
Lecture	
  34:	
  Datasets	
  	
  

CS4670/5670:	
  Computer	
  Vision	
  
Kavita	
  Bala	
  



Data	
  Sets	
  
•  Cri?cal	
  to	
  the	
  success	
  of	
  deep	
  learning	
  

–  Object	
  classifica?on	
  and	
  segmenta?on	
  
–  Scene	
  classifica?on	
  
– 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	
  
– MicrosoW	
  COCO	
  	
  

•  Crowdsourced,	
  large	
  
– Material	
  Database:	
  OpenSurfaces	
  



•  Twenty	
  object	
  categories	
  (aeroplane	
  to	
  TV/
monitor)	
  	
  

•  Three	
  challenges:	
  
– Classifica?on	
  challenge	
  (is	
  there	
  an	
  X	
  in	
  this	
  image?)	
  
– Detec?on	
  challenge	
  (draw	
  a	
  box	
  around	
  every	
  X)	
  
– Segmenta?on	
  challenge	
  (which	
  class	
  is	
  each	
  pixel?)	
  









is	
  

is	
  there	
  a	
  cat?	
  



"Precisionrecall"	
  by	
  Walber	
  -­‐	
  Own	
  work.	
  Licensed	
  under	
  CC	
  BY-­‐SA	
  4.0	
  via	
  Wikimedia	
  
Commons	
  -­‐	
  hbp://commons.wikimedia.org/wiki/
File:Precisionrecall.svg#mediaviewer/File:Precisionrecall.svg	
  



hbps://uberpython.wordpress.com/2012/01/01/precision-­‐recall-­‐sensi?vity-­‐and-­‐specificity/	
  



Precision	
  Recall	
  curves	
  

•  Related	
  to	
  but	
  different	
  from	
  ROC	
  curves	
  
•  Start	
  at	
  (0,	
  1),	
  higher	
  curves	
  are	
  beber	
  

•  Average	
  Precision	
  (AP)	
  =	
  area	
  under	
  the	
  curve	
  







Pascal	
  VOC	
  2012	
  Average	
  Precision	
  









Chance	
  essen?ally	
  0	
  



PASCAL	
  VOC	
  2005-­‐2012	
  

Classifica(on:	
  person,	
  motorcycle	
  

Detec?on	
   Segmenta?on	
  

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	
  
Recogni?on	
  Challenge	
  (ILSVRC)	
  2010-­‐2012	
  

20	
  object	
  classes 	
   	
  22,591	
  images	
  

1000	
  object	
  classes 	
   	
  1,431,167	
  images	
  

Dalma?an	
  

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



Variety	
  of	
  object	
  classes	
  in	
  ILSVRC	
  





Variety	
  of	
  object	
  classes	
  in	
  ILSVRC	
  



How	
  do	
  we	
  classify	
  scenes?	
  

Different	
  objects,	
  different	
  spa?al	
  layout	
  

Floor	
  

Door	
  

Light	
  

Wall	
  Wall	
   Door	
  

Ceiling	
  	
  
	
  

	
  
	
  

Pain?ng	
  

Fireplace	
  
armchair	
   armchair	
  

Coffee	
  table	
  

Door	
  
Door	
  

Ceiling	
  
Lamp	
  

mirror	
  mirror	
  
wall	
  

Door	
  

	
  
	
   wall	
  

wall	
  

pain?ng	
  

Bed	
  

Side-­‐table	
  

Lamp	
  

phone	
  
alarm	
  

carpet	
  



Which	
  are	
  the	
  important	
  elements?	
  

Similar	
  objects,	
  and	
  similar	
  spa?al	
  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	
  ligh?ng,	
  different	
  materials,	
  different	
  “stuff”	
  



Scene	
  Categoriza?on	
  

Highway	
  Forest	
  Coast	
   Inside	
  
City	
  

Tall	
  
Building	
  

Street	
  Open	
  
Country	
  

Mountain	
  

Oliva	
  and	
  Torralba,	
  2001	
  

+	
  
Lazebnik,	
  Schmid,	
  and	
  Ponce,	
  2006	
  

Fei	
  Fei	
  and	
  Perona,	
  2005	
  

Living	
  Room	
  Kitchen	
  Bedroom	
   Office	
   Suburb	
  

+	
  
Store	
  Industrial	
  

15	
  Scene	
  
Database	
  



SUN	
  Database:	
  Large-­‐scale	
  Scene	
  
Categoriza?on	
  and	
  Detec?on	
  

Jianxiong	
  Xiao,	
  James	
  Hays†,	
  Krista	
  A.	
  Ehinger,	
  
Aude	
  Oliva,	
  Antonio	
  Torralba	
  

Massachusebs	
  Ins?tute	
  of	
  Technology	
  
	
  †	
  Brown	
  University	
  





397	
  Well-­‐sampled	
  Categories	
  





Scene	
  category	
   Most	
  confusing	
  categories	
  
Inn	
  	
  (0%)	
  

Bayou	
  	
  (0%)	
  

Basilica	
  	
  (0%)	
  

Restaurant	
  pa?o	
  (44%)	
  

River	
  (67%)	
  

Cathedral(29%)	
  

Chalet	
  (19%)	
  

Coast	
  (8%)	
  

Courthouse	
  (21%)	
  







MicrosoW	
  COCO	
  







Material	
  Database	
  

•  Different	
  domain	
  
– Most	
  of	
  the	
  focus	
  has	
  been	
  on	
  objects	
  
– Our	
  focus	
  on	
  materials	
  	
  

•  Sean	
  Bell,	
  Paul	
  Upchurch,	
  Noah	
  Snavely,	
  Kavita	
  Bala	
  
– OpenSurfaces	
  [2013]	
  
– Segmenta?on	
  interface	
  used	
  by	
  MicrosoW	
  COCO	
  



OpenSurfaces	
  

• Open	
  Surfaces:	
  opensurfaces.cs.cornell.edu	
  

Get novice workers to accurately describe material appearance 
in [scalable, verifiable, and economical] way!



Pipeline	
  Preview	
  
1. 	
  Material	
  segmenta?on:	
  Draw	
  boundaries	
  

2. Name	
  material	
  

3. Reflectance	
  

4. Texture	
  



110,000	
  Segmenta?ons	
  



Material	
  
Segmenta?on	
  

Context	
  



25,000	
  Textures	
  



50,000	
  Reflectances	
  



Data	
  

•  More	
  is	
  more….	
  



Classifica?on	
  



Localiza?on	
  











Summary	
  of	
  VGG	
  

•  Localisa?on	
  task	
  
– 1st	
  place,	
  25.3%	
  error	
  

•  Classifica?on	
  task	
  
– 2nd	
  place,	
  7.3%	
  error	
  

•  Deep:	
  19	
  weight	
  layers	
  





Detec?on	
  
	
  

Needs	
  to	
  find	
  all	
  instances	
  of	
  the	
  various	
  classes	
  















Material	
  Segmenta?on[CVPR15]	
  

Segmenta(on	
  class	
  accuracy:	
  85.6%	
  



CNNs	
  +	
  CRFs	
  









[Razavian 2014]!

“It can be concluded that from now on, deep 
learning with CNN has to be considered as the 

primary candidate in essentially any visual 
recognition task.”!



CNNs	
  at	
  Google	
  (as	
  of	
  2014)	
  



CNNs	
  at	
  Google	
  (as	
  of	
  2014)	
  



CNNs	
  at	
  Google	
  (as	
  of	
  2014)	
  



CNNs	
  at	
  Google	
  (as	
  of	
  2014)	
  



CNNs	
  at	
  Google	
  (as	
  of	
  2014)	
  



CNNs	
  at	
  Google	
  (as	
  of	
  2014)	
  


