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Abstract: The IoT-Based Patient Fall Detection and Emergency Alert System provides a smart healthcare framework that 
automatically identifies patient falls and generates immediate notifications for assistance. The proposed design employs an 
ESP32 microcontroller connected to an MPU6050 accelerometer and gyroscope sensor to continuously capture motion 
and orientation data. Using threshold analysis, the system differentiates between normal activities and fall events. When a 
fall is detected, it triggers a buzzer to alert nearby individuals and sends real-time data to the Blynk Cloud platform 
through Wi-Fi. Caregivers can remotely monitor patient activity and receive instant alerts via the Blynk mobile application, 
allowing quick medical response. This approach minimizes manual supervision, improves response time, and enhances 
patient safety, especially for elderly or physically challenged individuals. The system is developed to be cost-effective, 
dependable, and easily expandable, making it well-suited for use in smart healthcare setups and remote patient observation 
applications. 
keywords:  IoT, Fall Detection, ESP32, MPU6050, Blynk Cloud, Smart Healthcare, Real-Time Alert, Remote Monitoring, 
Wearable Technology, Emergency Response. 
  

                                                                  I. INTRODUCTION  
In recent years, advancements in the Internet of Things (IoT) have significantly transformed healthcare systems by enabling 
continuous patient monitoring and intelligent data processing. Among the most critical issues in geriatric and rehabilitation 
care is accidental falling, which can result in serious injuries, loss of mobility, and delayed emergency assistance. 
Conventional fall detection relies heavily on manual observation or patient self-reporting, which may not always be reliable 
or timely. To overcome these limitations, the proposed IoT-Based Patient Fall Detection and Emergency Alert System 
provides an automated and connected solution for real-time fall monitoring. The system uses an MPU6050 sensor module 
to record acceleration and angular velocity data, and an ESP32 microcontroller to process and analyze this information. 
When the motion pattern crosses a pre-defined threshold indicating a potential fall, the ESP32 immediately activates a 
buzzer as a local alert and transmits the event data to the Blynk Cloud.  Through the Blynk mobile interface, caregivers 
can visualize live sensor readings, receive emergency notifications, and respond instantly. The device operates efficiently 
using Wi-Fi connectivity and can be integrated into wearable devices such as belts or wristbands. This system reduces 
human dependency, enables remote monitoring, and ensures that medical help can be provided without delay. 
Experimental evaluation shows that the setup achieves accurate fall detection with minimal false alarms. Furthermore, the 
design is energy-efficient, low in cost, and easy to implement, making it a practical choice for smart home healthcare and 
hospital environments. This work highlights the potential of IoT to create smart, automated, and real-time healthcare 
systems that enhance safety and deliver better support for patients.  
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II.  RELATED WORK  
Several research efforts have explored fall detection and emergency response systems using various technologies such as 
wearable sensors, IoT platforms, and machine learning algorithms. A detailed review of existing approaches highlights the 
evolution of smart healthcare systems aimed at enhancing safety and autonomy for elderly and physically challenged 
individuals.  
Paper [1] proposed a Fall Detection and Emergency Notification System for the Elderly using mobile IoT devices and cloud 
computing. The system demonstrated scalability and operational efficiency but suffered false positives and raised data-
privacy concerns. Compared to this, the present work prioritizes on-device data processing using the ESP32 to minimize 
privacy risks while ensuring local alerts faster.  
Paper [2] presented a Review of Wearable Systems in Healthcare Applications that utilized microelectronic sensors, 
MEMS, and wireless protocols such as Bluetooth and ZigBee. These systems provide continuous monitoring and efficient 
14 data communication for remote healthcare delivery. However, they faced limitations related to user comfort and data 
compliance. The proposed system improves this by integrating compact and lightweight components that reduce 
discomfort and power consumption. 
Paper [3] explores Smart Sensor and Wearable Device Design for Fall Detection focusing on accessibility and 
independence. Although the system achieved enhanced safety for elderly users, privacy concerns and acceptance issues 
limited widespread adoption. The present system addresses these drawbacks through secure Blynk-based data 
transmission and customizable alert configurations.  
Paper [4] discussed an IoT-Based Fall Detection System employing microcontrollers, Wi-Fi modules, and threshold 
algorithms. While the design was cost-effective and portable, its accuracy suffered due to connectivity dependency and 
limited adaptability. The proposed ESP32-MPU6050 model builds this work by combining real-time edge processing with 
cloud integration, improving detection precision and flexibility.  
Paper [5] introduced an Autonomous Fall Detection System using GPS, accelerometers, and communication modules for 
pervasive healthcare. It achieved real-time detection and device personalization but required high power consumption and 
faced issues with false alarms. The proposed design reduces energy usage by leveraging an energy-efficient ESP32 and 
simplified threshold logic.  
Paper [6] applied Computer Vision and Deep Learning Algorithms (such as CNNs) for fall detection in indoor 
environments. Although these systems achieved high accuracy, they required extensive computational resources and 
raised privacy concerns. In contrast, the present system eliminates visual data capture, focusing instead on inertial sensor 
readings to maintain privacy and portability.  
Paper [7] described an IoT-Based Health Monitoring and Emergency Alert System integrating physiological sensors for 
remote monitoring. While it enabled real-time alerts, the response time depended heavily on cloud processing. The 
proposed method optimizes latency by combining local buzzer activation with Blynk notifications for balanced 
responsiveness. Another study in this category used Accelerometer and Gyroscope Data for threshold-based fall 
detection but reported high false positives. The current system improves accuracy through optimized threshold calibration 
and sensor fusion techniques. Overall, existing studies demonstrate significant progress in wearable and IoT-enabled fall 
detection systems. However, they often face trade-offs between accuracy, cost, power efficiency, and user privacy. The 
proposed IoT-Based Patient Fall Detection and Emergency Alert System effectively addresses these gaps by providing a 
low-cost, energy-efficient, privacy-preserving, and real-time alert mechanism suitable for both home and hospital 
environments.  

III. METHODOLOGY 
The methodology of the IoT-Based Patient Fall Detection and Emergency Alert System is organized into a sequence of 
interconnected steps that integrate both hardware and software components to achieve real-time fall detection and 
emergency notification. The complete working process is outlined as follows:  
1. Sensor Data Acquisition:  
The system continuously monitors the motion and orientation of the patient using the MPU6050 accelerometer and 
gyroscope sensor. The sensor captures real-time acceleration and angular velocity values along three axes (X, Y, Z). The 
collected measurements are sent to the ESP32 via the I²C interface for processing. Continuous monitoring enables the 
system to capture even slight movements or quick posture shifts, helping to ensure precise fall recognition. 
2. Signal Processing and Fall Detection Algorithm:  
The ESP32 microcontroller processes the incoming sensor data to analyze the motion pattern. A threshold-based 
algorithm is implemented to detect sudden acceleration spikes followed by inactivity, which indicates a possible fall. The 
algorithm compares the measured acceleration magnitude with a predefined threshold. If the acceleration value exceeds 
the threshold and the orientation indicates abnormal positioning; the system interprets this as a fall event. This  real-time 
analysis allows immediate detection with minimal delay.  
3. Local Alert Activation:  
Upon detecting a fall event, the system initiates an instant local alert using a buzzer connected to the ESP32. The buzzer 
serves as an audible notification to alert nearby individuals or medical staff. This ensures that immediate assistance can be 
provided even before a remote notification is received. The buzzer automatically resets after a specific time if no further 
fall activity is detected, preventing false alarms.  



                  IJIRIS: International Journal of Innovative Research in Information Security        E-ISSN: 2349-7017 
                   Volume 11, Issue 10, November 2025                                                                              P-ISSN: 2349-7009 

                                                                                                                                 https://www.ijiris.com/archives 
https://doi.org/10.26562/ijiris.2025.v1110.14 

_________________________________________________________________________________________ 
IJIRIS© 2014-25, AM Publications - All Rights Reserved         https://doi.org/10.26562/ijiris                    Page -718 

4. Data Transmission and Cloud Communication:  
After confirming a fall event, the ESP32 transmits the corresponding alert data to the Blynk Cloud platform via Wi-Fi. The 
transmitted data includes the fall event status, timestamp, and sensor readings. The Blynk mobile application displays this 
data on a real-time dashboard accessible to caregivers or healthcare providers. The cloud-based system also sends instant 
push notifications or SMS alerts to registered users to ensure rapid response. Secure MQTT-based communication 
protocols are used to maintain data integrity during transmission.  
5. Remote Monitoring and User Interface:  
Caregivers can remotely monitor patient activity and receive alerts through the Blynk mobile app. The app interface 
visualizes live accelerometer and gyroscope data for continuous observation. Each detected event is logged with date and 
time for post-event analysis. The system interface allows customization of threshold limits based on patient activity level 
and health condition.  
6. System Optimization and Calibration:  
To ensure high reliability and adaptability, the system undergoes periodic calibration and optimization. Threshold values 
are fine-tuned to minimize false positives caused by normal movements such as sitting or lying down. The ESP32 firmware 
is optimized for low power consumption, allowing long-term continuous operation. Data from multiple test scenarios is 
analyzed to improve algorithm accuracy. Future improvements may include machine learning-based fall prediction and 
integration with additional biomedical sensors (e.g., heart rate, temperature) for enhanced health monitoring.  
7. Data Logging and Performance Evaluation:  
All fall events and sensor readings are stored in cloud-based logs for performance tracking and future analysis. Logged data 
can be used to evaluate system accuracy, detection delay, and false alarm rate. These insights help in fine-tuning the 
detection algorithm and validating the system’s reliability in real-world conditions.  

IV. EXPERIMENTAL RESULTS & DISCUSSION 
The IoT-Based Patient Fall Detection and The Emergency Alert System underwent testingextensively to evaluate its 
performance in detecting falls accurately, transmitting alerts in real time, and ensuring reliability under different conditions. 
The testing phase focused on the efficiency of sensor data acquisition, fall detection algorithm accuracy, and alert response 
time through the Blynk IoT platform.  
1. System Testing Setup:  
The system was implemented using an ESP32 microcontroller, accelerometer (ADXL345), and Blynk IoT application. Test 
cases included various human postures and activities such as walking, sitting, lying down, and sudden falls from different 
heights and angles. Each event was recorded, and system performance was evaluated based on accuracy and 8 response 
speed. 
2. Fall Detection Algorithm Evaluation:  
The fall detection algorithm uses accelerometer data along the X, Y, and Z axes to compute the 
resultant acceleration magnitude. When the magnitude exceeds a defined threshold (free-fall and impact), the system 
classifies it as a fall. Multiple test iterations were performed to assess the accuracy under different conditions.  

            
      Test      Scenario   No. of Trials       Detected Falls     Missed Detections  Accuracy (%)  

Forward Fall 20 19 1 95 
Backward Fall 20 18 2 90 

Side Fall 20 19 2 95 
Normal Activities (No Fall) 30 1(False Positive) - 96.6 

             Discussion: The system achieved an overall average detection accuracy of 94.1%. It successfully distinguished falls 
from daily activities in most cases. A few false positives occurred during sudden jumps or rapid sitting, but tuning the 
threshold value improved stability. The algorithm thus demonstrates reliable and consistent fall detection performance.  
3. Alert and Notification Performance  
When a fall is identified the ESP32 immediately sends an emergency alert via the Blynk IoT platform to a registered 
caregiver or family member. The performance was measured by analyzing response time — the time taken from fall 
detection to message delivery.              

Communication Mode  Average Response Time (sec)     Reliability (%)  
Wi-Fi (Local Network) 1.8 99 
Wi-Fi (Mobile Hotspot) 2.4 97 

   Discussion: The alert system showed excellent responsiveness, with an average message delivery time of less than 3 
seconds. Even under varying network conditions, the system maintained over 97% reliability, ensuring timely notification 
during emergencies.  

            4. System Stability and Power Efficiency   
The ESP32 board and sensors were tested for continuous operation to ensure stability and low power consumption, 
critical for patient monitoring.  

 Parameter Observed Performance 
Average Power Consumption 0.32 W 
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Continuous Uptime (without reset) 8 hours 
Data Transmission Success Rate 98.7% 

Discussion: The system remained stable during prolonged operation, showing minimal power usage. Its low power 
requirement allows deployment in battery-powered wearable devices, enhancing portability and long-term usability.  

          5. Summary of Experimental Analysis 
Performance Metric Result 

Fall Detection Accuracy 94.1% 
False Alarm Rate 3.3% 

Average Alert Response Time 2.1 seconds 
System Reliability 98% 
Power Efficiency 0.32 W average consumption 

Discussion: The experimental evaluation confirms that the proposed IoT-based patient fall detection system 
is highly accurate, responsive, and reliable for real-time patient safety monitoring. The combination of ESP32, 
accelerometer data analysis, and IoT integration through Blynk ensures effective fall detection and quick alert 
transmission.  Future enhancements may include integrating GPS for location tracking, adding pulse/heart rate sensors, and 
developing a mobile application with real-time monitoring features.  

   
                                                                    Fig.1: Hardware Setup  

                
                                   Fig.2: Output Visualization (Email Message and Notification )  

 
V. CONCLUSION 

The IoT-Based Patient Fall Detection and Emergency Alert System provides an efficient, reliable, and real-time solution for 
monitoring the safety of patients, especially those of advanced age and patients with mobility challenges. By integrating 
the ESP32 microcontroller, accelerometer sensor, and Blynk IoT platform, the system effectively detects falls and instantly 
notifies caregivers or family members through automated alerts. The combination of sensor-based motion analysis and IoT 
communication ensures accurate fall detection and minimal response delay. 
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The system demonstrates high performance with quick alert transmission, stable connectivity, and low power 
consumption, making it suitable for continuous, real-world applications. The modular design enables easy customization 
and scalability, allowing additional health monitoring sensors such as heart rate or pulse sensors to be integrated in the 
future. 

               
                                                        Fig.3: Dashboard of Blynk Web  

 Moreover, the use of IsoT-based alert mechanisms enhances patient safety by ensuring immediate assistance in emergency 
situations, even when caregivers are remotely located. Experimental results confirm the system’s high accuracy, fast 
response time, and operational reliability, validating its potential as an effective assistive technology in healthcare. Future 
upgrades could involve adding GPS for accurate location tracking, intelligent motion analysis for improved detection, and 
cloud-based systems for unified monitoring. In summary, the developed IoT-enabled fall detection and alert 
solution represents a promising innovation in smart healthcare, combining embedded systems and IoT technology to 
promote safety, independence, and timely medical support for vulnerable patients  
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