
59

新製品 
紹介

CCS CONCEPTS

•Human-centered computing → Haptic devices;
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1　INTRODUCTION
Recently, many wearable haptic displays have 
been widely explored aiming the enriched user 
experience through various application such as 
the virtual reality and Telexistence. Many such 
proposed wearable haptic displays so far are 
composed of rigid materials such as motors, 
voice coil actuators  and speakers ［Minamizawa 
et al. 2007］. Therefore, in recent years, haptic 
displays composed of soft materials such as 
dielectric elastomer actuators （DEAs） have 
been proposed ［Koo et al. 2008; Park et al. 2015］. 
However, the polymers used in such DEAs have 
hysteresis-loss property as a main physical 
limitation, which results in different output 
displacement property during the actuation 
cycles .  As such ,  th is property requires 
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specialized actuation mechanisms for DEAs to 
be widely used as haptic displays.
　Following this trend, Ito proposed Slide-Ring 
polymer Material （SRM）, which has property 
different from the other polymers ［Ito 2007］. In 
contrast to the other polymers, SRM consist of 
8-shaped cross-linking points that allow the SRM 
to freely move. Therefore, it has a unique 
property that allows small hysteresis-loss. As 
such, this property of the SRM makes it suitable 
as a haptic actuator compared with other DEAs.
　Thus, in our work HAPTIC PLASTeR, we 
explore a soft, thin, light and flexible haptic 
display that uses DEA composed of SRM 
（Figure 1（a））. Due to the property of SRM, it 
can  presen t  an  ou tpu t  wave fo rm tha t 
approximately follows the input waveform as a 
desirable property for soft haptic displays. As 
such, by customizing the shape/size and/or the 
input signals, we can seamlessly integrate it 
with other objects as a haptic display that blends 
into our daily life.

2　HAPTIC PLASTER
Figure 2 shows the system overview of the 
HAPTIC PLASTeR which consists of the haptic 
display, the control driver unit, and the actuation 
system. The haptic display is equipped with 
“e-Rubber” which is a DEA composed of SRM 
（Figure 3）, on a plaster-sized flexible material 

that can be worn on a finger. A flexible insulation 
film is placed on top of the flexible electrodes of 
the actuator prevent the electrodes from touching 
the skin （Figure 1（a））. The e-Rubber works by 
the Coulomb Force principle, whereby the rubber 
shrinks when a voltage is applied to the two 
electrodes. Thus, by changing the applied signal, 
the e-Rubber can be actuated as a haptic display. 
　The control driver unit amplifies and offsets the 
input signal as required by the haptic display. 
As the e-Rubber requires 0-1.5kV for actuation 
（similar to other DEA）, the input signal from 
various sources can be amplified using the 
amplifier of the control unit. In addition, the 
control unit offsets any negative values on the 
input signal as specified by property of the 
e-Rubber where the drive voltage is 0 - 1.5 kV 
with 750 V as the center.
　We developed two kinds of actuation systems 
that allow input signals from the PC and an 
external haptic sensor. Input from the PC is 
used for VR applications or presenting textures 
on a tablet application, etc. Input from the haptic 
sensor is used as a haptic transmission 
application. Both these actuation systems can be 
directly attached to the control unit to present 
the input signal. 
　Note on safety: Since the actuator requires a 
high drive voltage, we have taken a few steps as 
safety measures. Firstly, as indicated, the haptic 
display is well insulated with two layers of films. 
Secondly, the haptic display consumes a minimal 
amount of current as it operates using the 
Coulomb principle （as a capacitor）. Therefore, 
the control unit consists of an overcurrent 
detector that detects any current leakage and 
shuts down immediately. These safety measures 
were ensured with thorough procedures. As 
proof, the display was presented at a public 
exhibition （Figure 4） that was held for 3 days 
（8 hours a day） with over one hundred visitors 
who tried our prototype.

Figure 2: System Overview

Figure 3: Structure of e-Rubber and SRM
Figure 4:  Public demonstration in 

business robot exhibition.
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3　EVALUATION
Two technical evaluations were conducted to 
identify the property of the system.
　In the input voltage waveform vs output 
displacement waveform evaluation, a voltage of 
0-1.5kV （750V center） with 1Hz was presented 
as the drive signals to the HAPTIC PLASTeR, 
and the displacement was measured. The result 
indicates that the waveform of the output 
displacement approximately followed the 
waveform of the input signal （Figure 5）. This 
property indicates the characteristics of the 
SRM of the e-Rubber used in the HAPTIC 
PLASTeR that denote small hysteresis-loss.
　In the frequency characteristics evaluation, 
eleven types of sine waves with frequencies 
were presented as the input signals to HAPTIC 
PLASTeR, and the displacement was measured. 
As a result, the maximum displacement is 3.5um 
when input frequency is 0 .1Hz, and the 
displacement decreases at higher frequencies 
（Figure 6）. This result indicates that the 
HAPTIC PLASTeR is suitable for low-frequency 
actuation which present a different property 
from conventional vibration motors, voice coils, 
and speakers.

4　USER EXPERIENCE
At the SIGGRAPH 2019 E-Tech demonstrations, 
we will showcase the HAPTIC PLASTeR in 
various form factors such as wearable band-aid, 
integrated with a head-mounted display and 
smartwatches, table styluses etc. Mainly, the 
participants will be able to experience two main 
application scenarios the HAPTIC PLASTeR. 
First is a haptic transmission based experience 
that will allow the user to experience various 
transmission of haptic data such as the heartbeat 
of a remote user. Secondly, the participants will 
be able to experience various dai ly use 
applications such as being able to feel textures 
of materials on a tablet device with an 
integrated stylus, and various VR application 
scenarios such as feeling the virtual wind in VR 
through the soft haptic actuation of the display.
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Figure 6: Frequency Charac-teristics

Figure 5: Input waveform vs output waveform



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


