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ScatteredScattered--datadata ApproximationApproximation Adaptive ApproximationAdaptive Approximation

•• highlyhighly nonnon--uniform uniform scattered datascattered data
•• continuous approximationscontinuous approximations

–– error controlerror control
–– local refinementlocal refinement

•• applicationsapplications
–– visualization visualization 
–– compression compression / progressive / progressive transmissiontransmission
–– surface reconstruction surface reconstruction 



Related WorkRelated Work

•• radial radial basis functionsbasis functions
•• splinessplines

–– on on trianglestriangles (box(box--, , triangulartriangular splinessplines))
–– on on regular gridsregular grids (B(B--splinessplines))
–– on adaptive on adaptive gridsgrids ((hierarchicalhierarchical BB--splinessplines))

•• leastleast--squares fittingsquares fitting
–– large large systems of systems of equationsequations
–– feasible for data feasible for data on on regular gridsregular grids
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Overview Overview of of AlgorithmAlgorithm

•• adaptive adaptive clusteringclustering ((quadtreequadtree))
•• locallocal fitting with polynomial patchesfitting with polynomial patches
•• merging patchesmerging patches to Bto B--spline surfacespline surface
•• error estimationerror estimation
•• recursive refinementrecursive refinement

Adaptive Adaptive ClusteringClustering

•• scattered datascattered data ((ppii, f, fii))
•• uniform uniform partitioning  partitioning  CC00

•• forfor ((j=0,1,...,nj=0,1,...,n))
–– continuouscontinuous approximation  approximation  FFjj(s,t)(s,t)
–– errors  errors  ∆∆ffii == ffii -- FFjj((ppii))
–– refine clusters  refine clusters  CCjj withwith max max ∆∆ffii >> εε
–– replacereplace ffii :=:= ∆∆ffii

•• adaptive adaptive representation  representation  ΣΣjj FFjj(s,t)(s,t)



ContentsContents

•• ScatteredScattered--datadata ApproximationApproximation
•• OverviewOverview ofof AlgorithmAlgorithm
•• Local Local FittingFitting
•• Merging PatchesMerging Patches
•• ResultsResults

Local Local FittingFitting

•• polynomial patchespolynomial patches
P(s,t) = P(s,t) = ΣΣjj=1=1 ccjj φφjj (s,t) (s,t) 
( ( φφjj bivariate polynomialsbivariate polynomials, , degdeg=1,2=1,2))

•• leastleast--squares fittingsquares fitting
AATTAcAc = = AATTff aaijij == φφjj ((ppii) ) 

•• complexity complexity O(m nO(m n22 + n+ n33))
m m pointspoints,, n = 4,9 n = 4,9 

nn

Level Level j=0j=0
((3232 £ £ 2424))

Level Level j=1j=1
((6464 £ £ 4848))
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Merging PatchesMerging Patches

•• discontinuousdiscontinuous BB--spline representation spline representation 
with with multiple multiple knots knots ((Bézier patchesBézier patches))

•• reduce multiplicity by reduce multiplicity by knot removalknot removal
–– smoothsmooth global global representation representation ((CCdegdeg--11))
–– support increases support increases 
–– add clustersadd clusters at at boundary boundary of of supportsupport

Bilinear CaseBilinear Case

•• average control average control 
points points at at cluster cluster 
cornerscorners
((except for dataexcept for data
boundariesboundaries))

empty clusterempty cluster boundaryboundary

Biquadratic CaseBiquadratic Case

•• remove control remove control 
pointspoints atat cluster cluster 
boundariesboundaries
((except for dataexcept for data
boundariesboundaries))

empty clusterempty cluster boundaryboundary

Biquadratic CaseBiquadratic Case



bilinearbilinear CC--11 bilinearbilinear CC00

biquadraticbiquadratic CC--11 biquadraticbiquadratic CC11

Efficient Efficient EvaluationEvaluation

•• level level of detail  of detail  mm:  :  F(s,t)F(s,t) == ΣΣjj=0=0 FFjj(s,t)(s,t)
•• for fixed level for fixed level mm::

–– match resolution by inserting knots match resolution by inserting knots on on 
coarser levels coarser levels FF0 ... 0 ... FFmm--11

–– add corresponding control pointsadd corresponding control points of  of  FF0 ... 0 ... FFmm

–– evaluate only one representationevaluate only one representation, , F := FF := Fmm

mm
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ResultsResults

•• data sets courtesydata sets courtesy of USGS,of USGS,
–– CraterCrater LakeLake 18 80018 800 pointspoints (11.8 %)(11.8 %)
–– Seattle  587 000Seattle  587 000 pointspoints (0.33 %)(0.33 %)

•• downsampleddownsampled, , basedbased onon local curvature local curvature 
•• 6 6 levels computedlevels computed, form  32, form  32££24 = 786  24 = 786  

to  1024to  1024££786 = 786 400 786 = 786 400 clusters clusters 



ResultsResults

•• CraterCrater LakeLake
0.26%  L0.26%  L22--errorerror ((threshold threshold εε =0.5% )=0.5% )
20.600 20.600 clustersclusters on all on all levelslevels

(2.6%  of  786 400) (2.6%  of  786 400) 
4.3 sec  (3.3  4.3 sec  (3.3  for bilinearfor bilinear))

•• SeattleSeattle
0.79%  L0.79%  L22--errorerror ((threshold  threshold  εε =1% ) =1% ) 
319.400 319.400 clustersclusters on all on all levelslevels (40.6%) (40.6%) 
23.1 sec (11.8 23.1 sec (11.8 for bilinearfor bilinear))

bilinear bilinear FF11...F...F44 biquadratic biquadratic FF11...F...F44

Crater Crater LakeLake

18 800  18 800  pointspoints

768  768  clustersclusters, 4.65% L, 4.65% L22 ...  20 600...  20 600 clustersclusters, 0.26% L, 0.26% L22

SeattleSeattle

3 072 3 072 clustersclusters, 13.3% L, 13.3% L22 ... 319 400... 319 400 clustersclusters, 0.79% L, 0.79% L22

587 000  587 000  pointspoints



ConclusionsConclusions and Future and Future WorkWork

•• selected scattered data provide basis selected scattered data provide basis 
for efficient continuous approximationfor efficient continuous approximation

•• problems problems in in sparse regions near steep sparse regions near steep 
gradients gradients 

•• feasible extensionsfeasible extensions
–– 3D 3D domaindomain ((volumesvolumes))
–– 3D 3D rangerange ((vectorvector fieldsfields, FFD‘s), FFD‘s)


