From Pixels to Physics
Probabillistic color de-rendering
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Colors In Internet vision
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Colors In Internet vision

Camera A Camera B

scene color
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An approach: probabilistic derendering

rendered color values (ignoring
compression artifacts)

scene color

values linearly pro-
portional to physical
scene colors
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Problem: tone mapping Is many-to-one

Rendered RAW
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Problem: tone mapping Is many-to-one

Rendered RAW ( /\\/\ h

b h \ Spectral sensors )

Tone
mapping

o D,
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P

A Standard Default Color Space or the
Internet - sSRGB

Michael Stokes (Hewlett-Packard), Matthew Anderson (Microsoft),

Srinivasan Chandrasekar (Microsoft), Ricardo Motta (Hewleu-Packard)

Version 1.10, November S, 1996

Introduction

Hewlett-Packard and Microsoft propose the addition of support for a standard color space,
sSRGB, within the Microsoft operating systems, HP products, the Internet, and all other
interested vendors. The aim of this color space is to complement the current color management
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Problem: tone mapping Is many-to-one

Rendered
Color
Rendered
Color
Rendered Sspec”a'
cene
Color Radiance
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Our approach

Rendered RAW

De-
rendering
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Some data

Panasonic DMC-LX3
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Some data

— Possible RAW colors

blue

*0,0,0)
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Some data
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SRGB output gamut



Some data

RAW —
JPEG —

Panasonic DMC-LX3
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Some data
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Related Work:

Per-channel

“radiometric response functions”

IKodak Ektachrome-100plus Green
Kodak Ektachrome-64 Green
Agfachrome CTPrecisal00 Green
Agfachrome RSX2 050 Blue
Agfacolor Futura 100 Green
Agfacolor HDC 100 plus Green
Agfacolor Ultra 050 plus Green
Agfapan APX 025

Agfa Scala 200x

Fuji F400 Green

Fuji F125 Green

Kodak Max Zoom 800 Green
Kodak KAI0372 CCD

40..

—1 Cannon Optura

5 Kodak DCS 315 Green
| Sony DXC-950
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Kodak KAF2001 CCD

Normalized Irradiance
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gamma curve, ¥ =0.6
01 gamma curve, =10
gamma curve, Y=1.4
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[Mann & Picard, 1995; Debevec & Malik,
1997; Mitsunaga & Nayar, 1999; Grossberg

& Nayar, 2004; Pal et al., 2004; ...]




Some data

RAW —
JPEG —

Panasonic DMC-LX3

Related Work:

Cross-channel deterministic maps

(1) Irradiance Ey (RAW) “@  RadiometricResponse
(M) [
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(2) Color Transform 1 (3) Color (Gamut) Mapping (7)
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|
XX 7 sRGB I
—> |
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‘WB(white balance) :
|
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[Chakrabarti et al, 2009; Lin et al., 2011]
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Our approach: local GP regression
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Our approach: local GP regression

—
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Our approach: local GP regression

Training set:
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Our approach: local GP regression

Training set:

4M w1 T3

rred = 2% (y )+ €, € x N(0,0%)

p(xly)= ][ pcr(zDny),y)
C:r?g?b

[Urtasan & Darrell, 2008]
[Rasmussen and Z. Ghahramani, 2002]

[McHutchon and Rasmussen, 2011]
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Potential Applications
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b Mame & Extension:

S = P Preview:




Potential Applications

Recognition

[Sunkavalli et al., 2008]

Deblurring (blind or non-blind)

[Whyte et al., 2011]
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Potential Applications

Shadow removal Glare removal
4 ]

E>.

[Mallick et al., 2006]

b =

[Debevec and Malik, 1997]

Photometric stereo

GRET
e e
|

[Ackerman et al., 2010]
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Probabilistic multi-exposure imaging

Multi-exposure imaging

Conventional approach: Probabilistic approach:
weight all measurements equally combine estimates according to variance

1 an
X0 ; ; CE—iXi p(XO|Y1 e YN) — Upmdyi (XU|Y1')

22 G o) =TT & (Sl

[Debevec and Malic, 1997]
[Mitsunaga and Nayar, 1999]
[Robertson et al. 2003]



Probabilistic multi-exposure imaging

Multi-exposure imaging

Panasonic DMC-LX3
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Probabilistic multi-exposure imaging

Multi-exposure imaging

Panasonic DMC-LX3

F F F
~— - 0urs

0. Chakrabarti et al. 2009
—<—Linetal. 2011

]

0.4

0.3

relative rms error

0.2

[1

O E ) E ) - - - - B
[0, 255] [1, 254] [2, 245] [4, 235] [6, 225] [8, 215][10, 205]
jpg values used for estimation
v Xiong, Saenko, Darrell & Zickler: Probabilistic Derendering




Probabilistic multi-exposure imaging

Multi-exposure imaging

DMC-LX3
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Probabilistic multi-exposure imaging

Multi-exposure imaging

DMC-LX3
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Probabilistic multi-exposure imaging

Multi-exposure imaging

Panasonic DMC-LX3
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Probabilistic multi-exposure imaging

Multi-exposure imaging

DMC-LX3
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Probabillistic photometric stereo

(Calibrated, Lambertian) Photometric stereo

- ¢

Conventional approach: Probabilistic approach:
weight all measurements equally combine estimates according to variance
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Probabillistic photometric stereo

(Calibrated, Lambertian) Photometric stereo

Chakrabarti et al. 2009

RMS 3.41 degrees RMS 4.54 degrees
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Summary

» Color-derendering with a measure of uncertainty

* Improves performance for probabilistic adaptations of
HDR Imaging and photometric stereo

» Should be useful for probabilistic adaptations of other
tasks as well (deblurring, dehazing, intrinsic images,
stitching and matching, color constancy, etc.)
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