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Abstract

This study, we propose a non-contact fall detection system based on a 4D imaging radar sensor and artificial
intelligence (Al) to effectively detect falls. This system processes Point Cloud data extracted from the radar sensor to
analyze body position and posture. It classifies standing, sitting, and lying postures using a CNN model and
establishes a discrimination criterion by comparing velocity and positional changes to differentiate between falls and
slow lying movements. As a result, the system achieved a fall detection accuracy of 90% and a posture classification
accuracy of 98.66%. Furthermore, a user-friendly real-time monitoring environment was developed by integrating a
web-based interface and an avatar simulation using the Unity engine. Future research should focus on additional
validation in diverse environments, further segmentation of fall stages, and integrating additional sensors beyond radar
to evolve into a comprehensive healthcare platform.
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Table 5. Analysis of slowly lying down posture and falling states based on zw. and frame data

(@ MH3| 5= A (b) =hak

(@) Slowty Iylng down posture (b) Falling motion
Vol. Zres M) Fr. State | Detection Vol. Znax T Fr. State | Detection
1 0718 0 lying lying 1 0~ 17 20 fall fall
2 0717 0 lying lying 2 0718 20 fall fall
3 0720 0 lying lying 3 0720 30 fall fall
4 0718 0 lying lying 4 0719 20 fall fall
5 0717 80 lying lying 5 0717 30 fall lying
6 0718 80 lying lying 6 0718 20 fall fall
7 0717 0 lying lying 7 0720 20 fall fall
8 0719 80 lying lying 8 0719 30 fall fall
9 0720 80 lying lying 9 0~ 17 30 fall fall
10 0718 80 lying lying 10 0717 25 fall fall
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1 -051 7 +0.65 0 | lying lying 1 232 7 +2.10 20 fall fall
2 043 ~ +0.65 0 | lying lying 2 -1.09 7 +1.88 20 fall fall
3 -058 7 +0.72 0 | lying lying 3 217 7 +2.25 30 fall fall
4 -0.72 7 +0.80 0 | lying lying 4 -1.09 7 225 20 fall fall
5 -058 T +0.80 80 | lying lying 5 -0.72 ~ +1.88 30 fall lying
6 -051 7 +0.80 80 | lying lying 6 -058 7 +2.17 20 fall fall
7 -0.72 7 +0.80 0 | lying lying 7 2327 +1.74 20 fall fall
8 -0.65 7 +0.72 80 | lying lying 8 -1.01 ™ +1.74 30 fall fall
9 -0.72 7 +0.72 80 | lying lying 9 087 7 225 30 fall fall
10 -0.80 7 +0.65 80 | lying lying 10 -058 7 +1.59 25 fall fall
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