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Course announcements

A Homework 2 is out.
- Due Septembe28h,
- Requires camerandtripod.
- Still five cameras left if anybody needs one.
- Start early! Large programming component and generous bonus.

A Any issues with Homework 1?
- How did you find homework 1 in general?
- Which part of homework 1 did you enjoy the most?
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A Leftover from lecture 5: optimateights for HDRerging.
A Color calibration andomographyestimation.

A Tonemapping

A Edgeaware filtering and bilateral filtering.

A Back taonemapping

A Some notes about HDR atathemapping
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Slide credits

Many of these slides were inspired or adapted from:

A James Hays (Georgia Tech).
A FredoDurand (MIT).

A GordonWetzstein(Stanford).
A Sylvain Paris (MIT).

A SamHasinoff(Google).



Colorcalibration andhomographyestimation



Many different spectral sensitivity functions

Each camera has its more or less unigue, and most of thes¢éicnef SSF.
A Makes it very difficult to correctly reproduce the color of sensor measurements.

Canon Nikon Sony

Images of the same scene captured using 3 different cameras with idsRiEBkettings.



Color calibration

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?



Color calibration

Apply linear scaling and translation to RGB vectors in the image:
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transformed RGB vector original RGB vector

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

Color patches manufactured to have
pre-calibrated XYZ coordinates.

Calibration chart can be used for:
1. color calibration
2. radiometric calibration (i.e., response curve) using the bottom row
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Using (again) a color checker

Color Checke

R=115
G= 82
B= 68

Orange

G=122 G=108

B=157 o7 pre-calibrated XYZ coordinates.

Dark Skin R Folae Color patches manufactured to have
B=130

Furple Red Moderate Rec Furple
R= &0 R=183 R=94
G=a0 G= 60
B=198 E=108

Can we use any color chart image for
i color calibration?

G= 04

Meutral & Meutral 5
R=200 R=122
G=122

B=121

200 400 =] i) 1000 1200

Calibration chart can be used for:
1. color calibration

2.

radiometric calibration (i.e., response curve) using the bottom row
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Using (again) a color checker

G= a2
B= 68

G=122 G=108

B=157 o7 pre-calibrated XYZ coordinates.

Color Checker Char
RaT1s Reos | mear Color patches manufactured to have
B=130

Orange Purple Red Moderate Rec Purple
R=193 R= 94

=190 G= 60

B=108

Can we use any color chart image for

Rl R color calibration?
g - It needs to be éinearimage!
Meutral B Meutral 5 Meutral 35 Hack . . . . .
i . - Do radiometric calibration first.
B=121 B= 85 R= 52

200 400 =] i) 1000 1200

Calibration chart can be used for:
1. color calibration
2. radiometric calibration (i.e., response curve) using the bottom row



Color calibration

Apply linear scaling and translation to RGB vectors in the image:
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transformed RGB vector original RGB vector

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 khd vector 2



Color calibration

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

WA [



Color calibration

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

Apply ahomographyto homogeneoufkGB vectors in the image:

0 'Ogo
homogeneous homogeneous
transformed RGB vector original RGB vector

How do we solve forlaomographyransformation?



Determining thehomographymatrix

Write out linear equation for each color vector correspondence:
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Determining thehomographymatrix

Write out linear equation for each color vector correspondence:

i Q 0 0 Q1.
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Expand matrix multiplication:
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Determining thehomographymatrix

Divide out unknown scale factor:

LRI 0Q Qw Q) (M TQQ Qu Q)
QLRI Q00 Qwu Q) (i QQ Qu Q)
Q1T M Qw Q) (i Q0 Quwu Q)



Determining thehomographymatrix

Divide out unknown scale factor:

LRI 0Q Qw Q) (M TQQ Qu Q)
QLRI Q00 Qwu Q) (i QQ Qu Q)
Q1T M Qw Q) (i Q0 Quwu Q)

Rearrange as a linear constraint on entries of H:

11Q 1A (Z)Q Q1 " «dQ Q m
QN O Q. Q0 1T A Q0 QT
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Determining thehomographymatrix

Rewrite in matrix form:

Ah

0

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 thehomographymatrix

Rewrite in matrix form:

Stack together constraints from additional color vector correspondencesisay
Ah =20

HomogeneouBnear least squares system.
A How do we solve such systems?



Determining thehomographymatrix

Rewrite in matrix form:

Stack together constraints from additional color vector correspondencesisay
Ah =20

HomogeneouBnear least squares system.
A How do we solve such systems?Ph Use singular value decomposition (SVD)



General form of total least squares

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

ErLs = Z(Gim)z

()

— | A;‘[} | | 2 (matrix form)

Hm' 2 — ]_ constraint

2 (Rayleigh quotient)

minimize HA_;BH l A:I: ‘2
» minimize
ubject to T 2 p— HmH2

S
Solution is the eigenvector Solution is the column of
corresponding to smallest corresponding to smallest singular
eigenvalue of (equivalent) value

ATA A=UxV'



An example

original colorcorrected



Quick note

LT e&2dz OFyy20 R2 OIF f A0 NJ

EXIF data (if available).

Often contains information about tone reproduction
curveand color space

| General | Permissions ’Meta Info | Preview |
‘ | | ;

~ JPEG Exif
Comment:

Creation Date:
Creation Time:
Dimensions:
Exposure Time:
JPEG Quality:
Aperture:

Color Mode:
Date/Time:
Flash Used:
Focal Length:
ISO Equiv.:
JPEG Process:
Camera Manufacturer:
Metering Mode:
Camera Model:
Orientation:

05-01-14

12:38:36 am

2560 x 1920 pixels
0.100 (1/10)
Unknown

fi3.3

Color

05-01-14 12:38:36 am
Off

6.3 mm

100

Baseline

PENTAX Corporation
Pattern

PENTAX Optio WP

1

o<

| Cancel |

{
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Tonemapping



How do we display our HDR images?

6
10 display 1
I [ I N A N N A R
. ~\\\\
: \\\\\\
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10 HDR image 1
I . I . | R
| |
| |
10° 10°

common reaworld scenes
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adaptation range of our eyes




Linear scaling

Scale image so that maximum value equals 1

Can you think of
something better?




Photographi¢conemapping

Apply the same nehnear scaling to all plxels in the Image so that:

A.NAYy3I SOSNEBUKAY 3 g UKAY NJy S b I aéyYL:
Al SIS RIN] I NBI a 2yS [ at2LS I m ySI |
1
% | — I HDR
— display
| | | | 1+ I
0 1 2 3 4 5 HDR
Lortd (exact formula more complicated)

graphic because deS|gned to approximate film zone system. }
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What Is the zone system?

A Technique formulated by Ansel Adams for film development.
A Still used with digital photography.

Zone Description

Pure black
Near black, with slight tonality but no texture

Textured black; the darkest part of the image in which slight detail is recorded

Average dark materials and low values showing adequate texture

Average dark foliage, dark stone, or landscape shadows

Middle gray: clear north sky; dark skin, average weathered wood

Average Caucasian skin; light stone; shadows on snow in sunlit landscapes

Vil Very light skin; shadows in snow with acute side lighting
Vil Lightest tone with texture: textured snow
X Slight tone without texture; glaring snow

X Pure white: light sources and specular reflections




Examples




Examples

photographic
tonemapping

linear scaling
(map 10% to 1
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Dealing with color

If wetonemapall channels the same, colors are washed out

Can you think of a way to deal with thi



Intensityonlytonemapping

tonemap
Intensity

leave color
the same

How would you implement this?



Comparison

Color now OK, but some details are washed out due to loss of contrast

Can you think of a way to deal with thi



Lowfrequency intensityonlytonemapping

tonemaplow-frequency
Intensity component

leave higHrequency
Intensity component g
the same 3

leave color the same

How would you implement this?




Comparison
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Can you think of a way to deal with thi




Edgeawarefiltering and bilateral filtering



Motivational example

original

[ SGQa alée L glyd 02 NBRIzOS GKS | Y2 dzy



Motivational example

original Gaussian filtering

What is the problem here?



Motivational example

original Gaussian filtering

Howto smooth out thedetailsin the image without losing the important edges?



Motivational example

original Gaussian filtering bilateral filtering



The problem with Gaussian filtering

Gaussiarkernel

Input output

Why is the output so blurry?



The problem with Gaussian filtering

Gaussiarkernel

Input output

Blur kernel averages across edges



The bilateral filtering solution

bilateral filter kernel

Input output

— . *
. 3
N\
. R : ¥
\ “
). : 5 )
A i el \
T ] N VR *
) A\ \»0
a . | S §
\ \
W\ 3 W
SN
. . ;
\ 3 !
' 2 .
L SRS ¥ AN
|
||

Do not blur if there is an edge! How does it do that?



Bilateral filtering

1
Wm n

hlm,n] =

Zg[ku l]?ﬂmn[ku l]f[m T k: n -+ l]
k,l



Bilateral filtering

1
Wmn

Zg[k: l]rmﬂ[ku l]f[m T k: n -+ l]
k,l

hlm,n] =

Spatial weighting

JS
Assign a pixel a large weightif: 1A G Qa Yy SI ND &



Bilateral filtering

1
Wmn

hlm,n] =

k,l

Spatial weighting  Intensity range weighting

/N

— L ~—

ac:f[m,n]—f[m+k,n+l]

Assign a pixel a large weightif: 1)A 0 Qa y&d NI2)d looks like me



Bilateral filtering

1
Wmn

k,l

hlm,n] =

Normalization factor  Spatial weighting  Intensity range weighting

/N

— L ~—

ac:f[m,n]—f[m+k,n+l]

Assign a pixel a large weightif: 1)A 0 Qa y&d NI2)d looks like me



Bilateral filtering vs Gaussian filtering

Which is which?

him,n] = glk, 1] f[m+ k,n +]
k,l

> glk, rmnlk, [ fim + k,n 4]



Bilateral filtering vs Gaussian filtering

Gaussian filtering

him,n] = glk, 1] f[m+ k,n +]
k,l

Bilateral filtering

> glk, rmnlk, [ fim + k,n 4]



Bilateral filtering vs Gaussian filtering

Gaussian filtering

him,n] = > GRS f[m + k,n + ]
k,l

Bilateral filtering Os n fgggffégﬁfp?gi

> GBS mn [k, 1 f[m + k,n 4 1]




Bilateral filtering vs Gaussian filtering

Gaussian filtering

him,n] = > GRS f[m + k,n + ]
k,l

Bilateral filtering Os u fisfffégﬁfp?gi

> GBS rmn [k, 1) f[m + k,n 4 1]

k,l
A Intensity rangeveighting
Or | | favorsimilarpixels

e ~—

z = flm,n] — flm+k,n+1



Bilateral filtering vs Gaussian filtering

Gaussian filtering

him,n] = > GRS f[m + k,n + ]
k,l

Bilateral filtering Os u fisfffégﬁfp?gi

1
Wmn

hlm,n| =

> GBS rmn [k, 1) f[m + k,n 4 1]

k,l
A Intensity rangeveighting
] ] O‘ . . .
Normalization factor r _- . ~_ favorsimilarpixels

L :f[man] _f[m+kan+”




Bilateral filtering vs Gaussian filtering

Gaussian filtering

Smooths everything nearby (even edges)
Only depends oapatialdistance

Bilateral filtering

{Y22(GKa wOf2aSQ LIAESta Ay &L
Depends omspatialandintensitydistance



Gaussian filtering visualization

hlm,n =Z flm+k,n—+1
kil
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Gaussiarf-ilter Input



Bilateral filtering visualization

hlm,n] = Wl Z Tmnlk, t] flm + k,n + 1]

mal

Spatial range I ’ Intensity range

N\

Output Bilateral Filter Input



Exploring the bilateral filter parameter space

s,=0.1 s, =0.25 (Gaussian blur)

-




Does the bilateral filter respect all edges?

bilateral fllter kernel




Does the bilateral filter respect all edges?

bilateral filter kernel
. *
u ’

Bilateral filter crosses (and blurs) thin edges.

Input output




Denoising

noisy input bilateral filtering median filtering



Contrast enhancement

How would you use Gaussian or bilateral filtering for sharpening?

sharpening based on sharpening based on
bilateral filtering Gaussian filtering




Photo retouching




Photo retouch

S

original digital pore removal (aka bilateral filtering)









Closeup comparison

original digital pore removal (aka bilateral filtering)



Cartoonization

cartoon rendition




Cartoonization

How would yolcreate this effect?



Cartoonization

Note: imagecartoonizatiorand abstraction are very active research areas.



Is the bilateral filter:

Linear?

Shiftinvariant?



Is the bilateral filter:

Linear?

A No.

Shiftinvariant?

A No.

Does this have any bad implications?



The bilateral grid

Real-time Edge-Aware Image Processing with the Bilateral Grid

Jiawen Chen Sylvain Paris Frédo Durand

Computer Science and Artificial Intelligence Laboratory
Massachusetts Institute of Technology

Data structure for fast edge
aware image processing.

Figure 1: The bilateral grid enables edge-aware image manipulations such as local tone mapping on high resolution images in real time.
This 15 megapixel HDR panorama was tone mapped and locally refined using an edge-aware brush at 50 Hz. The inset shows the original
input. The process used about 1 MB of texture memory.




Modern edgeaware filtering: local Laplacian pyramid
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Modern edgeaware filtering: local Laplacian pyramid

texture
Increase

texture e N large texture
decrease -t R increase




Tonemappingvith edgeaware filtering
W T




Tonemappingvith edgeaware filtering

local Laplacian pyramids bilateral filter



Back taonemapping



Comparison
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Can you think of a way to deal with thi




Tonemappingvith bilateral filtering

Output
Intensity _Large scale (base layer)
Large scale
Reduce
contrast
Fast Detail
Bilateral Preserve!
Filter
Color
Color




Comparison

We fixed the halos without losing contrast







Gradientdomain merging antbnemapping

Compute gradients, scale and merge them, then integrate (solve Poisson problem).
A More in lecture 7.




Gradientdomain merging antbnemapping




Comparison (which one do you like better?)

Vol -

photographic | bilateral filtering gradientdomain



Comparison (which one do you like better?)

Vol -

photographic | bilateral filtering gradientdomain



Comparison (which one do you like better?)

photographic bilateral filtering gradientdomain




Comparison (which one do you like better?)
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Tonemappindor a single image

Modern DSLR sensors capture about 3 stops of dynamic range.
A Tonemapp Ay 3t S w!2 FA{S AyauSIR 2F dzaAy3

r |
&g Fg,

result from image #
processing pipelindus
(basic tone 2
reproduction)

tonemappingusing
bilateral filtering (|
think)




Tonemappindor a single image

Modern DSLR sensors capture about 3 stops of dynamic range.
A Tonemapp Ay 3t S w!2 FA{S AyauSIR 2F dzaAy3

.

[ I NB T dzftoneyhapil i 2
A Why is this not a problem
with mult-exposure HDR?




Some notes about HDR atethemapping



A note of caution

A HDR photography can produce very visually compelling results
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A note of caution

A HDR photography can produce very visually compelling results

A It is also a very routinely abused technique, resulting in awful results
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A note of caution

A HDR photography can produce very visually compelling results
A It is also a very routinely abused technique, resulting in awful results

A The problem isonemapping not HDR itself



A note about HDR today

A Most cameras (even phone cameras)
have automatic HDR modes/apps

A Popularenough feature that phone
manufacturers are actively competing
about which one has the best HDR

A The technology behind some of those apps
0SPIP: D223IfSQa | 5wbl
SIGGRAPH and SIGGRAPH Asia conference
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