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Large Scale Retrieval and Generation of Image Descriptions
V. Ordonez, X. Han, P. Kuznetsova, G. Kulkarni, M. Mitchell, K. Yamaguchi, K. 
Stratos, A. Goyal, J. Dodge, A. Mensch, H. Daume III, A.C. Berg, Y. Choi, T.L. 
Berg. International Journal of Computer Vision. IJCV 2015.

Image Captioning

Past Work

http://vicenteordonez.com/files/ijcv_bigdata.pdf
http://vicenteordonez.com/index.html
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Large Scale Retrieval and Generation of Image Descriptions
V. Ordonez, X. Han, P. Kuznetsova, G. Kulkarni, M. Mitchell, K. Yamaguchi, K. 
Stratos, A. Goyal, J. Dodge, A. Mensch, H. Daume III, A.C. Berg, Y. Choi, T.L. 
Berg. International Journal of Computer Vision. IJCV 2015.

Image Captioning

From Large Scale Image Categorization to Entry-Level Categories 
Vicente Ordonez, Jia Deng, Yejin Choi, Alexander C. Berg, Tamara L. Berg. 
IEEE International Conference on Computer Vision. ICCV 2013. 

Entry-level Categories

Best Paper Award - Marr Prize

Past Work

http://vicenteordonez.com/files/ijcv_bigdata.pdf
http://vicenteordonez.com/index.html
http://vicenteordonez.com/entrylevel/index.html
http://vicenteordonez.com/index.html
http://ai.stanford.edu/~jiadeng/
http://homes.cs.washington.edu/~yejin/
http://acberg.com/
http://tamaraberg.com/
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Referring Expressions
ReferItGame: Referring to Objects in Photographs of Natural Scenes
Sahar Kazemzadeh, Vicente Ordonez, Mark Matten, Tamara L. Berg. 
Empirical Methods on Natural Language Processing. EMNLP 2014. 

Large Scale Retrieval and Generation of Image Descriptions
V. Ordonez, X. Han, P. Kuznetsova, G. Kulkarni, M. Mitchell, K. Yamaguchi, K. 
Stratos, A. Goyal, J. Dodge, A. Mensch, H. Daume III, A.C. Berg, Y. Choi, T.L. 
Berg. International Journal of Computer Vision. IJCV 2015.

Image Captioning

From Large Scale Image Categorization to Entry-Level Categories 
Vicente Ordonez, Jia Deng, Yejin Choi, Alexander C. Berg, Tamara L. Berg. 
IEEE International Conference on Computer Vision. ICCV 2013. 

Entry-level Categories

Best Paper Award - Marr Prize

Past Work

http://tamaraberg.com/referitgame/
http://vicenteordonez.com/index.html
http://tamaraberg.com/
http://vicenteordonez.com/files/ijcv_bigdata.pdf
http://vicenteordonez.com/index.html
http://vicenteordonez.com/entrylevel/index.html
http://vicenteordonez.com/index.html
http://ai.stanford.edu/~jiadeng/
http://homes.cs.washington.edu/~yejin/
http://acberg.com/
http://tamaraberg.com/
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Learning Beyond Pixel Data (e.g.  Visual Layouts,  Abstract Scenes)

Recent Work
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Stating the Obvious: Extracting Visual Common Sense Knowledge 
Mark Yatskar, Vicente Ordonez, Ali Farhadi. 
North American Chapter of the Association for Computational 
Linguistics. NAACL 2016.

Learning Beyond Pixel Data (e.g.  Visual Layouts,  Abstract Scenes)

Recent Work

hold(people, umbrella)

wear(people, shoes)

hold(people, backpack)

covers(umbrella, people)

http://vicenteordonez.com/files/naacl2016.pdf
http://homes.cs.washington.edu/~my89/
http://vicenteordonez.com/index.html
https://homes.cs.washington.edu/~ali/
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Obj2Text: Generating Visually Descriptive Language from Object Layouts 
Xuwang Yin, Vicente Ordonez. 
Empirical Methods in Natural Language Processing. EMNLP 2017.

Stating the Obvious: Extracting Visual Common Sense Knowledge 
Mark Yatskar, Vicente Ordonez, Ali Farhadi. 
North American Chapter of the Association for Computational 
Linguistics. NAACL 2016.

Learning Beyond Pixel Data (e.g.  Visual Layouts,  Abstract Scenes)

Recent Work

A woman sitting in a 
couch with a man 

holding a doughnut.a: three buses parked in a parking lot
b: a bus is parked in front of a bus stop

a: two people riding on the back of an elephant
b: a man and a woman riding on the back of an elephant

a: a man is riding a horse and a dog is carrying a bag
b: two dogs are sitting on the back of a horse

bus bus bus person
person

elephant

elephant

person

dog
dog

boottle

truck
truck

horse

a: a group of people standing around a parking meter
b: a man riding a motorcycle down a street

a: a woman sitting on a couch with a man holding a doughnut
b: a woman and a child sitting at a table with food

a: two young girls holding tennis racquets on a court
b: a man holding a tennis racquet on a tennis court

motorcycle
personpersonpersonperson

person person

bag

bag
bag

boottle
boottle

donut

person person

bag bag

cupcup

couch
person

person

tennis racket

http://vision.cs.virginia.edu/obj2text
http://vicenteordonez.com/index.html
http://vicenteordonez.com/files/naacl2016.pdf
http://homes.cs.washington.edu/~my89/
http://vicenteordonez.com/index.html
https://homes.cs.washington.edu/~ali/
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Obj2Text: Generating Visually Descriptive Language from Object Layouts 
Xuwang Yin, Vicente Ordonez. 
Empirical Methods in Natural Language Processing. EMNLP 2017.

Stating the Obvious: Extracting Visual Common Sense Knowledge 
Mark Yatskar, Vicente Ordonez, Ali Farhadi. 
North American Chapter of the Association for Computational 
Linguistics. NAACL 2016.

Learning Beyond Pixel Data (e.g.  Visual Layouts,  Abstract Scenes)

Recent Work

Text2Scene: Generating Abstract Scenes from Textual Descriptions 
Fuwen Tan, Song Feng, Vicente Ordonez. 
arXiv:1809.01110. September 2018.

A woman sitting in a 
couch with a man 

holding a doughnut.

a: three buses parked in a parking lot
b: a bus is parked in front of a bus stop

a: two people riding on the back of an elephant
b: a man and a woman riding on the back of an elephant

a: a man is riding a horse and a dog is carrying a bag
b: two dogs are sitting on the back of a horse

bus bus bus person
person

elephant

elephant

person

dog
dog

boottle

truck
truck

horse

a: a group of people standing around a parking meter
b: a man riding a motorcycle down a street

a: a woman sitting on a couch with a man holding a doughnut
b: a woman and a child sitting at a table with food

a: two young girls holding tennis racquets on a court
b: a man holding a tennis racquet on a tennis court

motorcycle
personpersonpersonperson

person person

bag

bag
bag

boottle
boottle

donut

person person

bag bag

cupcup

couch
person

person

tennis racket

http://vision.cs.virginia.edu/obj2text
http://vicenteordonez.com/index.html
http://vicenteordonez.com/files/naacl2016.pdf
http://homes.cs.washington.edu/~my89/
http://vicenteordonez.com/index.html
https://homes.cs.washington.edu/~ali/
https://arxiv.org/abs/1809.01110
https://researcher.watson.ibm.com/researcher/view.php?person=us-sfeng
http://vicenteordonez.com/
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Fairness / Reducing and Addressing biases / Societal Stereotypes Effects in Vision and Language

Recent Work
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Men Also Like Shopping: Reducing Gender Bias Amplification using 
Corpus-level Constraints 
Jieyu Zhao, Tianlu Wang, Mark Yatskar, Vicente Ordonez, Kai-Wei Chang. 
Empirical Methods in Natural Language Processing. EMNLP 2017.
Best Long Paper Award!

Fairness / Reducing and Addressing biases / Societal Stereotypes Effects in Vision and Language

Recent Work

http://vicenteordonez.com/files/bias.pdf
http://vicenteordonez.com/files/bias.pdf
http://homes.cs.washington.edu/~my89/
http://vicenteordonez.com/index.html
http://www.cs.virginia.edu/~kc2wc/


Vicente Ordonez - University of  Virginia - SAP Leonardo Machine Learning Research Retreat 2018 - Munich, Germany

Men Also Like Shopping: Reducing Gender Bias Amplification using 
Corpus-level Constraints 
Jieyu Zhao, Tianlu Wang, Mark Yatskar, Vicente Ordonez, Kai-Wei Chang. 
Empirical Methods in Natural Language Processing. EMNLP 2017.

Gender Bias in Coreference Resolution: Evaluation and Debiasing Methods 
Jieyu Zhao, Tianlu Wang, Mark Yatskar, Vicente Ordonez, Kai-Wei Chang. 
North American Chapter of the Association for Computational 
Linguistics. NAACL 2018. short. 

Best Long Paper Award!

Fairness / Reducing and Addressing biases / Societal Stereotypes Effects in Vision and Language

Recent Work

[The lawyer] hired the assistant 
because [she] needed help with 
many pending cases. 

The lawyer hired [the assistant] 
because [he] was unemployed.

http://vicenteordonez.com/files/bias.pdf
http://vicenteordonez.com/files/bias.pdf
http://homes.cs.washington.edu/~my89/
http://vicenteordonez.com/index.html
http://www.cs.virginia.edu/~kc2wc/
http://vicenteordonez.com/#
http://homes.cs.washington.edu/~my89/
http://vicenteordonez.com/index.html
http://www.cs.virginia.edu/~kc2wc/
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How to make our models Better! e.g Faster, Use Less Data or More Flexible.

Recent Work
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XNOR-Net: ImageNet Classification Using Binary Convolutional Neural Networks 
Mohammad Rastegari, Vicente Ordonez, Joseph Redmon, Ali Farhadi. 
European Conference on Computer Vision. ECCV 2016. Amsterdam, The 
Netherlands. October 2016.

How to make our models Better! e.g Faster, Use Less Data or More Flexible.

Recent Work

http://arxiv.org/abs/1603.05279
http://www.umiacs.umd.edu/~mrastega/
http://vicenteordonez.com/index.html
http://pjreddie.com/
https://homes.cs.washington.edu/~ali/
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XNOR-Net: ImageNet Classification Using Binary Convolutional Neural Networks 
Mohammad Rastegari, Vicente Ordonez, Joseph Redmon, Ali Farhadi. 
European Conference on Computer Vision. ECCV 2016. Amsterdam, The 
Netherlands. October 2016.

How to make our models Better! e.g Faster, Use Less Data or More Flexible.

Commonly Uncommon: Semantic Sparsity in Situation Recognition 
Mark Yatskar, Vicente Ordonez, Luke Zettlemoyer, Ali Farhadi. 
Intl. Conference on Computer Vision and Pattern Recognition. CVPR 2017.

Recent Work

http://arxiv.org/abs/1603.05279
http://www.umiacs.umd.edu/~mrastega/
http://vicenteordonez.com/index.html
http://pjreddie.com/
https://homes.cs.washington.edu/~ali/
https://arxiv.org/abs/1612.00901
http://homes.cs.washington.edu/~my89/
http://vicenteordonez.com/index.html
https://www.cs.washington.edu/people/faculty/lsz
https://homes.cs.washington.edu/~ali/
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XNOR-Net: ImageNet Classification Using Binary Convolutional Neural Networks 
Mohammad Rastegari, Vicente Ordonez, Joseph Redmon, Ali Farhadi. 
European Conference on Computer Vision. ECCV 2016. Amsterdam, The 
Netherlands. October 2016.

How to make our models Better! e.g Faster, Use Less Data or More Flexible.

Commonly Uncommon: Semantic Sparsity in Situation Recognition 
Mark Yatskar, Vicente Ordonez, Luke Zettlemoyer, Ali Farhadi. 
Intl. Conference on Computer Vision and Pattern Recognition. CVPR 2017.

Recent Work

http://arxiv.org/abs/1603.05279
http://www.umiacs.umd.edu/~mrastega/
http://vicenteordonez.com/index.html
http://pjreddie.com/
https://homes.cs.washington.edu/~ali/
https://arxiv.org/abs/1612.00901
http://homes.cs.washington.edu/~my89/
http://vicenteordonez.com/index.html
https://www.cs.washington.edu/people/faculty/lsz
https://homes.cs.washington.edu/~ali/
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XNOR-Net: ImageNet Classification Using Binary Convolutional Neural Networks 
Mohammad Rastegari, Vicente Ordonez, Joseph Redmon, Ali Farhadi. 
European Conference on Computer Vision. ECCV 2016. Amsterdam, The 
Netherlands. October 2016.

How to make our models Better! e.g Faster, Use Less Data or More Flexible.

Commonly Uncommon: Semantic Sparsity in Situation Recognition 
Mark Yatskar, Vicente Ordonez, Luke Zettlemoyer, Ali Farhadi. 
Intl. Conference on Computer Vision and Pattern Recognition. CVPR 2017.

Recent Work

Feedback-prop: Convolutional Neural Network Inference under Partial Evidence 
Tianlu Wang, Kota Yamaguchi, Vicente Ordonez. 
Intl. Conference on Computer Vision and Pattern Recognition. CVPR 2018. 

http://arxiv.org/abs/1603.05279
http://www.umiacs.umd.edu/~mrastega/
http://vicenteordonez.com/index.html
http://pjreddie.com/
https://homes.cs.washington.edu/~ali/
https://arxiv.org/abs/1612.00901
http://homes.cs.washington.edu/~my89/
http://vicenteordonez.com/index.html
https://www.cs.washington.edu/people/faculty/lsz
https://homes.cs.washington.edu/~ali/
https://arxiv.org/abs/1710.08049
http://www.cs.virginia.edu/~tw8cb/
http://vision.is.tohoku.ac.jp/~kyamagu/
http://vicenteordonez.com/index.html
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Feedback-prop

Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
CVPR 2018

Tianlu Wang        Kota Yamaguchi       Vicente Ordonez
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How do we model problems? Case in point: Vision and Language

P(          ,            )Two people playing with a 
kite on the beach



Vicente Ordonez - University of  Virginia - SAP Leonardo Machine Learning Research Retreat 2018 - Munich, Germany

If we had access to this:

P(          ,            )Two people playing with 
a kite on the beach

A few things we might be able to do (in principle) by marginalizing variables:

P(          /            )Two people playing with 
a kite on the beach

Image Synthesis  (continuous)
Image Retrieval  (discrete)

P(             /         )Two people playing with 
a kite on the beach

Image Captioning

P(     /         ,            )The person 
holding the kite

Referring Expressions
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Let’s take multilingual image captioning

P(            ,            /          )Two people playing with 
a kite on the beach

Dos personas jugando en 
la playa con una cometa.

Then we can marginalize and only need one model to do translation both ways!

P(            /            ,          )Two people playing with 
a kite on the beach

Dos personas jugando en 
la playa con una cometa. P(            /            ,          )Two people playing with 

a kite on the beach
Dos personas jugando en 
la playa con una cometa.
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• [In most cases] once a model its trained, input and output variables are fixed.

Neural Networks: Rigid Model

apple: 0.26

banana: 0.32

fork: 0.76

hat: 0.64

person: 0.86

table: 0.84

Forward Propagation! !"
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• [In most cases] once a model its trained, input and output variables are fixed.

Two people selling fruit on 
the street.

Dos personas vendiendo 
comida.

person, person, fruit, 
vegetable, hat, outdoor

Forward Propagation! !"

individual outputs can be complex and structured

Neural Networks: Rigid Model
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• [In most cases] once a model its trained, input and output variables are fixed.

apple: 0.26

banana: 0.32

fork: 0.76

hat: 0.64

person: 0.86

table: 0.84

Forward Propagation! !"

Neural Networks: Rigid Model

But we will use this as our running example for simplicity
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• [In most cases] once a model its trained, input and output variables are fixed.

apple: 0.26

banana: 0.32

fork: 0.76

hat: 0.64

person: 0.86

table: 0.84

Forward Propagation! !"
apple: 1

banana: 1

What happens if we know the image has an apple and a banana? 
How do we leverage that extra information?

Neural Networks: Rigid Model
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• [In most cases] once a model its trained, input and output variables are fixed.

P(                    /           )
apple

banana

fork

hat

person

tableWe have:

apple

bananaP(                    /          ,            )
fork

hat

person

tableBut we need:

Neural Networks: Rigid Model
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A simple (naive?) solution

fork: 0.76

hat: 0.64

person: 0.86

table: 0.84

apple: 1

banana: 1

But breaks if for a given example we are given other subset of labels as known.
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P(                    /           )
apple

banana

fork

hat

person

tableTrain this:

Main Contribution

Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
Tianlu Wang, Kota Yamaguchi, Vicente Ordonez. CVPR 2018

apple

bananaP(                    /          ,            )
fork

hat

person

table

But be able to execute this at test time: (for any arbitrary subset of known variables)
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apple:

banana:

fork:

hat:

person:

table:

banana: 1

fork: 0

person: 1

! !

Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
CVPR 2018

Initial Condition:  
          * Multi-task network trained.   
          * Input Image + Input partial evidence.
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apple: 0.26

banana: 0.32

fork: 0.76

hat: 0.64

person: 0.86

table: 0.84

banana: 1

fork: 0

person: 1

! !!"

Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
CVPR 2018

Forward Propagation

Step 1: Forward-propagate and estimate jointly the scores for all variables.
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apple: 0.26

banana: 0.32

fork: 0.76

hat: 0.64

person: 0.86

table: 0.84

banana: 1

fork: 0

person: 1

! !!"

Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
CVPR 2018

Forward Propagation

Step 2: Compute partial loss between known labels and their current scores.

!(#$%, #%)
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apple: 0.26

banana: 0.32

fork: 0.76

hat: 0.64

person: 0.86

table: 0.84

banana: 1

fork: 0

person: 1

! !!"

Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
CVPR 2018

Truncated Backward Propagation

Pivot variable: !"

Step 3: Update a pivoting intermediate representation so that the partial loss is minimized.

!(#$%, #%)Pivot variable update: !" = !" − %	'(/'!"
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apple: 0.48

banana: 0.62

fork: 0.36

hat: 0.74

person: 0.96

table: 0.64

banana: 1

fork: 0

person: 1

! !!"

Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
CVPR 2018

Truncated Forward Propagation

Updated pivot variable: !"

Step 4: Forward-propagate with updated pivoting variable and recompute partial loss.

!(#$%, #%)



Vicente Ordonez - University of  Virginia - SAP Leonardo Machine Learning Research Retreat 2018 - Munich, Germany

apple: 0.48

banana: 0.62

fork: 0.36

hat: 0.74

person: 0.96

table: 0.64

banana: 1

fork: 0

person: 1

! !!"

Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
CVPR 2018

Truncated Backward Propagation

Pivot variable: !"

Step 3: Update a pivoting intermediate representation so that the partial loss is minimized.

!(#$%, #%)Pivot variable update: !" = !" − %	'(/'!"



Vicente Ordonez - University of  Virginia - SAP Leonardo Machine Learning Research Retreat 2018 - Munich, Germany

apple: 0.78

banana: 0.82

fork: 0.16

hat: 0.79

person: 0.99

table: 0.34

banana: 1

fork: 0

person: 1

! !!"

Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
CVPR 2018

Truncated Forward Propagation

Updated pivot variable: !"

Step 4: Forward-propagate with updated pivoting variable and recompute partial loss.

!(#$%, #%)

Repeat until stopping criteria
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apple: 0.78

banana: 0.82

fork: 0.16

hat: 0.79

person: 0.99

table: 0.34

banana: 1

fork: 0

person: 1

! !!"

Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
CVPR 2018

Truncated Forward Propagation

Updated pivot variable: !"

It is clear the effect of the pivoting variable on the known labels

!(#$%, #%)

???

???

???

But what is the effect on the unknown labels? Do they improve?
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Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
CVPR 2018

Answer: Their accuracy improves! This just works!
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Feedback-prop: Convolutional Neural Network Inference with Partial Evidence.
CVPR 2018

We also propose more technical contributions with the same underlying idea: 

How to avoid committing to a specific intermediate pivot representation

Refer to the paper for more details.  Available on arxiv for now.
https://arxiv.org/abs/1710.08049
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Task 1: Multi-label Prediction between sets of non-
overlapping concepts

Predict 500  
visual concepts

Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models

Toronto	(2014)

Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Predict 500  
visual concepts

Train model to predict two non-overlapping sets of visual concepts.
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Task 1: Multi-label Prediction between sets of non-
overlapping concepts

Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models

Toronto	(2014)

Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Predict 500  
visual concepts

Evaluate on one of the sets: meanAP: ~27%
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Task 1: Multi-label Prediction between sets of non-
overlapping concepts

Predict 500  
visual concepts

Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models

Toronto	(2014)

Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Predict 500  
visual concepts

Evaluate on one of the sets: meanAP: ~27% meanAP: ~29.5%

* Averaged across many possible set selections.
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Task 1I: Images + News Text + News Captions

Words from news 
text

Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models

Toronto	(2014)

Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Words from news 
captions

Train model to predict words from news captions + words from news articles 
 with non-overlapping vocabularies.
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Task 1I: Images + News Text + News Captions
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EPFL	/	IDIAP(2015)

Words from news 
captions

Evaluate on caption words: meanAP: ~19.92%
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Task 1I: Images + News Text + News Captions
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Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Words from news 
captions

Evaluate on caption words: meanAP: 19.92% meanAP: 22.57%
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Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks
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Task III: Image Captioning + Object Categorization

Recognize 80 
object categories

Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models

Toronto	(2014)

Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Generated Caption

Train model to predict captions and objects in the image.

Recurrent  
Text Decoder
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Task III: Image Captioning + Object Categorization

Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models
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Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Generated Caption

Recurrent  
Text Decoder

Evaluation on captions: CIDEr:  94.6
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Task III: Image Captioning + Object Categorization

Recognize 80 
object categories

Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models

Toronto	(2014)

Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Generated Caption

Recurrent  
Text Decoder

CIDEr:  99.2
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Task III: Image Captioning + Object Categorization

Recognize 80 
object categories

Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models
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Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Generated Caption

Recurrent  
Text Decoder

We did not try this but should also work!
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Task IV: Scene Attributes + Scene Coarse Labels: SUN Dataset

Scene Attributes
Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models

Toronto	(2014)

Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Coarse Scene Labels
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Task IV: Scene Attributes + Scene Coarse Labels: SUN Dataset

Scene Attributes
Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models

Toronto	(2014)

Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)Evaluate on scene attributes: meanAP: 52.83%
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Task IV: Scene Attributes + Scene Coarse Labels: SUN Dataset

Scene Attributes
Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)
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Image	Caption	Generator
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Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Coarse Scene Labels

meanAP: 58.70%meanAP: 52.83% meanAP: 58.45%
Hu et al 2016

Evaluate on scene attributes:
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Very Practical: Images don’t exist in a vacuum

“They seem to be having a lot of fun”

Images on social media have 
comments

"People pay respects 
to the victims”

“A man protests in 
the middle of the 

street”

“A lone Jewish settler 
challenges Israeli 
security forces”

News images have captions 
and content.

Many other examples: geo-
location, uploader information, 

context.
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Other Findings in our Paper

• Layer-wise analysis for Resnet-50 and VGG-16 for the best pivoting 
layers (where shared structure info is presumably maximal): Happens in 
the middle layers!  Not too close to input, not too close to outputs.  

• Extra information under this framework, even if noisy, or misleading, 
improves the predictions for the other tasks! and we did not even 
witness significant diminishing returns!! 

 55
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No diminishing returns? Just use more labels even if noisy
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Future Directions? Holy Grail of Deep CNNs

Pretend Labels e.g. 
Unsupervised Task 

Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models

Toronto	(2014)

Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Semantic Task e.g.  
Object classification
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Semantic Task



Vicente Ordonez - University of  Virginia - SAP Leonardo Machine Learning Research Retreat 2018 - Munich, Germany

Future Directions? Learning Visual Common-sense 
Knowledge from Visual Sources for pure language tasks!

Recognize 80 
object categories

Google	(2014)

Explain	Images	with	Multimodal	

Recurrent	Neural	Networks

Baidu	(2014)

Learning	a	Recurrent	Visual	

Representation	for	Image	

Caption	Generation

Microsoft	(2014)

Show	and	Tell:	A	Neural	

Image	Caption	Generator

Unifying	Visual-

Semantic	Embeddings	

with	Multimodal	Neural	

Language	Models

Toronto	(2014)

Deep	Visual-Semantic	

Alignments	for	Generating	

Image	Descriptions

Stanford	(2014)

Long-term	Recurrent	

Convolutional	 Networks	for	Visual	

Recognition	and	Description

Berkeley	(2014)

Translating	Videos	 to	Natural	

Language	Using	Deep	Recurrent	

Neural	Networks

UT	Austin	(2014)

Phrase-based	 Image	Captioning

EPFL	/	IDIAP(2015)

Generated Caption

Recurrent  
Text Decoder

Can we discard the  
input image if only 

evidence after training 
is non-visual?
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Still some way to go…

Feedback-prop

vs
Models trained explicitly 
under conditional labels
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Other Future Directions

• Unenrolled Feedback-propagation inference.

e.g simulate the feedback-process through a deeper network.
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• Unenrolled Feedback-propagation inference.

• Incorporating Feedback-Loops during training.

e.g simulate the feedback-process through a deeper network.

e.g. feedback-loops break the DAG nature of DNNs but there could be workarounds.
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