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Course announcements

ÅHomework 2 is out.
- Due September 28th. 
- Requires camera andtripod.
- Still five cameras left if anybody needs one.
- Start early! Large programming component and generous bonus.

ÅAny issues with Homework 1?
- How did you find homework 1 in general?
- Which part of homework 1 did you enjoy the most?



hǾŜǊǾƛŜǿ ƻŦ ǘƻŘŀȅΩǎ ƭŜŎǘǳǊŜ

ÅLeftover from lecture 5: optimal weights for HDR merging.

ÅColor calibration and homographyestimation.

ÅTonemapping.

ÅEdge-aware filtering and bilateral filtering.

ÅBack to tonemapping.

ÅSome notes about HDR and tonemapping.



Slide credits

Many of these slides were inspired or adapted from:

ÅJames Hays (Georgia Tech).
ÅFredoDurand (MIT).
ÅGordon Wetzstein(Stanford).
ÅSylvain Paris (MIT).
ÅSam Hasinoff(Google).



Color calibration and homographyestimation



Many different spectral sensitivity functions

Each camera has its more or less unique, and most of the time secret, SSF.
ÅMakes it very difficult to correctly reproduce the color of sensor measurements.

Images of the same scene captured using 3 different cameras with identical sRGB settings.



Color calibration
Apply linear scaling and translation to RGB vectors in the image:

transformed RGB vector original RGB vector
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What are the dimensions of each quantity in this equation?
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Apply linear scaling and translation to RGB vectors in the image:
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What are the dimensions of each quantity in this equation?

How do we decide what transformed vectors to map to?



Using (again) a color checker

Calibration chart can be used for:

1. color calibration

2. radiometric calibration (i.e., response curve) using the bottom row

Color patches manufactured to have 
pre-calibrated XYZ coordinates.
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Using (again) a color checker

Calibration chart can be used for:

1. color calibration

2. radiometric calibration (i.e., response curve) using the bottom row

Color patches manufactured to have 
pre-calibrated XYZ coordinates.

Can we use any color chart image for 
color calibration?

- It needs to be a linearimage!

- Do radiometric calibration first.



Color calibration
Apply linear scaling and translation to RGB vectors in the image:

transformed RGB vector original RGB vector

ὧ ὓɇὧ ὦ

What are the dimensions of each quantity in this equation?

How do we decide what transformed vectors to map to?

How do we solve for matrix M and vector b?
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Color calibration
Apply a homographyto homogeneousRGB vectors in the image:

homogeneous 
transformed RGB vector

ὅ Ὄɇὅ

homogeneous 
original RGB vector

How do we solve for a homographytransformation?



Determining the homographymatrix

Write out linear equation for each color vector correspondence:
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Determining the homographymatrix
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Determining the homographymatrix

ὶὬ ὶ Ὤ Ὣ Ὤ ὦ Ὤ Ὤὶ ὬὫ Ὤὦ Ὤ
Ὣ Ὤ ὶ Ὤ Ὣ Ὤ ὦ Ὤ Ὤὶ ὬὫ Ὤὦ Ὤ
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Rearrange as a linear constraint on entries of H:

Divide out unknown scale factor:
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Determining the homographymatrix
Re-write in matrix form:

What are the 
dimensions of each 

variable in this system?

How many equations 
from onecolorvector

correspondence?

How many color vector 
correspondences do we 

need?



Determining the homographymatrix
Re-write in matrix form:

Stack together constraints from additional color vector correspondences row-wise:

Homogeneouslinear least squares system.
ÅHow do we solve such systems?



Determining the homographymatrix
Re-write in matrix form:

Stack together constraints from additional color vector correspondences row-wise:

Homogeneouslinear least squares system.
ÅHow do we solve such systems?Ҧ Use singular value decomposition (SVD)



General form of total least squares

(matrix form)

(Warning: change of notation. x is a vector of parameters!)

constraint

minimize

subject to

minimize

Solution is the eigenvector 
corresponding to smallest 
eigenvalue of

(Rayleigh quotient)

Solution is the column of V

corresponding to smallest singular 
value(equivalent)



An example

original color-corrected



Quick note

LŦ ȅƻǳ Ŏŀƴƴƻǘ Řƻ ŎŀƭƛōǊŀǘƛƻƴΣ ǘŀƪŜ ŀ ƭƻƻƪ ŀǘ ǘƘŜ ƛƳŀƎŜΩǎ 
EXIF data (if available).

Often contains information about tone reproduction 
curve and color space.



Tonemapping



How do we display our HDR images?

10-6 106

adaptation range of our eyes

common real-world scenes

10-6 106
image

10-6 106

HDR image

10-6 106
display



Linear scaling
Scale image so that maximum value equals 1

Can you think of 
something better?



Photographic tonemapping

Apply the same non-linear scaling to all pixels in the image so that:
Å.ǊƛƴƎ ŜǾŜǊȅǘƘƛƴƎ ǿƛǘƘƛƴ ǊŀƴƎŜ Ҧ ŀǎȅƳǇǘƻǘŜ ǘƻ м
Å[ŜŀǾŜ ŘŀǊƪ ŀǊŜŀǎ ŀƭƻƴŜ Ҧ ǎƭƻǇŜ Ґ м ƴŜŀǊ л

(exact formula more complicated)
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ÅPhotographic because designed to approximate film zone system.
ÅtŜǊŎŜǇǘǳŀƭƭȅ ƳƻǘƛǾŀǘŜŘΣ ŀǎ ƛǘ ŀǇǇǊƻȄƛƳŀǘŜǎ ƻǳǊ ŜȅŜΩǎ ǊŜǎǇƻƴǎŜ ŎǳǊǾŜΦ



What is the zone system?
ÅTechnique formulated by Ansel Adams for film development.
ÅStill used with digital photography.



Examples


