearable devices or
loT-based health monitors to enhance reliability. These enhancements would make the system more
scalable, intelligent, and suitable for real-world smart healthcare applications.
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