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Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt ut labore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameco
Iaboris nisi ut aliquip ex ea commodo con-

sequat. Duis aute irure dolor in reprehen-
deritin voluprate velit esse cillum dolore eu
fugiar nulla pariarur. Excepreur sint occae-
cat cupidatat non proident, sunt in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do eiusmod tempor in-
cididunt ut labore er dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
excitation ullameo laboris nisi ut aliquip ex
ea commadn conseauar. Puis anre irre

aliquip ex ea commodo consequa.

Duis aute irure dolor in reprehenderit in
voluprate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint occaecat cup-
idatat non proident, sunt in culpa qui offi-
cia deserunt mollit anim id est labarum.
Lorem ipsum sit amet, consectetur adipi-
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco laboris nisi utaliquip ex ca
commodo consequat, Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem
insum dolor sitamer. eonsecteneadiniseing
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Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt ut labore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameco
Iaboris nisi ut aliquip ex ea commodo con-
sequat. Duis aute irure dolor in reprehen-
deritin voluprate velit esse cillum dolore eu
fugiar nulla pariarur. Excepreur sint occae-
cat cupidatat non proident, sunt in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do eiusmod tempor in-
cididunt ut labore er dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
excitation ullameo laboris nisi ut aliquip ex
ea commadn o

weig

s aure irure

Eye

%Xtﬁ-u Im

aliquip ex ea commodo consequa.

Duis aute irure dolor in reprehenderit in
voluprate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint occaecat cup-
idatat non proident, sunt in culpa qui offi-
cia deserunt mollit anim id est labarum.
Lorem ipsum sit amet, consectetur adipi-
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco laboris nisi utaliquip ex ca
commodo consequat, Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem
insuggdolor sitamer. eonsectenradiniseing
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Lorem ipsum dolor
sit amet, consectetur adipiscing elit,
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Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt ut labore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameo
Iaboris nisi ut aliquip ex ea commodo con-
sequat. Duis aute irure dolor in reprehen-
deritin voluprate velit esse cillum dolore eu
fugiat nulla pariarur. Excepteur sint occae-
cat cupidatat non proident, suat in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do eiusmod tempor in-
cididunt ut labore er dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
excitation ullameo laboris nisi ut aliquip ex
ea commadn conseauar. Puis anre frre

aliquip ex ea commodo consequat.

Duis aute irure dolor in reprehenderit in
voluprate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint occaecat cup-
idatat non proident, sunt in culpa qui offi-
cia deserunt mollit anim id est laborum.
Lorem ipsum sit amet, consectetur adipi-
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco laboris nisi utaliquipex ca
commodo consequat. Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem
insum dolor sitamer. eonsectemadiniseing
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Image to Tag
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A Krizhevsky, | Sutskever, GE Hinton “Imagenet classification with deep convolutional neural networks”

NIPS 2012



https://scholar.google.es/citations?user=x04W_mMAAAAJ&hl=es&oi=sra
https://scholar.google.es/citations?user=JicYPdAAAAAJ&hl=es&oi=sra
http://papers.nips.cc/paper/4824-imagenet-classification-w
http://papers.nips.cc/paper/4824-imagenet-classification-w
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Image to Tag

=
[1,0,0]

[0,0,1]

Perronin, F., CVPR Tutorial on LSVR @ CVPR’14, Output embedding for LSVR

One-hot
representation
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Image to Tags: Adjective Noun Pairs

SMILING BABY

SUNNY LANDSCAPE

Borth, Damian, Rongrong Ji, Tao Chen, Thomas Breuel, and Shih-Fu Chang. "Large-scale visual sentiment
ontology and detectors using adjective noun pairs." ACMMM 2013.

11


http://www.ee.columbia.edu/ln/dvmm/publications/13/visual_sentiment_ontology_final.pdf
http://www.ee.columbia.edu/ln/dvmm/publications/13/visual_sentiment_ontology_final.pdf
http://www.ee.columbia.edu/ln/dvmm/publications/13/visual_sentiment_ontology_final.pdf

Image to Tags: Adjective Noun
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Delia Fernandez, Alejandro Woodward, Victor Campos, Xavier Giro-i-Nieto, Brendan Jou,
Shih-Fu Chang, “More cat than cute? Interpretable Prediction of Adjective-Noun Pairs”. 12



https://imatge.upc.edu/web/publications/clustering-and-prediction-adjective-noun-pairs-affective-computing

Image to Tags: Adjective Noun Pairs

Interpretation: Adjective vs Noun-oriented predictions

Noun-Oriented Adjective-Oriented

Cute Cat
% of Contribution (top-5)

Foggy Day
% of Contribution (top-5)

| i | Semantic  Visual

;ﬂj&ﬂim g;-;gi ég-ggg Adjective 62.16%  53.42%
ouns : : Nouns 37.83%  46.57%
Qﬁ) Delia Fernandez, Alejandro Woodward, Victor Campos, Xavier Giro-i-Nieto, Brendan Jou,

SOW_MBIA Shih-Fu Chang, “More cat than cute? Interpretable Prediction of Adjective-Noun Pairs”.
NIVERSITY



https://imatge.upc.edu/web/publications/clustering-and-prediction-adjective-noun-pairs-affective-computing

Image to Tags: Adjective Noun Pairs
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Happy Dog | Smiling Dog
top-5 adjectives top-5 nouns | top-5 adjectives top-5 nouns
happy dog smiling dog
smiling animals happy eyes
friendly pets friendly pets
playful grass funny blonde
funny eyes playful animals

Delia Fernandez, Alejandro Woodward, Victor Campos, Xavier Giro-i-Nieto, Brendan Jou,

Shih-Fu Chang, “More cat than cute? Interpretable Prediction of Adjective-Noun Pairs”.
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https://imatge.upc.edu/web/publications/clustering-and-prediction-adjective-noun-pairs-affective-computing

Sentiment

Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt ut labore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameo
Iaboris nisi ut aliquip ex ea commodo con-
sequat. Duis aute irure dolor in reprehen-
deritin voluprate velit esse cillum dolore eu
fugiat nulla pariatur. Excepteur sint occae-
cat cupidatat non proident, suat in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do eiusmod tempor in-
cididunt ut labere et dolore magna aliqua.
Utenim ad minim veniam, quis nostrud ex-
excitation ullameo laboris nisi ut aliquip ex
ea commadn conseauar. Puis anre frre

aliquip ex ea commodo consequat.

Duis aute irure dolor in reprehenderit in
voluprate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint accaecat cup-
idatat non proident, sunt in culpa qui offi-
cia deserunt mollit anim id est laborum.
Lorem ipsum sit amet, consectetur adipi-
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco laboris nisi utaliquipex ca
commodo consequat. Duis aute irure dolor
in reprehenderit in voluptare velir esse cil-
lum dolore eu fugiat nulla pariatur. Lorem
insum dolor sitamer. eonsectemadiniseing
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Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

ciusmod tempor incididunt ut labore et do-
ad minim ve-
reitarion ullamco
Iabaris nisi ut aliquip ex ea commoda con-
t. Duis aute irure dolor in reprehen-

cat cupidatat non proident, sunt in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consectetur
adipiscing elit, sed do ciusmod tempor in-
cididunt ut labore et dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
ercitation ullameo laboris nisi utaliquip ex
ea eommadn ennseonar. Diis ante ivre

aliquip ex ea commodo consequat.

Duis aute irure dolor in reprehenderitin
voluptate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint occaecat cup-
idatat non proident, sunt in culpa qui offi-
cia deserunt mollit anin id est laborum.
rem ipsum sit amet, consectetur adipi-
ing elit, sed do eiusmod tempor incidi-
dune ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco laboris nisi utaliquip ex ea
commoda consequat. Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem
insinm dolarsit amet. consecternr adiniseine
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Neural Machine Translation

La croissance économique a ralenti ces dernieres années .

\ Decode
[[z . 7] - Representation or
- Embedding
Encode

Economic growth has slowed down in recent years .

Kyunghyun Cho, “Introduction to Neural Machine Translation with GPUs” (2015) 16



https://devblogs.nvidia.com/parallelforall/introduction-neural-machine-translation-gpus-part-2/

Economic growth has slowed down in recent years .

Representation or
Embedding
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Word Embeddings
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http://colah.github.io/
http://colah.github.io/
http://colah.github.io/posts/2015-01-Visualizing-Representations/
http://colah.github.io/posts/2015-01-Visualizing-Representations/

Audio

entiment

Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt ut labore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameo
Iaboris nisi ut aliquip ex ea commodo con-
sequat. Duis aute irure dolor in reprehen-
deritin voluprate velit esse cillum dolore eu
fugiat nulla pariarur. Excepteur sint occae-
cat cupidatat non proident, suat in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do eiusmod tempor in-
cididunt ut labore er dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
excitation ullameo laboris nisi ut aliquip ex
ea commadn conseauar. Puis anre frre

aliquip ex ea commodo consequat.

Duis aute irure dolor in reprehenderit in
voluprate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint occaecat cup-
idatat non proident, sunt in culpa qui offi-
cia deserunt mollit anim id est laborum.
Lorem ipsum sit amet, consectetur adipi-
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco laboris nisi utaliquipex ca
commodo consequat. Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem
insum dolor sitamer. eonsectemadiniseing
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ECONOMIC GROWTH
IN PERCENTAGE

FYoe ' FY10 ' FY11 ' FY12 ' FY13 ' FY'14* 'FY14%%

* BR'S 1ST PROJECTION; ** BR'S ZND PROJECTION
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Captioning: Show & Tell

v

Vision Language A grou_p of people
Deep CNN Generating shopping at an
RNN outdoor market.

e > S ->

B 9 There are many
| vegetables at the
fruit stand.

Vinyals, Oriol, Alexander Toshev, Samy Bengio, and Dumitru Erhan. "Show and tell: A neural image caption
generator." CVPR 2015. 29


http://www.cv-foundation.org/openaccess/content_cvpr_2015/html/Vinyals_Show_and_Tell_2015_CVPR_paper.html
http://www.cv-foundation.org/openaccess/content_cvpr_2015/html/Vinyals_Show_and_Tell_2015_CVPR_paper.html
http://www.cv-foundation.org/openaccess/content_cvpr_2015/html/Vinyals_Show_and_Tell_2015_CVPR_paper.html

Captioning: DeeplmageSent

man in black shirt is playing guitar. construction worker in orange safety two young girls are playing with lego
vest is working on road. toy.

(Slides by Marc Bolanos): Karpathy, Andrej, and Li Fei-Fei. "Deep visual-semantic alignments for generating
image descriptions." CVPR 2015 23


https://docs.google.com/presentation/d/1iQjxV6-u1JtrY2V11qs5TyVz7LX65fcnYHp2pwZqm94/edit?usp=sharing
http://cs.stanford.edu/people/karpathy/deepimagesent/
http://cs.stanford.edu/people/karpathy/deepimagesent/
http://cs.stanford.edu/people/karpathy/deepimagesent/

Captioning: DeeplmageSent

“straw” “hat” END

START “straw” “hat”

(Slides by Marc Bolanos): Karpathy, Andrej, and Li Fei-Fei. "Deep visual-semantic alignments for
generating image descriptions." CVPR 2015

24


https://docs.google.com/presentation/d/1iQjxV6-u1JtrY2V11qs5TyVz7LX65fcnYHp2pwZqm94/edit?usp=sharing
http://cs.stanford.edu/people/karpathy/deepimagesent/
http://cs.stanford.edu/people/karpathy/deepimagesent/
http://cs.stanford.edu/people/karpathy/deepimagesent/

Captioning: Show, Attend & Tell

4 A
A
bird

flying
over

14x14 Feature Map

a
body
of
water
1. Input 2. Convolutional 3, RNN with attention 4. Word by

Image  Feature Extraction over the image word
generation

\. J

Xu, Kelvin, Jimmy Ba, Ryan Kiros, Kyunghyun Cho, Aaron C. Courville, Ruslan Salakhutdinov, Richard S.

Zemel, and Yoshua Bengio. "Show, Attend and Tell: Neural Image Caption Generation with Visual
Attention." ICML 2015

25


http://kelvinxu.github.io/projects/capgen.html
http://kelvinxu.github.io/projects/capgen.html
http://kelvinxu.github.io/projects/capgen.html

Captioning: Show, Attend & Tell

0.29)

group(0.62)

with(0.24) A(0.99)

¥

| Sl

Xu, Kelvin, Jimmy Ba, Ryan Kiros, Kyunghyun Cho, Aaron C. Courville, Ruslan Salakhutdinov, Richard S.

Zemel, and Yoshua Bengio. "Show, Attend and Tell: Neural Image Caption Generation with Visual
Attention." ICML 2015

26


http://kelvinxu.github.io/projects/capgen.html
http://kelvinxu.github.io/projects/capgen.html
http://kelvinxu.github.io/projects/capgen.html

Captioning (+ Detection): DenseCap

a plate of food. food on a plate. a blue cup on a
table. a plate of food. a blue bowl with red sauce.
a bowl of soup a cup of coffee. a bowl of
chocolate. a glass of water. a plate of food. a silver
“ container.

a table with food on it.
a slice of meat. yellow and white cheese.

Johnson, Justin, Andrej Karpathy, and Li Fei-Fei. "Densecap: Fully convolutional localization networks for
dense captioning." CVPR 2016 27



http://cs.stanford.edu/people/karpathy/densecap/
http://cs.stanford.edu/people/karpathy/densecap/
http://cs.stanford.edu/people/karpathy/densecap/

Captioning for video

5 HE B HE)E)
g L ﬂ m
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2

Visual Input.

Jeffrey Donahue, Lisa Anne Hendricks, Sergio Guadarrama, Marcus Rohrbach, Subhashini Venugopalan, Kate Saenko, Trevor

Darrel. Long-term Recurrent Convolutional Networks for Visual Recognition and Description, CVPR 2015. code

28


http://jeffdonahue.com/lrcn/
http://jeffdonahue.com/lrcn/
https://github.com/BVLC/caffe/pull/2033

Visual Question Answering (VQA)

What is the mustache
made of?

Al System

bananas

Antol, Stanislaw, Aishwarya Agrawal, Jiasen Lu, Margaret Mitchell, Dhruv Batra, C. Lawrence Zitnick, and
Devi Parikh. "VQA: Visual guestion answering." CVPR 2015.

29


http://www.cv-foundation.org/openaccess/content_iccv_2015/html/Antol_VQA_Visual_Question_ICCV_2015_paper.html

Visual Question Answering (VQA)

Question |

Slide credit: Issey Masuda

Visual
representation

CNN ‘

Merge

—>| Predict answer

What object is flying? :_

Textual
representation

Word/sentence
embedding + LSTM

Kite

30



Visual Question Answering (VQA) #swer

LSTM

Question
r—————"—"—"—"—- 1 -Timestep 2

| Question: | Word :

| What is the man doing? | embedding

I .

Timestep N Softmax

0.23 r————n

Fisher vector
representation

e B

Masuda, Issey, Santiago Pascual de la Puente, and Xavier Giro-i-Nieto. "Open-Ended Visual
Question-Answering." arXiv preprint arXiv:1610.02692 (2016).

Projection to
semantic space

0.51

——— e g

31


http://imatge-upc.github.io/vqa-2016-cvprw/
http://imatge-upc.github.io/vqa-2016-cvprw/
http://imatge-upc.github.io/vqa-2016-cvprw/

Video to Text: LipNet

- afl
F

sentence: RFlage blus in m 1 soan

Assael, Yannis M., Brendan Shillingford, Shimon Whiteson, and Nando de Freitas. "LipNet: Sentence-level
Lipreading." arXiv preprint arXiv:1611.01599 (2016). 32



https://arxiv.org/abs/1611.01599
https://arxiv.org/abs/1611.01599
https://arxiv.org/abs/1611.01599
http://www.youtube.com/watch?v=fa5QGremQf8

Video to Text: Watch, Listen, Attend & Spell

Chung, Joon Son, Andrew Senior, Oriol Vinyals, and Andrew Zisserman. "Lip reading sentences in the

wild." CVPR 2017

33


https://arxiv.org/abs/1611.05358
https://arxiv.org/abs/1611.05358
https://arxiv.org/abs/1611.05358
http://www.youtube.com/watch?v=5aogzAUPilE

Joint embeddings

Economic growth has slowed down in recent years .

ECONOMIC GROWTH
IN PERCENTAGE

FYoe ' FY10 ' FY11 ' FY12 ' FY13 ' FY'14* 'FY14%%
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Joint embeddings

Traditional Deep Visual Semantic Skip-gram
Visual Model Embedding Model Language Model
label Si/milarity metric nearby word
( softmax layer ) transformation
( softmax layer )
. ™\
I
core embedding embedding
visual vector vector
model paramete lookup table parameter lookup table
\ | J initializatio initialization
image label source word

Frome, Andrea, Greg S. Corrado, Jon Shlens, Samy Bengio, Jeff Dean, and Tomas Mikolov. "Devise: A
deep visual-semantic embedding model." NIPS 2013

35


http://papers.nips.cc/paper/5204-devise-a-deep-visual-semantic-embedding-model
http://papers.nips.cc/paper/5204-devise-a-deep-visual-semantic-embedding-model
http://papers.nips.cc/paper/5204-devise-a-deep-visual-semantic-embedding-model

Joint embeddings

Manifold of known classes ﬂ

New testimage from
unknown class

Zero-shot learning:

a class not present in the
training set of images
can be predicted

Socher, R., Ganjoo, M., Manning, C. D., & Ng, A., Zero-shot learning through cross-modal transfer.

NIPS 2013 [slides] [code]
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https://arxiv.org/abs/1301.3666
http://www.slideshare.net/roelofp/zero-shot-learning-through-crossmodal-transfer
http://www.gitxiv.com/posts/Q39L92rDedmncPHsF/zero-shot-learning-through-cross-modal-transfer

Joint embeddings

Input image

Visual model

Visual-Concept
space /
; s
beautiful dog > Embedding
il v > method

N\
Q\IP concept pool /

Gb Victor Campos, Délia Fernandez, Jordi Torres, Xavier Gir6-i-Nieto, Brendan Jou and Shih-Fu

COLUMBIA hana (work under proar
UNIVERSITY Chang (work under progress) .




Joint embeddings

Image and text retrieval with joint embeddings.

I

Ingredients
e 3 lbsl salmonl

« 1 teaspoon|cajun seasoning|

« 1 tablespoonolive oil|

Cooking Instructions

. Rinse off salmon and pat dry with paper towel.

. Drizzle cookie sheet with olive oil.

3. Place salmon (skin side down) on cookie sheet
and drizzle more oil on top.

. Shake Cajun seasoning on salmon to taste.

. Broil 15-20 minutes or until center of salmon is
done.

N =

(SN

= = Amaia Salvador, Nicholas Haynes, Yusuf Aytar, Javier Marin, Ferda Ofli, Ingmar Weber,

I Antonio Torralba, “Learning Cross-modal Embeddings for Cooking Recipes and Food
Images”. CVPR 2017 38


http://im2recipe.csail.mit.edu/im2recipe.html
http://im2recipe.csail.mit.edu/im2recipe.html
http://im2recipe.csail.mit.edu/im2recipe.html

Sentiment

Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt ut labore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameo
laboris nisi ut aliquip ex ea commodo con-
sequat. Duis aute irure dolor in reprehen-
deritin voluprate velit esse cillum dolore eu
fugiat nulla pariatur. Excepteur sint occae-
cat cupidatat non proident, sunt in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do eiusmod tempor in-
cididunt ut labore er dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
excitation ullameo laboris nisi ut aliquip ex
ea commadn conseauar. Puis anre frre

aliquip ex ea commodo consequat.

Duis aute irure dolor in reprehenderit in
voluprate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint accaecat cup-
idatat non proident, sunt in culpa qui offi-
«cia deserunt mollit anim id est laborum.
Lorem ipsum sit amet, consectetur adi
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco lahoris nisi ut aliquip ex ea
commodo consequat. Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem

insum dolorsitamer. consectenr adiniseing

Text

Eye gaze

Visual out)
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Image to image

Representation or

Embedding
Encoder ~ Decoder

/\
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Image to image: Colorization

Cross
entropy

256x256

128x128x64 64x64x128 32x32x256 16x16x512  8x8x512  4x4x512 1x1x1024 Discriminator Loss

&

Victor Garcia and Xavier Giro-i-Nieto, “Image Colorization with Conditional Generative
Adversarial Networks” (under progress)
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Image to image: Colorization

Gray NoGAN NoClass Full Model

’/L" *\\n "

Victor Garcia and Xavier Giro-i-Nieto, “Image Colorization with Conditional Generative
Adversarial Networks” (under progress)

GT
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Image to image #pix2pix

Labels to Street Scene Labels to Facade BW to Color

output
Edges to Photo

Day to Night

output inpt output input output

Isola, Phillip, Jun-Yan Zhu, Tinghui Zhou, and Alexei A. Efros. "Image-to-image translation with conditional
adversarial networks." arXiv preprint arXiv:1611.07004 (2016). 43



https://phillipi.github.io/pix2pix/
https://phillipi.github.io/pix2pix/
https://phillipi.github.io/pix2pix/

Sentiment

Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt ut labore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameo
laboris nisi ut aliquip ex ea commodo con-
sequat. Duis aute irure dolor in reprehen-
deritin voluprate velit esse cillum dolore eu
fugiat nulla pariatur. Excepteur sint occae-
cat cupidatat non proident, sunt in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do eiusmod tempor in-
cididunt ut labore er dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
excitation ullameo laboris nisi ut aliquip ex
ea commadn conseauar. Puis anre frre

aliquip ex ea commodo consequat.

Duis aute irure dolor in reprehenderit in
voluprate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint accaecat cup-
idatat non proident, sunt in culpa qui offi-
«cia deserunt mollit anim id est laborum.
Lorem ipsum sit amet, consectetur adi
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco lahoris nisi ut aliquip ex ea
commodo consequat. Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem

insum dolorsitamer. consectenr adiniseing

Text

Eye gaze

Visual out)
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Image to image and text

Sketches : Spatial text ; Descriptions
— | ?:' i “':m . || There is a bed with a striped bedspread. Beside
wai this is a nightstand with a drawer. There is also a

| " paow || peachowa ||tall dresser and a chair with a blue cushion. On
£ | it | the dresser is a jewelry box and a clock.
8 floor bed
5 I | | am inside a room surrounded by my favorite
2 | CF ||things. This room is filled with pillows and a

= bait - « | | comfortable bed. There are stuffed animals

| i — | everywhere. | have posters on the walls. My

| e e | jewelry box is on the dresser.
g I w g | There are brightly colored wooden tables with
o | poster ||little chairs. There is a rug in one corner with
@ L oy e ABC blocks on it. There is a bookcase with
© | wy ol | picture books, a larger teacher's desk and a
g | i} . | chalkboard.
G
T n I R m"“"’ | The young students gather in the room at their
% [ e - - | tables to color. They learn numbers and letters
O | oy [ il and play games. At nap time they all pull out
= | e || mats and go to sleep.
o [ — = 1

Aytar, Yusuf, Lluis Castrejon, Carl Vondrick, Hamed Pirsiavash, and Antonio Torralba. "Cross-Modal

Scene Networks." arXiv preprint arXiv:1610.09003 (2016).
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https://arxiv.org/abs/1610.09003
https://arxiv.org/abs/1610.09003
https://arxiv.org/abs/1610.09003

Image to image and text

. & T § % § B W 8 N N § N N N W N § N N N 8 % % °§8 ¥ 8 _ 0 B R N B N B B B 0 ¥ § ¥ § § § ¢ _§ ¥ ¥ & ¥ & 8 i
Unit 13: religious, church, plants,
Tower Roof | impressive, monks

I
I
1 1
Unit 241: | plants, fruits, basil, 1
Plants 1 land, mint :
Shared Cross-Modal
Representation
Modal
Specific CNNs
| ¢ (MLP)
|
Natural Images Sketches Clip Art Spatial Text Descriptions

Aytar, Yusuf, Lluis Castrejon, Carl Vondrick, Hamed Pirsiavash, and Antonio Torralba. "Cross-Modal
Scene Networks." arXiv preprint arXiv:1610.09003 (2016). 46
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https://arxiv.org/abs/1610.09003

Image to image and text

Real Clip art Spatial text Sketches

Query

Descriptions

T T
i " | Everything you could A very small or compact
eﬁnl (] need to make dinner, kitchen. These tiny
9: door cabinet : § 8L in one place. Mot kitchens typlcally have
door quite the size of a all of the regular
gn wall wal ] I x I full kitchen, but equipment found in
o ' [ I everything is there: their larger
o wall wall ' I ‘ 1 microwave, counterparts such as a
it ; s —l - ) refrigerator, and oven. refrigerator, stove,
cabine cabinet I and microwave, but they
A 1 = . are often smaller than
Sa 2
@ sink sink | I | 1 full sized appliances.
floor (] 1 The main purpose of
" 1
1 Ta in which 1 had walked inside a
(] | et | ¥ people work. It very tall building that
' 1 usually has many floors had many stories in it.
. 1 in which the various 1 just faced forward
building . ) floors are rented out  and saw the
window j to different companies. receptionist desk right
" It usually has vending  in front of me. I see
1 ! machines on each floor. several men and woman
window ' ' dressed in suits and
' . 1 their work attire. You
7 f could toll this was a
window . —— sorious sotting.
sy ' ' b ¥ The building appeared This defines the
b sky 5 r . § grand from the outside, perimeter of an Islamic
y 5 § with its turrots and city with high,
thick strong walls, but fortified walls to keep
castie 1 castle 1 ¥ inside the stone air out intruders. There
] ] was cold and clasmy. are often man
' ' The Few amall windows defenders inside and
wall i wall  wall " , were all that allowed  outside the walls. The
i plants i the sunlight to rosidents are
o Lo { | penotrato tho cavernous  relatively safe within
i o ! darkness. There were the borders of this
L} L} 1 many old rooms to area.
T _ 1
1 A large white covered Large ice mountain.
" " P land mass. It is Usually Weather near
W h 1 s surrounded by clouds at iceberg is very cold
Snowy_mountain ] Vs ) the top. You can see and windy. Huge water
i sikiers using trails and bubble sound oecurs
sky h oki lifts above the when the mountain
ground. It is winter starts melting.
o and many of the cabins  Whenever I think of
] at the base of the land Titanic Ship, I think
] mase are occcupied. of Ice mountain that
' There is a sign that caused it.
N warns be careful of

Aytar, Yusuf, Lluis Castrejon, Carl Vondrick, Hamed Pirsiavash, and Antonio Torralba. "Cross-Modal

Scene Networks." arXiv preprint arXiv:1610.09003 (2016).
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Image to image, tags & caption (multitask)

m

For each timestep

deconv _

conv relu

L

-

@

$Fr—

0
13 '

Conv }' Conv _._‘
L_’. [#]

LSTM | | LSTM

“
— f?
N3

| r

w="A" c=UNK

w = “dog” ¢ =dog

w="next” c=UNK

a dog next to a bicycle = —
- 0 e
Single pass for all timesteps = % > w
L_caption : cross-entropy : :
L_mask : soft loU with matched pairs through Hungarian (only for cl= UNK) é
L_class: cross-entropy of matched pairs — S %. —C W = “bi cy cle” ¢ = bi cy cle
e Amaia Salvador, Manel Baradad, Xavier Giro-i-Nieto, Ferran Marques (under progress).
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Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt ut labore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameo
Iaboris nisi ut aliquip ex ea commodo con-
sequat. Duis aute irure dolor in reprehen-
deritin voluprate velit esse cillum dolore eu
fugiat nulla pariarur. Excepteur sint occae-
cat cupidatat non proident, suat in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do eiusmod tempor in-
cididunt ut labore er dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
excitation ullameo laboris nisi ut aliquip ex
ea commadn conseauar. Puis anre frre

aliquip ex ea commodo consequat.

Duis aute irure dolor in reprehenderit in
voluprate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint occaecat cup-
idatat non proident, sunt in culpa qui offi-
cia deserunt mollit anim id est laborum.
Lorem ipsum sit amet, consectetur adipi-
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco laboris nisi utaliquipex ca
commodo consequat. Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem
insum dolor sitamer. eonsectemadiniseing

Text

\ Sentiment /

Eye

gaze

8.0 15.0 220 29.0 36.0 Hz

Power 10*log, ((V2/Hz)

=
|

)
S
|
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Image to Sentiment

m Campos, Victor, Amaia Salvador, Xavier Giro-i-Nieto, and Brendan Jou. "Diving deep into
comms S€Ntiment: Understanding fine-tuned cnns for visual sentiment prediction.” In Workshop on
JF Unversity  Affect & Sentiment in Multimedia, pp. 57-62. ACM, 2015. o1



https://github.com/imatge-upc/sentiment-2015-asm
https://github.com/imatge-upc/sentiment-2015-asm

Image to Sentiment

Qb Campos, Victor, Brendan Jou, and Xavier Giro-i-Nieto. "From pixels to sentiment:

@ Cowmsia  Fine-tuning cnns for visual sentiment prediction." Image and Vision Computing (2017).
UNIVERSITY
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https://github.com/imatge-upc/sentiment-2017-imavis
https://github.com/imatge-upc/sentiment-2017-imavis
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Sentiment

Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt ut labore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameo
Iaboris nisi ut aliquip ex ea commodo con-
sequat. Duis aute irure dolor in reprehen-
deritin voluprate velit esse cillum dolore eu
fugiat nulla pariarur. Excepteur sint occae-
cat cupidatat non proident, suat in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do eiusmod tempor in-
cididunt ut labore er dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
excitation ullameo laboris nisi ut aliquip ex
ea commadn conseauar. Puis anre frre

aliquip ex ea commodo consequat.

Duis aute irure dolor in reprehenderit in
voluprate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint occaecat cup-
idatat non proident, sunt in culpa qui offi-
cia deserunt mollit anim id est laborum.
Lorem ipsum sit amet, consectetur adipi-
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco laboris nisi utaliquipex ca
commodo consequat. Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem
insum dolor sitamer. eonsectemadiniseing

Text

\_ Eye gaze )

Power 10*log, ((V2/Hz)

=
|

)
S
|

8.0

15.0 220

36.0 Hz
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Image Ground truth Shallow ConvNet Deep Convnet

&

Pan, Junting, Elisa Sayrol, Xavier Giro-i-Nieto, Kevin McGuinness, and Noel E. O'Connor.

"Shallow and deep convolutional networks for saliency prediction." CVPR 2016 54


http://imatge-upc.github.io/saliency-2016-cvpr/
http://imatge-upc.github.io/saliency-2016-cvpr/

Image to Eye Gaze Prediction

Image Stimuli
+ Predicted
Saliency Map

g8,

Generator Discriminator

I Adversarial
B =
Cost

ff(f({m /

Conv-VGG o Pooling [ Upsampling [l Sigmoid
[0 Conv-Scratch M  Fully Connected

Image Stimuli
+ Ground Truth
Saliency Map

Junting Pan, Cristian Canton, Kevin McGuinness, Noel E. O’Connor, Jordi Torres, Elisa
@ @ Sayrol and Xavier Giro-i-Nieto. “SalGAN: Visual Saliency Prediction with Generative
Adversarial Networks.” arXiv. 2017. 55



https://imatge-upc.github.io/saliency-salgan-2017/
https://imatge-upc.github.io/saliency-salgan-2017/
https://imatge-upc.github.io/saliency-salgan-2017/

Image to Eye Gaze Prediction

Giro-i-Nieto. "Where is my Phone?: Personal Object Retrieval from Egocentric Images."

E Reyes, Cristian, Eva Mohedano, Kevin McGuinness, Noel E. O'Connor, and Xavier

ACMMM Workshop 2016
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https://imatge-upc.github.io/retrieval-2016-lostobject/

Audio

entiment

Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt ut labore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameo
Iaboris nisi ut aliquip ex ea commodo con-

sequat. Duis aute irure dolor in reprehen-
deritin voluprate velit esse cillum dolore eu
fugiat nulla pariarur. Excepteur sint occae-
cat cupidatat non proident, suat in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do eiusmod tempor in-
cididunt ut labore er dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
excitation ullameo laboris nisi ut aliquip ex
ea commadn conseauar. Puis anre frre

aliquip ex ea commodo consequat.

Duis aute irure dolor in reprehenderit in
voluprate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint occaecat cup-
idatat non proident, sunt in culpa qui offi-
cia deserunt mollit anim id est laborum.
Lorem ipsum sit amet, consectetur adipi-
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco laboris nisi utaliquipex ca
commodo consequat. Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem

insum dolorsitamer. consectenr adiniseing

Text

Eye

gaze
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Video to Audio Representations

Learn synthesized sounds from videos of people hitting objects with a drumstick.

.

B P~
.

d -
—

Input video

':( /

(Amplitude?)

_0'5 _[ TTTTTTTTT I TTT |.| TTTT l TTTTTTTITT | TTTTTITTTT | T |.| TTTTTT | TTTTTTITTT | TTTTTTTOoT | _0'5 _l TTTTTTTTT [ TTTTTITTT T | TTTTT |-| T | TrTTTTTITTT | TTTTTTT YT | rTTITTT -I TT | TTTTTTTTT |
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Time (seconds)

Predicted Sound

Owens, Andrew, Phillip Isola, Josh McDermott, Antonio Torralba, Edward H. Adelson, and William T.
Freeman. "Visually indicated sounds." CVPR 2016.
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http://vis.csail.mit.edu/

Video to Audio Representations

= T s
T S
; . i H
§ & E No
g| : end-to-end
- ‘ | N Y
oY /|

Video

= =
--

Time —

Owens, Andrew, Phillip Isola, Josh McDermott, Antonio Torralba, Edward H. Adelson, and William T.
Freeman. "Visually indicated sounds." CVPR 2016.



http://vis.csail.mit.edu/

Video to Audio Representations

i

¥ Visually Indicated Sourds

Andrew Owens Phillip Isola ~ “Josh M;Dermf:ntt

4 A
Antonio Torralba Edward Adelson WilliamﬂEreﬁfmah

a ity

Owens, Andrew, Phillip Isola, Josh McDermott, Antonio Torralba, Edward H. Adelson, and William T.
Freeman. "Visually indicated sounds." CVPR 2016.
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Video to Audio Representations

- r—

N \
3
-,-.* 3 Ny
¥ » i . Pt A\
o

No
end-to-end

audio .

j+160:j+480

LSP!

S, e R"

Ephrat, Ariel, and Shmuel Peleg. "Vid2speech: Speech Reconstruction from Silent Video." ICASSP 2017
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http://www.vision.huji.ac.il/vid2speech/

Video to Audio Representations

Ephrat, Ariel, and Shmuel Peleg. "Vid2speech: Speech Reconstruction from Silent Video." ICASSP 2017


http://www.youtube.com/watch?v=SAzF4mILwcA
http://www.youtube.com/watch?v=zBW5zUHVH9w
http://www.vision.huji.ac.il/vid2speech/

Learn audio representations from video

Object & Scenes recognition in videos by analysing the audio track (only).

Visual Recognition Networks
Unlabeled .

Video jﬁﬁﬁ & Object Distribution -
RGB Frames r ImageNet CNN A
. ‘ Ljﬁﬁﬁ ﬁ Scene Distribution T

] Places CNN

Raw
Waveform . conv7

conv
5 pool5 conv8
conv

conv4

i SoundNet Architecture

e Rt :
| :onvl"°° Deep 1D Convolutional Network
npu

Aytar, Yusuf, Carl Vondrick, and Antonio Torralba. "Soundnet: Learning sound representations from
unlabeled video." NIPS 2016.
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http://projects.csail.mit.edu/soundnet/
http://projects.csail.mit.edu/soundnet/
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Predicted Objects and Scenes from Sound Only
£ T

restaurant: 8.40%
coffee shop:.4.20%
bar: 4.12%

“

restaurant: 5.26% 3 :
candte:S.DE{.'& _
torch; 2.2 1%« » -

D s aassmny

(Videos are blurred so you can try to recognize yourself!)

Aytar, Yusuf, Carl Vondrick, and Antonio Torralba. "Soundnet: Learning sound representations from
unlabeled video." NIPS 2016. 64



http://www.youtube.com/watch?v=yJCjVvIY4dU
http://projects.csail.mit.edu/soundnet/
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entiment

Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt ut labore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullameo
Iaboris nisi ut aliquip ex ea commodo con-
sequat. Duis aute irure dolor in reprehen-
deritin voluprate velit esse cillum dolore eu
fugiat nulla pariarur. Excepteur sint occae-
cat cupidatat non proident, suat in culpa
qui officia deserunt mollit anim id estlabo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do eiusmod tempor in-
cididunt ut labore er dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
excitation ullameo laboris nisi ut aliquip ex
ea commadn conseauar. Puis anre frre

aliquip ex ea commodo consequat.

Duis aute irure dolor in reprehenderit in
voluprate velit esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint occaecat cup-
idatat non proident, sunt in culpa qui offi-
cia deserunt mollit anim id est laborum.
Lorem ipsum sit amet, consectetur adipi-
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullamco laboris nisi utaliquipex ca
commodo consequat. Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem
insum dolor sitamer. eonsectemadiniseing
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Learning feature representation
from EEG signals

Reading the mind

E

EEG manifold learning

EG Brain Signals [
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EEG feature representation
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mm) Class: Dog

EEG features regression for
automated image classification

Transfer human visual
capabilities to machines

I/[ Regression target

=

EEEEEEEEEE EEEAEEEEEEEE =]
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EEG manifold regression
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Spampinato, Concetto, Simone Palazzo, Isaak Kavasidis, Daniela Giordano, Mubarak Shah, and
Nasim Souly. "Deep Learning Human Mind for Automated Visual Classification." CVPR 2017.
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https://arxiv.org/abs/1609.00344
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Lorem ipsum dolor

sit amet, consectetur adipiscing elit,
sed do eiusmod tempor incididunt

eiusmod tempor incididunt utlabore et do-
lore magna aliqua. Ut enim ad minim ve-
niam, quis nostrud exercitation ullamco
laboris nisi utaliquip ex ca commeda con-
sequat. Duis aute irure dolor in reprehen-
derit in voluptate velit esse cillum dolore eu
fugiar nulla pariarur. Excepreur sint occae-
cat cupidatat non proident, sunt in culpa
qui officia deserunt mollit anim id est labo-
rum. Lorem ipsum sit amet, consecterur
adipiscing elit, sed do ciusmod tempor in-
cididunt ut labore et dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud ex-
excitation ullamco laboris nisi ut aliquip ex
ea commadn ennseauar. Tiuis anre irre

aliquip ex ea commode consequat.

Duis aute irure dolor in reprehenderit in
voluprare velir esse cillum dolore eu fugiat
nulla pariatur. Excepteur sint occaecat cup-
idatat non proident, sunt in culpa qui offi-
cia deserunt mollit anim id est laborum.
Lorem ipsum sit amet, consectetur adipi-
scing elit, sed do eiusmod tempor incidi-
dunt ut labore et dolore magna aliqua. Ut
enim ad minim veniam, quis nostrud exer-
citation ullameo laboris nisi ut aliquipex ca
commodo consequart, Duis aute irure dolor
in reprehenderit in voluptare velit esse cil-
lum dolore eu fugiat nulla pariatur. Lorem
insum dolor sitamer. eonsectemadiniseing
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DEEP LEARNING
FOR COMPUTER VISION

Instructors
=

Xavier Amaia Jordi
Giré-i-Nieto Salvador Torres Mohedano McGuinness

Organizers
UNIVERSITAT POLITECNICA
DE CATALUNYA ‘s )
BARCELONATECH tebg%ln

4 H Cofunded by the [JRES
Dublin City Universit I ht GPU . fecsaed) DI
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f the
EXCELLENCE

“AnviDia.

Barcelona
Supercomputing

Center

Centro Nacional de Supercomputacion

Slides &
Videos
Online

Next edition:
Barcelona (Jun’17)

[http://imatge-upc.github.io/telecombcn-2016-dicv/]

69


http://imatge-upc.github.io/telecombcn-2016-dlcv/
http://imatge-upc.github.io/telecombcn-2016-dlcv/

DEEP LEARNING

FOR SPEECH & LANGUAGE Slides & Videos

online

videos will be online

Winter Semin: sle:

Instructors

Next edition:
el LY Vol RIE
1 ;: NG Barcelona

/A

1 P )
Antonio  J. Adrian Rodriguez ~ Marta avier antiago [EE] i (J a n u a ry 1 8 )
i o ascua ayrol iré

Bonafonte Fonollosa Ruiz

Organizers

te|eg%r£ Image Procsssing Group @ CCCCC [https://telecombcn-dl.github.io/2017-dIsl/]
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https://telecombcn-dl.github.io/2017-dlsl/
https://telecombcn-dl.github.io/2017-dlsl/

Thanks ! Q&A ?

#InsightDL2017

@DocXavi

I’; /ProfessorXavi

UNIVERSITAT POLITECNICA DE CATALUNYA
BARCELONATECH

Department of Signal Theory

and Communications

Image Processing Group

https://imatge.upc.edu/web/people/xavier-giro 71
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