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Complex Pose Tracking with Probabilistic Dynamical
Volume Models and Visual Hull Constraints
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We propose a method for estimating the pose of a human body using its 3D
volume obtained from synchronized videos. Our method can cope with complex
shape variations of loose-fitting clothing, which produce non-rigid motions and
critical reconstruction errors including phantom volumes in a visual hull. To
this end, the probabilistic dynamical model of human volumes is learned from
training temporal volumes refined by error correction. The dynamical model
of a body pose (joint angles) is also learned with its corresponding volume.
By comparing the volume model with an input visual hull and regressing its
pose from the pose model, the input volume is refined online and then pose
estimation can be realized. Comparative experiments demonstrated that our
method is superior to similar methods in pose estimation of a human body with
loose-fitting clothing.
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Fig.1 Reconstruction errors by Shape-From-Silhouette.
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Fig.3 Volume descriptor with a Bin model.
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Fig.4 Dynamical model of a shape variation. Circles and arrows depict latent variables and tempo-
ral mapping, respectively. Background colors denote the variance at each point; lower (red)
to higher (blue).
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Fig.5 Volume refinement and penalty in visual hull constraints.
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Table 1 RMS errors of estimated joint angles (degrees).

8 camera 4 camera
oo1 | 002|001 | 002
Direct regression 6.13 10.21 13.77 13.81
PCA detection 6.34 12.77 14.71 16.70
GPDM detection 5.81 7.69 6.72 8.03
GPDM tracking 5.39 6.46 6.37 6.46

Proposed method 5.04 5.03 5.59 5.54
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Fig.7 Comparison of joint angle errors in dance sequences.
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Fig.8 Visualization of the results of the proposed method (dancel). Upper: observed images.
Lower: Estimated poses.
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Fig.9 Tracking results in the latent space (green: sample refined volumes, blue: input visual hulls,
red: our tracking results). Left: dancel, Right: dance2.
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