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  placement	
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Related	
  work	
  (1/6)	
  

3D	
  flow-­‐guided	
  seeding	
  
templates	
  [Ye	
  et	
  al.	
  
2005]	
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Related	
  work	
  (3/6)	
  
Evenly-­‐spaced	
  
streamlines	
  on	
  surface	
  
[Spencer	
  et	
  al.	
  2009]	
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Open	
  issues	
  

•  Seed	
  placement	
  in	
  3D	
  (occlusion	
  and	
  clarity)	
  
•  Techniques	
  for	
  handling	
  big	
  data	
  
•  Flow	
  field	
  navigation	
  and	
  interaction	
  
•  Human	
  perception	
  and	
  user	
  evaluation	
  



Hierarchical	
  streamline	
  bundling	
  



Objectives	
  

•  Target	
  three-­‐dimensional	
  flow	
  fields	
  
•  Capture	
  important	
  flow	
  features	
  
•  Allow	
  hierarchical	
  exploration	
  
•  Create	
  line	
  bundling	
  effects	
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View-­‐independent	
  streamline	
  
selection	
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Best	
  streamline	
  and	
  best	
  viewpoint	
  
selection	
  

•  Best	
  streamline	
  selection	
  
–  p(s) 
–  Streamline	
  information	
  (SI)	
  I(s;V) 
–  Streamline	
  representativeness	
  
–  Avoid	
  similar	
  streamlines	
  through	
  thresholding 

•  Best	
  viewpoint	
  selection	
  
–  p(v) 
–  Viewpoint	
  information	
  (VI)	
  I(v;S) 
–  Viewpoint	
  representativeness	
  
–  Avoid	
  similar	
  viewpoints	
  through	
  thresholding	
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View-­‐dependent	
  streamline	
  
selection	
  



Objectives	
  

•  View-­‐dependent	
  streamline	
  selection	
  
•  Smooth	
  streamline	
  update	
  when	
  viewpoints	
  change	
  

gradually	
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View-­‐dependent	
  streamline	
  selection	
  

•  Consider	
  three	
  streamline	
  sets	
  
–  View-­‐independent	
  streamline	
  set:	
  top	
  ranked	
  streamlines	
  

based	
  on	
  the	
  average	
  importance	
  values	
  under	
  all	
  sample	
  
viewpoints	
  

–  Streamline	
  set	
  of	
  the	
  current	
  viewpoint:	
  top	
  ranked	
  
streamlines	
  based	
  on	
  the	
  importance	
  values	
  under	
  the	
  
current	
  viewpoint	
  

–  Streamline	
  set	
  of	
  the	
  previous	
  neighboring	
  viewpoint:	
  
streamlines	
  displayed	
  in	
  the	
  previous	
  neighboring	
  
viewpoint	
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Streamline	
  repositioning	
  



Objectives	
  

•  Focus+context	
  visualization	
  of	
  flow	
  fields	
  
•  Reduce	
  occlusion	
  and	
  clutter	
  around	
  features	
  of	
  

interest	
  
•  Minimize	
  the	
  distortion	
  around	
  the	
  regions	
  of	
  focus	
  
•  Do	
  not	
  vary	
  streamline	
  density	
  but	
  manipulate	
  

streamline	
  position	
  



Solution	
  

•  Partitioning	
  the	
  flow	
  field’s	
  volume	
  space	
  into	
  blocks	
  	
  
•  Formulating	
  block	
  expansion	
  and	
  block	
  smoothing	
  

into	
  energy	
  terms	
  	
  
•  Solving	
  for	
  a	
  deformed	
  grid	
  that	
  minimizes	
  the	
  

objective	
  function	
  	
  
•  Using	
  the	
  deformed	
  blocks	
  to	
  guide	
  streamline	
  

repositioning	
  	
  
•  Leveraging	
  a	
  GPU	
  linear	
  system	
  solver	
  to	
  achieve	
  

interactivity	
  









Summary	
  

•  Changing	
  the	
  mind	
  
–  Selecting	
  good	
  seeds:	
  every	
  streamline	
  placed	
  is	
  
displayed,	
  careful	
  seeding	
  is	
  the	
  key	
  

–  Selecting	
  good	
  streamlines:	
  only	
  important	
  
streamlines	
  from	
  a	
  pool	
  are	
  selected	
  for	
  display,	
  
careful	
  selection	
  is	
  the	
  key	
  

•  Alternative	
  techniques	
  to	
  seed	
  placement	
  
– Bundling,	
  filtering,	
  and	
  repositioning	
  
– Opacity	
  optimization	
  (not	
  covered	
  in	
  this	
  talk)	
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