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Abstract. A lightweight approach for joint 2D and 3D gait analysis is proposed. A dual-modal gait recognition sys-
tem is adopted, achieving high-precision real-time analysis through a 2D and 3D collaborative estimation architecture. 
The system employs MediaPipe for real-time 2D keypoint detection and gait metric extraction. An improved lightweight 
architecture MTSA-former with 2.5 mln parameters is used for 3D pose estimation. This model utilises cascaded proces
sing incorporating temporal and spatial modules, along with an adjacency matrix based on skeletal topological structure 
to model physical constraints between joints. A local-global hybrid spatial modelling strategy fusing graph convolutional 
networks is implemented to achieve efficient 3D pose estimation, attaining high performance while maintaining light-
weight characteristics. This approach ensures accurate and efficient 3D pose reconstruction in real time.
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Introduction
Gait analysis, as a non-invasive method for motor function assessment and clinical diagnosis, holds significant 

application value in early screening. For example, Parkinson’s disease patients exhibit typical characteristics 
such as shortened stride length, reduced gait speed and shuffling gait, while stroke patients present hemiplegic 
gait and limited joint range of motion [1]. These abnormal gait patterns can often be captured through quanti-
tative analysis in the early stages of disease [2].

In fig. 1 the lightweight dual-modal gait recognition system proposed in this study, which balances real-time 
performance and accuracy through a 2D and 3D collaborative analysis architecture, is illustrated. MediaPipe 
first extracts 2D keypoint sequences from video in real-time, which are then input into the multi-scale temporal 
self-attention transformer model (here and further – MTSA-former model). This model captures gait cycles 
through multi-scale temporal convolution, reinforces skeletal constraints via spatial graph convolutional net-
work (GCN) and ensures motion continuity through velocity and acceleration loss functions, thereby lifting 2D 
coordinates into high-precision 3D poses. Finally, based on the reconstructed 3D joint trajectories (particularly 
the lower limb hip, knee and ankle joints), end-to-end real-time gait analysis is achieved. Multi-dimensional 
gait features, including joint angle temporal curves, gait symmetry indices and time ratios of stance phase 
and swing phase, are extracted [3]. The lightweight design and dual-modal collaborative mechanism of this 
study enhance gait parameter measurement accuracy while maintaining computational efficiency [4]. Provi
ding a novel technical approach for early warning of neurodegenerative diseases and quantitative assessment 
of rehabilitation outcomes.

Fig. 1. Dual-modal gait recognition framework


