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Seclusion room patients face a high risk of medical emergencies 
as they are often sedated or given medications that increase the 
likelihood of cardiac or respiratory arrest and falls. 
Physical-contact devices for vital sign monitoring (e.g., ECG, 
PPG) introduce safety risks, as patients may misuse attached 
cables to harm medical staff or themselves. Wearable devices 
used for fall detection may also cause discomfort or skin 
irritation during prolonged use. Consequently, medical staff 
perform periodic manual checks at 15-minute intervals, which 
increase labor demands and create inherent observation gaps 
during which emergencies may remain undetected.

This project proposes a contactless fall detection and vital sign 
monitoring system with integrated alert functionality, capable of 
extracting heart rate and respiratory rate and notifying medical 
staff in the event of abnormal vital signs or fall.
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Problem Statement & Proposed Solution
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Server & Frontend

Key Performance Metrics

Data Controller - Receives inputs from the respective hardware 
(raw ADC frames or thermal frames) and forwards them to the 
corresponding python child processes: Patient Placement, Fall 
Detection, and Signal Processing (Vital Sign).
Patient Placement - Determines if a person’s presence is beneath 
the hardware configuration based on thermal frames.
State Machine - Supervises system state transitions between fall 
detection and vital sign monitoring based on patient placement 
presence history. If a patient is localized to the pre-defined bed 
area for long enough, the system automatically toggles into vital 
sign monitoring and vice versa if they leave the pre-defined area.
Graphical User Interface (GUI) - Displays a live HR/RR chart 
showing vital sign trends, fall/vital sign alerts, patient presence 
indicator, and a user-interface for programming config parameters.

Figure 7: Fall Detection Pipeline IWR1642BOOST - Texas Instruments FMCW Radar Module 
used to detect sub-milimeter vital sign signals and macro 
movements indicative of falls.

DCA100EVM - Texas Instruments ADC packetizer necessary for 
extracting and streaming raw radar data to the server.

MLX90640 - Thermal Camera used to detect a patient’s presence 
for the enabling / disabling of vital sign monitoring software.

ESP-32 - Microcontroller used to translate I2C data into a medium 
ranged communication protocol, in our case through USB.

Figure 1: Hardware Architecture 

Heart Rate Anomaly Detection ML Model

Purpose - Identify irregular heart rate patterns to enable early 
detection of abnormal cardiac events.
Heart Rate Autoencoder - ML model trained on healthy heart rate 
patterns. Attempts to reconstruct incoming heart rate estimations 
based on its training data.
Reconstruction Error Calculator - Computes mean absolute error 
between the vital sign pipeline estimates and the reconstructed heart 
rate. The higher error the more likely a heartrate is abnormal.
Threshold-based Classifier - Generates an alert based on the 
magnitude of the reconstruction error.

Reshape Raw ADC Frames - Formats the incoming radar 
samples to ensure consistent processing across time segments.
Static Clutter Removal - Removes fixed background reflections 
from the environment.
Spectrogram Generation - Converts radar frames into 3D 
range–Doppler spectrograms, capturing spatial and velocity 
information. 
3D Convolutional Neural Network - Analyzes the spectrogram to 
detect fall patterns and generates a binary alert decision, indicating 
whether or not a fall occured.

Vital Signs
Heart Rate (HR) Estimation Error ≤ 4 BPM*  
Respiration Rate (RR) Estimation Error ≤ 2 BrPM*  
HR Estimation Average Latency ≅ 15 seconds
RR Estimation Average Latency ≅ 30 seconds
HR Model Abnormality Alert Accuracy: 99.525%* * 
HR Model False Postive Rate: 0.634%* * 

Fall Detection
Fall Detection Accuracy: 99.643%
Fall False Positive Rate: 0.714%

Figure 2: Vital Sign Signal Processing Pipeline

Mechanical Assembly

The mechanical housing was custom designed to securely house all 
prototype hardware except the server. Mounting to a green screen 
frame, it is used to simulate the scenario where the device is 
mounted to the ceiling of a seclusion room.

Figure 3, 4, & 5: Mechanical Assembly & Renderings

* MAE at a distance of 1.6m away
   from a stationary test subject.
* * Across a research dataset 

Figure 9: GUI Displaying Live Vital Signs 


