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Three-Dimensional Shape Measuring Sheet
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We propose a novel sensing device named “3-dimensional capture sheet (3DCS)”. The cloth-like sheet measures
its own 3D configuration. There is a lattice structure inside of the sheet, and each link of the structure has a triaxial
accelerometer. The roll and pitch angles of the link are derived from the gravity vector measured by the accelerometer.
Furthermore, the relative yaw angle is also determined owing to the lattice structure. The posture of each link is fully
described by these three angles. Then, the whole shape of the sheet is estimated by combining all of the links in
computation. The sensing theory, simulation results and prototype experiments are shown in this paper.
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Fig. 1 Illustration of 3-Dimensional Capture Sheet (3DCS).
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Fig. 2 Definition of rotational angles.
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Fig. 3 Assumption about directional vectors.

Fig. 4 Assumption about normal vectors. We assume two types of
symmetric transformations, (a) squashing and (b) folding,.
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Fig. 5. Procedure of lattice model generation. The corner, fold, roll,
and pitch angles are the changing parameters.
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Fig. 6 Results of unsolvability analysis. The (0., 05 6, 0,)s
satisfying 13/1,<0.lare plotted in the parameter space. (a), (b), (c),
(d), and (e) are for =0, 45, 90, 135, and 180 deg, respectively. It
turns out that most of the space is left with no points, that means Eq.
(6) is solvable outside of trivial cases.

Fig. 7 Simulation result. The far and near shapes are the model and
the estimated shapes, respectively.
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Fig. 8 Simulation results on effect of noise. The mean values (dots)
and standard deviations (error bars) of the estimation error.
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Fig. 10 Prototype of 3DCS (60 x 60 cm?). Each link is 10 cm in
length. There are the 12 sensor chips.
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Fig. 11 Demonstration I : flat plate.

Fig. 12 Demonstration II : sphere.

NE=dEE > TEAIRYZ FAZRERIL, 20
Bz b LIy — FEEROBIRE LT 5, v Iab—v
g v LRI L 0 Z OB A RRGEE LTz,

A S DITHIZENT N, A% B L. LS 2 ¥ Ttk
YT T ENEUT D, £REEOE YTy T ~DBEE
RTF—XEEIE. CRGEEEHERBIC L TITR Y 2 EE
ZTCW5B, ZIIC K VIEMARRMRAREE 2 EHAMAR
3DCS #EBLTHZ ENTE D,

X m
[1] AREEEE, H B SEEHIAM, Juiskstait, 2005.
2]

O. Brand, “Microsensor Integration into Systems-on-Chip,” Proc.
IEEE, vol. 94, no. 6, pp. 1160-1176, 2006.

3] B, “FMERmBRT DEERE Ry FT—2 FH
L {4, vol. 46, no. 2, pp. 98-103, 2007.

[4] B&EZ, BEHBZ, “ZWRILBIR¥ v 7 F ¥ > — MC X Dk
oY) F 7 BEHNEBRETER AT AL T T L —
= R AR SCEE, pp. 464-465, 2006.

[5] J.Lee and L. Ha, “Real-Time Motion Capture for a Human Body Using
Accelerometers,” Robotica, vol. 19, pp. 601-610, 2001.

[6] N. Miller, O. C. Jenkins, M. Kallmann, and M. J. Mataric, “Motion
Capture from Inertial Sensing for Untethered Humanoid
Teleoperation,” Proc. Humanoids 2004, vol. 2, pp. 547-565, 2004.

[77 W. H. Press, S. A. Teukolsky, W. T. Vetterling, and B. P. Flannery,
Numerical Recipes in C: The Art of Scientific Computing Second
Edition, Cambridge University Press, 1992.

[8] M. Matsumoto and T. Nishimura, “Mersenne Twister: A
623-Dimensionally Equidistributed Uniform Pseudorandom Number
Generator,” ACM Trans. on Modeling and Computer Simulation, vol. 8,
no. 1, pp.3-30, 1998.

[No. 07-2] Proceedings of the 2007 JSME Conference on Robotics and Mechatronics, Akita, Japan, May 10-12, 2007
1A2-A09 (4)



	myTF: 1A2-A09
	myTF_foot0: [No. 07-2] Proceedings of the 2007 JSME Conference on Robotics and Mechatronics, Akita, Japan, May 10-12, 2007
1A2-A09 (1)
	myTF_foot1: [No. 07-2] Proceedings of the 2007 JSME Conference on Robotics and Mechatronics, Akita, Japan, May 10-12, 2007
1A2-A09 (2)
	myTF_foot2: [No. 07-2] Proceedings of the 2007 JSME Conference on Robotics and Mechatronics, Akita, Japan, May 10-12, 2007
1A2-A09 (3)
	myTF_foot3: [No. 07-2] Proceedings of the 2007 JSME Conference on Robotics and Mechatronics, Akita, Japan, May 10-12, 2007
1A2-A09 (4)


