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Introduction

High resolution 3D range scan digitizations often produce 
datasets that, when directly converted to 3D models, are too 
large to be rendered quickly for display. 

The usual solution to this problem is to sacrifice detail and 
reduce the model size by simplification. 

In this research, we propose a method whereby high resolution 
detail can be merged with a simplified mesh model for 
visualization.



Introduction

To this end, we firstly introduce curvature maps which are 
calculated from the original scan data associated with each 
scan view point. 

Then we project these curvature maps onto a simplified model 
in a way that is analogous to using slide projectors to project 
multiple photographs onto a 3D object.



Flat shading of triangle mesh.



Smooth shading of triangle mesh.



With a strip of projected surface curvature.



Some problems that needed to be solved…

1) Generally raw scan data contains noise, and this noise 
destroys the possibility of direct curvature calculation.

2) The standard 3D graphics lighting projection model is not
appropriate because it does not handle the unavoidable 
projection overlap seamlessly.

3) Implementation issues (e.g. handling large datasets).



Curvature Maps

When working with point set data, surface curvature can only 
be estimated [Klette and Rosenfeld 2004]. 

In this research, we use an uncompensated orthogonal cut 
method to calculate a mean curvature [Rugis 2005].



Curvature Maps 
Raw data consists of 3D scan points.



Curvature Maps 
Closer viewing reveals that the scan points are noisy.



Curvature Maps

We handle the noisy data problem by firstly doing a noisy 
mean curvature calculation on the raw scan data and then 
mapping a shading encoded version of these noisy curvatures 
into the 2D domain.
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Curvature Maps 
Shading encoded noisy curvature map.



Curvature Maps
After applying 2D image filtering and segmentation.



Curvature Maps
Results mapped back into vertex colors in the 3D domain. 



Curvature Maps
Each perspective correct final projection map consists of a
vertex colored single frame rendering of these results.
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Projecting Curvature Maps

A goal from the outset was to, as much as possible, use 
existing 3D graphics techniques.

However, the standard lighting projection model is additive for 
multiple sources [Foley et al. 1996].

I Ambient Specular Diffuseλ = + +∑ ∑



Projecting Curvature Maps

We introduce a multiple source averaging lighting model that 
overcomes this problem.

The diffuse component for each of the projection sources is 
averaged into a total value that is used to modulate the final 
standard lighting value.
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Projecting Curvature Maps (onto the back of David’s left leg)
The standard lighting model, two overlapping scans.



Projecting Curvature Maps (onto the back of David’s left leg)
The new lighting model, seamless scan strip overlap.



Conclusion

We have successfully merged surface detail, based on curvature 
maps from high resolution range scans, with a simplified 3D 
mesh model for visualization purposes.

Because the curvature maps were created outside any lighting 
model, and the fact that curvature itself is rotation and 
translation invariant, the projected surface curvature detail 
retains a unique clarity in animated visualization. (See the 
accompanying video.)







Acknowledgements:

Thanks to Stanford University for access to the Digital 
Michelangelo Project dataset, and to Manukau Institute of 
Technology for financial support.

References:

FOLEY, J., VANDAM, A., FEINER, S., AND HUGHES, J. 1996. 
Computer Graphics: Principles and Practice. Addison-Wesley, 
Boston.

KLETTE, R., AND ROSENFELD, A. 2004. Digital Geometry. 
Morgan Kaufmann, San Francisco.

LEVOY, M., PULLI, K., CURLESS, B., RUSINKIEWICZ, S., 
KOLLER, D., PEREIRA, L., GINZTON, M., ANDERSON, S., 
DAVIS, J., GINSBERG, J., SHADE, J., AND FULK, D. 2000. The 
Digital Michelangelo Project. In Proceedings of SIGGRAPH 2000, 
ACM Press / ACM SIGGRAPH, K. Akeley, Ed., 131–144.

RUGIS, J. 2005. Surface curvature maps and Michelangelo’s David. In 
Image and Vision Computing New Zealand 2005, B. McCane, Ed., 
218–222.



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


