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Design and Implementation of an Elderly Fall Detection System

Jin Chong
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Abstract: China is experiencing continuous deepening of population aging, and home-based elderly care has become the
dominant elderly care model. Falls of the elderly indoors may easily cause severe secondary injuries such as fractures
and intracranial injuries, constituting the primary cause of accidental injuries among the elderly population. Current
mainstream fall detection schemes fall into two categories: pure video visual recognition and standalone wearable
inertial sensing detection. Vision-only solutions are susceptible to missed alarms due to occlusions and illumination
variations, while acceleration sensor-based approaches cannot distinguish routine movements including bending, rapid
sitting, and squatting, making it difficult to simultaneously mitigate false alarms and missed alarms. To address the
aforementioned challenges, this paper designs and implements an intelligent fall detection system for the elderly that
fuses 3D human pose and waist inertial sensing information. Deep learning and the Transformer attention mechanism
are adopted to realize discriminative multi-modal feature fusion. Two heterogeneous data streams are collected as
model inputs. For the visual branch, RTMPose3D is employed to extract sequential 3D skeletal keypoints conforming
to the COCO17 standard. Depth information is leveraged to resolve pose ambiguity arising from planar imaging,
enabling accurate capture of typical unstable postures such as forward imbalance, lateral collapse, and backward falls.
For the wearable device branch, a BeltAccelerometer waist-worn triaxial accelerometer collects time-series motion
data of the human center of mass to capture impact characteristics at the moment of a fall. In the data preprocessing
stage, Trial ID matching is adopted for coarse sample alignment, followed by frame-level temporal registration via

timestamp interpolation. Meanwhile, video and sensory data undergo cleansing, sampling, normalization and other
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operations to remove invalid noisy samples. After preprocessing, pose features with physical semantics and temporal
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motion features are extracted separately. A two-branch encoder is constructed for feature dimension-ascending mapping,
and a Transformer module is utilized for cross-modal feature interaction and fusion. Finally, a multilayer perceptron
outputs fall classification results, and cross-entropy loss is applied for iterative model training. Ablation experiments
demonstrate that the proposed bimodal fusion scheme achieves an overall recognition accuracy of 94.28%, with
markedly improved fall recall compared with unimodal baseline models, and can effectively filter false alarms triggered
by activities of daily living. The entire system supports both offline analysis of locally stored videos and online

inference for real-time surveillance streams with stable and reliable operation, providing a feasible technical solution for

safety monitoring of the elderly in home care scenarios.
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