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Abstract. We propose a novel demosaicking method based 
on the linearity property of a local color distribution. With the 
proposed technique, the color filter array can be demosa
icked with less "confetti " types of errors and fringe artifacts 
than many current demosaicking methods. Furthermore, 
edge details are well preserved. © 200s Society of Photo-Optical 
Instrumentation Engineers. [DOI : 10.1117/1.1906084) 
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1 Introduction 

Due to hardware limitati ons, the sing le-chip CCD or 
C M OS solid state sensor array in digital cameras does not 
measure a complete tri plet o f red , green, and blue color 
va lues for each pi xel in an image. Instead, it captures a 
sparse ly sampled image of each o f the color planes wi th a 
sensor w hose surface is covered w ith a color filter array 
(CFA). To produce a full RGB image from these sub
sampled co lor va lues, CFA demosaickj ng i s then used to 
reconstruct the ori ginal co lors. 

T he B ayer array 1 shown in F ig. 1 i s one of the many 
typica l CFA patterns used in digital still cameras. A variety 
of methods have been proposed for demosaickjng such a 
pattern . The simplest one i s linear interpolati on, w hich does 
not m aintain edge information well. M ore advanced 
methods2

-
4 per form CFA interpolati on in a manner that 

preserves edge details. 
A property of m any local edge re~ions is the linearity of 

its co lor di stribution in RGB space, w hich al so exi sts for 
hom ogeneous regions. We capti alize on the linearity prop
erty of local co lor d istributions to produce a novel demo-
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Fig. 1 Sample Bayer pattern . 

saick.ing method that can result in fewer demosaicking ar
ti facts while preserv ing edge details better than many 
current demosaickjng methods. 

2 Linearity Property of Local Color Distributions 

A s described in Ref. 5, because of the limited spatial reso
lution of the image array, the image plane area of an edge 
pi xel will generally image portions of both regions that 
bound the edge. For an edge pixel that lies between two 
regions hav ing distinct RGB color vectors 1; and / ~, its 

measured RGB color vector / 0 should be a linear combina
tion of the bounding reg ion colors: 

( 1) 

where a i s a value within interval [O, 1]. According to thi s 
local linearity property, / 0 should be located on the I ine 

segment between 1; and / ~ in the 3-D RGB space. The 
linearity property also suggests that local changes in the 
three color components should be consistent with one an
other, expressed as 

(2) 

where ,-: , g { , b; represent respecti vely the red, green, and 

blue va lues of 1;, and r0 , g0 , b0 represent respec ti vely the 

red, green, and blue values of / 0 . 

In thi s work, only three consecutive pixels on a line in 
the CCD array tessellation are regarded as compl y ing with 
the linearity property. For example, in Fig. I , / 21 , / 22 , and 
/ 23 should be linear w ith regard to 4-connecti vity, and / 11 , 
I 22 , and / 33 should be linear in the sense o f 8-connecti vity. 

3 Linearity in Demosaicking 

The linearity property shown in Eq. (2) describes expected 
relationships among the color components of neighboring 
pi xels. Miss ing components can be determined by incorpo
rating the linearity property into the demosaicking problem. 

The green channel i s first interpolated . Referring to F ig. 
I , we estimate G34 of a red CFA pixel by first computing 

a 1= IG 35 - G 33 I, a 2= IG44-G 24I, .B1 =I B43- B2sl , and 
,B 2=I B45 - B231. These quant ities are used to determine 
whether pi xel / 34 is located on a verti cal, hori zontal , or 
diagonal edge. The following estimates are then used for 
the missing green pi xel va lue: 
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if a 1 = MP 

if a 2 = M P 

C , -1 = 

( C ,3+ C 35) /2 

( C 2-1 + C 44 )/2 

( C 2-1 + C 33l /2 

(C 35+ C-1-1 )/2 

(C 2-1+ C 35) /2 

( C :n + C 44 ) /2 

i f [(,8 1 = M P)&( l8 aug l - 8 23l< IB aug l - 8 451) ] 

i f [(,81 = M P)& (l 8 aug l - B4sl < IBaug 1 - 8 23 1)] 

if [(,82= M P )& (l 8 aug2- B2s l < IBaug2- 8 43 I)] 

if [( f3 2= MP)&( l8 aug2- 8-13l< l8aug2- 8 2sl )] 

(3) 

where MP = min(a 1.a2 ,,B1,/32) . B""li 1= (8 25 + 8-13)/2 and 
8 au82 = (8 23 + 8 45) /2. In Eq . (3), the last fo ur cases corre
spond to diagonal edges. For example , a diagonal edge 
from the lower left to uppe r right is add ressed in the third 
and fo urth cases. For thi s kind of edge, / 34 is first grouped 
to either the upper left or lower ri ght tri ang le formed by the 
edge in the 8-neighborhood, depending on which triangle 
has the m ore s imilar blue va lue. Then C 34 is esti mated by 
the known green va lues in the se lected tri angle . The green 
channel va lue for a blue CFA pixel can be inte rpolated 
similarly. 

After demosaickjng the green color plane, the blue and 
red va lues of green CFA pixel s are then estimated using the 
linearity property as follows , usi ng / 44 as an example. 

where 

{ 
( C-1s - C 4-1) / ( C 4-1 - C -1, ) 

TB = 
Inf 

(TB -=fo - I )& (TB -=fo In f) 

(TB = - I )&(C43-=fo O) 

(TB = - I )& (C 4, = O) 

TB = ln f 

C -1-1-=I=- C 43 

C -l-l= C 43 

Original 

Hamilton Bilinear 

Gunturk Our method 

(4) 

Fig. 2 Demosaicked results by some current demosaicking meth
ods and ours on a real image. 

R 44 can be determined simil arl y to Eq. (4) by the known 
green and red components va lue of / 54 . / 44 , and / 34 . 

Linearity is also used to estimate the mi ss ing red va lues 
fo r blue CFA pixe ls, and the blue va lues fo r red CFA pixe ls. 
Us ing / 54 as an exampl e, the blue va lue of a red CFA pixe l 
is interpolated as 

(5) 

where B ~~ is estimated from pixels / 53 , 154 , and 155 with 

the method in the Eq. (4) , and 8 r4 is determined similarly 

from pixel s / 44 , 154 , and / 64. 

4 Results 

In our experiments, all test images are sampled with the 
Bayer CFA pattern and then reconstructed us ing de mosa
icking methods unde r compari sons in RGB color space. 

In Fig. 2, we di splay the results of the Hamilton 
method,3 the Gunturk method ,2 bilinear inte rpol ation , and 
our method on a real colo r image. For greater clarity, we 
highlight a patch in the image and zoom in to obta in a 
larger scale. Bilinear interpolati o n produces man y " con
fetti " types of artifacts. Fringe artifacts, also known as zip
per artifacts, are obvious in the results of the Gunturk 
method. For thi s image, the Hamilton method performs as 
well as our method, both ha ving much fewe r artifacts. 

More than 50 rea l images were tested in our ex peri
ments, and we found our method to be less susceptible to 
edge artifacts than these se lected state-of-the-art demosa
icking methods2

-
4 in most cases. At the same time, our 

method reasonably preserves edge detail s. Some of the test 
images and demosa icking results are available on our 
webpage.6 
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