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Segmenta4on	  of	  Paro4d	  Glands	  
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Surface	  renderings	  



Segmenta4on	  of	  Paro4d	  Glands	  

•  Paro4d	  glands	  are	  organs	  at	  risk	  	  
–  Irradia4on	  can	  cause	  xerostomia	  
–  Difficul4es	  for	  mas4ca4on,	  deglu44on,	  speech	  

•  Adapt	  treatment	  plan	  based	  on	  manual	  contouring	  

Proton Treatments in the 
Base of Skull

Typical plan ~15 beams

Source:	  G.	  Sharp	  



Related	  Work	  

•  Atlas-‐based	  segmenta.on	  
– Most	  approaches	  from	  the	  head	  and	  neck	  
segmenta4on	  challenge,	  MICCAI	  2010	  

– Fritscher	  et	  al.,	  2014:	  Combina4on	  with	  sta4s4cal	  
appearance	  models	  and	  geodesic	  ac4ve	  contours	  	  

•  Patch-‐based	  segmenta.on	  
– Wachinger	  et	  al.,	  2013:	  Contour-‐driven	  
refinement	  with	  Gaussian	  processes	  



Method	  

•  Descriptor-‐based	  segmenta4on	  
– Patches	  
– Features	  
– Loca4on	  

•  Comparison	  of	  a	  large	  number	  of	  features	  
•  Approximate	  nearest	  neighbor	  search	  



Patch-‐Based	  Segmenta4on:	  
Non-‐Local	  Means	  (Buades	  et	  al.,	  2005)	  
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Patch-‐Based	  Segmenta4on:	  
Non-‐Local	  Means	  (Buades	  et	  al.,	  2005)	  
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Input	  Data	  
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1.	  Patches	   2.	  Correspondence	   3.	  Vo4ng	  

Patch-‐Based	  Segmenta4on	  

…	  

k-‐NN	  Search	  



Feature	  
Loca4on	  
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Descriptor-‐Based	  Segmenta4on	  
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Nearest	  Neighbor	  Search	  

Computa4onally	  complex	  for	  large	  	  
– Bounded	  non-‐local	  means	  

arg min
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Bounded	  Non-‐Local	  Means	  
(Coupe	  et	  al.,	  Rousseau	  et	  al.,	  2011)	  
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Nearest	  Neighbor	  Search	  

Computa4onally	  complex	  for	  large	  	  
– Bounded	  non-‐local	  means	  

•  Loca4on	  informa4on	  implicit	  (hard	  constraint)	  
•  Contrary	  to	  “non-‐local”	  idea	  

– Approximate	  NN	  search	  	  
•  Loca4on	  informa4on	  explicit	  (sob	  constraint)	  
•  Randomized	  kd-‐trees	  (Muja,	  Lowe,	  PAMI,	  2014)	  

arg min
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Experiments	  

•  18	  CT	  head	  and	  neck	  images	  	  
– Leave-‐one-‐out	  segmenta4on	  procedure	  
–  Intensity	  clipping	  at	  -‐100	  and	  150	  HU	  

•  Standard	  configura4on	  
– Anisotropic	  patches:	  9	  x	  9	  x	  5	  voxels	  
– k=10	  nearest	  neighbors	  
– Mul4-‐point	  vo4ng	  	  



Importance	  of	  Loca4on	  in	  NLM	  

•  Segmenta4on	  results	  with	  Dice	  
•  Patches	  w	  and	  w/o	  loca4on	  
•  Mul4-‐point	  and	  point-‐wise	  vo4ng	  

Image	   Segmenta4on	  

Point-‐wise:	  0.14	   Mul4-‐Point:	  0.87	  

Without	  Loca4on	  Informa4on	  

Mul4-‐point:	  0.18	   Point-‐wise:	  0.83	  

With	  Loca4on	  Informa4on	  



Importance	  of	  Loca4on	  in	  NLM	  

•  Patches	  with	  and	  without	  loca4on	  informa4on	  (Loc)	  
•  Point-‐wise	  (PW)	  and	  mul4-‐point	  (MP)	  vo4ng	  
•  Dice	  overlap	  score	  and	  modified	  Hausdorff	  distance	  
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Improvement	  of	  Sob	  Loca4on	  Constraint	  

•  Comparison	  of	  	  
– bounded	  NN	  search	  w/o	  loca4on	  (BNN)	  
– approximate	  NN	  search	  w/	  loca4on	  (ANN+Loc)	  
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Importance	  of	  Features	  and	  Loca4on	  

•  Mean	  dice	  for	  	  
–  Different	  composi4ons	  of	  the	  descriptor	  
–  Patch	  sizes	  
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•  Leb	  paro4d	  gland	  

Image	  contours	  /	  gradients	  



Conclusion	  
•  Importance	  of	  features	  and	  loca4on	  in	  descriptor-‐based	  

segmenta4on	  
•  Best	  results	  for	  features	  that	  complement	  patch	  
•  Sob	  loca4on	  constraints	  improve	  over	  hard	  cut-‐offs	  of	  

bounded	  search	  
•  Approximate	  NN	  search	  to	  handle	  computa4onal	  complexity	  
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