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Defini=on	  of	  “Structure”	  

	  
“The	  arrangement	  of	  and	  rela7ons	  
between	  the	  parts	  or	  elements	  of	  
something	  complex.”	  
	  

The	  Oxford	  dic=onary	  



Structure	  of	  Shapes	  

•  Parts	  and	  their	  rela=ons	  
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– Up	  un=l	  the	  mid-‐2000’s	  
– En==es:	  points,	  edges,	  triangles	  
– Criteria:	  smoothness,	  detail	  preserva=on…	  
– Opera=ons:	  smoothing,	  decima=on,	  remeshing…	  

•  High-‐level	  shape	  processing	  
– Structure-‐aware	  
–  [Funkhouser	  et	  al.	  2004]	  
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Discover	  structure:	  problems	  

•  Iden=fy	  parts	  
– Meaningful	  segmenta=on	  

•  Extract	  part	  parameters	  
– Quan=ta=ve	  representa=ons	  

•  Extract	  part	  rela7ons	  
– Encoded	  as	  constraints	  
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Discover	  structure:	  methodologies	  

•  User-‐specified	  
–  Interac=ve	  interface	  

•  From	  a	  fixed/priori	  model	  
– Template	  fiWng,	  physical	  laws	  

•  Data-‐driven	  
– Machine-‐learning	  approaches	  



Discover	  structure:	  classifica=on	  



Structure-‐aware	  Shape	  Processing	  

•  Data-‐driven	  pipeline	  

Input data Analysis Synthesis 



Why	  structure-‐aware?	  

•  Seman7c	  considera=ons	  
– Table-‐tops	  are	  horizontal	  

•  Func7onal	  considera=ons	  
– Chair	  legs	  support	  the	  seat	  

•  Economic	  considera=ons	  
– Repeated	  parts	  are	  cheaper	  to	  replicate	  
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Why	  structure-‐aware?	  

•  Be]er	  understanding	  
– Analogous	  to	  computer	  vision	  for	  images/videos	  
	  

•  Be]er	  content	  crea=on	  
– Crea=on	  &	  modeling	  of	  3D	  shapes	  remains	  as	  
bo]leneck	  



Why	  data-‐driven?	  

•  Manual	  work	  is	  too	  tedious	  

•  Prior	  knowledge	  is	  limited	  

•  More	  and	  more	  useful	  data	  are	  available	  
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Data-‐Driven	  Shape	  Analysis	  

•  Symmetry	  detec=on	  

•  Segmenta=on	  

•  Correspondence	  computa=on	  



Discover	  Structural	  Regularity	  

•  [Pauly	  et	  al.	  SIGGRAPH	  2008]	  



Symmetry	  Hierarchy	  

•  [Wang	  et	  al.	  Eurographics	  2011]	  



Symmetry	  Hierarchy	  

•  [Wang	  et	  al.	  Eurographics	  2011]	  



Unsupervised	  Co-‐Segmenta=on	  

•  [Sidi	  et	  al.	  SIGGRAPH	  Asia	  2011]	  



Semi-‐supervised	  Co-‐Segmenta=on	  

•  [Wang	  et	  al.	  SIGGRAPH	  Asia	  2012]	  
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Photo-‐Inspired	  Deforma=on	  

•  [Xu	  et	  al.	  SIGGRAPH	  2011]	  



Capture-‐Inspired	  Part	  Assembly	  

•  [Shen	  et	  al.	  SIGGRAPH	  Asia	  2012]	  
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•  [Kalogerakis	  et	  al.	  SIGGRAPH	  2012]	  
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•  [Xu	  et	  al.	  SIGGRAPH	  2012]	  
Candelabra	  set	

Input	  set	
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The	  10th	  genera=on	
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•  [Xu	  et	  al.	  SIGGRAPH	  2012]	  

The	  15th	  genera=on	



Set	  Evolu=on	  

•  [Xu	  et	  al.	  SIGGRAPH	  2012]	  
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Capturing Braided Hairstyles
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Braids in Real Life

RihannaTaylor Swift



Braids in Animation

DisneyDisney



Braids in VFX

Warner Bros. PicturesLionsgate



Reference photo Strand-based examples 
[Hu et al. 2014]

Geometric heuristics 
[Luo et al. 2013]

Challenges



Motivation

Repetition Procedure
40XInstructables



Key Idea

DatabaseCaptured input Extracted structure

• Data-driven reconstruction
• Procedurally generated examples

Output strands
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Capture Setup

Hand-held KinectMulti-view stereo
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Procedural Model

Basic  
braid

Four-strand 
braid

Five-strand  
Dutch braid

Fishtail  
braid



Procedural Model

L0 : x = a sin (t) , y = t, z = b sin (2t)

L1 : x = a sin (t+ 2⇡/3) , y = t, z = b sin (2 (t+ 2⇡/3))

L2 : x = a sin (t+ 4⇡/3) , y = t, z = b sin (2 (t+ 4⇡/3))

Basic braid:



Procedural Model

Expand



Procedural Model

Four-strand 
braid

Five-strand  
Dutch braid

Fishtail  
braid



Patch Fitting

Input photos

Input 
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Patch Fitting

Random sampling



2D orientation maps

3D orientation 
field
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Structure Analysis

Input mesh Candidate patches Labeling result Selected patches

: Graph-cut [Delong et al. 2012] Multi-label optimization 



Connected   
centerlines

Refined  
result

Expanded  
mesh

Structure Analysis

Selected  
patches

Extracted  
centerlines



Fitting 
result

Labeling 
result

Extracted 
structure

Output 
strands

Strand Synthesis



Strand Synthesis



Strand Synthesis



Strand Synthesis



Strand Synthesis



Strand Synthesis

Without fuzziness With fuzziness

Perlin Noise for strand variation [Choe and Ko 2005]



Results: Five-strand Dutch Braid

Reference photos Extracted structure Output strands



Results: Basic Braid

Reference photos Extracted structure Output strands



Results: French Braid

Reference photos Extracted structure Output strands



Results: Four-strand Braid

Reference photos Extracted structure Output strands



Results: Two Basic Braids

Reference photos Extracted structure Output strands



Results: Princess Anne Braid

Reference photos Extracted structure Output strands



“It's	  not	  who	  has	  the	  best	  
algorithm	  that	  wins.	  It's	  who	  
has	  the	  most	  data.”	  

	  
Andrew	  Ng	  
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