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Our group has proposed a new communication technology named “Two-Dimensional Communication” for
high-density sensor networks. In this paper, we propose the method to estimate the positions and orientations of
sensor nodes on the Two-Dimensional Communication sheet (2DC sheet). First, we introduce the position encoding
scheme on the 2DC sheet. Next, we analyze the electromagnetic field modulation by the position code on the 2DC
sheet, and propose the method to detect the position code on the 2DC sheet using the electric field sensing. Finally,
we show the results of the fundamental experiment to confirm that the proposed method is useful for the position

estimation on the 2DC sheet.
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Fig. 1 (a): The concept of the Two-Dimensional
Communication(2DC). Sensor nodes can send/receive packets
through the 2DC sheet. (b): The structure of the 2DC sheet. Two
conductive layers sandwich a dielectric layer. The top conductive
layer has a meshed structure, and the bottom is a continuous
conductive layer.
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Fig. 2 The position encoding scheme on the 2DC sheet.
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Fig. 3 The simulation model of the 2DC sheet for analyzing the
electromagnetic field above the surface of the sheet. In this
model, a marked block is realized with winding lines.
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Fig. 4 The result of the simulation. The model is shown in Fig. 3.
The time average of the vertical electric field 1 mm above the
sheet surface is shown (upside). The contrast of £, amplitude in
the single block is apparently different between the plain and the
marked block. The E, amplitude on the dash line shown in the
downside graph.
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Fig. 5 The photograph of the partial 2DC sheet for the experiment. A part of the 2DC sheet top layer was fabricated in C. This grid pattern
includes both the plain and the marked blocks. The part B has the horn structure so that C is smoothly connected to 50 Q microstriplines 4.
The intermediate layer was 2 mm thick polyethylene sheet (¢, = 1.4). The bottom layer is continuous conductive layer and its size was the
same as the intermediate dielectric layer. The right end was terminated by a 50 Q terminator. This sheet structure sufficiently eliminates
microwave reflection and provides the same condition as the simulation in Fig. 3, 4.
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Fig. 6 The miniature electric field probe for measurement of
vertical electric field on the 2DC sheet. We fabricated this probe
by peeling the metallic shield of a semi-rigid cable. This probe
senses the vertical component of the electric field.
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Fig. 7 (a) The measurement region. The microwave was applied
from the lower side of this picture. We measured the vertical
electric field with a 1 mm interval. The result is shown in (b). (c)
is the result on the line of x = 5 mm which is shown in (b) with a
dash line. We can distinguish marked blocks from plain blocks
clearly. Since we can detect the mesh conductor pattern, it is
expected that we can obtain more accurate position information
by the details.
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