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under the LabVIEWTM environment on an ordinary computer equipped with the digital
input-output board already mentioned.

3 Experimental Procedure for Perceptual Calibration

Having unambiguously converted a varying interaction force into a skin displacement
during the scanning of a surface by means of an apparatus designed to establish robust
causal relationships not achievable with conventional haptic devices, the question now
arises of the value of the conversion factor that could elicit an equivalent sensation of
roughness. Furthermore, if such a factor exists, does it vary from person to person? To
address these questions, a calibration procedure was carried out with six participants
in order to establish the point of subjective equivalent roughness between the natural
texture and its simulated version. A 2-alternative forced choice, constant stimuli pro-
cedure was employed to find the gains Ĝψ that would elicit an equivalent sensation of
roughness.

Stimuli. The standard stimulus was a triangular grooved grating of 1 mm spatial pe-
riod with 0.1 mm of depth. Without relative motion, the roughness of this texture was
not perceptible. The scanning force with this grating was measured using the sensor
described earlier with the help of a “standard” participant. During recording, the speed
v and the normal force Fn were held constant with a 10% tolerance. The signal was
processed as described in Section 2.1, then normalized to ±0.5 V. The filtered signal,
expressed in Newton, and its Fourier transform are shown in Fig. 4b. The comparison
stimulus was provided by the stimulator described in Section 2.2. Fig. 4a illustrates the
precautions that were taken so that both stimuli were presented in exactly the same con-
ditions: (a) The participants had their proximal phalanx resting in cradles connected to
sliding guides so that the fingertip rested on the grooved texture or stimulator in same
manner; (b) Both surfaces were made in polycarbonate; (c) The two sliders were me-
chanically connected so the same inertia and the same friction was felt for the standard
and the comparison stimuli. The experimental setup was hidden by a curtain to avoid
visual bias. Subjects wore sound isolation headphones (model K518, AKG Acoustics,
Harman International Industries) playing white noise.
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Fig. 4. a: Experimental setup. b: Stimulus and its spectrum. The scanning process transforms a
simple surface waveform into a complex, broadband force signal.
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Subjects and Procedure. Six volunteers participated in the experiment, two female and
four male, all right-handed, aged from 24 to 31 years. They were from CEA LIST and
two of them were familiar with haptic technology. Their hand was guided to explore
the setup and after short instructions they were asked to judge whether the standard
or the comparison stimulus was rougher and to give an answer via a keystroke. Like
in [11], no definition of roughness was given except that “roughness is the opposite of
smoothness”. Neither training nor feedback was provided during the tests. Gain Gψ was
randomly chosen in a range of 1 to 10. Each value was tested at least 10 times.

4 Results

Subjects responded to gain changes following a typical psychometric curve, as shown in
Fig. 5. The data were fitted with a cumulative Gaussian distribution f (x) = 0.5[
1 + erf

(
(x−µ)/

√
2σ

)]
where x is the gain, µ the mean gain and σ2 the variance. The

data fitting was achieved using a nonlinear least-square fitting procedure.
The point of subjective equivalence (PSE) was extracted from the gain that corre-

sponds to a 50% probability of judging the comparison rougher than the standard.
Figure 6 shows the distribution of PSE’s. The average across subjects is Ḡψ = 3.99 with
a standard deviation of 0.93.
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5 Discussion

The results indicate that the interaction force variation can be converted to skin displace-
ment variations to elicit an equivalent sensation of roughness for a virtual surface com-
pared to a real one. As a result, this particularly simple stimulation method is shown to
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be effective at simulating the roughness of a surface. Moreover, participants frequently
commented on the perceptual similarity of the sensations themselves between real and
simulated surfaces.

These results support the idea that as far as fine textures are concerned, spatial in-
formation can be completely eliminated from the simulation, yet, the conscious expe-
rience can be that of a non-smooth surface. While similar observations have frequently
be reported in the past, our experiments, given to the care that we put in controlling the
causality as well as the quality of the transmitted signals, make it now possible to quan-
tify the conditions under which such phenomenon occur. Another aspect of our results
worthy of some comments is the relative constancy of the conversion factor among in-
dividuals. Of the six individuals who lent themselves to the experiment, five obtained
very similar numbers. Only one required a significantly higher displacement stimulus
to achieve an equivalent level of roughness. Our efforts will be directed in the future at
understanding these individual differences.

6 Conclusion

With the help of a carefully engineered sensor, sliding frictional forces could be acquired
within a very high dynamic range. The same device was turned in a stimulator having,
by construction, a compatible dynamic range that could convert this frictional force into
a displacement able to provide a simulated sensation.

This study has so-far considered only one texture for perceptual calibration. We plan
to investigate other aspects of texture signals, such as spectral content, in addition to am-
plitude, and to study the conditions under which perceptual equivalence can be achieved.
The distribution of roughness perception across gain values was found to be a monotonic
function. As a result, one could employ fast calibration procedures such as accelerated
staircase methods as in [11].

A final implication of the present experiment is the possibility to replace force feed-
back stimulation by cutaneous displacement stimulators which may lend themselves
to more favorable engineerings tradeoffs, particularly with subminiature devices. Such
miniature devices could for instance be embedded in the gripping surfaces of conven-
tional force feedback devices.

Acknowledgment. The authors would like to thanks Margarita Anastanova for her
helpful comments on the experimental setup. This work was supported by the French
research agency through the REACTIVE project (ANR-07-TECSAN-020).

References

1. Lederman, S.J., Taylor, M.M.: Fingertip force, surface geometry, and the perception of
roughness by active touch. Perception & Psychophysics 12(5), 401–408 (1972)

2. Campion, G., Hayward, V.: On the synthesis of haptic textures. IEEE Transactions on
Robotics 24(3), 527–536 (2008)

3. Yamamoto, A., Nagasawa, S., Yamamoto, H., Higuchi, T.: Electrostatic tactile display with
thin film slider and its application to tactile telepresentation systems. IEEE Transactions on
Visualization and Computer Graphics 12(2), 168–177 (2006)

Proc. of Europhaptics 2010, Part II,  Kappers, A.M.L. et al. (Eds.), LNCS 6192, Springer-Verlag, pp. 17–24. 
                                                       (Best Paper Award)



24 M. Wiertlewski et al.

4. Takasaki, M., Kotani, H., Mizuno, T., Nara, T.: Transparent surface acoustic wave tactile
display. In: IEEE/RSJ International Conference on Intelligent Robots and Systems, IROS
2005, pp. 3354–3359 (2005)

5. Biet, M., Giraud, F., Lemaire-Semail, B.: Squeeze film effect for the design of an ultrasonic
tactile plate. IEEE Transactions on Ultrasonics, Ferroelectrics and Frequency Control 54(12),
2678–2688 (2007)

6. Winfield, L., Glassmire, J., Colgate, J.E., Peshkin, M.: T-PaD: tactile pattern display through
variable friction reduction. In: Second Joint EuroHaptics Conference and Symposium on
Haptic Interfaces for Virtual Environment and Teleoperator Systems. World Haptics, pp.
421–426 (2007)

7. Smith, A.M., Chapman, E.C., Deslandes, M., Langlais, J.S., Thibodeau, M.P.: Role of fric-
tion and tangential force variation in the subjective scaling of tactile roughness. Experimental
Brain Research 144(2), 211–223 (2002)

8. Smith, A.M., Basile, G., Theriault-Groom, J., Fortier-Poisson, P., Campion, G., Hayward,
V.: Roughness of simulated surfaces examined with a haptic tool; effects of spatial period,
friction, and resistance amplitude. Experimental Brain Research 202(1), 33–43 (2010)

9. Maeno, T., Otokawa, K., Konyo, M.: Tactile display of surface texture by use of amplitude
modulation of ultrasonic vibration. In: IEEE Ultrasonics Symposium, pp. 62–65 (2006)

10. Hogan, N.: Impedance control: An approach to manipulation. Journal of Dynamic Systems,
Measurements, and Control 107, 1–7 (1985)

11. Campion, G., Hayward, V.: Fast calibration of haptic texture synthesis algorithms. IEEE
Transactions on Haptics 2(2), 85–93 (2009)

Proc. of Europhaptics 2010, Part II,  Kappers, A.M.L. et al. (Eds.), LNCS 6192, Springer-Verlag, pp. 17–24. 
                                                       (Best Paper Award)


	Causality Inversion in the  Reproduction of Roughness
	Introduction
	Apparatus
	Sensor Operation
	Actuator Operation

	Experimental Procedure for Perceptual Calibration
	Stimuli.
	Subjects and Procedure.


	Results
	Discussion
	Conclusion



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




