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agenda	
  

•  15:30	
  -­‐	
  16:00.	
  Introduc1on	
  and	
  overview	
  of	
  
results.	
  Fei-­‐Fei	
  Li.	
  	
  

•  16:00	
  -­‐	
  16:25.	
  Invited	
  talk.	
  OXFORD_VGG	
  team	
  	
  
•  16:25	
  -­‐	
  16:40.	
  Break	
  	
  
•  16:40	
  -­‐	
  17:05.	
  Invited	
  Talk.	
  ISI	
  team	
  
•  	
  17:05	
  -­‐	
  17:30.	
  Invited	
  Talk.	
  SuperVision	
  team	
  	
  
•  17:30	
  -­‐	
  18:00.	
  Discussion.	
  



Holy	
  Grail	
  of	
  Recogni1on	
  
•  Recognizing	
  everything	
  in	
  the	
  visual	
  world	
  
	
  



Why	
  Large	
  Scale	
  
•  Two	
  trends	
  in	
  recogni1on	
  
– Use	
  of	
  massive,	
  labeled	
  datasets	
  
– A	
  large	
  number	
  of	
  fine-­‐grained	
  classes	
  

#	
  labeled	
  images	
  

#	
  classes	
  

PASCAL	
  VOC	
  

ILSVRC	
  



Goals	
  of	
  ImageNet	
  Challenges	
  

•  Foster	
  research	
  on	
  large	
  scale	
  recogni1on	
  
– Complement	
  PASCAL	
  VOC	
  
– Provide	
  a	
  benchmark	
  dataset	
  
– Let	
  promising	
  techniques	
  emerge	
  via	
  compe11on	
  



Task	
  2:	
  Detec0on	
  
(Classifica0on	
  +	
  Localiza0on)	
  

Car	
  classifica1on	
  

Localiza1on	
  

Car	
  

ImageNet	
  Challenge	
  2012	
  

Task	
  1:	
  Classifica0on	
  

Car	
  

Task	
  3:	
  Fine-­‐grained	
  classifica0on	
  

Walker	
  hound	
  classifica1on	
  

•  Predict	
  a	
  class	
  label	
  

•  5	
  predic1ons	
  /	
  image	
  
•  1000	
  classes	
  
•  1,200	
  images	
  per	
  class	
  for	
  

training	
  	
  
•  Bounding	
  boxes	
  for	
  50%	
  of	
  

training.	
  	
  

	
  

•  Predict	
  a	
  class	
  label	
  and	
  a	
  
bounding	
  box	
  

•  5	
  predic1ons	
  	
  /	
  image	
  
•  1000	
  classes	
  
•  1,200	
  images	
  per	
  class	
  for	
  

training	
  
•  Bounding	
  boxes	
  for	
  40%	
  of	
  

training.	
  	
  
	
  

•  Predict	
  a	
  class	
  label	
  given	
  a	
  
bounding	
  box	
  in	
  test	
  

•  1	
  predic1on	
  /	
  image	
  
•  120	
  dog	
  classes	
  (subset)	
  
•  ~200	
  images	
  per	
  class	
  for	
  

training	
  (subset)	
  
•  Bounding	
  boxes	
  for	
  100%	
  of	
  

training	
  

	
  



What’s	
  New	
  in	
  2012	
  

ILSVRC	
  2010	
   ILSVRC	
  2011	
   ILSVRC	
  2012	
  

Classifica1on	
  task	
   Y	
   Y	
   Y	
  

Localiza1on	
  task	
   N	
   Y	
   Y	
  

Fine-­‐grained	
  task	
   N	
   N	
   Y	
  

#	
  training	
  images	
  with	
  
bounding	
  boxes	
  	
  

0%	
   25%	
   42%	
  

#	
  test	
  images	
  with	
  
bounding	
  boxes	
  

0%	
   100%	
   100%	
  



Source	
  for	
  categories	
  and	
  training	
  data	
  

•  ImageNet	
  
–  14,192,122	
  images,	
  21841	
  categories	
  
–  Image	
  found	
  via	
  web	
  searches	
  for	
  WordNet	
  noun	
  synsets	
  
–  Hand	
  verified	
  using	
  	
  Mechanical	
  Turk	
  	
  
–  Bounding	
  boxes	
  for	
  query	
  object	
  labeled	
  
–  New	
  data	
  for	
  valida1on	
  and	
  tes1ng	
  each	
  year	
  

•  WordNet	
  
–  Source	
  of	
  the	
  labels	
  
–  Seman1c	
  hierarchy	
  
–  Contains	
  large	
  frac1on	
  of	
  English	
  nouns	
  
–  Also	
  used	
  to	
  collect	
  other	
  datasets	
  like	
  1ny	
  images	
  (Torralba	
  et	
  al)	
  
–  Note	
  that	
  categoriza1on	
  is	
  not	
  the	
  end/only	
  goal,	
  so	
  idiosyncrasies	
  of	
  
WordNet	
  may	
  be	
  less	
  cri1cal	
  



hkp://www.image-­‐net.org	
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ILSVRC	
  2012	
  Data	
  

Training	
  data	
  	
  
	
  1,281,167	
  images	
  in	
  1000	
  synsets	
  

Min	
  =	
  732	
  ,	
  max	
  =	
  1300	
  (per	
  synset)	
  
	
  544,546	
  images	
  have	
  bounding	
  box	
  annota1ons	
  

	
  Min	
  =	
  250	
  /	
  synset	
  	
  
	
  619,207	
  bounding	
  box	
  annota1ons	
  
	
  
Valida0on	
  data	
  
	
  	
  50	
  images	
  /	
  synset	
  	
  
	
  	
  76,750	
  bounding	
  box	
  annota1ons 	
  	
  
	
  	
  	
  
Test	
  data	
  
	
  	
  100	
  images	
  /	
  synset	
  
	
  	
  153,503	
  bounding	
  box	
  annota1ons	
  
	
  
	
  
	
  



ILSVRC	
  2012	
  Data	
  
Breakdown	
  of	
  categories	
  (samples):	
  
	
  
	
  
	
  
	
  

Subtree	
   #	
  of	
  leaf	
  categories	
  

Instrument	
   358	
  

Canine	
   130	
  

Covering	
   90	
  

Vehicle	
   67	
  

Invertebrate	
   61	
  

Bird	
   59	
  

Structure	
  (construc1on)	
   58	
  

Food	
   27	
  

…	
  



ILSVRC	
  2012	
  Data	
  
Average	
  Test	
  images	
  



ILSVRC	
  2012	
  Data	
  
Test	
  images	
  for	
  “Hammer”	
  
	
  
	
  
	
  
	
  



ILSVRC	
  2012	
  Data	
  

•  Summary	
  of	
  Challenges	
  
– A	
  large	
  number	
  of	
  images	
  in	
  training	
  
– A	
  large	
  number	
  of	
  classes	
  
– Diversity	
  of	
  classes.	
  
– Diversity	
  of	
  images	
  within	
  classes	
  



ILSVRC	
  2012	
  Results	
  



Par1cipa1on	
  

30	
  submissions	
  
	
  
	
  

107	
  registra1ons	
  



Task	
  1:	
  Classifica1on	
  

Winner	
  
SuperVision	
  	
  

	
  Alex	
  Krizhevsky,	
  Ilya	
  Sutskever,	
  Geoffrey	
  Hinton	
  	
  
University	
  of	
  Toronto 	
  	
  

Car	
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Ranking	
  of	
  the	
  best	
  results	
  from	
  each	
  team	
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Easiest	
  Categories	
  

*	
  Numbers	
  indicate	
  the	
  mean	
  error	
  from	
  the	
  top	
  5	
  predic1ons	
  from	
  all	
  submissions	
  

geyser	
   0.001667	
  

odometer	
   0.011667	
  

canoe	
   0.013333	
  

yellow	
  lady's	
  slipper	
   0.015	
  

web	
  site,	
   0.015	
  

gondola	
   0.016667	
  

rapeseed	
   0.018333	
  

flamingo	
   0.023333	
  

electric	
  locomo0ve	
   0.025	
  

daisy	
   0.025	
  



Toughest	
  Categories	
  

*	
  Numbers	
  indicate	
  the	
  mean	
  error	
  from	
  the	
  top	
  5	
  predic1ons	
  from	
  all	
  submissions	
  

ladle	
   0.876667	
  

hatchet	
   0.856667	
  

spatula	
   0.833333	
  

muzzle	
   0.831667	
  

hook,	
  claw	
   0.805	
  

cleaver,	
  	
   0.79	
  

le_er	
  opener,	
  paper	
  knife	
   0.785	
  

plunger,	
  	
   0.758333	
  

chime,	
  bell,	
  gong	
   0.75	
  

power	
  drill	
   0.745	
  



Ladles	
  are	
  hard	
  



Chimes	
  are	
  hard	
  



Task	
  2:	
  Detec1on	
  	
  
(Classifica1on	
  +	
  Localiza1on)	
  

Winner	
  
SuperVision	
  	
  

	
  Alex	
  Krizhevsky,	
  Ilya	
  Sutskever,	
  Geoffrey	
  Hinton	
  
University	
  of	
  Toronto 	
  	
  

Car	
  classifica1on	
  

Localiza1on	
  

Car	
  



Ranking	
  of	
  best	
  results	
  from	
  each	
  team	
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Easiest	
  categories	
  to	
  localize	
  given	
  correct	
  classifica1on	
  	
  

*	
  Numbers	
  indicate	
  the	
  percentage	
  of	
  correct	
  localiza1on	
  given	
  correct	
  classifica1on	
  
averaged	
  over	
  all	
  submissions	
  

prison,	
  prison	
  house	
   0.985965	
  

confec0onery,	
  candy	
  store	
   0.984379	
  

toyshop	
   0.979347	
  

pickup,	
  pickup	
  truck	
   0.978096	
  

minibus	
   0.977033	
  

ambulance	
   0.974638	
  

conver0ble	
   0.970129	
  

jersey,	
  T-­‐shirt,	
  tee	
  shirt	
   0.96158	
  

web	
  site,	
  website,	
  internet	
  site,	
  site	
   0.959527	
  

Leonberg	
   0.958754	
  



Hardest	
  categories	
  to	
  localize	
  given	
  correct	
  classifica1on	
  	
  

*	
  Numbers	
  indicate	
  the	
  percentage	
  of	
  correct	
  localiza1on	
  given	
  correct	
  classifica1on	
  
averaged	
  over	
  all	
  submissions	
  

ping-­‐pong	
  ball	
   0.123032	
  

space	
  bar	
   0.171802	
  

basketball	
   0.173669	
  

torch	
   0.19592	
  

rugby	
  ball	
   0.206638	
  

puck,	
  hockey	
  puck	
   0.211481	
  

water	
  snake	
   0.212903	
  

racket,	
  racquet	
   0.214662	
  

croquet	
  ball	
   0.234641	
  

ski	
   0.239927	
  



Task	
  3:	
  Fine-­‐Grained	
  Classifica1on	
  

Winner	
  
ISI	
  

	
  Naoyuki	
  Gunji	
  (the	
  Univ.	
  of	
  Tokyo),	
  Takayuki	
  Higuchi	
  (the	
  Univ.	
  of	
  
Tokyo),	
  Koki	
  Yasumoto	
  (the	
  Univ.	
  of	
  Tokyo),	
  Hiroshi	
  Muraoka	
  (the	
  Univ.	
  of	
  
Tokyo),	
  Yoshitaka	
  Ushiku	
  (the	
  Univ.	
  of	
  Tokyo),	
  Tatsuya	
  Harada	
  (the	
  Univ.	
  of	
  

Tokyo	
  &	
  JST	
  PRESTO),	
  Yasuo	
  Kuniyoshi	
  (the	
  Univ.	
  of	
  Tokyo) 	
  	
  

Walker	
  hound	
  classifica1on	
  



Results	
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Easiest	
  Dogs	
  

*	
  Numbers	
  indicate	
  the	
  mean	
  average	
  precision	
  from	
  all	
  submissions	
  

African	
  hun0ng	
  dog,	
   0.791974	
  

Leonberg	
   0.790108	
  

komondor	
   0.698301	
  

Samoyed,	
  Samoyede	
   0.605438	
  

Tibetan	
  mas0ff	
   0.601007	
  

keeshond	
   0.595873	
  

dhole,	
  Cuon	
  alpinus	
   0.577688	
  

Afghan	
  hound,	
  Afghan	
   0.523334	
  

Sealyham	
  terrier,	
  Sealyham	
   0.520428	
  

chow,	
  chow	
  chow	
   0.509193	
  



Hardest	
  Dogs	
  

soe-­‐coated	
  wheaten	
  terrier	
   0.034898	
  

Great	
  Dane	
   0.073262	
  

American	
  Staffordshire	
  terrier	
   0.09573	
  

miniature	
  poodle	
   0.098169	
  

standard	
  schnauzer	
   0.100944	
  

o_erhound,	
  o_er	
  hound	
   0.107735	
  

Irish	
  terrier	
   0.112036	
  

Chihuahua	
   0.115103	
  
cocker	
  spaniel,	
  English	
  cocker	
  spaniel,	
  
cocker	
   0.116995	
  

Walker	
  hound,	
  Walker	
  foxhound	
   0.122125	
  

*	
  Numbers	
  indicate	
  the	
  mean	
  average	
  precision	
  from	
  all	
  submissions	
  



Future	
  of	
  ImageNet	
  Challenges	
  



What	
  we	
  have	
  learned	
  

•  Promising	
  techniques	
  

•  Also,	
  400+	
  cita1on	
  of	
  ImageNet	
  
– ECCV	
  2012	
  Best	
  Paper	
  award	
  (“Segmenta1on	
  
Propaga1on	
  in	
  ImageNet”,	
  Kuekel	
  et	
  al.)	
  

	
  
	
  
	
  

Method	
   Year	
  

Locality-­‐constrained	
  Linear	
  Coding	
  	
   ILSVRC	
  2010	
  

Improved	
  Fisher	
  Vectors	
  	
   ILSVRC	
  2011	
  

Convolu0onal	
  Neural	
  Networks	
   ILSVRC	
  2012	
  



Should	
  we	
  run	
  ILSVRC	
  2013?	
  



ILSVRC	
  2013?	
  

•  What	
  tasks?	
  	
  
–  (1)	
  Classifica1on	
  
–  (2)	
  Classifica1on	
  with	
  complete	
  ground	
  truth	
  labels	
  
–  (3)	
  Fine-­‐grained	
  classifica1on	
  
–  (4)	
  Classifica1on	
  +	
  Localiza1on	
  
–  (5)	
  PASCAL	
  VOC	
  style	
  detec1on	
  on	
  1K	
  classes	
  
	
  



ILSVRC	
  2013?	
  

•  Logis1cs?	
  	
  
–  Data	
  collec1on	
  
–  Budget	
  



agenda	
  

•  15:30	
  -­‐	
  16:00.	
  Introduc1on	
  and	
  overview	
  of	
  
results.	
  Fei-­‐Fei	
  Li.	
  	
  

•  16:00	
  -­‐	
  16:25.	
  Invited	
  talk.	
  OXFORD_VGG	
  team	
  	
  
•  16:25	
  -­‐	
  16:40.	
  Break	
  	
  
•  16:40	
  -­‐	
  17:05.	
  Invited	
  Talk.	
  ISI	
  team	
  
•  	
  17:05	
  -­‐	
  17:30.	
  Invited	
  Talk.	
  SuperVision	
  team	
  	
  
•  17:30	
  -­‐	
  18:00.	
  Discussion.	
  


