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2Remote High-five  

NTT West, September 2020
https://xtech.nikkei.com/atcl/nxt/column/18/00138/050900792/



3Three aspects of affective haptics in XR

Category 1: Evoking life
The life (of human or animal) exists behind the AR object.
Haptic stimulation triggers the feeling of living things.

Category 2: Direct stimulation to core affect
Haptic physical stimulation to the core affect*.

Category 3: (Almost) unconscious effect
Haptic stimulation is almost unconscious but supports the mind.

*Russell, J. A. , “Core affect and the psychological construction of emotion,” 
Psychological Review, 110, 1, 145-172, 2003.



4Transferring motion and force 

inTouch
Hiroshi Ishii et al. (1998)

Robot phone
Tachi lab., Univ. of Tokyo, 2000

Haptics is an additional channel to 
confirm the existence



5Hug Transmission

Hug over a Distance
Mueller, Florian; F. Vetere; M.R. Gibbs; J. 
Kjeldskov; S. Pedell; S. Howard. 
Proc. of the ACM Conf. on Human Factors in 
Computing Systems (CHI 05), Portland, USA, 
ACM Press. pp. 1673–1676. 

Affective haptics in 
emotional communication
D. Tsetserukou, A. 
Neviarouskaya, H. 
Prendinger, N. Kawakami, 
and S. Tachi, 
Proc. 3rd Int. Conf. Affective 
Comput. Intell. Interact. 
Workshops, Sep. 2009, pp. 
1-6.

iFeel_IM! 
Softness, Warmth, and 
Responsiveness Improve 
Robot Hugs
Alexis Block, Katherine J. 
Kuchenbecker
Int. Journal of Social 
Robotics 11(6), 2019



6Haptic transmission by 1D actuator

Only 1D motion can transmitting 
the feel of life

Heartbeat picnic, 
Junji Watanabe (NTT) et al.
TVRSJ Vol. 16 No. 3 pp. 303-306, 2011 

Emotional Touch
Yuki Hashimoto, Hiroyuki Kajimoto,
SIGGRAPH2008 New Tech Demos

https://doi.org/10.18974/tvrsj.16.3_303



7Realistic touch 

An example of haptics-in-MR (2015) 



8Producing realistic 3D image (2015)

Original image

Floating image
Mirrors

AI Plate
(ASKA3D plate)



9Superimposing haptic stimulation on realistic 3D image

AI (ASKA3D) Plate

A B



10Mutual telexistance system (2015)

Haptoclone
Y. Makino, Y. Furuyama, 
S. Inoue, H. Shinoda
2015

Y. Makino Seki InoueY. Furuyama



11Super haptoclone

T. Morisaki

K. Serizawa, T. Morisaki,  C. Delfosse, M. Fujiwara, 
Y. Makino, H.  Shinoda,
Super Haptoclone: Upper-Body Mutual 
Telexistence System with Haptic Feedback,
ACM SIGGRAPH 2020 Emerging Technologies.

K. Serizawa M. Fujiwara



12What is the difference from the real touch? 



13Advancement of Haptoclone

 Super realistic 3D image
 The partner is there
 Reality of midair tactile display has been 

much improved

-- Non-vibratory pressure is reproduced.
T. Morisaki et al.,  VRSJ 2020  

-- Temperature change can be displayed.
M. Nakajima et al.  ToH Early Access



14Lessons from Haptoclone

“Image only” is already affective.

Haptics becomes effective when you notice
the partner feels the same.

I feel hesitation when I touch people through this system.

Digital touch is beneficial when you want to control (reduce) the haptic effect.



15Do you want to touch?

If the haptic stimulation is once linked to a harmful existence, the 
positive effect of the haptic stimulation disappears.  



16The role of haptics 

Detecting harmful existence

Perform tasks 
to survive Reproduction

Communication, Social touch

Urgency 

Strong 

Weak  

If haptic sensation detects a harmful existence, the emotion is 
occupied to make a decision away from danger. 
To enjoy communication and social touch, the haptic stimulation must  
be unlinked to harmful existence. 



17Three aspects of affective haptics in XR

Category 1: Evoking life
The life (of human or animal) exists behind the AR object.
Haptic stimulation triggers the feeling of living things.

Category 2: Direct stimulation to core affect
Haptic physical stimulation to the core affect*.

Category 3: (Almost) unconscious effects
Haptic stimulation is almost unconscious but supports the mind.

*Russell, J. A. , “Core affect and the psychological construction of emotion,” 
Psychological Review, 110, 1, 145-172, 2003.



18Producing pleasant stimulation



19Producing pleasant stimulation using ultrasound

Pleasantness increased for faster motion.

Stimulated part    

Ultrasound focus (φ8.5 mm) moves on the right. 

Kai Tsumoto et al., “Presentation of Tactile Pleasantness Using 
Airborne Ultrasound,” IEEE World Haptics Conference 2021. 

Creation of pleasant tactile stimulus 



20Adding haptic stimulation to daily life 

Comfortable click

Relaxation

Pleasant surface



Kai Tsumoto (Shinoda & Makino lab),
Displaying pleasant sensation using airborne ultrasound
Master thesis, the Univ. of Tokyo, 2020

What if a visual image is displayed?



Image

Haptic 
stimulation





Kai Tsumoto

They had no choice but to say unpleasant!



25The role of haptics 

Detecting harmful existence

Perform tasks 
to survive Reproduction

Communication, Social touch

Urgency 

Strong 

Weak  

If haptic sensation detects a harmful existence, the emotion is 
occupied to make a decision away from danger. 
To enjoy communication and social touch, the haptic stimulation must  
be unlinked to harmful existence. 



26Possibility of “moving” haptic stimulation

Moving music

 Recalling past experiences

 The beauty of the 
melody 

Feeling changes by learning 

 Classic music was created 
only about 500 years ago.



27Moving vs. pleasantness

 Pleasant sounds (waterside sounds, ASMR, etc.)
Primitive feeling of sound
It also links to visual images and experiences.

 Common to ancient people and (probably) other animals

 Small changes due to learning 
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29Almost unconscious haptic stimulation

Unconsciousness of haptics 

Many haptic stimulations 
are unconscious / almost unconscious 

Joint flexion

Pressure on 
the chair

Feels of wear



30Long-term stimulation to improve task performance

 Not disturb work
 Continuous pleasantness
 Synchronized with the mental/physical condition

Comfortable
stimulation

Reward system

Action

Hiroyuki Shinoda
“Affective Haptics as a Direct Link to Emotion”

IEEE World Haptics Conference 2019
Workshop W5



31Lip is an interesting part

Arata Jingu et al., 
“Tactile Perception Characteristics 
of Lips Stimulated by Airborne 
Ultrasound,” IEEE WHC 2021

Stimulation to lip

Penfield et al., 1950

Sensory homunculus



32Three aspects of affective haptics in XR

Category 1: Evoking life
The life (of human or animal) exists behind the AR object.
Haptic stimulation triggers the feeling of living things.

Category 2: Direct stimulation to core affect
Haptic physical stimulation to the core affect*.

Category 3: (Almost) unconscious effects
Haptic stimulation is almost unconscious but supports the mind.

*Russell, J. A. , “Core affect and the psychological construction of emotion,” 
Psychological Review, 110, 1, 145-172, 2003.



<<

  /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

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 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

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /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

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /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 <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /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

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



