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3D Shape Reconstruction Based on Gravity-Geomagnetic Sensor Mesh
OTakayuki Hoshi (The University of Tokyo)
Hiroyuki Shinoda (The University of Tokyo)

In this paper, we introduce a novel sensing device named “three-dimensional capture sheet (3DCS).” The cloth-like sheet

measures its own 3D shape with no external equipments. It contains a lattice (mesh) structure inside of the sheet, and each link of

the structure has a sensor chip consisting of a triaxial accelerometer and a triaxial magnetometer. The sensor chip measures the

gravity and the Earth's magnetic field to obtain the link posture. After all the link postures are obtained, the whole shape is

reconstructed by combining them. Furthermore, magnetic disturbance is corrected by utilizing a constraint originating from the

lattice structure.
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Figure 1. Illustration of the 3DCS.
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Figure 2. (a) Lattice model made of rigid tubes combined with
strings (7x7 lattice consisting of 2.5 cm links). (b) The lattice can be
mounted on a smooth curved surface. For example, here it covers
the ball. (c) The omni-directional lattice structure.
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Figure 3. World coordinate and posture angles.
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Figure 4. (a) Lattice unit in a disturbed magnetic field and (b) the
estimated shape based on the parallel assumption. The dotted lines
represent the magnetic field lines.
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Figure 5. Lattice unit. Directional vectors form a closed-loop.
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Figure 6. Simulation results for a Gaussian shape. The far and the
near plots are the lattice model and the estimated shape,
respectively.
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Figure 7. Simulation results on effect of noises. The worst cases of
the maximum estimation error, i.e. the envelope of the error plot, are
shown (10 trials per each noise level). The area where the maximum
estimation error is lower than 15 % is colored deeply.
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Figure 9. Simulation setting with a single-loop coil. The diameter is
10 cm and the current / is 10 A.
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Figure 10. Simulation results on effectiveness of the correction
algorithm. The horizontal axis is the distance d, normalized by the
link length /, between the coil and the 3DCS.
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Figure 11. Examples in the cases with correction. (a) d// = 0.9
(error = 1.1 %) and (b) d// = 0.8 (error = 6.9 %).
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