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Cross-fertilization with other fields 2:30 - 3:45 @’ég}i‘. L

Fredo Duran

e BilFs onipmter-Scitiice, Computational Photography

* Fredo Durand Computer Grphrcs 1
» Aaron Hertzmann: Computer Graphics 2

« Martial Herbert: Robotics
e Dimitr1 Metaxas: Medicine
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Computational
Photography

Frédo Durand
MIT CSAIL

sub for Bill Freeman
who will conveniently be back for beers




Computational Photography

« Computation is an mherent part of image
formation *

|mag|ng
- quantitively
- qualitatively

- automatically

- user-assitedly
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Multiple-exposure & multiplexing

 Expand capabilities by
combining multiple
iImages

* Multiplex through time,
assorted pixels, beam
splitters, camera array

. e.g.
- Panorama stitching
- HDR imaging
- Focus stacks

- Photomontage

- Super-resolution
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Coded Imaging

* e.g.

- motion-invariant

Optics encodes information

- coded aperture
- flutter shutter

- wavefront coding
- compressive sensing
- heterodyning

- warp-unwarp
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Natural signal prior

» Statistics that distinguish images of the world
from random signals

* Use to “bias” algorithms to output more likely
results or to disambiguate ill-posed problems

* Extension of regularization
. e.g.

- Denoising

- Deconvolution

- Compressive sensing

- Light field prior

“Natural” image
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Edges matter but are not binary

 Sparse derivative
image prior

 Gradient domain
(seamless cloning,
tone mapping,
convert2gray)

 Bilateral filter for
decomposition

* Non-homogenous
regularization for
scribble propagation °
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Leverage millions of images

 The ultimate
prior?

e Reconstruct
the world

Photo Tourism Microsoft

Exploring photo collections in 3D
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The raw data is high dimensional

* Light field: 4D
(space-angle)

 Time space: 3D
* +Fourier
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Active Iimaging

 Modulate light to
facilitate information
gathering

No-flash

our
result

. e.g.
- Flash/no flash
- Light stages
- Dual imaging
- Structured-light

scanning
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Recap: Big ideas in comp. photo.

* Multiplexing:
quality through quantity

 Coded imaging
* Natural signal prior

 Edges matter but should not
be detected

* Leverage millions of images

 Raw data is high-dimensional
(ligh field, space-time)

* Active Imaging
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Current successes

 Panorama stitching

- ! -

New! AutoStitch iPhone

AutoStitch now brings the latest in image
recognition technology to your iPhone.
Stitch  images n any order or
arrangement, using photos taken from
your iPhones camera. Just select a set of
images from the camera roll or photo
albums, and AutoStitch does the rest. For
more details, see our webpage, or go
directly to the app store:

* High-Dynamic-Rangelmaging & tone mapping

HDR Image

Top-left: iPhone photo £1. Bottom-left: iPhone photo £2. Right: TrueHDR result,
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Current successes

* Face detection (+smile +blink)

* Photo bios
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Current successes

* Poisson image editing / healing brush

(a) original (b) hole+constraints (c) hole filled

Saturday, November 5, 2011



Current successes

* Video stabilization

* Tracking
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Current successes
* Photo tourism / Photosynth

"  Maosott
< «“ PhOtOSynth

Photo Tourism

Exploring photo collections in 3D

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

SIGGRAPH 2006
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Current successes

e Calibrate & remove blur
* e.g. DXO, Adobe, Panasonic, Mamya

Before After

DxO Oplics Pro DxO Optics Pro
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Current successes

[EEE TRANSACTIONS ON PATTERN ANALYSIS AND MACHINE INTELLIGENCE _VOL. 14, NO 2 FEBRUARY 1092 o0

* Light field cameras

Single Lens Stereo with a Plenoptic Camera

Edward H. Adelson and John Y.A. Wang

Abstract —Ondansey camseras gather light across the area of thewr
Jems aperture, and the Light stnking a given subregion of the
aperture 15 stroctured somewhat differently than the hight stnking an
adpacest subregson By amalyzing this optacal structure, one cas
mfer the depths of objects 1 the scene, 12, one can achweve
‘sangle leas stereo” We descnbe a novel camera for performung thes
analysis. It incorporates a single mam lens aloag with a lenticular
armay placed at the sensor plane. The resulting “plenoptic camera™
provades mformation abost how the scene would Jook when viewed
from a continuum of possable vienpounts bosaded by the maun lens
aperture. Denving depth infoematson 15 ssmpler than 1o a benocular
stereo systemn because the correspondence problem 15 memaumzed
The camera extracts informatioa about both honzontal aad vertical
parallax, whach improves the reliability of the depth estumates

[.INTRODUCTION

(19 VERY BODY in the Light and shade fills the sur- Fig 1. Dugram from Leonudo's sotebooks diusaating the fact tar the kyle
rounding air with infinite images of iself; and these, by ¥ Jeaving aa obyect’s sface may be coatadezed 1o foem 3 collection of

- cones (wiach Leonwdo calls “pyramads™), each come comstatet an umage
infinite pyramids diffused in the air, represent this body oy weuld be seen by vdwk?m‘ a 3 given Jocation - ’

thevaabuust snvara and s avars sida * 1 asmarda Ada Vi 111 swas

LYTRO

Picture Revolution PICTURE GALLERY LIGHT FIELD CAMERA THE SCIENCE INSIDE

. ’, -‘. 4 .l'ltsa! »

» e

'4. \ R,
The only camera
that captures life

in living pictures.

> O Ccamera

ZOOM INFO FULL
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Open Challenges

 Upper bounds on acquisition/reconstruction
* Natural image priors

* Light field, space time priors/reconstruction
 Computational illumination

* New modalities (coherent, femtosecond)

* Video mid-level representation

 Link to other fields

- Astronomy, microscopy, medical, radar, science




