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Introduction: Natural Phenomena



Introduction: Scales



Examples of scales in artwork

Usually modeled/painted manually or with ad hoc techniques
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ÅDirect modeling of scales ςartist creates scales manually 
(slow and painstaking)

ÅModelsςplaces a scale shape at each position, no 
connectivity between scales

ÅDisplacement maps ςartist paints scales on a model, 
displaces height

ÅShell maps/mesh quilting ςcan create 3d geometry, but 
problems with borders, seams (based on 2D 
parameterization)

PreviousWork



Main Objective
Given a mesh

Objectives



Main Objective
Grow scales on the surface

Objectives



Part 1:

Scale Placement

Scale Placement



Scale Placement

ÅSegment surface into per-scale regions

ÅWant evenly spaced scales

ÅHexagonal arrangement [1]

ÅScales need orientation

[1] Kenneth V. Kardong, Vertebrates: Comparative 
Anatomy, Function, Evolution, McGraw-Hill, 1998.
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[2] Liu, Y., Wang, W., Lévy, B., Sun, F., Yan, D., Lu, L., and Yang, C. 2009. On centroidal voronoitessellationτenergy 
smoothness and fast computation.ACM Trans. Graph.28, 4 (Aug. 2009)

Solution?  CVTs (Centroidal Voronoi Tessellations[2])
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Even distribution of sites
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smoothness and fast computation.ACM Trans. Graph.28, 4 (Aug. 2009)
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Produces mostly hexagons

[2] Liu, Y., Wang, W., Lévy, B., Sun, F., Yan, D., Lu, L., and Yang, C. 2009. On centroidal voronoitessellationτenergy 
smoothness and fast computation.ACM Trans. Graph.28, 4 (Aug. 2009)

Solution?  CVTs (Centroidal Voronoi Tessellations[2])
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Orientation

Determine vector field on surface, and propagate to 
the Voronoi Tessellation
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Orientation

Orientations allow for anisotropy
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How do we guide the CVT?

Scale Placement



How do we guide the CVT?

Solution ςuse a lateral line
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Scale Placement

The artist draws the lateral line



Scale-sites spawn from the lateral line
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Scale-sites spawn from the lateral line
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Scale-sites spawn from the lateral line
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Scale Placement

±ŜŎǘƻǊ ŦƛŜƭŘ ƛƴƛǘƛŀƭƛȊŜŘ ŦǊƻƳ ǘƘŜ ƭŀǘŜǊŀƭ ƭƛƴŜΩǎ  ǘŀƴƎŜƴǘǎ



Scale Placement

±ŜŎǘƻǊ ŦƛŜƭŘ ƛƴƛǘƛŀƭƛȊŜŘ ŦǊƻƳ ǘƘŜ ƭŀǘŜǊŀƭ ƭƛƴŜΩǎ  ǘŀƴƎŜƴǘǎ



Scale Placement

Initial scale distribution



Scale Placement

!ǇǇƭȅƛƴƎ ŀƴƛǎƻǘǊƻǇƛŎ [ƭƻȅŘΩǎ ŀƭƎƻǊƛǘƘƳ



Example of dense CVT
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