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Problemsin theWorld
of Digital Color Imaging

It all starts with a discretely sampled image.

Most silicon sensors capture only one color value per pixel,
but afull color image requires three colors (RGB) per pixel.
Thus, two-thirds of every color image must be computed.

/

color interpolation
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Color Capture

Most color sensors use the Bayer color filter array (CFA).
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CFA Image Data
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How to begin?

Each pixel has one color value

Why not find the missing
color values using
bilinear inter polation?

R
B G|B
L ook at the code values RIGIEGIR
inthevicinity of ——  LB|CG|B
a pixe of interest. R
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Bilinear Interpolation

What we
get is...

\

the zipper artifact and
the color edge artifact.

\.




The Starting Point

50% of these pixels

R 4 o — captured green values.

L %

RIG
Because the central pixel is red,/

we only need red and green values.

We start by finding green values
for theremaining 50%.

PVREORIPIREOR PV
)
Py,
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Green Interpolation

Themain ideaisto avoid

Inter polating acr oss edges.

N

(o]

We compute two green estimates

0O DO D
©
Py

(one horizontal and one vertical).

(o]

We also compute two classifiersthat tell us
If either direction islikely to cross an edge.
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Green Interpolation

Themain ideaisto avoid

Inter polating acr oss edges.

N

(o]

Gsh = (Ga+Ge)/ 2+ (- Rs+2Rs- Rr)/6

0O DO D
©
Py

(o]

Gsy = (G2+Gse)/2+ (- R+ 2Rs- Ro)/ 6

horz = abs(Ga- Ge) +abs(- Rs+ 2Rs- Ry)
vert = abs(Gz- Gs) +abs(- Ri+2Rs- Ro)
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Estimator: Green Average

1

2

(o]

R
G
R,
G
R

9

Thegreen averageis
our initial estimate.

/

.

Gsh X (Ga+Ge)/ 2% (- Rs+2Rs- Rr)/6
Gsy = (G2+Gse)/2+ (- R+ 2Rs- Ro)/ 6

horz = abs(Ga- Ge) +abs(- Rs+ 2Rs- Ry)
vert = abs(Gz- Gs) +abs(- Ri+2Rs- Ro)
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Estimator: Red L aplacian

1

2

(o]

R
G
R,
G
R

9

Thered second difference (Laplacian)
ISour correction term.

\

el

Gsh = (Ga+Ge)/ 2H(- Rs+2Rs- R7)/6
Gsy = (G2+Gse)/2+ (- R+ 2Rs- Ro)/6

horz = abs(Ga- Ge) +abs(- Rs+ 2Rs- Ry)
vert = abs(Gz- Gs) +abs(- Ri+2Rs- Ro)
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Classifier: Green Gradient

R, A non-zero green gradient
G Indicates a possible edge.
2
R.| G, ] R, G| R,
G
° Gsh = (Gat+f56) 2+ (- Rs+2Rs- R7)/6
R
; 5= (G+Ge)/ 2+ (- Ri+2Rs- Ro)/6
N

horz =

vert =

abs(Gas- Ge) jFabs(- R+ 2Rs- Ry)
abs(Gz=Ges) + abs(- Ri+ 2Rs- Ry)
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Classifier: Red Laplacian

A non-zerored Laplacian also

Indicates a possible edge.

N

(o]

Gsh = (Ga+Ge)/ 2 (- Rs+2Rs- R7)/6

0O DO D
©
Py

(o]

Gsv = (G2+Gs) / 2f (- Ri+ 2Rs- Ro)/ 6

horz = abs(Gas- Ge) +
vert = abs(G:z- Gs) + abs(-

S(- Rs;+ 2Rs- R?)
Ro)
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A Quick Overview

o0 0 Qe Thered Laplacian helps
%% correct the green aver age.
oo o

O ooo{‘\‘
00 0—0 000 O N

Red L aplacian Green gradient
detectsthe feature detectsthe feature
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Adaptive Green I nterpolation

R, = If vert < horz :

% Gs = Gsy %

G, CE- -

% G5 = Gsp %

R, G,| R.| G| R, b oo
G,

= Gsh = (Ga+Ge)/ 2+ (- Rs+2Rs- Rr)/6

9

Gsy = (G2+Gse)/2+ (- R+ 2Rs- Ro)/ 6

horz = abs(Ga- Ge) +abs(- Rs+ 2Rs- Ry)
vert = abs(Gz- Gs) +abs(- Ri+2Rs- Ro)
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Adaptive I nterpolation Policy

%I!III!III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|IIL§
R, % If vert < horz %
% Gs = Gy %
G, = de= ;
% Gs = Gsn =
R.,| G,] R.| G| R, = end :
%IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII%
G,
Rg vert
use Gsy
_ _ use Gg,
| nter polation Policy —
horz
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Adaptive I nterpolation Policy

1

2

R
G

R, G,| R.| G| R,
G
R

(o]

9

Threshold T Isset to

distinguish between —

Image detail and noise.

W e can simultaneously reduce
noisein flat fieldswhile
maintaining edge integrity.

vert |
use Gsy
T use G
4-way >
avg.
T horz
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Red and Blue Interpolation

Once every pixel hasa green color value,
compute R-G and B-G color differences.

|nter polate the color differences
using bilinear interpolation.

So, WHY isit okay to use
bilinear interpolation NOW??
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R-G and B-G
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Color Differences

Color differencerecordstend to have:
(1) low contrast, and
(2) little high spatial frequency detail

Thus, color differencerecords
are generally well conditioned
for bilinear interpolation.
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Non-Adaptive vs Adaptive




22

Non-Adaptive vs Adaptive
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Another Problem intheWorld
of Digital Color Imaging

Sampled images ar e subject to aliasing.

When the spatial frequency content of an image exceeds
the Nyquist limit for a given sensor, aliasing occurs.

©Eastman Kodak Company, 2005



25

Aliasing In a Fabric Pattern

A common sour ce of aliasing artifactsisfabric.

Different threadsin

a weave pattern can
produce a high-contrast,
high spatial frequency
Input signal.

Because the color channels
alias differently, the artifact
becomes color aliasing and
IS even mor e obj ectionable.
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Aliasing In a Fabric Pattern

Aliasing can cause colorsto appear where none wer e before.

-

s i g P S

==
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The 2-Dim Nyquist Diagram

h 2-Dim
0.5 Fourier
Domain

clrlclr
Blelelc
clrlclr
slclsfc

AN

Folding

Frequencie/

-0.5
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The 2-Dim Nyquist Diagram
h

2-Dim
0.5 Fourier
Domain
HREE
B B Y ellow-Cyan

Aliasing

clrlclr
slclsfc

AN

Folding

Frequencie/

Magenta-Green
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The 2-Dim Nyquist Diagram

Dark Cyan Dark Yellow
Glrlc|r SI=lc]r
slcle]c Tl
Glrlc|r ~T=T[~
BEEE oaonG

—

Slight shift in

registration
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Red Channel
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Green Channel
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Blue Channe
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How do we fix this?

ln many cases, the aliasing
Is of the yellow-cyan type.

Also, iIn many cases, the green channel still carries
high frequencieswhilethered and blue channels
have aliased back down to low frequencies.

The Basic Idea:
Use (valid) green data to help identify
the presence of red and blue aliasing.
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How do we proceed?

Convert RGB into a color difference space.

-G (luminance)
- (2G-R-B)/4 (chrominancel)
— (B -R)/2 (chrominance 2)

Reduce image size by 3X down-sampling.

Compute a texture image for each channe,
indicating the level of low-amplitude, high
spatial frequency image content.
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L uminance and Chrominance

Most of the
aliasing artifact
now resides here.

i
-
o i ¥
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Next

 Combinetextureimagesinto one.
e Partition imageinto threetypes of regions

— lower texture (likely to be noise)
— moderate texture (likely to hold aliasing)
— higher texture (likely to be scene detail)

* Focuson regions of moderatetexture
— gain coherence with mor phological operations
— call theseregions “ selected”
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Finally

Noise clean the two chrominance channels

— aggressive cleaning within selected regions

— normal cleaning within non-selected regions
Up-sample cleaned chrominances (3X) to
original size using bilinear inter polation
Cleaned chrominances are combined with the
original (untouched) luminance and converted
back to an RGB image.
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Before

The Results
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After
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Consequences

Our previous aliasing reduction algorithm was
only viable as a post-processing step.
Thecurrent algorithm was an order of
magnitude faster than thefirst one

— region-based rather than edge-based

— alsorecall the 3X reduction in size

Thus, thecurrent algorithm became viable as
an in-camer a processing step.
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