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Figure 1: (a)TELESAR V. (b) Haptic scanner on TELESAR V slave hand. (c) Haptic display on operator glove. (d) Checking for denim 
touching sensation by TELESAR V. 

ABSTRACT 
In this paper, we propose a haptic transmission system for 
telexistence to improve the ability to sense the presence of remote 
objects. This system can transmit information about the existence 
and surface textures of objects in remote locations. The system 
consists of a conjugated haptic sensor and display. The sensor on 
the robot’s finger detects the pressure, vibration, and temperature 
of a remote object, and the display provides above information on 
the operator’s finger. Based on this information, the operator can 
understand what he/she is touching and whether its surface is hard 
or soft, cold or hot, and smooth or rough. With the use of our 
system, the operator can recognize the difference between objects 
such as silk and denim. 

Keywords: Haptic devices, telecommunications, scanners. 

Index Terms: B.2.11 [communication hardware, interfaces, and 
storage]: tactile and hand-based interfaces — haptic devices; J.1.3 
[human-centered computing]: human computer interaction 
(HCI)—interaction devices 

1 INTRODUCTION 
Telexistence is a concept referring to technology that enables a 
human to experience the real-time sensation of being at a place 
other than where he/she actually exists, and to interact with 
remote environment [1]. In telexistence, it is necessary to provide 
an operator with not only visual and auditory information but also 
haptic information about the remote environment and objects in 
order to realistically represent those remote objects and 
environment. We have developed a haptic transmission system 
that is installed in TELESAR V telexistence system [2].  

Human haptic sensations are composed of two types of 
sensations:  kinesthetic and cutaneous sensations. Cutaneous 
sensations include sensations of pressure, flutter, vibration, cold, 
warm, and pain. The sensations of pressure, flutter, vibration, cold, 
and warm are acquired by Merkel cell neurite complexes, 

Meissner’s corpuscles, Pacinian corpuscles, cold receptors, and 
warm receptors respectively [3]. There have been numerous 
studies on the transmission of haptic information, but most of 
these have only been able to transmit a limited amount of 
information [4-7]. On the other hand, some haptic scanners [8] 
and haptic displays [9] have been developed that can detect or 
provide relatively rich haptic information. 

In this paper, we propose a multiple haptic information 
transmission system that consists of a haptic scanner, haptic 
display, and processing block as a package that can transmit 
pressure, vibration, and thermal sensations. The system is 
designed based on physiological haptic perception, as well as a 
one-to-one correspondence between the scanning and displaying 
components to reproduce a sensation for each receptor. 

2 SYSTEM DESIGN AND IMPLEMENTATION 
As shown in Figure 2, the haptic transmission system consists of 
three parts: a haptic scanner, haptic display, and processing block.  
When the haptic scanner touches an object, it obtains haptic 
information such as contact pressure, vibration, and temperature. 
The haptic display provides haptic stimuli on the user’s finger to 
reproduce the haptic information obtained by the haptic scanner. 
The processing block connects the haptic scanner with the haptic 
display, and converts the obtained physical data into data that 
include the physiological haptic perception for reproduction by 
the haptic display. The details of the mechanisms for scanning and 
displaying are described below. 

First, a force sensor inside the haptic scanner measures the 
pressure magnitude when the haptic scanner touches an object. 
Then, a motor-belt mechanism [10] in the haptic display 
reproduces the pressure on the operator’s fingertips. The 
processing block controls the electrical current of the motor to 
provide the target torque based on the measured pressure. As a 
result, the mechanism reproduces the pressure sensation when the 
haptic scanner touches the object. 

Second, a microphone in the haptic scanner records the sound 
generated at its surface when the haptic scanner is in contact with 
an object. Then, a force reactor in the haptic display plays the 
recorded sound as a vibration [11]. This vibration provides a high 
frequency haptic sensation. Therefore, the information should be 
transmitted without delay. For this purpose, the processing block 
transfers the sound signals using circuits with no transformation. 

Third, a thermistor sensor in the haptic scanner measures the 
surface temperature of the object. The measured temperature is 
reproduced by a Peltier actuator placed on the operator’s 
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fingertips. The processing block generates a control signal for the 
Peltier actuator. The signal is generated based on a PID control 
loop with a feedback from a thermistor located on the Peltier 
actuator. The P and D parameters in the PID control loop are set 
to large values for a high response rate. 

As shown on the left side of Figure 3, the haptic scanner 
consists of ten parts, including three sensors: the Base Part, Top, 
Force Sensor, Resilient Material, Movable Part, Microphone, 
Microphone Base, Soft Material, Temperature Sensor, and Skin 
Part. The Base Part and Top serve as human nails. The Movable 
Part, Resilient Material, and Soft Material serve as an elastic body 
like a dermis and subcutis. The Skin Part serves as the epidermis. 

As shown on the right side of Figure 3, the haptic display 
consists of the Body Part, Motor, Belt, Peltier, and Force Reactor. 
The Body Part and Motor are arranged on the nail side. The Belt, 
Force Reactor, and Peltier are arranged on the fingertip side in 
order to attach both the Force Reactor and the Peltier firmly to the 
fingertip. Moreover, the haptic display was designed to be 
compact so as not to restrict bending and stretching movements of 
the finger. 

 
 
 
 
 
 
 
 
 
 
 

Figure 2: Data flow chart of the haptic transmission system. 

 
 
 
 
 
 
 
 
 
 
 

Figure 3: (Left) Construction of haptic scanner. 
        (Right) Construction of haptic display. 

3 USER EXPERIENCE AND DISCUSSION 
We demonstrated TELESAR V and the haptic transmission 
system at an international conference [2] and a domestic 
conference in technical demonstrations (Figure 1 (d) and Figure 4). 
Participants wore the haptic display and felt haptic sensations 
through the system. With the use of our system, the participants 
touched a T-shirt, denim, a LEGO block, snake skin, a bamboo 
mat, hot or cold cans, and an empty cup or a cup filled with 
marbles. Some of the comments that we frequently received are 
listed below. 

The differences between the surface textures of clothes or 
materials can be recognized. 
The visual and haptic information are well matched so as 
not to cause a feeling of discomfort. 
The sensations that the participants can feel through the 
system are not the same as those that they feel when 
directly touching something with their fingers. 

It is difficult to feel a haptic sensation for very soft objects. 
Reproducing the temperature has a long delay. 

As a result, it was found that our haptic transmission system 
could deliver haptic information that was a good match for the 
visual information. However, it was not able to reproduce the 
sensation that users can feel when directly touching an object with 
their fingers. 

 
 
 
 
 
 
 
 
 

Figure 4: Haptic transmission system. 

4 CONCLUSION 
In order to realize natural interaction with objects located in 
remote places, we proposed a haptic transmission system that 
consists of the haptic scanner, haptic display, and processing 
block. This system can transmit pressure, vibration, and thermal 
sensations. The system can provide haptic sensations that are a 
good match to those imagined from visual information. In the 
future, we will construct a haptic transmission system that is also 
able to represent the pressure distribution on the fingertips to 
reproduce a more realistic haptic sensation. 

ACKNOWLEDGEMENT 
This work is supported by the JST-CREST Haptic Media Project. 

REFERENCES 
[1] S. Tachi, “Telexistence” World Scientific, 2010. [Online]. Available: 

http://www.worldscibooks.com/compsci/7079.html 
[2] C. L. Fernando, M. Furukawa, T. Kurogi, K. Hirota, S. Kamuro, K. 

Sato, K. Minamizawa, and S. Tachi, “TELESAR V: TELExistence 
Surrogate Anthropomorphic Robot”,  SIGGRAPH’ 12 , 2012 

[3] L. A. Jones and S. J. Lederman, Human Hand Function. Oxford 
University Press, 2006 

[4] D. Kontarinis and R. Howe, “Tactile Display of Vibratory 
Information in Teleoperation and Virtual Environments”, Presence, 
1995 

[5] N. S. Methil, Y. Shen, D. Zhu, C.A. Pomeroy, R. Mukherjee, N. Xi, 
and M. Mutka, “Development of Supermedia Interface for 
Telediagnostics of Breast Pathology”, ICRA'06, 2006 

[6] T. Yamauchi, S. Okamoto, M. Konyo, Y. Hidaka, T. Maeno, and S. 
Tadokoro, “Realtime Remote Transmission of Multiple Tactile 
Properties Through Master-Slave Robot System”, ICRA'10, 2010 

[7] K. Sato, H. Shinoda, and S. Tachi, “Design and Implementation of 
Transmission System of Initial Haptic Impression”, SICE Annual 
Conference, 2011 

[8] C. H. Lin, T. W. Erickson, J. A. Fishel, N. Wettels, and G. E. Joeb, 
“Signal Processing and Fabrication of a Biomimetic Tactile Sensor 
Array with Thermal, Force and Microvibration Modalities”, ROBIO, 
2009 

[9] P. Kammermeier, A. Kron, J. Hoogen, and G. Schmidt, “Display of 
Holistic Haptic Sensations by Combined Tactile and Kinesthetic 
Feedback”, Presence, Vol. 13, No.1, pp. 1-15, 2004 

[10] G. Inaba and K Fujita, “A Pseudo-Force-Feedback Device by 
Fingertip Tightening for Multi-Finger Object Manipulation”, 
EuroHaptics’06, 2006 

[11] K. Minamizawa, Y. Kakehi, M. Nakatani, S. Mihara, and S. Tachi, 
“TECHTILE toolkit”, SIGGRAPH’ 12, 2012 

Base 

Top 
Force  
Sensor 

Resilient  
Material 

Soft 
Material 

Skin Part 

Movable Part 

Microphone 

Microphone 
Base 

Temperature 

Body Part 

Motor 

Peltier 

Belt 

Force Reactor 

138



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


