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ABSTRACT

This paper describes a generalization of the god-object method for
haptic interaction between rigid bodies. Our approach separates the
computation of the motion of the six degree-of-freedom god-object
from the computation of the force applied to the user. The motion
of the god-object is computed using continuous collision detection
and constraint-based quasi-statics, which enables high-quality hap-
tic interaction between contacting rigid bodies. The force applied to
the user is computed using a novel constraint-based quasi-static ap-
proach, which allows us to suppress force artifacts typically found
in previous methods. Our approach has been implemented on a 3.2
GHz Xeon bi-processor and has been successfully tested on com-
plex benchmarks. Our results show that the separation into asyn-
chronous processes allows us to satisfy the different update rates
required by the haptic and the visual displays. The constraint-based
force applied to the user, which handles any number of simultane-
ous contact points, is typically computed within a few microsec-
onds, while the update of the configuration of the rigid god-object
is performed within a few milliseconds for rigid bodies containing
up to tens of thousands of triangles.
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1 INTRODUCTION

Haptic display of rigid bodies has the potential to improve the in-
teraction between a human and a virtual environment by providing
the user with the ability to touch and feel the geometric details of
the virtual objects. Typical applications include CAD/CAM design,
virtual prototyping, scientific visualization and medical simulation.

Because of the high computational requirements of haptic ren-
dering, however, finding effective methods is still a great challenge.
A classical three degree-of-freedom method for haptic display of
the interaction of a point and a virtual object was introduced by
Zilles and Salisbury [30]. The two main benefits of their approach
are (a) a non-penetrating simulation of the motion of the point as it
slides on the surface of the obstacles; (b) a constraint-based com-
putation of the force applied to the user, which results in a force
orthogonal to the constraints. These features are highly desirable,
in that non-interpenetration of virtual objects is known to increase
their perceived stiffness [26], and that an incorrect orientation of
the force has been shown to perturb the perceived orientation of the
virtual surfaces [24].
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Figure 1: Haptic interaction with Stanford Bunnies. The approach
described in this paper allows us to provide a user with high-quality
haptic display of contacting rigid bodies (here, two Stanford bunnies
containing about 27,000 triangles each). Our constraint-based force
computation method allows the manipulated object to come in con-
tact with and slide on the environment obstacles without penetrating
them, while providing the user with precise haptic display, where each
vertex, edge and face can potentially be felt.

Although several six degree-of-freedom haptic rendering meth-
ods have been proposed (cf Section 2), none seems to preserve all
of the properties of the initial three degree-of-freedom approach in-
troduced by Zilles and Salisbury [30]: these methods might allow
the virtual objects to interpenetrate, or they use some form of vir-
tual coupling [5] which can lead to disturbing force artifacts, by
modifying the orientation of the force applied to the user. In this
paper, we propose what seems to be the first six degree-of-freedom
constraint-based method that prevents both these visual and haptic
artifacts. Especially, we make the following contributions:

• Six degree-of-freedom god-object method: we extend
the three degree-of-freedom god-object method proposed by
Zilles and Salisbury [30] to six degree-of-freedom haptic in-
teraction between rigid bodies.

• High-quality god-object simulation: our god-object simu-
lation method prevents any interpenetration between the vir-
tual objects, while allowing the god-object to precisely con-
tact and slide on the surface of the obstacles. This results in
highly detailed haptic rendering of the objects geometries, and
increases the perceived stiffness of the virtual objects [26].

• Constraint-based force computation: we introduce a novel
constraint-based quasi-static approach to compute the mo-
tion of the god-object and the force applied to the user. The

197

IEEE Virtual Reality 2006
March 25 - 29, Alexandria, Virginia, USA
1-4244-0224-7/06/$20.00 ©2006 IEEE

Proceedings of the IEEE Virtual Reality Conference (VR’06) 
1087-8270/06 $20.00 © 2006 IEEE 

















<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /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 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


