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Motivations 

-‐  Creating	  a	  fence-‐free	  image	  from	  a	  video	  clip	  

Challenges 
-‐  Hard	  to	  detect	  &	  segment	  fence	  from	  the	  input	  video,	  due	  to	  
(moving	   backgrounds,	   	   distorted	   or	   irregular	   fence,	   thin	   and	  
repetitive	  fence	  structures,	  changing	  illumination,	  etc)	  
-‐  Recent	  works	  	  [1,	  2]	  only	  deal	  with	  static	  scenes	  

Our observations 
-‐  Both	  background	  objects	  and	  the	  camera	  are	  often	  moving	  
-‐  Motion	  contrast	  brings	  strong	  segmentation	  cues	  
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Group	  pixels	  according	  to	  color	  and	  motion	  
	  
	  
	  
	  
Fence	  groups	  have	  two	  distinctive	  features:	  
	  (a)	  bi-‐module	  gradient	  orientation	  histograms	  
	  
	  
	  
	  
	  
	  (b)	  thin	  structures	  (disappear	  after	  closed	  followed	  by	  erosion)	  
 
 
 

	  
	  
Graph-‐cut	  based	  segmentation	  (frame	  by	  frame): 
─  A	  fully-‐connected	  graph,	  each	  vertex	  is	  a	  pixel	  group.	  	  
─  The	  data	  cost	  𝐷( 𝑐↓𝑖 ,   𝑙↓𝑖 )= 𝑙↓𝑖 (1−𝑃(𝑐↓𝑖 ))+(1− 𝑙↓𝑖 )𝑃( 𝑐↓𝑖 )	  
  𝑃( 𝑐↓𝑖 )	  	  is	  the	  probability	  of  𝑐↓𝑖   being	  fence	  (according	  to	  the	  above	  two	  features).	  
─  The	  smooth	  term	  𝑆(𝑐↓𝑖 ,   𝑐↓𝑗 ,   𝑙↓𝑖 ,   𝑙↓𝑗 )=𝛿(𝑙↓𝑖 ,   𝑙↓𝑗 )(1− 𝑆↓1 (𝑐↓𝑖 ,   𝑐↓𝑗 ))(1− 𝑆↓2 (𝑐↓𝑖 , 𝑐↓𝑗 ))(1− 𝑆↓3 (

𝑐↓𝑖 , 𝑐↓𝑗 ))	  
	    𝑆↓1  ,  𝑆↓2  ,  𝑆↓3  	   measures	   the	   similarity	   of	    𝑐↓𝑖  ,    𝑐↓𝑗     in	   color	   and	   gradient	   orientation	  
distributions.	  

Initial	  segmentations:	  

Segmentation Refinement 
Dense	  CRF	  based	  segmentation	  (with	  all	  video	  frames):	  
─  A	  fully-‐connected	  graph,	  each	  vertex	  is	  a	  pixel.	  	  
─  The	  data	  term	  	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  encodes	  the	  consistency	  with	  initialization,	  and	  the	  probability	  of	  a	  pixel	  	  
	  	  	  	  	  	  	  being	  fence.	  	  
─  The	  smooth	  term	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	      =𝛿(𝑙↓𝑥 , 𝑙↓𝑦 )𝑘(𝑥,𝑦)	  
	  	  	  	  	  	  	  𝑘(𝑥,𝑦)	  measures	  the	  similarity	  of	  𝑥,𝑦	  in	  both	  color	  and	  position	  
	  

Segmentation	  results:	  
 
 
 
 
Results (fence removal results in the paper): 
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