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Suppose you have a robot at home...




Suppose you have a robot at home...

What is this on the table??




Option A: asking a human

What is this on the table??
et me ask Barbara...




Option A: asking a human

» Robots learn from own experience guided by humans
> Human-robot interaction [Kjellstrom et al 2011,Billard&Grollman 2013]

» Learning by demonstration [Argall et al 2009]




Option B: learning by itself

What 1s this on the table??
Let me try to figure it out




Option B: learning by itself

» Robots learn from own experience alone

> Developmental robotics [Asada et al 2009, Tsai & Kujpers 2013, 2014..]




Option C: learning from the Web

What is this on the table??
Let me take a snapshot
and search on the Web...

..if the robot could learn
from the Web like us....




Option C: learning from the Web
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Holy Cannoli!

Editor: Kate Hollinger

Copyright, 2009, Maria Liberati

The Basic Art of ltalian Cooking by Maria Liberati tm
http:/Aww.marialiberati.com/blog2

A cannoli, which is Sicilian for “little tube”, is an ever- popular dessert
found sprinkied throughout cafes and restaurants in ltaly. We Siciliar
region of ltaly for these rich desserts that are found today throughout the Unite
States as well, thanks to the immigrants who brought the recipes over in the
early 20™ century._Cannolj originally came from the Palermo region of Sicily a:
early as the first century A.D., served as a treat and given to friends in dozens
during the season of Camnevale, a festive European celebration held right
before Lent. It is said tha most likely a symbol of fertility during th
pre-Easter celebration some ways to Mardi Gras.




Option C: learning from the Web
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Camiva, ctherwise known as Martedi Grasso (Mardigias),
means different things in different parts of the Perinsuia. In
Naples, for example, I('s the occasion for a lavish banguet
that invariably includes le grande lasagne di Camevale, an
extraorinarily rich lasagna with ficota, meatbalts, and a host
of other ingredients. Every family had a special ngredient or
tCK 10 make (Ners ureque, and many woulc go Into hock to
buy the necessary ingredients. n Venice, instead they have
recently fevived the custom of dorming masks, and going to
fahulous parties. For the past century or 5o they've heen
nholang Camival parades with satacal fioats In the town of
Viaregaio, on the Tusean coast. And almost everywhere there are cencl, friltelie. and other sweets of one kind or
another 10 liven the merrymaking. Among the most glorous are Canncl. PalEThO's fred waters fiked with an airy
mixtuee of ricotta, candied fit, chocolate, and other ingredients, which ave $o tasty that they have spread not just
1IVOUgNOU the iSIand, DL 10 wherever SICIaNS Nave Selied, and are Now greeted with joy year round

1 panry thee o muade by solley oo
T el trwn oy g Orew
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In e past, when Iney wese “Camival's CIoWn,” accarding 10 Guseppe Pre (e Goctor and eshnographer who
founded Paiema's museum of folk cuture In 1906), peaple gave cannal 10 2l thelr frends - by the dazen. One
can only magine ine peopie I (e Jastry Shaps CUIMINg e out and the swee sugary Sl of he ficora filing
walting over the city! They are clder, however: Pitré a0 quotes an ancnymous 17th century poet, who sald
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Option C: learning from the Web ==

To make this work, we have several challenges,
such as:

in the fridge..

..cannoli..pastry.. =
.ricotta filled.. goes - @

1. How to extract from the Web information useful for a robot, from a
robot query?

2. How to make such information usable by robots?

3. How to update continuously the perceptual and semantic Web
-created knowledge bases?

Focus on perceptual knowledge (images, depth); Visual
learning tool of choice: deep learning



How to find usable perceptual knowledge
on the Web?



How would a robot query the web?

Find a textual query
cannoli

m | perceptual query

Rather than mining the Web on the fly, we might build clean
Web-proxies, large enough to cover for most (any?) query

& ==
IMAGENET

...but isn’t this ImageNet????




(Some) Open Issues

ImageNet is a db created in 2012 of 1K categories —static, closed
world assumption

1. What if we could continuously update all its classes?

2. What if we could augment its classes (1k, 3K, ..10K)?

3. What if we could exploit prior knowledge on the task and build on
demand task specific databases?

Can we automatically generate larger/task specific databases?

Proof of concept: generate a copy of ImageNet by
downloading images using the class names as queries



Results with AlexNet(Web-ImageNet)
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(Some) Open Issues

ImageNet is a db created in 2012 of 1K categories —static, closed
world assumption

1. What if we could continuously update all its classes?

2. What if we could augment its classes (1k, 3K, ..10K)?

3. What if we could exploit prior knowledge on the task and build on
demand task specific databases?

Can we automatically generate larger/task specific databases?
Issues to deal with:
1. How to minimize noisily annotated images when harvesting
the Web

2. What is the effect of noise on a given CNN architecture



Harvesting the Web —SEO Keywords

» We take advantage of the Search Engine Optimization (SEO) practice
of keyword research.

» SEO professionals research keywords, which they use to achieve
better rankings in search engines.

Tool of choice: MyKeyWorder

» It references language content from Princeton's Wordnet and Moby
Thesaurus.

> It takes a query and returns lists of keywords associated with it,
sorting them by relevance and frequency.



Harvesting the Web —SEO Keywords

Icecream -WIN .Icecrearn WINC
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How does noise affects CNNs?
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How does noise affects CNNs?

Original dataset  ILSVRC 2014 classification Dataset = ILSVRC 2014 + Noise Injection

[L5VR1L4

DATASET
* 2 types of Noise Injection: Internal and External
* 9 percentages of Noise Injection: 5% 15% 25% ... 75% 85%

TRAINING
* 2 different architectures: AlexNet , GoogleNet
* Training details

o 60 Epochs

o Stochastic Gradient descrent

o Learning rate 0.01

o Learning rate update: step

o Momentum 0.9

.‘(! | “’ g
i
)

Fries_1 Fries_2 Fries 3  Fries 4

Label: French Fries



How does noise affects CNNs?

Accuracy
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Results with AlexNet(Web-ImageNet-Cleaned)
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Putting all the pieces together

1. We generate WINC (Web-ImageNet-Cleaned) and train a GooglLeNet
on it

2. We use this CNN to make predictions on Bob and Betty

3. We further use semantic context as a heuristic to indicate our
preferences from the CNN list of predictions

4. From this preferred subset we rank by the CNN’s confidence and
pick the highest

[Massouh, Babiloni, Tommasi, Young, Hawes and Caputo, IROS 2017]
[Young, Basile, Cabrio, Caputo, Kunze and Hawes, ICRA 2017]









Merging visual and semantic cues

Context
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Merging visual and semantic cues

Context — = Vision
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Merging visual and semantic cues
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Merging visual and semantic cues
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Merging visual and semantic cues
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Learning about objects from the Web

Q:

1. How to find usable perceptual knowledge mgm =i%e. & =
from the Web? =

i e
cannoli.pastry., o R
icotta filled. goes -

- ‘, in the fridge.. —

1. Build automatically Web-based perceptual knowledge bases, generic
and task specific



Moving forward



Harvesting 3D percepts from the Web

From 3D CAD models to synthetic depth »>
the VANDAL database

] 4.1 millions depth views
] 9.383 different CAD models (counting
morphs)

] 319 object classes (ILSVRC 2014 | |
Subset) Sample render/ngg with data
augmentation
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Imagenet filters DepthNet samples Vandal samples

[Carlucci, Russo and Caputo, ICRA 2017]
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Can we localize the domain shift?

substitute final
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[Tommasi, Russo, Lanzi and Caputo, ECCV-W 2016]



Can we embed domainness maps in a CNN?

512x14x14

3x224x224

SoftMax

1

fully-connected
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fully-connected
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Depth
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[Angeletti, Tommasi and Caputo,

ComingSoon 2018]
[Carlucci, Porzi, Ricci, Caputo and Rota

-Bulo’, ICCV17 sub]



Learning about objects from the Web:
where does manipulation fit in?



An object is far more than its name...

B L impshie e ves O
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| Identified honey jar.I must

30 Warshouse Buiising Makee Sketcal) .' _ — +You Search Images Maps Play News Gmall Drive Caenda
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container lid food

tem  glass  cosmetic - > Object name: honey jar
il > Expected weight: 200-400 gr
| > Detachable parts: lid

object  ceramic  MediCation wes ey

Leveraging over 3D and 2D perceptual data freely available from the
Web, linking it to structured semantic knowledge about objects



An object is far more than its name...

strikers playing in
Munich, They are ...

Thomas Millan
Thomas Muller
BabelNet

egrated Knowledge Base

Semantic Signature Input Text [ 1pmas and Mario arj

Lexical Knolwdge Base

Munich FC Bayern Munich
Semantic Interpretation Graph
- Select most suitable meaning on the Graph

Emcyclopedical Knolwdge Base

Leveraging over 3D and 2D perceptual data freely available from the
Web, linking it to structured semantic knowledge about objects



A final though
&) S g e
2 =
% o Spagna )
(o) : :
@ Beminetta (D Trattoria da Giggi
(1) Chiesa di S
2 !Lp Matricianella Teatro Sistina@ Moria qetie Vi
Simple trattoria for Barberini @ .
classic Roman fare @Gallena N:
‘.\\0(\2 d'Arte Anti
PACY MUNICIPIO |
Palazzo Montecitorio & &
Fontana di Trevi €3 \0&‘\
60'
ante @
e o L'Archetto p (D Open Color
@ (D Old-worid spaghetti
house & pizzena
<
,:\°°?}

LA

Fico
D) Taverna Parione 0
@

@ Galleria Doria Pamphili



A final though

2 = N ® aonc®®
7‘;‘) o = A O
'—% ') pagna @ 3
® Trattoria da Giggi
(I} Berninetta D 99

@ Chiesadi S
Mari lla Vitt

) ?La Matricianella Teatro Sistina aria‘della Vit

Simple trattonia for Barberini ()
classic Roman fare @ Galleria N:
_one d'Arte Anti
y T
...v\:_x‘f'-":"\ MUNICIPIO |
Palazzo Montecitorio €3 3%
Fontana di Trevi 3 &
\
ante 5
; e o L'Archetto & Open Color
Fico @ (D Old-world spaghetti
{l) Taverna Parione 0 house & pizzena
0 1}\'.‘
@

@ Galleria Doria Pamphili &%

¢
e\

» Embodied cognition has been the leading principle in artificial cognitive system
research over the last 10 years

> BUT we humans learn also from externalized knowledge —like books, the
Web, virtual reality....

L .this is what this is about!



Thanks for your attention
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