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Creating Stylized Images
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Creating unlikely juxtapositions




Creating unlikely juxtapositions

r

Jeff Wall, Flooded Grave




Today

1) History of Photography

2) What is Computational Photography?
3) Course Objectives

4) Course Overview

5) Projects



A Brief History of Visual Media



Depicting Our World: The Beginning

Prehistoric Painting, Lascaux Cave, France
~ 13,000 -- 15,000 B.C.



The Empress Theodora with her court.
Ravenna, St. Vitale 6th c.



A

Depicting Our World

liddle Ages

Nuns in Procession. French ms. ca. 1300.



Depicting Our World: Renaissance
North Doors (1424 East Doors (1452)

Lorenzo
Ghiberti

(1378-1455)
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http://www.wga.hu/art/g/ghiberti/2n_door2.jpg
http://easyweb.easynet.co.uk/giorgio.vasari/ghiberti/ghiberti.htm
http://easyweb.easynet.co.uk/giorgio.vasari/ghiberti/ghiberti.htm

Depicting Our World: Renaissance

Paolo Uccello,
Miracle of the Profaned Host (c.1467-9)



Depicting Our World: Toward
Perfection
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Lens Based Camera Obscura, 1568



Depicting Our World: Perfection!

Still Life, Louis Daguerre, 1837



e ‘Still photographs are the most powerful
weapon in the world.” S

* Eddie Adams, Pulitzer Prize winning
photographer.




What is Computational Photography?
---from a hardware’s perspective



From a hardware’s perspective

* Digital photography
— Simply replaces traditional sensors and recording
by digital technology

— Involves only simple image processing

 Computational photography

— Camera design that takes computation into
account

— More elaborate image manipulation and
computation



Examples

* Tone mapping
* Defocus Matting
* Multi-Modal Imaging



Tone mapping

Suitable for HDR images




Defocus Matting

« What can be achieved

Trimap from Defocus
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Novel Background or Recomposited after Edit

« Design: use 3 streams with different focus

“Backgrownd”

Video :
P

Sensors = &
E N

(Not to seale; true size = ¥xV: m) .l,:: N
P<a

ii’-‘:‘Depths of Fiel

http://people.csail.mit.edu/wojciech/DefocusVideo/index.html




Multi-Modal Cameras

« What can be achieved

CMY RGB CMY RGB

Camera Camera Camera Camera

Dark Condition Lighted Condition

Ground Truth 6-Primary Camera RGB Camera CMY Camera

» How it works? .

http://www.ics.uci.edu/~bsajadi/SwitchableCam.html




What is Computational Photography?
---from a software’s perspective



From a software’s perspective

e Definition 1: the use of photographic imagery
to create graphics content



physics



State of the Art (10 years ago)

Amazingly real
*But so sterile, lifeless, futuristic (why?)



The richness of our everyday world

Photo by Svetlana Lazebnik



What are hard to model in Computer
Graphics?



1. People

On the Tube, London
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http://www.cs.berkeley.edu/~efros/photos/Albums/MoreOxfordWinter/camera/162_6247.JPG

2. Faces / Hair
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From “Final Fantasy”

Photo by Joaquin Rosales Gomez



3. Urban Scenes

Photo of | LA

Slide credit: A. &



4. Nature

River Cherwell,
qurd

jouterspagce.com.be

Slide credit: A. Efros


http://www.cs.berkeley.edu/~efros/photos/Albums/MMOxford/camera/Picture439.jpg

Creating Realistic Imagery

Computational
Photography

)

Computer Graphics Photography

W L )’

Realism
Manipulation
Ease of capture

*+ instantly realistic

*+ great creative possibilities

*+ easy to manipulate *+ easy to aquire

objects/viewpoint - very hard to manipulate

-Tremendous expertise and objects/viewpoint

work for realism



From a software’s perspective

e Definition 1: the use of photographic imagery
to create graphics content

* Definition 2: The use of computational
techniques to overcome limitations of
conventional photography



Limitations of traditional photography

e Blur, camera shake, noise, damage
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Limitations of traditional photography

 Limited resolution




Limitations of traditional photography

* Bad color / no color




Limitations of traditional photography

 Unwanted objects




Limitations of traditional photography

* Unfortunate expressmns




Limitations of traditional photography

* Limited dynamic range




Limitations of traditional photography

* Single viewpoint, static 2D picture




Limitations of traditional photography
* Single depth of focus




Comp Photo and Related Fields

 Computer Graphics: Models to Images
* Comp. Photography: Images to Images
 Computer Vision: Images to Models



Course objectives

1. You will have new abilities for visual creation.

YAy
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Graphic by James Hays



Course objectives

2. You will get a foundation in computer vision.

Breast Imaging Technology

Comfort
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Course objectives

3. You’'ll better appreciate your own visual ability.

Is that a
queen or a
bishop?



Course objectives

4. You’ll have fun doing cool stuff!
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2. Color Space

HSV

Saturation

Lightness
—

G L=% d. H=0°/180° = V=% h. H=0"/180°
H H

Om O

240 I; 0 Sm: ’- ) S"-sv.

YUV



2. Filtering and Fourier Transform

Original

} " :

« Three pixel radius

99
Bai V&
@ Ten pixel radius

Blur

Fourier Transformation



3. Poisson Image Editing

Photos from James Hays



3. Poisson Image Editing

Photos from Evan Wallace



3. Interactive Photomontage




3. Interactive Photomontage

Interactive Digital Photomontage

Aseem Agarwala, Mira Dontcheva
Maneesh Agrawala, Steven Drucker, Alex Colburn
Brian Curless, David Salesin, Michael Cohen




4. Image Colorization & Recolorization




Crater Lake

grayscale input
(83 frames)




4. Image Colorization & Recolorization




5. Image Deblurring

Real Image Input



5. Image Deblurring




5. Non-Linear Optimization
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6. Image Completion

Original Image Input Scene Matches Output



6. Image Completion




Statistics of Patch Offsets
for Image Completion

Demo

Kaiming He and Jian Sun
Microsoft Research Asia




7. Texture Synthesis

input images quilting results









/. Image Resizing

T .o

‘Image Resizing
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Shai Avidan
Mitsubishi Electric Research Lab

Ariel Shamir
The interdisciplinary Center & MERL




3. Interactive Image Segmentation

* Graph Cut
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(a) Origmal B&W photo (b) Segmentation results



3. Interactive Image Segmentation

e Grab Cut




GrabCut

Interactive Foreground Extraction
using Iterated Graph Cuts

Carsten Rother
Vladimir Kolmogorov
Andrew Blake

Microsoft Research Cambridge



O . Feature Matching




9. Optical Flow

Input Frames

Photos from Ce Liu

Warped Frames

flow Map




10. Recognising Panoramas

Photos from Derek Hoiem



10. Multiview Panorama Stitching




Street Slide

Browsing Street Level Imagery




11. Camera Model

* Pinhole Camera




11. Structure From Motion




Photo Tourism
Exploring photo collections in 3D

Noah Snavely Steven M. Seitz Richard Szeliski
Uniwversity of Washington Microsoft Research

SIGGRAPH 2006







12. SLAM & AR




LSD-SLAM

LSD-SLAM: Large-Scale Direct Monocular SLAM

Jakob Engel, Thomas Schops, Daniel Cremers
ECCV 2014, Zurich

Computer Vision Group
Department of Computer Science
Technical University of Munich




ENFT-SLAM




Sony SmartAR




SLAM for AR Applications

AR Application
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13. Single-View 3D Reconstruction




Automatic Photo Pop-up

D. Hoiemm A.A. Efros WM. Hebert
Carnegie Mellon University




13. Multi-View 3D Reconstruction

Left Image Right Image Disparity Map




Acute3D
Technology preview
Aerial and street-level imagery fusion
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Microsoft HoloLens




PRIV,

* URJG ZRAE
— A5 R 5 g e
— B AR KR AR
— 1] PIAE BT B 5E R

o BT H
— Microsoft Visual Studio, C/C++ZmfE
— Matlab
— OpenCV
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KINECT

Structure sensor

GoProiz Bl FH Al Sony HDV
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— http://www.cad.zju.edu.cn/home/gfzhang/course
/computational-photography/
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Questions?



