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Abstract

This paper presents a smart location tracking system
using FSR(Force Sensing Resistor). It is important to
note that our system doesn’t need to attach a sensor to
human body, because we install a FSR in a floor in order
to establish a smart space. Our system can track location
of a person and interact with a computer through tapping
behavior of person. This paper describes a smart floor
for obtaining pressure data and location of person using
sensor array. It is shown how sensor’s response data are
used in some application. Our system can be used for
several areas of applications, for example, location
tracking, context aware based on human gait
recognition, surveillance. Our system also can be used
for the automatic world modeling using pressure sensing
of each object, which was not possible in computer
vision system.
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1. Introduction

Many systems have been developed to track the position
of people for various applications; e.g. motion capture,
security, interactive/virtual reality environments, etc.

The majority of people-sensing systems in the virtual
reality community have used computer vision techniques
[1], where data from a set of video cameras is processed
to obtain real-time tracking information. Although this
technology is continually improved as hardware and
algorithms increase in capability, most current real-time
vision systems still have significant drawbacks, such as
slow response and limited robustness to lighting
conditions.

House n Project[2] tries to measure and recognize
human behaviors by not only attaching the on/off sensor
called “Tape-on” and vision sensor but also interviewing
the occupants via PDA carried with them. The main
purpose of the project is off-line analysis of sensor data.
Our system can realize on-line applications as well as
measurement of human behaviors. Aware Home[3] is a
home equipped with many cameras, microphone, RFID
tag sensors and finger print verifiers. The home can

measure only position of persons in the home. It cannot
recognize human behaviors. Easy Living[4] aims to
create applications fitting habitant behaviors by means
of cameras, RF position sensor, and finger print
verifiers. The project mainly measures the occupants’
positions in the room and how they use the computers.
Our system presents a smart location tracking system
using FSR(Force Sensing Resistor). The proposed
system can track location of a person and interact with a
computer through tapping behavior of a person. Our
system is also coordinated with UPnP based light system
that can be dimmed or switched according to position of
persons.

2. Single Board Computer and FSR

Fig. 1 shows the total flow of our proposed smart
location tracking system. Using a GPIO(General
Purpose Input Output) function of the Single Board
Computer which equipped Intel PXA 255 CPU, we scan
sensor array to get pressure data and then process
response value of a sensor every time. Size of an
experiment space is 720cm x 660cm, and size of an each
block is 60cm x 60cm. Fig. 2 shows size and structure of
block. FSR(Force Sensing Resistor) is installed in an
each block of a smart floor.
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Fig. 1 Overview of our smart location tracking system
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Fig. 2 Structure of the smart floor using FSR

FSR used in experiment is a PTF(Polymer Thick Film)
device which exhibits a decrease in resistance with an
increase in the force applied to the active surface. Fig. 3
shows the shape of FSR and the characteristics of force
vs. resistance. For interpretational convenience, the force
vs. resistance data is plotted on a log/log format. In
general, FSR response approximately follows an inverse
power-law characteristic (Roughly 1/R)[5].
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Fig. 3 FSR shape and characteristics of force vs
resistance
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The PXA255 processor of a single board computer used
in experiment is an integrated system-on-a-chip design
based on the Intel® XScale™ microarchitecture. The
PXA255 processor provides 85 GPIO pins for use in
generating and capturing application-specific input and
output signals. Each pin can be programmed as either an
input or output.

We can use the GPIO Pin Direction Register (GPDR) to
set whether the GPIO pins are outputs or inputs. When
programmed as an output, the pin can be set high by
writing to the GPIO Pin Output Set Register (GPSR) and
cleared low by writing to the GPIO Pin Output Clear
Register (GPCR). The set and clear registers can be
written to regardless of whether the pin is configured as
an input or an output. If a pin is configured as an input,
the programmed output state occurs when the pin is
reconfigured to be an output. Validate each GPIO pin’s
state by reading the GPIO Pin Level Register (GPLR).
We can read this register any time to confirm the state of
a pin.

3. System Configuration

The proposed FSR-based smart location tracking system
is composed with sensor array, sensor interface board,
single board computer. Sensor array is form of matrix
with 22 x 20 and interface board is composed of a
circuit to get pressure data from sensor array. Here,
single board computer is used to process the data which
got through interface board. Fig. 4 shows system
configuration to get data from sensor array.
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Fig. 4 System Configuration

Fig. 5(a) shows the structure of sensor array and (b)
shows single board computer and interface board. We
use silicone to absorb from inconsistent force
distributions.
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Fig. 5 Experimental devices

4. Experimental Results

We could get a pressure and position of person from
smart floor. Sensor server system transmits a position
and pressure data of a user to control pc. We can
navigate and interact with a computer under virtual
environment using position and tapping behavior of a
user. Additionally, we can control mobile speed
according to pace of a person. Fig. 6 shows example of
application using smart Floor and Fig. 7 shows
experimental environment and results.
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Fig. 6 Application using smart floor
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Fig. 7 Experimental environment and result, (a)
projector for user interface and rendering, (b) user
interface for walking (c) contents (d) walking
experimentation using FSR interface

FSR sensor array is coordinated with UPnP(Universal
Plug and Play) and so can be operated such as UPnP
device. Fig. 8 and Fig. 9 show UPnP action of smart
floor and experimental results.
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Fig. 8 UPnP action of smart floor
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Fig. 9 Experimental results

5. Conclusion

This paper presents a smart location tracking system
using FSR(Force Sensing Resistor). It should be
emphasized that our system doesn’t need to attach a
sensor to human body unlike with the RFID tag system.
Our system can be used for several areas of applications,
for example, location tracking, context aware based on
human gait recognition, and surveillance. Our system
also can be used for the automatic world modeling using
pressure sensing of each object, which was not possible
in computer vision system. In the Future, we will
interwork between sensor array and UPnP based light
system as shown in Fig. 10. We can dim light and switch
power according to position of person.
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Fig. 10 Interworking between UPnP and sensor array

ICAT

2004 v

L

Ry o

References

1.

Maes, P., et al, “The ALIVE Sytem: Full-body
Interaction with Autonomous Agents,” Proceedings
of Computer Animation’95, IEEE Press, 1995.

S.S. Intille et al., “Tools for Studying Behavior and
Technology in Natural Settings,” in Ubicomp2003,
in LNCS 2864, pp. 157-174, Springer-Verlag, 2003.
C.D. Kidd et al., “The Aware Home: A Living
Laboratory for Ubiquitous Computing Research,” in
Proceedings of the Second International Workshop
in Cooperative Buildings, pp. 191-198, 1999.

B. Brumitt et al., “Easy Living: Technologies for
Intelligent Environments,” in Hand held and
Ubiquitous Computing 2000, in LNCS 1927,
Springer-Verlag, 2000.

FSR integration Guide and Evaluation parts
Catalog; http://www.interlinkelec.com/, Interlink
Electronics, Camarillo, CA, USA, 2000.

Paradiso, Joseph, Craig Abler, Kai-yuh Hsiao and
Matthew Reynolds, “The Magic Carpet : Physical
Sensing for Immersive Environments,” In Late-
Breaking/Shot Demonstrations of CHI’97, pp.277-
278, 1997.

Pinkston, Kerkhoff and McQuilken, “The U.T.
Touch-Sensitive Dance Floor and MIDI Controller,”
Proceedings of International Computer Music
Conference, San Francisco, 1995.




<<
  /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


