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Motivation

* Understanding of the camera response
function provides:

— Camera characterization

— Irradiance/Radiance from measurements

— Different source matching (IIF)

— Surpass current electronic camera limitations

— HDR imaging



Motivation - Why?

 Example - Electronic camera limitations

Also known as
Gamma correction
curves
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Graph borrowed from “Best Practices Guide to Digital Cinematography Using Panasonic Professional HD Cameras”



Motivation - |IF
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The Image Interchange Framework
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Motivation - |IF

Brief Technical Overview

Reference SMPTE

Original Scene  Input Capture Reference Re;:m:;&;rion
Device Projector

« Academy Color Encoding Specification (ACES)
— A Radiometrically Linear Light Encoding

— We provide methodology to get from any source
(Film, Digital, etc.) into ACES

The Image Interchange Framework



Motivation — Research Problem

* From Radiance to Code Values

L: Scene E: Image X: Exposure Z: Final
Radiance Irradiance Value (EV) Digital Image
watts/sr/m?2 watts/m? J/m2 8bit Intensity

UZL:

X=1"@) | Radiometric Calibration |



Background - Previous Work

* Radiometric Calibration Methods
— Direct chart measurement
— Multiple exposures
— Single image (physical image attribute)
— Photo collections (aggregate statistic)



Background - Response Function
Estimation

Power Function Least Squares Fit - Red Channel

e Direct measurement o]
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Background - Response Function
Estimation

* Multiple exposures
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Background - Response Function
Estimation

e Automatic Camera Function Calibration
— Debevec and Malik [2]
— Mitsunaga and Nayar [3]

Camera Response Function

Image Irradiance

g= f_l Exposure Ratio
/ g(mA) _ é(mB) Exponential ambiguity [6]

Inverse Camera Response Function Rough initial estimate
Assumptions about model

Intensity =——> M = f ]<}L

Measured Intensities in corresponding images
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Background - Response Function
Estimation

* From Radiance to Code Values and Back

— Popular camera response model by Grossberg and
Nayar [6]

Principal Components

_ Unknown Coefficients
Image Irradiance

Average Camera Response Function



Background - Response Function
Estimation

* Single Image Analysis [4]

— Measured edge color distributions

— Minimization of distance from f1(M) to |

Scene Radiance

Image Irradiance

M= {(I)

Measured Color
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Methodology

 Expanded Lin et al. [4] work to include multiple
frames

— How?
e Look at color edges across multiple frames
* Color edge detection
* Add correlation constraint to response estimation
* Do we need a prior in the estimation

— Why?
* Increase amount of color edge data available
e Avoid binary response
* Additional data might be sufficient for estimation



Methodology

e Distance calculation

* Bayesian Estimation
g =argmin AD(g;Q)-log p(g)

Prior — GMM of DoRF [6]




Initial Steps - Camera/Sensor Data
Collected

Panasonic GH2

Canon 5D Markll

Arri D-21 (2 modes)
Eastman Kodak 7213 (200T)
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Initial Steps - Camera/Sensor Data
Collected

ARRI D-21 Video Gamma Setting (2.4)
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Initial Results

Nomnalized Code Value
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Path Forward

Use video footage of additional camera
models

— 24 or 30 fps provided
Study demosaicing algorithms on sets selected

Understand image sequence statistics
obtained from this footage
— Obtain different priors for optimization

Automatically obtain accurate camera
response function from motion images
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