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Abstract:

This paper introduces our project of sensor networking technology called two-dimensional signal transmis-

sion (2DST). 2DST is a new form of room-size communication, in which the signal energy is confined in thin sheets.
The sheet is composed of a diclectric layer sandwiched between a conductive mesh and a continuous conductive layer,
typically. Signals are sent by microwaves propagating in the two-dimensional sheet. The electrical power for the device
operation is also transmitted by microwaves. The prominent feature of 2DST is that it can integrate a large number of
sensor chips without electrical contacts and efforts of wiring. The simplicity of the structure enables us to form the sheet
on the surfaces of various materials of walls, desks, floors, and even clothing. We already developed some types of
non-contact connectors to the 2DST sheet for wide band signal transmission.
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1. INTRODUCTION

A challenge in sensor networking available in rooms,
vehicles, and clothes is physical connection of a large
amount of sensors. Radio is a useful, and in some cases,
the only way to distribute sensors on large area of plants
and farmlands. In those applications, the main theme of
researches is communication protocols to save ex-

tremely the energy consumptions under limited batteries.

In this paper, we introduce our project of
two-dimensional signal transmission (2DST) that real-
izes a high density of sensor embedding. We show that
there exists an alternative to radio for networking within
room size.

In communication of 2DST, the sensor nodes com-
municate by microwave propagating in two-dimensional
sheet. Sensor nodes connect to the 2DST sheet without
electrical contact at any location on the sheet and also
receive the power for operation from the sheet. The
sheet structure is simple [4, 5], and the simplicity en-
ables us to form the sheet structure on the surfaces of
various materials of walls, desks, floors, and even
clothing.

The idea of communication using two dimensional
medium was originally proposed by us [1] and some
other groups [2,3] at the early 2000s. In the researches

Fig. 1 The concept of 2DST. Sensor nodes send/receive
packets through the 2DST sheet.
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[2] and [3], however, high speed communication
through the medium was out of consideration. In addi-
tion, mechanical and electrical contacts of elements to
the conductive layers were necessary.

2. NON-CONTACT CONNECTION TO 2DST
SHEET

We can suppose at least four types of 2D connection
as shown in Fig. 2. In the first form, the sensors are
sandwiched by two conductive layers. In this structure
the electromagnetic wave can be strictly confined within
the sheet. TEM mode with the electric field vertical to
the surface conveys the signals in this case. A small
electrode on a sensor chip can obtain efficient
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Fig. 2 Cross-sections of possible types of 2DST. In our
project, types (a) and (c) are intensively developed.



z
€0 Mo y i x Top layer

€, U h

Bottom layer (ideal conductor)

Fig. 3 Coordinate system and sheet parameters.

non-contact connection between the electrode and the
2DST sheet, although sensor chips have to be embedded
inside the sheet in the production process. A method to
make the electrode much smaller than the wavelength
using resonance is described in [7]. The second type as
shown in Fig. 2 (b) allows the sensor chips to be at-
tached on the sheet after the sheet production. Electro-
magnetic waves are sent/received through apertures on
the sheet.

Fig. 2 (c) realizes free location of the sensors on the
sheet. The sensor can even move on the surface keeping
the connection. In that system, communication is done
by evanescent waves trapped around the surface [5].
Under the coordinate system shown in Fig. 3, the z
component of electric field above the surface is written

as
2
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for the wave traveling toward +x, where ¢ and ¢ denote
respectively the magnetic permeability and dielectric
constant of the sheet, and y, and ¢, are those of the at-
mosphere. The parameter V is the voltage between the
top layer and the bottom layer at x = ¢ = 0. The equation
is an approximation based on the assumption |k << 1
and |k | << 1, where 4 is the dielectric layer thickness.
The parameter o is the sheet impedance of the top layer
defined as

E
o=R+jX=—"
1

X

where E, is the electric field along the x axis at the top
layer and i, is the current density [A/m] along x axis.
We assume that the bottom layer is ideal conductor and
that the top layer is sufficiently thin. If the top layer is
ideal conductor, o is equal to 0, which results in £, = 0.
We call a top layer whose sheet impedance is inductive
as X > 0 an “inductive layer.” An inductive layer can be
realized by a conductor mesh with the period shorter
than the wavelength. Electromagnetic wave can be
sent/absorbed to/from the 2DST sheet by placing a
conductive plate near the top layer, while the electro-
magnetic energy outside of the sheet remains small
without the proximate conductive plate, for small o.
Proximity connection is obtained when the distance
between the plate and the sheet is comparable to or
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smaller than the layer thickness 4. An example of effi-
cient connector is reported in [5]. One drawback of this
system is that a certain amount of electromagnetic wave
leaks into the atmosphere by scatterers on the sheet,
which impairs the information security.

The last one is a simple dielectric layer as shown in
Fig. 2 (d). A single layer of dielectric material which
has a dielectric constant larger than that of the atmos-
phere can trap electromagnetic wave around the surface.
In this case, however, most of the electromagnetic wave
energy is in the outside space of the dielectric layer. In
addition, a certain thickness of the dielectric layer com-
parable to the wavelength is necessary for effective
wave trapping. In our project, types (a) and (c) are in-
tensively studied.

3. MICROWAVE POWER TRANSMISSION

Since the 2DST sheet confines the electromagnetic
energy inside the sheet, intense microwave is allowed to
be radiated into the sheet. Microwave power transmis-
sion is a robust way since a local short-circuiting be-
tween the conductive layers causes only local break-
down within the wavelength radius. That property
makes it realistic to embed 2DST sheets on the desks,
floors and walls. (In DC or low frequency AC power
supply, only one point short-circuiting is fatal.) We ex-
perimentally confirmed 100 mW energy absorption by
one node from 10 W power source through 50 X 95 cm®
sheet, based on type (¢) in Fig. 2. A technological chal-
lenge in microwave power transmission is to heighten
the efficiency.

Fig. 3 View of power transmission experiment. The sheet size
is 50X95 cm?.

4. APPLICATIONS

2DST technologies have a wide variety of applica-
tions. If we can embed the 2DST sheet on the surface of
the room, 2DST provides more efficient signal trans-
mission than usual radio. The communication is more
secure against information leak. Ubiquitous computing
tools can obtain power from the 2DST sheet. 2DST
sheet is also available as a medium for reading RFID
tags.



The room-size equipment of temperature sensors on
the wall and pressure sensors on the floor is also the
first step of applications. The challenge resides in pro-
moting the business to embed the 2DST sheet on the
floors, walls, and desks.

Another application is to construct high density sen-
sor network on an elastic and stretchable materials. In
the current technologies, the electrical parts can be inte-
grated on a rigid plate. Although bendable films are
available as the substrate, it is difficult to mount them
on stretchable materials. Since conductive fabrics can
guide microwaves stably within 1 m distance, 2DST
using conductive fabrics enables high density implanta-
tion of sensors on clothes.

As an interesting application of wearable sensors, an
elastic device measuring myoelectric potential patterns
has been proposed. EMG had been used in some special
situations that allowed wearing complex devices. The
device proposed in [6] enables EMG to be used for hu-
man interfaces in daily lives. A thin device that can be
worn comfortably has a variety of applications as shown
in [6]. Pressure sensors on a chair, acoustic devices on a
curtain, and tactile elements in an artificial skin for a
robot are also promising examples to be realized by
2DST technologies.

REFERENCES

[1] Mitsuhiro Hakozaki and Hiroyuki Shinoda: Digital
Tactile Sensing Elements Communicating through
Conductive Skin Layers, Proc. 2002 IEEE Int.
Conf. on Robotics & Automation, pp.3813-3817,
2002.

[2] K. V. Laerhoven, N. Villar, A. Schmidt, and H.W.
Gellersen: Pin & Play: The Surface as Network
Medium, IEEE Communication Magazine, pp.
90-95, 2003.

[3] J. Lifton and J. Paradiso: Pushpin Computing Sys-
tem Overview: A Platform for Distributed, Em-
bedded, Ubiquitous Sensor Networks, Proc. Perv.
Comp., LNCS 2414, pp. 139-151, 2002.

[4] Kouta Minamizawa, Yasutoshi Makino, Hiroyuki
Shinoda: Two-Dimensional Signal Transmission
for Networked Sensing, Proc. SICE Annual Conf.
2005, pp. 3816-3819, 2005.

[5] Naoshi Yamahira, Yastoshi Makino, Hiroto Itai,
and Hiroyuki Shinoda: Proximity Connection in
Two-Dimensional Signal Transmission, Proc. SICE
- ICCAS 2006.

[6] Yasutoshi Makino Akimasa Okada and Hiroyuki
Shinoda: Measuring Myoelectric Potential Patterns
Based on Two-Dimensional Signal Transmission
Technology, Proc. SICE - ICCAS 2006.

[7] Hiromasa Chigusa, Yasutoshi Makino and Hiroyuki
Shinoda: Resonant Proximity Connector for
Two-Dimensional Sensor Implantation, Proc. SICE
- ICCAS 2006.

4869



	Main Menu
	Previous Menu
	Search CD-ROM
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	Text67: 89-950038-5-5 98560/06/$10 © 2006 ICASE


