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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. © 2005 Society of Photo-Optical
Instrumentation Engineers. [DOI: 10.1117/1.1906084]
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1 Introduction

Due to hardware limitations, the single-chip CCD or
CMOS solid state sensor array in digital cameras does not
measure a complete triplet of red, green, and blue color
values for each pixel in an image. Instead, it captures a
sparsely sampled image of each of the color planes with a
sensor whose surface is covered with a color filter array
(CFA). To produce a full RGB image from these sub-
sampled color values, CFA demosaicking is then used to
reconstruct the original colors.

The Bayer array' shown in Fig. 1 is one of the many
typical CFA patterns used in digital still cameras. A variety
of methods have been proposed for demosaicking such a
pattern. The simplest one is linear interpolation, which does
not maintain edge information well. More advanced
methods® * perform CFA interpolation in a manner that
preserves edge details.

A property of many local edge regions is the linearity of
its color distribution in RGB space,” which also exists for
homogeneous regions. We captialize on the linearity prop-
erty of local color distributions to produce a novel demo-
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G | Ria [ Giz| Ris | Gis [ Rig | G
Bay | Gaz | Baz | Gag | Bas | Gas | Bas
G31 | Raz | G33 | Ras | Gas | Rss | Gaz
Ba1 | G4z | Baz | Gag | Bys | Gus | Bar
Gsy | Rsa [ Gs3| Rsa | Gss | Rss | Gss
Be1 | Ge2 | Bz | Ges | Bes | Ges | Ber
G71 [ Rsa | Gr3| Rys | Ggs | Res | Grs

Fig. 1 Sample Bayer pattern.

saicking method that can result in fewer demosaicking ar-
tifacts while preserving edge details better than many
current demosaicking methods.

2 Linearity Property of Local Color Distributions

As described in Ref. 5, because of the limited spatial reso-
lution of the image array, the image plane area of an edge
pixel will generally image portions of both regions that
bound the edge. For an edge pixel that lies between two
regions having distinct RGB color vectors /| and /5, its
measured RGB color vector /; should be a linear combina-
tion of the bounding region colors:

where a is a value within interval [0,1]. According to this
local linearity property, I, should be located on the line
segment between /| 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
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where r; , g, , b, represent respectively the red, green, and
blue values of I, , and r(, gy, b, represent respectively the
red, green, and blue values of /.

In this work, only three consecutive pixels on a line in
the CCD array tessellation are regarded as complying with
the linearity property. For example, in Fig. 1, 15, /5, and
I,; should be linear with regard to 4-connectivity, and /,, .

I, , and I35 should be linear in the sense of 8-connectivity.

3 Linearity in Demosaicking

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

The green channel is first interpolated. Referring to Fig.
1, we estimate G, of a red CFA pixel by first computing
a;=|G3s— G|, @;=|Gy—Gyl, B1=|By—By|. and
B>=|B,s— B>;|. These quantities are used to determine
whether pixel /5, is located on a vertical, horizontal, or
diagonal edge. The following estimates are then used for
the missing green pixel value:
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((G3+Gss)2  if a;=MP
(GarytGay)2 if a,=MP
. (Gag+Gy3)I2 if [(B1=MP)&(|B,y,1—B2|<|Buye—Buasl)] "
o (G35+Gyy)/2 if [(B1=MP)&(|B 41— Bas|<|Buvg1 —B2l)] o
(Gt Gas)/2 if [(Ba=MP)&(|Byyg2—Bas|< |Bum_ B-ﬂ| )]
(G33+ G2 if [(By=MP)&(|B p2— B3| <|Bye2—Basl)]
1
where M P=min(a,..8.55). B,,,1=(Bss+B,3)/2 and R4 can be determined similarly to Eq. (4) by the known
B, o= (By3+ Bys)/2. In Eq. (3). the last four cases corre- green and red components value of Is,. 74, and /4.
spond to diagonal edges. For example, a diagonal edge Linearity is also used to estimate the missing red values
from the lower left to upper right is addressed in the third for blue CFA pixels, and the blue values for red CFA pixels.
and fourth cases. For this kind of edge, /34 1s first grouped Using /54 as an example, the blue value of a red CFA pixel
to either the upper left or lower right triangle formed by the is interpolated as
edge in the 8-neighborhood, depending on which triangle
has the more similar blue value. Then G, is estimated by Bs,= (B +Bﬂ)/ (5)
the known green values in the selected triangle. The green
channel value for a blue CFA pixel can be interpolated where BY, is estimated from pixels /55, /54, and /55 with
similarly. o the method in the Eq. (4), and B; is determined similarly
After demosulcklng Ihe. green color plzlpe. the blpe and from pixels 1oy, Is5, and /o
red values of green CFA pixels are then estimated using the :
linearity property as follows, using /,, as an example. 4 Results
. ) In our experiments, all test images are sampled with the
(BystTB*By3)/(1+TB) (TB# —1)&(TB#Inf) Bayer CFA pattern and then reconstructed using demosa-
(G 44/ Gas)Bas (TB=—1)&(G ;3#0) icking methods under comparisons in RGB color space.
By= o (4) In Flg 2, we display the results of the Hamilton
Biy (FB==1)8lGp=0) method,” the Gunturk method,” bilinear interpolation, and
B TB=Inf our method on a real color image. For greater clarity, we
highlight a patch in the image and zoom in to obtain a
where larger scale. Bilinear interpolation produces many ‘‘con-
fetti” types of artifacts. Fringe artifacts, also known as zip-
(Gys—Gu)/(Guy—Gu3) Gu#F Gy per artifacts, are obvious in the results of the Gunturk
rB= it Gu=G method. For this image, the Humilton m@thod pc;ﬁ‘orms as
: well as our method, both having much fewer artifacts.
More than 50 real images were tested in our experi-
ments, and we found our method to be less susceptible to
edge artifacts than these selected state-of-the-art demosa-
icking methods®™* in most cases. At the same time, our
method reasonably preserves edge details. Some of the test
images and demosaicking results are available on our
webpage.’
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