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Figure 1 The framework of our method
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Figure 2 TInitial velocity estimation at p?, Figure 3 Searching for the matching markers for

candidate seeds
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Figure 4 Marker tracking results for successive frames

(a) The markers tracked by SIFT algorithm; (b) the markers tracked by hierarchy optical flow algorithm; (c) the

markers tracked by our method
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Figure 5 Matching the markers from consecutive frames

(a) The corresponding relations by hierarchy optical flow algorithm; (b) the corresponding relations obtained by

our method
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Figure 6 Estimating the invisible markers’ 3D positions by 3D differential information

Dual model

Original model
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Figure 7 Illustration of the construction of dual Laplacian coordinates on the one-ring structure
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Figure 8 The 3D sparse grid foot models at the 1th frame (a), at the 40th frame (b) and at the 80th frame (c)
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B9 #RCRRIRER
Figure 9 Marker point tracking results

(a),(b),(c) Results by only-2D-spatial-space-based method; (d),(e),(f) results by our method

B 10 REEHRFER

Figure 10 Projections of models

(a),(b),(c) The projected models reconstructed from the markers tracked by only-2D-spatial-space-based

method; (d),(e),(f) the projected models reconstructed by our method
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E 11 (a) Bruce % Y BT EMANHEERTE; (b) AXFTESIMNER
Figure 11 Results obtained by structure light based method of Bruce, et al. [4] (a) and by ours (b)
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Figure 12 Accuracy testing for the estimation quality of missing vertices

(a),(b),(c) The input images with some parts erased; (d),(e),(f) projected result model reconstructed from the
corresponding erased images; (g),(h),(i) the projections of the result models to the original images to compare

the projected missing vertices with the original markers
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Figure 13 The estimation error of missing vertices
(a) The quantity of missing vertices at every frame of a 80 frames video; (b) average deviation between the

estimated locations and the real locations of the missing vertices; (c) the standard deviation of these errors
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Figure 14 Comparative results of tracking the object with a larger range of variations between consecutive

frames by optical flow algorithm (a) and ours (b); (c) projection results of 3D model obtained by our method
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Figure 15 Foot acquisition result under extreme severe conditions
(a),(b),(c) The original polluted images; (d),(e),(f) the projective result of restructured foot from the polluted

images
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Figure 16 Simulation of wear test by superpositioning the 3D foot with the candidate shoe-last
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Acquisition of time-varying 3D foot shapes from video
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Abstract The 3D scanning of time-varying objects based on multi-view geometry has been a hot topic in
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computer vision in recent years. This paper presents an active approach to acquiring 3D shapes of moving foot
from multi-view video sequences based on the explicit marker points woven in socks. The reference 3D model
of foot is firstly recovered from the starting frames in the multi-view video clips, and then the markers in each
view are traced as a whole based on a continuous motion vector field built from the reference 3D model. The
missing vertices in the candidate 3D model caused by self-occlusion, non-uniform illumination and random noises
are reliably estimated and reconstructed in 3D space by minimizing the changes of differential features in 3D
geometry of the reference model. The experimental results show that our method can robustly recover the 3D
model of foot in complex background even if there is a relatively large movement between the adjacent frames,

with an acceptable accuracy of the resulting 3D model.

Keywords Time-varying shapes, 3D Foot modeling, Feature tracking, Multi-view geometry
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