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Why is IMU-only motion capture inaccurate?

u Limited Observability：
     Lack of direct position measurement
u Low-SNR in Slow Motions：
     Noise dominates signals during slow
     movements
u Double Integration Drift：
     Positions come from double
     integration of acceleration



Hardware in one slide

Contribution 1:

We design an in-situ enhanced bimodal wearable sensing platform for 3D full-body tracking,
retaining the conventional layout of 6 sensing nodes. The platform allows for the flexible use of
either single IMU sensing or IMU+ToF bimodal sensing, with only a 3% increase in volume.



Method overview

Contribution 2:

We propose ToF-IP, a novel Transformer-based inertial-ToF motion capture framework that
introduces two key innovations on the software side.



Node-Centric Data Integration
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Contribution 2.1:

A Node-Centric Data Integration strategy that preserves the structural semantics of multi-sensor 
data by treating each sensing node as a token and hierarchically integrating intra- and inter-node 
information via self-attention



Dynamic Spatial Positional Encoding

Contribution 2.2:

A Dynamic Spatial Positional Encoding scheme that models the continuously evolving spatial
positions of wearable nodes as motion-conditioned functions, enhancing spatial awareness and
robustness to body movement variations. 



ToF-IP-DB：Synchronized IMU+ToF Dataset

ToF-IP-DB: 

n 208 minutes

n 749k frames

n 10 participants

n 20+ activities

n Tai Chi

n Baduanjin



Experimental Results



Experimental Results



Thank You!


