
       WM        GM        HC        CA        PU        PA        AM        AC        VE
0

20

40

60

80

***

***

***

**

***

***

***
***

***

Foreground−Background

O
ve

r−
 a

n
d
 u

n
d
e
r−

se
g
m

e
n
ta

tio
n
 (

%
)

Atlas-­‐Based	
  Under-­‐Segmenta1on	
  
Chris&an	
  Wachinger1,2,	
  Polina	
  Golland1	
  

1Computer	
  Science	
  and	
  Ar&ficial	
  Intelligence	
  Lab	
  (CSAIL),	
  MIT	
  	
  	
  	
  	
  	
  	
  
2MassachuseDs	
  General	
  Hospital,	
  Harvard	
  Medical	
  School	
  

Acknowledgement:	
  
We	
  thank	
  Jason	
  Chang	
  and	
  Greg	
  Sharp.	
  This	
  work	
  was	
  supported	
  in	
  part	
  
by	
  the	
  Na&onal	
  Alliance	
  for	
  Medical	
  Image	
  Compu&ng	
  (U54-­‐EB005149)	
  
and	
  the	
  NeuroImaging	
  Analysis	
  Center	
  (P41-­‐EB015902).	
  

Introduc1on	
  
•  Atlas-­‐based	
  segmenta&on	
  is	
  commonly	
  used	
  in	
  medical	
  image	
  analysis	
  
•  Tendency	
  of	
  atlas-­‐based	
  segmenta&on	
  to	
  under-­‐segment	
  structures	
  
•  Dice	
  overlap	
  and	
  Hausdorff	
  distance	
  do	
  not	
  measure	
  under-­‐segmenta&on	
  
•  Wang,	
  Yushkevich	
  (2012)	
  proposed	
  deconvolu&on	
  of	
  label	
  maps	
  
•  Contribu&ons:	
  

•  Volume	
  overlap	
  measures	
  to	
  quan&fy	
  under-­‐segmenta&on	
  
•  Hypothesis:	
  asymmetry	
  in	
  single	
  organ	
  segmenta1on	
  as	
  cause	
  	
  
•  Genera&ve	
  model	
  of	
  background	
  to	
  correct	
  under-­‐segmenta&on	
  

Conclusions	
  
•  Significant	
  bias	
  in	
  atlas-­‐based	
  segmenta&on	
  to	
  under-­‐segmenta&on	
  
•  Asymmetry	
  in	
  foreground-­‐background	
  segmenta&on	
  as	
  new	
  hypothesis	
  
•  Genera&ve	
  model	
  to	
  par&&on	
  background	
  reduces	
  under-­‐segmenta&on	
  

Under-­‐Segmenta1on	
  
Measures	
  to	
  quan&fy	
  over-­‐	
  and	
  under-­‐segmenta&on:	
  

Results	
  
•  Datasets:	
  
•  16	
  heart	
  MRA	
  images	
  (0.6x0.6x1.5mm)	
  
•  18	
  head	
  and	
  neck	
  CT	
  scans	
  (0.9x0.9x2.5mm)	
  
•  39	
  brain	
  MRI	
  with	
  1mm	
  isotropic	
  resolu&on	
  

•  Comparison	
  to	
  deconvolu&on	
  (Wang,	
  2012)	
  
•  Details:	
  	
  
•  DP-­‐GMM,	
  GMM,	
  DP-­‐means,	
  k-­‐means	
  
•  Global	
  and	
  local	
  approach	
  
•  Patch	
  size:	
  3	
  x	
  3	
  x	
  3	
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•  Quan&ta&ve	
  segmenta&on	
  results	
  for	
  three	
  applica&ons	
  
•  Under-­‐segmenta&on	
  errors	
  significantly	
  higher	
  than	
  

over-­‐segmenta&on	
  errors	
   White	
  maDer	
  (WM),	
  Gray	
  maDer	
  (GM),	
  Hippocampus	
  (HC),	
  Caudate	
  (CA),	
  	
  
Putamen	
  (PU),	
  Pallidum	
  (PA),	
  Amygdala	
  (AM),	
  Accumbens	
  (AC),	
  Ventricles	
  (VE)	
  

First	
  column:	
  over-­‐segmenta&on	
  
Second	
  column:	
  under-­‐segmenta&on	
  

Hypothesis	
  for	
  under-­‐segmenta1on	
  
•  Under-­‐segmenta&on	
  is	
  caused	
  by	
  asymmetry	
  	
  

in	
  foreground-­‐background	
  segmenta&on	
  	
  
•  Merging	
  all	
  surrounding	
  labels	
  into	
  background	
  creates	
  

a	
  new	
  meta-­‐label	
  that	
  dominates	
  the	
  vo&ng	
  process	
  
•  Mul&-­‐organ	
  segmenta&on	
  of	
  brain	
  supports	
  hypothesis	
  

Latent	
  mul1-­‐label	
  model	
  of	
  the	
  background	
  
•  Genera&ve	
  model	
  for	
  the	
  unsupervised	
  separa&on	
  of	
  the	
  

background	
  in	
  K	
  components	
  and	
  simultaneous	
  es&ma&on	
  of	
  K	
  
•  Dirichlet	
  process	
  Gaussian	
  mixture	
  model	
  (DP-­‐GMM)	
  on	
  patches:	
  

•  Replace	
  background	
  label	
  with	
  mixture	
  component:	
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Label	
  maps	
  specify	
  likelihood	
  of	
  each	
  label:	
  

Label	
  likelihood	
  term:	
  

Intensity	
  likelihood	
  term:	
  	
  

Most	
  likely	
  label	
  yields	
  segmenta&on:	
  

Foreground-­‐Background	
  segmenta&on:	
  

Red:	
  manual,	
  Yellow:	
  automa&c	
  	
  

Segmenta&on	
  of	
  paro&d	
  glands	
  in	
  CT	
  images	
  

Organ	
  

Background	
  

Merging	
  several	
  structures	
  
to	
  one	
  background	
  label	
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