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DSSP
digital shape sampling and 

processing
• Registration and cleanup
• Points to polygons – triangulation (wrap)
• Polygons to NURBs – capture shape 
• Polygons to CAD – capture design intent
• Shape analysis and segmentation
• Shape warping
• Shape compression



Registration and Cleanup

• Bring all scans into the same coordinate 
system

• Remove outliers
• Prune for uniform density
• Reduce noise









Triangulation (wrap)

• For each point P in cloud
– Project P and neighbors to plane along local 

normal
– Compute Delaunay star of P
– Add each triangle in star to master list

• Accept all triangles appearing three times 
in master list

• Fill holes



The Delaunay Star of a Point









Polygons to NURBs

• Produce a network of quadrilateral 
patches over the geometry

• Sample the underlying geometry on a 
regular parameterized grid over each 
patch

• Construct a NURBs surface on each patch 
that is G2 continuous with its neighbors











Point Processing

• Local neighborhood – all points within r of 
given point

• Fast computation if data organized as an 
octree or k-d tree

• Local reference surface – quadratic (2nd

order) surface to neighborhood points
• Local reference frame – principal axes of 

reference surface => normal, principal 
curvatures









Noise Reduction

• Move each point to its local reference 
surface







Polygons to CAD



Alignment of congruent shapes

• Choose set of discrete samples S on first object
• Iterated Corresponding Point (ICP)

– Find a correspondent c(x) (usually closest point) on 
second object for each sample x in S

– Compute rigid motion M that minimizes the sum over 
all x in S of the square distance from M(c(x)) to x 

– Apply motion M to second object
– Repeat until M is negligible













Shape Warping with Tie Points

• Given a discrete set of samples P on a 
surface S and a corresponding set of 
(arbitrary) targets T, find a (smooth) 
mapping that moves each sample in P to 
its corresponding target in T in such a way 
that the distortion of S is minimized.







• For any regular rectilinear lattice P, B-spline
theory provides a set of basis functions which 
allow the warp

to be written in terms of perturbations of the 
lattice points

• We can then solve for the lattice perturbation 
that minimizes the sum of square deviations of 
the warped tie-points from their targets.

• If this linear system is under-constrained then 
standard SVD solvers will produce the “minimum 
norm” perturbation defining a warp that exactly 
matches the tie-points.







Exactly constrained warps are usually bad



Shape Compression
• There is a difference between the data (polygons) and 

the shape information it represents.



Surface representation by Adaptive 
Distance Function over a lattice



Compression
• Determine “shell” of lattice cells (at suitably fine 

level) containing surface
• Compute distance values for all shell vertices
• Assume that a consistent surface representation 

(reconstruction) on each cell is computable from 
the distance values at its vertices. 

• Consolidate cells
• Compressed representation is a list of indices for 

the vertices of the consolidated shell together 
with their distance values  





BCC Cell Representation

• The unique quadric surface whose 
distance from the four vertices and six 
edge midpoints matches the sampled 
values.













Reconstruction

• Produce distance values at finest level 
shell vertices
– If value is already present in consolidated 

shell, use it.
– If not, reproduce it by interpolating the rep 

from the smallest cell of the consolidated shell 
that contains it.

• Produce surface (polygon) representation 
of each cell.













• In this example the data representation of 
the 780K polygon model is 25MB.

• The compressed representation of 25K 
indices and distance values is 200KB 



A Closer Look at Registration










