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Knowledge transfer for zero-shot object class recognition 
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Attribute-based model  [Lampert et al., CVPR `09]  

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  

ocean spots Χ 

Known  
training classes 

Attribute  
classifiers 

Unseen 
test classes 

Class-attribute 
associations 

Class-attribute 
associations 

[Lampert et al., CVPR `09] 
 

Supervised: 
manual (human judges) 

Attributes 
white 



4 

Attribute-based model  [Rohrbach et al., CVPR `10] 

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  

Word  
Net  

semantic relatedness 
from language 

[Lampert et al., CVPR `09] 
 

Supervised: 
manual (human judges) 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

ocean spots Χ 

Known  
training classes 

Attribute  
classifiers 

Unseen 
test classes 

Class-attribute 
associations 

Class-attribute 
associations 

white 



5 

Direct similarity-based model [Rohrbach et al., CVPR `10]  
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Direct similarity-based model [Rohrbach et al., CVPR `10]  
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Direct similarity-based model [Rohrbach et al., CVPR `10]  
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attributes 

Attributes vs. direct similarity 
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Attributes vs. direct similarity 
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direct 

Attributes vs. direct similarity 
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direct 

Attributes vs. direct similarity 
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direct 

Attributes vs. direct similarity 
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direct 

Attributes vs. direct similarity 
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Attribute-based model [Rohrbach et al., CVPR `10]  
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Direct similarity-based model [Rohrbach et al., CVPR `10]  
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Attributes vs. direct similarity 
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ÁMotivation 

ÁDataset & measures 

ÁImprove attribute-based knowledge transfer 
1. Importance of parameter selection 

2. New measures 

3. Combining measures 

4. Expanded attribute inventory 

5. Classifier level fusion 

ÁConclusion 
ÁGoal reached? 

Outline 

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  



19 

ÁAnimals with attributes dataset  
[Lampert et al., CVPR `09] 

Á40 training, 10 test classes (disjoint) 

ÁҒ олΦллл ƛƳŀƎŜǎ ǘƻǘŀƭ 

ÁDownsampled to 92 training images per class 

ÁManual associations to 85 attributes 

 

ÁImage classification 
ÁSVM: Histogram intersection kernel 

ÁArea under ROC curve (AUC) - chance level: 50% 

ÁMean over all 10 test classes 

 

 

Experimental Setup 

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  
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ÁWordNet 
ÁLin measure  

[Budanitsky & Hirst, CL `06] 

ÁWikipedia 
ÁExplicit Semantic Analysis 

[Gabrilovich & MarkovitchI, IJCAI `07] 

ÁWord Wide Web 
ÁHitcount (Dice coeffient) 

[Kilgarriff & Grefenstette, CL `03] 

ÁImage search 
ÁVisually more relevant 

ÁHitcount  (Dice coeffient) 

 
 

Semantic Relatedness Measures [Rohrbach et al., CVPR `10]  

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  

WordNet 
[Fellbaum, MIT press `98] 

 
 
 
 
 

entity 

animal 

mammal 

horse elephant 

vehicle 

car bike 



21 

ÁWordNet 
ÁLin measure  

[Budanitsky & Hirst, CL `06] 

ÁWikipedia 
ÁExplicit Semantic Analysis 

[Gabrilovich & MarkovitchI, IJCAI `07] 

ÁWord Wide Web 
ÁHitcount (Dice coeffient) 

[Kilgarriff & Grefenstette, CL `03] 

ÁImage search 
ÁVisually more relevant 

ÁHitcount  (Dice coeffient) 

 
 

Semantic Relatedness Measures [Rohrbach et al., CVPR `10] 

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  

WordNet 
[Fellbaum, MIT press `98] 

 
 
 
 
 

entity 

animal 

mammal 

horse elephant 

vehicle 

car bike 



22 

ÁWordNet 
ÁLin measure  

[Budanitsky & Hirst, CL `06] 

ÁWikipedia 
ÁExplicit Semantic Analysis 

[Gabrilovich & MarkovitchI, IJCAI `07] 

ÁWord Wide Web 
ÁHitcount (Dice coeffient) 

[Kilgarriff & Grefenstette, CL `03] 

ÁImage search 
ÁVisually more relevant 

ÁHitcount  (Dice coeffient) 

 
 

Semantic Relatedness Measures [Rohrbach et al., CVPR `10]  

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  

 
 
 
 
 

A farm is an area of lan 

the training of horses.  

 

 

 

 

 

 

 

 

 

 

 

A hoof is the tip of a toe 

 

Rear hooves of a horse  

Hoof 

Farm 

Tusks are long teeth, u 

Elephants and narwhals 

Tusk 

Article horse elephant 
Farm 3 0 
Hoof 2 1 
Tusk 0 4 
Χ Χ Χ 

A farm is an area of lan 

the training of horses.  

 

 

 

 

 

 

 

 

 

 

 

A hoof is the tip of a toe 

 

Rear hooves of a horse  

Most evem tped ungulat 

Hoof 

Farm 

Tusks are long teeth, u 

Elephants and narwhals 

Tusk 



23 

ÁWordNet 
ÁLin measure  

[Budanitsky & Hirst, CL `06] 

ÁWikipedia 
ÁExplicit Semantic Analysis 

[Gabrilovich & MarkovitchI, IJCAI `07] 

ÁWord Wide Web 
ÁHitcount (Dice coeffient) 

[Kilgarriff & Grefenstette, CL `03] 

ÁImage search 
ÁVisually more relevant 

ÁHitcount  (Dice coeffient) 

 
 

Semantic Relatedness Measures [Rohrbach et al., CVPR `10]  

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  

 
 
 
 
 

A farm is an area of lan 

the training of horses.  

 

 

 

 

 

 

 

 

 

 

 

A hoof is the tip of a toe 

 

Rear hooves of a horse  

Hoof 

Farm 

Tusks are long teeth, u 

Elephants and narwhals 

Tusk 

Article horse elephant 
Farm 3 0 
Hoof 2 1 
Tusk 0 4 
Χ Χ Χ 

A farm is an area of lan 

the training of horses.  

 

 

 

 

 

 

 

 

 

 

 

A hoof is the tip of a toe 

 

Rear hooves of a horse  

Most evem tped ungulat 

Hoof 

Farm 

Tusks are long teeth, u 

Elephants and narwhals 

Tusk 

cosine 



24 

ÁWordNet 
ÁLin measure  

[Budanitsky & Hirst, CL `06] 

ÁWikipedia 
ÁExplicit Semantic Analysis 

[Gabrilovich & MarkovitchI, IJCAI `07] 

ÁWord Wide Web 
ÁHitcount (Dice coeffient) 

[Kilgarriff & Grefenstette, CL `03] 

ÁImage search 
ÁVisually more relevant 

ÁHitcount  (Dice coeffient) 

Semantic Relatedness Measures [Rohrbach et al., CVPR `10]  

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  

 
 
 
 
 



25 

ÁWordNet 
ÁLin measure  

[Budanitsky & Hirst, CL `06] 

ÁWikipedia 
ÁExplicit Semantic Analysis 

[Gabrilovich & MarkovitchI, IJCAI `07] 

ÁWord Wide Web 
ÁHitcount (Dice coeffient) 

[Kilgarriff & Grefenstette, CL `03] 

ÁImage search 
ÁVisually more relevant 

ÁHitcount  (Dice coeffient) 

Semantic Relatedness Measures [Rohrbach et al., CVPR `10]  

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  

 
 
 
 
 

We watched a 
horse race 
yesterday. [..] 
Tomorrow we 
go in the zoo to 
look at the 
baby elephant. 

αthe dance of the 
horse and elephantά 

web search image search 

[http://www.flickr.com/photos/ 

 lahierophant/2099973716/] 

Incidental  
co-occurence 

Terms refer to same 
entity (the image) 



26 

ÁMotivation 

ÁDataset [Lampert, CVPR 09] & measures [Rohrbach, CVPR 10]  

ÁImprove attribute-based knowledge transfer [this paper] 

1. Importance of parameter selection 

2. New measures 

3. Combining measures 

4. Expanded attribute inventory 

5. Classifier level fusion 

ÁConclusion 

ÁGoal reached? 

Outline 
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ÁBinarization threshold: 
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ÁBinarization threshold: 
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ÁYahoo web search 
U Distant co-occurrences 

increase noise. 
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ÁYahoo web search 
U Distant co-occurrences 

increase noise. 
ÁYahoo Near 
V Enforces local proximity 
Á Distance max 4 words 
άhorse * * * * legέ 

Á Dice coefficient 
 
Ὄὅὸ ὔὉὃὙ ὸ

Ὄὅὸ Ὄὅὸ
 

 
with Ὄὅ  Hitcount 

Yahoo Near [Delezoide et al., OntoImage ̀ 08]  
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ÁYahoo Near 

ÁSignificantly improves  
over Yahoo web search 

ÁSimilar to 

ÁYahoo Image / Flickr Image 

Yahoo Near - Results 
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ÁText snippets returned by 
search engine (first 1000) 

ÁApproach 
ÁQuery object term (horse) 

ÁCount attribute (e.g. leg) 
occurrence: 
Ὢὸͽὸ ὪὰὩὫͽὬέὶίὩ 

ÁAnd vice versa όƘƻǊǎŜϪ ƭŜƎύ 

ÁDice 
ͽ ͽ

ͽ ͽ
 

 

 

Yahoo Snippets [Chen et al., ACL `06]  
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Yahoo Snippets - Results 

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  
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ÁMotivation 

ÁDataset [Lampert, CVPR 09] & measures [Rohrbach, CVPR 10]  

ÁImprove attribute-based knowledge transfer [this paper] 

1. Importance of parameter selection 

2. New measures 

3. Combining measures 

4. Expanded attribute inventory 

5. Classifier level fusion 

ÁConclusion 

ÁGoal reached? 

Outline 
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Restriction to best five measures 
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ÁBenefit from  
complementary nature 

ÁCombine measures 

ÁMedian (robust) 

ÁSimilarity values of measures 

ÁDifferently distributed 

ÁUse attribute ranks instead 

 

 

Combined Semantic Relatedness Measures 
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Combined Semantic Relatedness Measures - Results 

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  

ÁMedian attr. ranks (red) 

ÁVery high performance 

ÁFor low and high fraction 
of active attributes 

ÁMedian similarity values 
(orange) 

ÁDoes not significantly 
improve over individual 
measures 

0 0.1 0.2 0.3 0.4 0.5 0.6
55

60

65

70

75

80

m
e
a
n
 a

u
c
 (

in
 %

)

fraction of active attributes

 

 

0 0.1 0.2 0.3 0.4 0.5 0.6
55

60

65

70

75

80

m
e
a
n
 a

u
c
 (

in
 %

)

fraction of active attributes

 

 

manual def. ass.

Wikipedia (Vector)

Yahoo Snippets

median - attr. ranks

median - similarity vals



40 

ÁCluster attributes automatically (k-means) 

ÁIncrease robustness 

ÁExpand attribute inventory 

Expanded Attribute Inventory 
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ÁIncrease robustness 
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Expanded Attribute Inventory 
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ÁPerformance improves 

ÁIn all cases 

 

ÁNo. of expanded attributes 

Á164 

 

ÁCluster associations binary 

ÁNo threshold to pick 
 

 
 

Expanded Attribute Inventory - Results 
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ÁSo far: 
ÁImproved  

class-attribute  
associations (cyan) 

Classifier Fusion 
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ÁSo far: 
ÁImproved  

class-attribute  
associations (cyan) 

ÁNow: 
ÁCombine attribute 

classifiers of different 
measures 

ÁProduct of 
probabilities 

Classifier Fusion - Results 
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ÁPerformance on par  
with fully supervised 
ÁExpanded attribute set  

(164 clustered) 

 

ÁMore stable results for  
AwA attributes. 
ÁNo improvements for peak 

performance 

Classifier Fusion - Results 

PNA 2010 | Combining Language Sources & Robust SR for Attribute-based Knowledge Transfer | Marcus Rohrbach |  
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ÁDataset [Lampert, CVPR 09] & measures [Rohrbach, CVPR 10]  
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Conclusion 
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Improvements by 

1. New measures 

2. Expanded attributes 

3. Combining semantic 
relatedness 

4. Fusion  
on Classifier level 

 

Ĕ Performance on par 
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Questions? 
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Thank you! 

Software? 
     http://www.mpi -inf.mpg.de/~rohrbach/ 
       

 

# additional images from known classes in test set 


