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Eyes and Vision




What is (computer) vision”

Sensing “Interpreting”
Image / video device device

Interpretations

dog, flower,
grass, green,

spring, ...
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The goal of computer vision

* Bridge the gap between pixels and "meaning”

What we see What a computer see
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Why study computer vision”?

 Big visual data: almost 90% of web data is visual
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Applications

Digit recognition
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Applications

. JUDYBATS
Face detection O

FacelD

Your face is your
secure password.
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Applications

Visual search
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Applications (not far from now...

}

Howmmight Amazon Go’s technology work?

Retail/Supermarket

Who has'taken an item? What item.was:taken?

Bluetooth beacons can identify Shelficameras will'detect when an
. whose mobile device is nearest item-has been:removed or added
ﬂ/ the.shelf. A dense beacon and what that item looked like.
netwark can be accurate to This data feeds into an Al system.
within less than 0.5 metres. E

O,

Artificial Intelligence.will likely
look at vision, weight and
stock location'data to makeits
best.guess of whatitem(s)

i have been added or removed.

Shelf weight.sensors willlikely.
be used to detectithe weight-of j
items removed-or added. This

The Amazon Go app in the
shopper’s mobile device

will be communicating with \\
the store’s beacon network. "
data feeds into an Al system. pwc

Self-driving cars il 3%

L-» manufacturer products consumer products <

Our Vision. Your Safety:

side looking cam’é@/

. Vision on -Visi i i - Advance
EyeQ Yison Vision Applications AWS BN i
Road, Vehicle,
Pedestrian Protection
and more
N > read more > read more
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Vision Is challenging: lets play a game (1)

————

— N

——

——

..4’ .' ~ - ™ .
J [ _ =
LE - . 1 : .
a “ow ., ” ~
- o y -
2 ey ¥ B > \ - » R .
-’ ¢ ¢ 4 " . N g ~
s A e L . P "
: 3
v N 2 e ./
. 5 ” WS ) s
W . ! ' & B 7 . B
- . . 5 9 9 a ’ ’ Y -
p - . - - 3 - .
v O
5 \ . 4
E -




Vision Is challenging: lets play a game (1)




2 MIBEM The Science of Why No One Agrees on the Color of This Dress

THE SCIENCE OF WHY NO ONE AGREES ON THE

Feb 2015: people across social media have been arguing
about whether this picture depicts a dress as blue with black

lace fringe or white with gold lace fringe
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Vision Is challenging: lets play a game (2)
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Vision Is challenging: lets play a game (2)
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Vision Is challenging: lets play a game (3)




lets play a game (3)

ing:

halleng

ISION IS C

Y




Vision Is challenging: lets play a game (3)
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Vision Is challenging: lets play a game (3)
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Vision begins with the eyes...

... but truly occurs in the
brain!

Frontal lobe et

Parietal lobe

Lateral
geniculate
nucleus
(LGN)

Occipital

Optc [}/
.. Chiasm Y/ /i

\\\ / I{

Amygdala

FPulvinar nucleus

Lateral geniculate
nucleus

Superior colliculus

. . i oral
Optic radiation Inferior temp

llum
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cortex

Functional specialization:
V1: primary visual cortex
V4: color, V3/VP: recognition
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Teaching machines to see
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Teaching machines to see
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Teaching machines to see

NVIDIA.

INPUT

Deep Learning

Convolutional Neural Network
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FEATURE LEARNING
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Teaching machines to see

Deep Learning
Convolutional Neural Network

Xi

\ Neuron-like unit
X —* y

X3
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Teaching machines to see

Convolutional Neural Network
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Teaching machines to see

VO vOveves
Sl sl

24 M nodes, 140 M parameters, 15 B connections
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Deep Learning
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Teaching machines to see
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Contact
& |amberto.ballan@unipd.it
A www.math.unipd.it/~ballan

@ twitter.com/lambertoballan

Thanksl!

[ ive demo...
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