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  Classifica0on	
  

CS4670/5670:	
  Computer	
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Thanks	
  to	
  Andrej	
  Karpathy	
  



Announcements	
  
•  Office	
  hours	
  0ll	
  next	
  Friday	
  
•  Drop	
  me	
  a	
  note	
  if	
  you	
  want	
  to	
  meet	
  



Announcements	
  

•  Exam	
  review	
  will	
  be	
  announced	
  
•  Exam	
  topics	
  

– Lec	
  18	
  (Cameras,	
  Mar	
  9)-­‐lec	
  39	
  (ConvNets,	
  May	
  4)	
  

•  Grading:	
  any	
  unresolved	
  issues	
  drop	
  me	
  a	
  note	
  
•  Final:	
  Sunday	
  2pm,	
  May	
  22	
  

– BTN100WEST,	
  Barton	
  Hall	
  100	
  West-­‐Main	
  Floor	
  



Three	
  (+2)	
  challenges:	
  
– Classifica0on	
  challenge	
  (is	
  there	
  an	
  X	
  in	
  this	
  image?)	
  
– Detec0on	
  challenge	
  (draw	
  a	
  box	
  around	
  every	
  X)	
  
– Segmenta0on	
  challenge	
  (which	
  class	
  is	
  each	
  pixel?)	
  

Slides	
  from	
  Noah	
  
Snavely	
  

Detec0on	
   Segmenta0on	
  
Person	
  

Motorcycle	
  







Remember	
  from	
  Lec32	
  



Classifica0on+Localiza0on:	
  ImageNet	
  



Localiza0on	
  for	
  one	
  object	
  



Classifica0on+Localiza0on	
  for	
  one	
  object	
  

Localiza0on	
  as	
  regression:	
  simple	
  but	
  powerful	
  



Idea	
  #2:	
  Sliding	
  Window	
  







Overfeat	
  



Localiza0on	
  Error	
  



Object	
  Detec0on	
  

•  Need	
  to	
  test	
  many	
  scales	
  and	
  posi0ons	
  
•  Solu0on:	
  only	
  look	
  at	
  a	
  small	
  set	
  of	
  possible	
  
posi0ons	
  

•  Approach:	
  propose	
  regions,	
  then	
  regressors	
  



RCNN	
  



RCNN	
  



Fast	
  R-­‐CNN	
  







Seman0c	
  Segmenta0on	
  



CNN
20

CNN 2 0  
20

CNN
20

Deep	
  learning	
  for	
  materials	
  
•  Train	
  at	
  different	
  scales	
  

20	
  



Deep	
  learning	
  to	
  predict	
  materials	
  



BrickBrick

Input	
  

Material	
  Predic0ons	
  

Predic0on	
  Map	
  



Seman0c	
  segmenta0on	
  



With CRF

Brick

Without 
CRF

Brick

Input

Painted

Wood

Fabric

Leather

Wood

Paper

PaperFabric

Hair
Skin

Metal

Plastic

Seman0c	
  segmenta0on	
  

Mean	
  class	
  accuracy:	
  84.95% out of 20 categories 
Prior work: 41% out of 10 categories 



BrickBrick

Foliage Tile

Wood
Tile

Polished stone

Painted

Painted

Fabric Carpet Leather

Results	
  



Summary	
  

•  Localiza0on	
  
– Find	
  fixed	
  number	
  of	
  objects	
  
– L2	
  regression	
  from	
  CNN	
  features	
  to	
  box	
  coordinates	
  

•  Detec0on	
  
– Find	
  variable	
  number	
  of	
  objects	
  
– Sliding	
  window,	
  too	
  dense	
  
– Use	
  region	
  proposals:	
  R-­‐CNN	
  and	
  variants	
  

•  Segmenta0on	
  
– Couple	
  with	
  dense	
  CRF	
  formula0ons	
  for	
  boundaries	
  



Other	
  Innova0ons	
  

•  Recurrent	
  Neural	
  Nets	
  (RNN)	
  
– Memory	
  

•  Residual	
  Nets	
  (ResNet)	
  
– Deep	
  

•  …	
  



Data	
  Sets	
  
•  Cri0cal	
  to	
  the	
  success	
  of	
  deep	
  learning	
  

–  Object	
  classifica0on	
  and	
  segmenta0on	
  
–  Scene	
  classifica0on	
  
– Materials	
  

•  Examples	
  
–  PASCAL	
  VOC	
  

•  Not	
  Crowdsourced,	
  bounding	
  boxes,	
  20	
  categories	
  
–  ImageNet	
  

•  Huge,	
  Crowdsourced,	
  Hierarchical,	
  Iconic	
  objects	
  
–  SUN	
  Scene	
  Database	
  

•  Not	
  Crowdsourced,	
  397	
  (or	
  720)	
  scene	
  categories	
  
– Microsoj	
  COCO	
  	
  

•  Crowdsourced,	
  large	
  
– Material	
  Database:	
  OpenSurfaces	
  



PASCAL	
  VOC	
  2005-­‐2012	
  

Classifica@on:	
  person,	
  motorcycle	
  
Detec0on	
   Segmenta0on	
  

Person	
  

Motorcycle	
  

Ac@on:	
  riding	
  bicycle	
  

Everingham,	
  Van	
  Gool,	
  Williams,	
  Winn	
  and	
  Zisserman.	
  
The	
  PASCAL	
  Visual	
  Object	
  Classes	
  (VOC)	
  Challenge.	
  IJCV	
  2010.	
  

20	
  object	
  classes 	
   	
  22,591	
  images	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Large	
  Scale	
  Visual	
  
Recogni0on	
  Challenge	
  (ILSVRC)	
  2010-­‐2012	
  

20	
  object	
  classes 	
   	
  22,591	
  images	
  

1000	
  object	
  classes 	
   	
  1,431,167	
  images	
  

Dalma0an	
  

hMp://image-­‐net.org/challenges/LSVRC/{2010,2011,2012}	
  





How	
  do	
  we	
  classify	
  scenes?	
  

Different	
  objects,	
  different	
  spa0al	
  layout	
  

Floor	
  

Door	
  

Light	
  

Wall	
  Wall	
   Door	
  

Ceiling	
  	
  
	
  

	
  
	
  

Pain0ng	
  

Fireplace	
  
armchair	
   armchair	
  

Coffee	
  table	
  

Door	
  
Door	
  

Ceiling	
  
Lamp	
  

mirror	
  mirror	
  
wall	
  

Door	
  

	
  
	
   wall	
  

wall	
  

pain0ng	
  

Bed	
  
Side-­‐table	
  

Lamp	
  

phone	
  
alarm	
  

carpet	
  



Which	
  are	
  the	
  important	
  elements?	
  

Similar	
  objects,	
  and	
  similar	
  spa0al	
  layout	
  

seat	
  
seat	
  

seat	
  
seat	
  

seat	
  
seat	
  

seat	
  
seat	
  

window	
   window	
  window	
  

ceiling	
  cabinets	
   cabinets	
  

seat	
  
seat	
  

seat	
  
seat	
  

seat	
  
seat	
  

seat	
  
seat	
  window	
   window	
  

ceiling	
  cabinets	
   cabinets	
  

seat	
   seat	
  
seat	
   seat	
  

seat	
   seat	
  
seat	
   seat	
  

seat	
   seat	
  
seat	
  seat	
  

seat	
  seat	
  
seat	
   seat	
  

screen	
  

ceiling	
  

wall	
  
column	
  

Different	
  ligh0ng,	
  different	
  materials,	
  different	
  “stuff”	
  





397	
  Well-­‐sampled	
  Categories	
  







Microsoj	
  COCO	
  


