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Today’s Agenda

* Introduction to Computer Vision
* What is Computer Vision
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Biology
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Neuroscience
Physics Cognitive
sciences
Imagg Algorithms, “om ter
processing omputer theory,... -0 . pute
Science

Vision
Speech, NLP SR Ik

architecture, ...

Robotics Information
Engineering retrieval
Machine

learning

Mathematics |
[Niebles]
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What is (Computer) Vision ?

Image (or video) Sensing device Interpreting device Interpretations

T

garden, spring,
bridge, water,
trees, flower,
green, etc.

[Niebles, Fergus]
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What is (Computer) Vision?

e Vision is about discovering from images

e what is present in the scene, and

 whereitis

* In Computer Vision a camera (or several cameras) is linked to a computer
* The computer interprets images of a scene to obtain information

e Useful for tasks such as navigation, manipulation and recognition

B Co-financed by the European Union 8 This Master is run under the context of Action
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What is Computer Vision?

Computer Vision’s goal is to obtain a high-level
understanding of the world using images as input

This Master is run under the context of Action
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Understand = Obtain Semantics & Geometry

S
SRS
3D Object layout Building facade segmentation Object semantic segmentation
Input: RGBD Image Input: RGB Image Input: 3D Mesh

This Master is run under the context of Action
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Understanding the world is hard for machines
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What we see What the machine sees
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Today’s Agenda

* Introduction to Computer Vision

* How hard is Computer Vision
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How hard is Computer Vision ?

* The Summer Vision Project — MIT Al Memo 100, 1966

‘Solve vision in a summer project’ - almost an urban legend

* Basic foreground/background segmentation,
* Analyse scenes with simple non-overlapping objects,

e Extend the system to more complex objects.

This Master is run under the context of Action Rt

Co-financed by the European Union 13
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY
PROJECT MAC

Artificial Intelligence Group July 7, 1966
Vision Memo. No. 100.

THE SUMMER VISION PROJECT

Seymour Papert

The summer vision project is an attempt to use our summer workers

effectively in the construction of a significant part of a visual system.

B

The particular task was chosen partv_ because it can be segmented into

sub=problems which will allow individuals to work independently and yet
participate in the construction of a system complex enough to be a real

landmark in the development of “pattern recognitiom'l,

14 This Master is run under the context of Action
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
under GA nr. INEA/CEF/ICT/A2020/2267423
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How hard is Computer Vision ?

\HEN A USER TAKES A PHOTO
THE APP SHOULD CHECK WHETHER
THEY'RE IN A NATIONAL PARK ...

SURE, ERSY GIS LOOKLP
GIMME A FEW HOURS.,

... AND CHECK WHETHER
THE PHOTD 1S OF A BIRD.

T NEED A RESEARCH

/K\ TEAM AND Fl\/E/YEFRS.

INCS, IT CAN BE HARD T EXPLAIN
THE DIFFERENCE BETWEEN THE EASY
AND THE VIRTUALLY IMPOSSIBLE..

Co-financed by the European Union 15 This Master is run under the context of Action
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How hard is Computer Vision ?
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Today’s Agenda

* Introduction to Computer Vision

* Why is Computer Vision so hard

Co-financed by the European Union 17 This Master is run under the context of Action S
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom %
Connectmg Europe FaC|l|ty under GA nr. INEA/CEF/ICT/A2020/2267423 S




MAI4CAREU | 'micrmsonss.
Why is Computer Vision so hard?

Because it is an ill-posed problem

X

[Sinha and Adelson 1993]

This Master is run under the context of Action

Co-financed by the European Union 18
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Challenge 1: viewpoint variation

Madonna della Pieta, - >
Michelangelo Buonarroti, 1498-99 Ve, | [Fei Fei, Fergus & Torralba]

Co-financed by the European Union 19 This Master is run under the context of Action whs,
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom : 5
Connectmg Europe FaC|l|ty under GA nr. INEA/CEF/ICT/A2020/2267423 S
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Challenge 2: illumination

[S. Ullman]

R Co-financed b\/ the European Union 20 This Master is run under the context of Action R
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Challenge 3: occlusion

The Blank Signature,
Rene Magritte, 1965

Co-financed by the European Union
Connecting Europe Facility

Master programmes in Artificial
Intelligence 4 Careers in Europe
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[Fei Fei, Fergus &
Torralba]
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Challenge 4: scale

[Fei Fei, Fergus & Torralbal]

B Co-financed by the European Union 27 This Master is run under the context of Action whs,
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Challenge 5: deformation

e t!';& ""-lur -

Six Galloping Horses,
Xu Beihong, 1942

[Fei Fei, Fergus & Torralbal]
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Challenge 6: background clutter

The Maiden,
Gustav Klimt, 1913

[Fei Fei, Fergus &
Torralba]

Co-financed b\/ the European Union 24 This Master is run under the context of Action
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Challenge 7: object intra-class variation

B Co-financed by the European Union 25 This Master is run under the context of Action
s Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423

[Fei Fei, Fergus & Torralbal]
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Challenge 8: local ambiguity

Co-financed by the European Union
Connecting Europe Facility
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Today’s Agenda

* Introduction to Computer Vision

* How to organize Computer Vision

Co-financed by the European Union 57 This Master is run under the context of Action whs,
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How to organize Computer Vision ?
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[Shapiro]
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[Shapiro]

This Master is run under the context of Action
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How to organize Computer Vision ?

e Low Level Vision

* Mid Level Vision

* High Level Vision

[Shapiro]
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How to organize Computer Vision ?

* Low Level Vision
Measurements
Enhancements
Region segmentation
Features

[Shapiro]

Co-financed b\[ the European Union 31 This Master is run under the context of Action h
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Low-Level: Exposure

[Redmon]

R Co-financed b\/ the European Union 32 This Master is run under the context of Action R
: : e No 2020-EU-|A-0087, co-financed by the EU CEF Telecom e %
s Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423 S



Master programmes in Artificial Visual ‘
MAIA CA R E U Intelligence 4 Careers in Europe @ g?é‘ﬂfé““”g

Low-Level: Edges

[Redmon]

Co- ﬁnanced by the European Union 33 This Master is run under the context of Action whs,
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Low-Level: Segmentation (color)

[Redmon]

Co-financed b\/ the European Union 34 This Master is run under the context of Action R
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How to organize Computer Vision ?

e Low Level Vision

* Mid Level Vision

* Reconstruction
* Depth
* Motion Estimation

* High Level Vision

[Shapiro]

Co-financed b\[ the European Union 35 This Master is run under the context of Action
; o No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423
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Mid-Level: Panorama Stitching

[Redmon]

R Co-financed b\/ the European Union 36 This Master is run under the context of Action R
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Mid-Level: Panorama Stitching

i

s

Il Co-financed by the European Union 37 This Master is run under the context of Action S
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Mid-Level: Panorama Stitching

[Redmon]

R Co-financed b\/ the European Union 38 This Master is run under the context of Action R
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Mid-Level: Multi-View Stereo

[Redmon]

Bl Co-financed b\[ the European Union 39 This Master is run under the context of Action R
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Mid-Level: Multi-View Stereo
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Co-financed by the European Union 40
Connecting Europe Facility
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Mid-Level: Multi-View Stereo

G [Building Rome in a Day,
Agarwal et al., ICCV 2009]
The Colosseum, 2,106 images, 819,242 points

Co-financed by the European Union 41 This Master is run under the context of Action S
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423 S
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Mid-Level: Optical Flow

Visual e
Computing ‘\\'A;;
Group XS

Co-financed by the European Union
Connecting Europe Facility

42
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Mid-Level: Optical Flow

[Redmon]
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How to organize Computer Vision ?

* High Level Vision
* Category detection
* Activity recognition
* Deep understanding

[Shapiro]

Co-financed b\[ the European Union 44 This Master is run under the context of Action R
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High-Level: Classification
g .
[ JON ) = dog.jpg v
(& [@] (Q search J
[Redmon]
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High-Level: Tagging

- What are ALL the things in the image?

L JON =| dog.jpg v

(Coew

Co-financed by the European Union

Connecting Europe Facility
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High-Level: Detection

- What are ALL the things in the image?
- Where are they?

[ NON ] =/ predictions.jpg ~

Co-financed by the European Union

Connecting Europe Facility
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High-Level: Semantic Segmentation

STATIONARY BUILDING

STATIONARY VEGETATION

STATIONARY
CAR
MOVING CAR STATIOMARY FENCE

STATIONARY PAVEMENT

STATIONARY ROAD

[Redmon]
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High-Level: Instance Segmentation

http://www.youtube.com/watch?v=00T3UIXZztE

Co-financed by the European Union 49 This Master is run under the context of Action
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http://www.youtube.com/watch?v=OOT3UIXZztE
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Today’s Agenda

* Introduction to Computer Vision

* Why study Computer Vision

Co-financed by the European Union 50 This Master is run under the context of Action whs,
No 2020-EU-IA-0087, co-financed by the EU CEF Telecom : 5
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Why study Computer Vision?

* Match (or beat) human vision
— central to Artificial Intelligence, countless applications
* Understand human vision = neuroscience
* Do research with huge impact
* Get a job in the industry

* Timing is perfect: Al revolution — big data, faster hardware, deep learning

B Co-financed by the European Union c1 This Master is run under the context of Action
. No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423
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Do research with huge impact

Google Scholar = Google Scholar

“ . .
Top publications Top publications

: Categories ~ English -
Categories ~
o Publication h5-index  h5-median
Publication
1. Nature 44 607
1. Nature
. 2. The New England Journal of Medicine 410 704
2. The Mew England Journal of Medicine
) 3. Science 391 564
3. Science
4. IEEE/CVF Conference on Computer Vision and Pattern Recognition 356 583
4. The Lancet
. . 5. The Lancat 345 600
5. IEEE/CVF Conference on Computer Vision and Pattern Recognition
6. Ad d Material 254 406
[ Advanced Materials vanced Materiais =
o 7. Cell 288 459
7. Nature Communications
a. MNature Communications 287 389
8. Cell
9. Chamical Reviews 9. Chemical Reviews 270 434
10 Chemical Society reviews 10 International Conference on Leamning Representations 253 470
1. Journal of the American Chemical Society " JAMA 253 446
12 Angewandte Chemie 12. Neural Information Processing Systems 245 422
13, Proceedings of the National Academy of Sciences 13. Proceedings of the Mational Academy of Sciences 245 337
14, JAMA 14. Journal of the American Chemical Society 245 330
15. Nucleic Acids Research 15. Angewandte Chemie 235 314

2021 2022

Il Co-financed by the European Union 52 This Master is run under the context of Action S
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Get a job in the industry

Q computer vision engineer

glassdoor

@ Interviews

W jobs ([Z] Companies Salaries

Posted Any Time v $14K-$334K

21096 computer vision € $94 K'$334K
DeepMap, Inc

Computer Vision Software Engineer

Palo Alto, CA

All Job Types v

= Most Relevant

Jobs v

B3 <0

For Employers @ Post Jobs

More d Q Create Job Alert

$68K - $139K (Glassdoorest) @ Actively

Entek International LLC &
Design Engineer
Lebanon, OR Hot EasyApply 7d

Job Function: Software Engineer

Neff Press Inc. &
CONTROLS AND ROBOTICS ENGINEER
Saint Louis, MO Hot Easy Apply 12d
Advanced Imaging Systems &

CT Technical In-House Engineer Job

31 Portland, TH Easy Apply  &d

Medford Water Commission &

Senior Engineer

4= Medford, OR Mew EasyApply 3d

Include jobs with no salary data

Job & Company Insights
Job Type: Full-time

Industry: Information Technology

Size: 51 to 200 Employees

. Phantom Al
Senior Computer Vision Software Engineer Cancel Apply
a* Burlingame, CA
Viewsdon January 17 Actively Hiring Easy Apply. - 15 LGOEE TS DeepMap, Incis actively hiring for this role. Apply now!

iineer

Rating Highlights
Compensation & Benefits: 4.2 *
Culture & Values: 4.2 *

Career Opportunities: 4.3 %

Work/Life Balance: 4.1+

Salary Company Rating Reviews Why Work With Us Benefits

We are looking to grow our team with talented computer vision engineers who are passionate about the self-
driving car industry, maps, machine learning and big data. If you are an independent problem solver, have a
strong drive to excel, and are looking for opportunities to make a big impact, this is the right place for you.

Description:

- lruin Caatinag Marnmams L

Co-financed by the European Union
Connecting Europe Facility
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Today’s Agenda

* Introduction to Computer Vision

* Applications

Co-financed by the European Union
Connecting Europe Facility

54
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Segmentation and Matting

55 This Master is run under the context of Action

Co-financed by the European Union
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3D Maps

[Seitz, Szeliski]

B Co-financed by the European Union 56 This Master is run under the context of Action
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Computational photography

PHOTO PORTRAIT PANO

®

Portrait mode | o
simulating wider aperture [Seitz, Szeliski]

Co-financed by the European Union 57 This Master is run under the context of Action e
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423 e
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Even wider aperture...

How scientists captured the first image of a black hole, 2019

[Seitz, Szeliski]

Co-financed by the European Union cg This Master is run under the context of Action “h,
T No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423 L

* % %
*+



https://www.jpl.nasa.gov/edu/news/2019/4/19/how-scientists-captured-the-first-image-of-a-black-hole/
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3D photos

3D Photos on Facebook

Estimate depth from photo to create animation _ L
[Seitz, Szeliski]

Co-financed b\[ the European Union 59 This Master is run under the context of Action
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https://ai.facebook.com/blog/-powered-by-ai-turning-any-2d-photo-into-3d-using-convolutional-neural-nets/
http://drive.google.com/file/d/1nX1JvLVzCZ2IWEhUdnLoOSq3ovCFn9Fc/view

Master programmes in Artificial
Intelligence 4 Careers in Europe

Age Simulation

11:50 7

g3 Qsea

“To o@o ¢
o © © Q
- From CNET

Craate

Snapchat Time Machine

Co-financed by the European Union
Connectmg Europe Facmty

5
I
Create

This Master is run under the context of Action

60 No 2020-EU-IA-0087, co-financed by the EU CEF Telecom
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[Seitz, Szeliski]


https://www.cnet.com/how-to/snapchats-time-machine-ar-lens-creepily-shows-what-youll-look-like-old/
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Face recognition

NATIONAL
GEOGRAPHIC

GREAT SALT LAKE:
THE FLOODING
DESERT &

U. 5.-MEXICAN BORDER:
LIFE ON THE LINE 7x0

JAVA'S WILDLIFE RETURNS ma

Along Afghanistans
War-forn Frontier ..

FAIR SKIES FOR THE CAYMAN ISLANDS ma

SEE NATIONAL GEOGRAPHIC EXPLORER EVERY SUNDAY OM MICKELDDEDHN CABLE TV

Who is she? [Seitz, Szeliski]

B Co-financed by the European Union 61 This Master is run under the context of Action e
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Vision-based biometrics

Co-financed by the European Union 62 This Master is run under the context of Action
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423

[Seitz, Szeliski]



http://www.cl.cam.ac.uk/~jgd1000/afghan.html
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Object recognition

Google Lens

Search what

you see

»Explore what's areund you in an entirely
. new way.

[Seitz, Szeliski]

Co-financed b\[ the European Union 63 This Master is run under the context of Action R
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423 S




Master programmes in Artificial
Intelligence 4 Careers in Europe

Special effects: shape capture

4 {
Visual @, % &%
Computing b& NgpVa
Group ‘«}

The Matrix movies, ESC Entertainment, XYZRGB, NRC

Co-financed by the European Union 64 This Master is run under the context of Action
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423
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Sports - VAR

s LL/AR CHECKING GOAL q

T Y ¥ TS

Co-financed b\/ the European Union 65 This Master is run under the context of Action
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Virtual Reality - Metaverse

Oculus Quest, Beat Saber

Co-financed by the European Union 67 This Master is run under the context of Action
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Augmented Reality - Metaverse

Microsoft Hololens 2

Co-financed by the European Union 68 This Master is run under the context of Action
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423
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Augmented Reality - Metaverse

HoloLens2 Sensors

4 head-tracking-cameras

— I~

8Mpix RGB camera (stereo + periphery)
+ IMU

1Mpix depth €eamera
(near and far range)

IR eyefcameras + IR LEDs

— .

5 microphone array

[Seitz, Szeliski]
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Augmented Reality
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Phone-based AR

http://www.youtube.com/watch?v=0Pj-jzy6ESE

[Seitz, Szeliski]

Co-financed by the European Union 71 This Master is run under the context of Action S
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http://www.youtube.com/watch?v=0Pj-jzy6ESE
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Robotics

~ Greenheugh Pediment

Climbed to here after drilling

PuE
=
L

i
¥-
-l

Hutton
drill hole

@

- *+—Antenne UHF

Mastcam

NASA’s Mars Curiosity Rover (self portrait)
https://en.wikipedia.org/wiki/Curiosity (rover)

Co-financed b\[ the European Union 72 This Master is run under the context of Action E h
Connecting Europe Facility under GA nr. INEA/CEF/ICT/A2020/2267423 S
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Smart cars

- manufacturer products consumer products «- News

Our Vision. Your Safety:

rear =11 A | forward
looking T 'l i looking
camerd - : | tamera

side looking camera

Events
i e a = N
- EyeQ gl?t?ig on -Vision Appllcatluns - AWS ﬂ”‘;‘::::_l‘ge System | | Lobleve at caup Auto,
Paris, France
Road, Vehicle,
Pedestrian Protection o Eol::lsﬂ;vat SEMA, Las
and more e
> read more
’l » read more » read more )

Mobileye
e Vision systems currently in high-end BMW, GM, Volvo models

[Seitz, Szeliski]
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Self-driving cars

Computing
Group

Co-financed by the European Union
Connecting Europe Facility

https://waymo.com/tech/
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Drones

Bk ww

l’!-ﬂ H x

https://www.skydio.com/

[Seitz, Szeliski]
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Research: Yolo

SiTEing

http://www.youtube.com/watch?v=MPU2Histiv|

[Seitz, Szeliski]
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Research: StyleGan

http://www.youtube.com/watch?v=BIZg PPuj 0

Co-financed b\/ the European Union 77 This Master is run under the context of Action
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http://www.youtube.com/watch?v=BIZg_PPuj_0
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Today’s Agenda

 \What we do
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3D Shape Understanding

3D Building Semantic Understanding

ShapeNet

Cross- —p -‘r

W Backsurface
CrOSS_Sha.pe B Armrest hard surface
Convolutlon : Arm vertical bar
. Seat surface
Shape Collection s

Neural 3D Reconstruction

rrrrrr FREFEREFF AN
FEFCEFFEREREEF FFaan
[} FEFFEE T F AR

Geometric/Semantic Decomposition

rrrrr
" Original Semantic Unary + Boundary Boundary Probabilit S P~ e g e
Boundary Probability Segmentation (unary) Probability oundary Probability Geometric Parts
e )
. - ] BE
_ g & _?si”'
e T o e
€ & v —
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Texture Generation for 3D Data

Single-View Guided
Fagde Synthesis Projective Urban Texturing
e ; ' : : Textured 3D Geometry

— ETET

Reference 3D Scene
Facade Images Renderings

;T =T

Jo T e
;- ~.
e =7
/ Pty \
;- ~ N\
I I |

0

xtured Atlas

Street Level Panoramic Images

Interactive Texturing

Co-financed b\/ the European Union 30 This Master is run under the context of Action R
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Urban Semantic Understanding from Remote Sensing Data Sources

Semantic Segmentation of Buildings
[ CEmSmEIRE N

Urban 3D Reconstruction

Polygonal Building Footprint Extraction Network

Vertex
Detection
Network

Final
' Building
. Polygons ¢
Graph Vertex - ,
Attention Matching Bé'('jld'ensg
Network Network g

This Master is run under the context of Action
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Thank you.
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