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Device Position and Orientation Measurement for Two-Dimensional Communication

Kei NAKATSUMA™ and Hiroyuki SHINODA*

In this paper we propose a method of device position and orientation measurement in Two-Dimensional Com-
munication networks. Two-Dimensional Communication technology enables devices placed on a thin sheet to
achieve two key functions for ubiquitous networks, to communicate with each other and to receive electricity
through the sheet wirelessly. For device localization on the sheet, the top conductor layer of the sheet has a
2D pattern of position codes. We develop a positioning sensor based on capacitance sensing that identifies the
position code in the 2D conductor pattern under the sensor. We evaluate the accuracy of obtained position and
orientation through an experiment using a prototype of our positioning sensor.
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Fig.1 A demonstration of Two-Dimensional Communication
(2DC) technology
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Table 1 The relationship between Unit size, the area of
unique localization, and the positioning sensor size
Unit size [block] 4 5 6
Information in one Unit [bit] 8| 17 26

Sheet size with a unique
position informaiton pattern [m?] | 0.45 | 313 | 2.10 x 10°

Positioning sensor size
(each side length) [cm)] 59| 6.9 9.9

Zz = |
2 2 B
- //' i B

Fig.6 The positioning sensor prototype
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Fig.8 The setup of the positioning experiment (left) and the
encoded 2D bit pattern on the 2DST sheet (right)
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Fig.9 Ground truth and measured result points in the ex-
periment on the sheet shown as a 48 cm square in
the graph. Asterisks (*) are ground truth position of
measurement points. Crosses (+) are measured result
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represent rotation angle corresponding to each point
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Fig.10 The positional errors and the orientation angular er-
rors in the experiments are shown. The upper graph
shows the positional errors (ze, ye) from ground truth
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lar errors (6e) to correct angular values. The 97 data
eliminating three measurement failures are plotted
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Table 2 The mean, the standard deviation (SD), and the
maximum (absolute) values of positioning results’
errors

e [mm] | ye [mm] | \/22 + 2 [mm] | 0c [deg]
Mean —0.60 —0.13 1.73 —0.51
SD 1.31 1.24 0.78 1.21
Max (abs) 3,70 2.76 3.70 2.71
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