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ABSTRACT

Most of the digital cameras used now has singleaewith an array of color filters to capture thgithl
images. Color Filter Array (CFA) uses alternatiroe filters to sample only one color of a pixetétion

to reduce the price. In the entire image, only tmel of sampled pixels have genuine values from th
sensors. Remaining pixels are interpolated frorselgenuine values. In this work, a new adaptivé CF
interpolation model is proposed. Pixels are divided edge pixels and non-edge pixels. If the pigetot

in an edge, then smooth hue transition interpafatio used. For the pixels in the edge, Edge sensing
interpolation algorithm is used. A mathematical ®lad proposed for interpolation based on the tiwac

of the edges. Two sample images are taken and stooted by methods such as hue transition
interpolation, edge sensing interpolation and camhiapproach. PSNR is used to compare the redults o
proposed technique.

Keywords: CFA Interpolation, Bayer Filter, Hue Transition, Edge sensing, Adaptive Interpolation
Algorithm

1. INTRODUCTION of captured pixels have genuine values from the
sensors. Remaining pixels are interpolated from
To capture the images in a digital camerathese genuine values [3]. CFA uses alternating
Charge-Coupled Device (CCD) or Complementargolor filters to sample only one color of a pixel
Metal-Oxide Semi-conductor (CMOS) sensor idocation.
_use_d to sense the intensity of the reflected_ light There are many number of CFA patterns used in
incident on the sensor. There are three primary. -
?flfferent types of digital cameras. Some of the
colors such as Red (R), Green (G) and Blue (B) are : ,
. . patterns are Bayer Filter, RGBE filter, CYYM,
used to mention the color of a pixel. Therefore : X
. : .~ “CYGM and so on. Widely used pattern for CFA is
three sensors are required for capturing the psimal he Bayer pattern [4]. Bayer pattern has Blue and
colors at each pixel location. In most of the imag% yer p - bayer p

. . . ed filters in the alternating locations of the gdéx
capturing devices, the region colors are Captureboth in the horizontal and vertical directions and

with one sensor and an array of color filters b \ . ; -
using Color Filter Array (CFA) is used to reduce)(he green filters are designed in the remaining

e ot and packaging. CFA scis s a cosng fEZLES e o5 duncurs peter, O Pumen
the pixel of the sensor array that allows the phsto avelenyth Extra ?leen filters are useful for
of one color component and blocks the photons of gth. : 9

ccurate sampling at the color band of green.
other two color components [1]. Therefore, thes S

) . herefore  Bayer pattern  simplifies  the

color filters are used to separate the light frdva t . . : : -
sensor according to the wave lengths. Wave leng construction of the missed pixel intensities.
of the light decides the intensities at each pixelIgure 1 shows the Bayer pattern CFA.
location. Therefore, CFA generates the sub sampled
color image [2]. In the entire image, only one dhir
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interpolation is an adaptive approach and eacH pixe
is processed based on the surrounding area of the
pixel values. Most of the other interpolation
algorithms fail on the edges. Edge direction method
determines whether interpolation exists in the
preferred direction. Interpolation direction is
determined to avoid the interpolation across the
edges and perform interpolation along with the
edges [9]. In this paper, an algorithm is propased
combine hue based transition interpolation for
normal regions and edge directed interpolation
method to avoid interpolation across the edges.

Figure 1:Bayer Pattern CFA Arrangement 2. RELATED WORKS

] Jeon [10] conducted experiments with natural
1.1Interpolation images to study the relationship between different
ﬁize of the color filters and configuration of the

pixel, at least 24 bits of color information is ded. colors patterns. Yamanaka patterned CFA was

Each 8 bits are used for R. G. and B color Va|ue£aken with various patterns of three primary colors
As per the bayer pattern of CFA, only one color i§UCh_ as Red, Green _and Blue and anal_yzed with
sampled at each pixel. Therefore, to get the mgssiy@'Ying sized color filters. Both uploading and
colors a process called as interpolation is requiredownload_mg samples were used as input for
[6]. Images captured by the digital cameras ar@terpolatlon and results were analyzed. Results
having color artifacts when the samples are ncﬂg.)veq that d Yagjangka p?ttern CFA gave best
estimated properly. All the primary colors such aQbjective and subjective performance.

R, G and B have some common characteristics suchQlivier and Hangiang [11] presented a new
as texture and the location of the edges. Also theyearest neighborhood interpolation  algorithm.
have similar high freque_ncy components, _but theiGenerally in the nearest neighborhood
DC components are different. Interpolation getsterpolation, the missing pixel values of an image
back the missing values, reduces the artifacts angkre calculated by using the pixel values in the
sharpens the image [7]. nearest neighbors. This linear method was very

For better interpolation, both the intra and intef'S€ful 10 give smoother image and speed up the
channel should be correlated by the rules of cold#©c€ssing. To improve the resolution of the
ratio and color difference. The major types of CFAutcome of .the mterpolgted Image, proposed
interpolation algorithms are adaptive and non[m:fthOd in this paper assigned we|gh_tage to .the
adaptive algorithms. Non adaptive interpoIatiorpe'ghborhooci p!xels that Fesu“ed. high - quality
algorithms use simple linear processing and do ngfages. Peak Signal to Noise Ratlo was u§ed to
use parameter tuning. These algorithms are easfdmpare the performance with  conventional
to implement but inefficient by creating blurredme_thOdS' PSNR was high for the proposed nearest
images. Nearest neighborhood replication, bi_cubiemghborhood algorithm.

interpolation and Bi-linear interpolation algoritem  Newlin et. al. [12] presented an Efficient
are non-adaptive algorithms. Adaptive algorithmg\daptive Filtering for CFA Demosaicking. The
use parameter adjustment steps to produce the higigh frequency components of primary colors of an
quality and sharp looking images. Some of th@mage both in horizontal and vertical directions
adaptive interpolation algorithms are edge directelere mort essential to remove zipper artifacts,
interpolation, edge sensing mechanism, constapteserve edges and to produce high quality images.
hue based, vector SM and directed filtering [8].  In this work, an adaptive interpolation algorithm
In an image, within a homogeneous regiotjf\"”ls usgd to preserve high freq.uency components of
transition of hue is smooth from one pixel tothe primary colors .durlng mtgrpola‘uon. Two
nearest pixel. Hue is the ratio between the cdirs processing steps are iterated unt|I_ root mean squar
and G, B and G. Bayer pattern CFA is based on orfgror was lower _than some predefined value. In firs
step, bilinear interpolation was done for the

luminance channel (G) and two chrominanc hromi | 4 and bl n th d
channels (R and B). Hue transition is useful gghrominance colors red an ue. In the secon

interpolate pixels within a region. Edge directed

To represent the full color of an image at eac
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step, bilinear interpolation for the Iuminance CFA interpolation was an essential step in the
components was done. image processing of cameras having single sensors.

To improve the quality of interpolated images many
Zhang et al., [13] presented a Robust Colo Igorithms were proposed in the literature.

Demosaicking with Adaptation to Varying SpectralPekkucuksen and Altunbasak [17] proposed a

Correlations. Most of the interpolation algorithms : '
. . radient based threshold free color filter array
used the correlation among the primary colors use

in the CFA pattern. But in the image captured b terpolatlon. This was a linear mterpolatlo_n
. -~ “algorithm to reduce the mean square error by using
the sensors might have low or no correlation i

: ; . he gradient values calculated from the pixels.
some locations that lead to interpolation eMOrSoNR was used to evaluate the performance with

These types of errors were visually identifiable. T other conventional interpolation methods. Proposed

solve this problem, in this paper a hybrid . i ! >
interpolation algorithm was proposed. Missinqn/;i?:]hr?ighgg\ée,\lgages with very good visual quality

pixel values are predicted based on the linear
minimum square estimation and support vector Earlier methods of interpolation suffered from
regression. This method gave high quality imagethe blurring, zipper artifacts around the pixels
by removing the worst type of artifacts produced byresent in the edges. A new edge sensing method
the conventional interpolation algorithms. was proposed by Chung and Chan [18] by
O%alculating integrated gradients (IG). In the raw

Menon and Calvagno [14] presented a set Image, both in the domains of color intensity and

regularization  approaches to demosaickingC . :
o *olor difference the gradient measures were
Regularization approaches could be used in

interpolation by using the prior knowledge abouéalculated and used for interpolation. Integrated

the color bands of the images to improve th radient was used as an edge detector and
interpolation in the edges ang ixels wﬁere thereetermined the direction of edges to avoid the

pola S 9 P Interpolation across the edges, because the human
were discontinuities. The knowledge such as

correlation between  primary  color bandsV'sual system is very sensitive to the interpolatio

smoothness of the pixels could be used fc;gone across the edges. From the bayer pattern input
P Images, weaker integrated gradient was calculated.

interpolation. The proposed regularization appm"’!dﬁhen integrated gradient was extracted for color

was evaluated by the Color Peak Signal to NOIS|‘F\tensity and color difference domains. Based on

Ratio (CPSNR). Results showed that proposed. . .
, interpolation was done for green components.

algorithm gave high CPSNR when comparing t%\fter that interpolation for red and blue

the _computanonally demanding mterpolaﬂoncomponents of all the pixels were done.
algorithms.

Performance was evaluated by using CPSNR and
Dargah and Deshpande [15] suggested the netite number of arithmetic operations needed per
of smooth hue transition interpolation. Smooth hugixel. Simulation results showed that proposed edge
transition was the extended interpolation method afensing method used 80 arithmetic operations per
bilinear interpolation method. When the hues opixel and CPSNR is 20 to 40 % higher than
adjacent pixels varied suddenly or abruptly, themterpolation methods such as HPHD, DCMSE and
bilinear interpolation produced high interpolationVCD demosaicking algorithms.
errors. To avoid in the RGB primary color pattern,

red hue and blue hue was calculated and used forAnge.IOS et al [19] preser_1ted a survey on
) : evaluation methods used for image interpolation.
interpolation.

The interpolated image might be in small size and

Aelterman et al [16] presented an efficienthas spatial resolution as in the raw input image.
locally adaptive demosaicing of color filter arraylnterpolation quality was measured by evaluating
images using the dual-tree complex wavelet Packtite differences in the pixels before and after the
transform. Most of the interpolation algorithmssuccessive interpolation. Most important measures
suffered from the computational costs. In this workfor evaluating the interpolation errors were PSNR
instead of interpolating the actual pixel valuesand RMSE. But depending on the application
wavelet transform was done on the raw imagesequirement parameters such as computational
Then resulting wavelet coefficients wereburden, run time comparison and power usage
interpolated. Resulting image was noise free, deould be used to evaluate the interpolation
blurred and demosaiced image. Therefore higalgorithms. RMSE and PSNR were closely related
quality image was achieved at low computationaind the calculation was done by using the following
cost.
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formulas. Let I(x,y) represented original image andiseful to avoid the interpolation across the edges
I"(x,y) represented the interpolated image. and perform interpolation along the direction of
edges. In this paper, at each pixel of an edge,

1 minet . 2 \2 depending on the correlation of surrounding pixel a
RMSE:(TZZ(I (x,y)-1 (x,y)) j mathematical model is proposed. It defines two
M™ N0 y=0 scenarios one for horizontal directed edge and

another for vertical directed edge. Direction is
PS\R = 20*log,, (M) determined by referring the next pixel in the edge
RMSE [20]. The proposed mathematical model is
explained by using the example in figure 2. Assume

that R is the missing component.

3. METHODOLOGY

In the proposed CFA interpolation, all the pixels B Gs B
are divided into normal pixels and pixels in an
edge. If the pixel is not in an edge, then smoait h
transition interpolation is used. In HVS, systerd re Gy R G
hue is defined as a ratio between Red and Green
colors and Blue hue is defined as a ratio between
Blue and green color. When doing interpolation B e B
missing blue value is calculated by the following

cases [1, 21].
. . Figure 2:Example to find missing Component R
Case 1: If pixel at a location (m, n) has only

green value and adjacent right and left pixels have
the component of blue color, then information of In the horizontal scenario, If,& G; then
blue color component at the location(m, n) is R=0.075 G+ 0.025G.

calculated by,
If G3> G ,then
- Bm n+
mn-1 ) 1}/ 2 R=0.075 G+ 0.025G

Gm,n+l . .
In the vertical scenario, If 3> G,, then
Case 2: If pixel at a location (m, n) has only
green value and adjacent top and bottom pixels
have the component of blue color, then information
of blue color component at the location(m, n) is4

calculated by,

R=0.075(0.025G+0.75G+0.25G

EXPERIMENTSAND RESULTS

B B In this work, a new adaptive CFA interpolation
Bun =G ¥ G’“—’I"+G’“—ln 12 model is proposed. For the pixels in the normal
m-1n m+1n regions of an image Hue transition interpolation

c 3 If pixel at a locat h | cgechnique is used whereas for the pixels in theeedg
ase <. Il pixel at a location (m, n) has only re egion the proposed mathematical model using
value, then four diagonals will be blue color. TheQedge sensing is used. Figure 3 and 4 shows the
blue color at location (m, n) is calculatedSamlole image taken and interpolated image

by respectively. Figure 5 and 6 shows the original
5 =g * Bt Bris Brws Brwea) , mange and reconstructed image after interpolation.
M ™M U Ghin: Gieter Gmein-: Gt Results are compared for two images by using Peak

signal to Noise ratio. PSNR is the subjective duali
comparison method used in interpolation
Similarly missing red values can be calculatedalgorithms. For the sample image used in figure 3,
For the detection of pixels at an edge the filterproposed method gives PSNR value 38.63 for RGB
such as sobel and canny is used. But they are ngdmponents and hue transition/ edge sensing
useful to represent the transition of luminance omethod gives PSNR up to 37.76. Table 1 tabulates

sharpness  which is essential to perfornthe PSNR achieved for the various techniques for
interpolation. Edge transition based interpolai®n sample image.
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method gives PSNR of 36.89 and 37.76. The

proposed technique achieves 4.72% improvement

in the PSNR when compared with Edge sensing

Image| Edge | Smooth| Proposed method and 2.32% when compared to smooth hue
1 sensing| Hue | technique method.

Tablel PSNR Achieved for various techniques

R 36.24 37.46 35.5593

G 38.34 38.95 42.0991]

B 36.1 36.87 38.2460

Image| Edge | Smooth| Proposed
2 sensing| Hue | technique

R 36.47 36.47 35.1744

G 38.42 38.42 42.8817

B 35.78 35.78 37.1764

Figure 6: Sample Image 2 after Interpolation

For the sample image used in figure 5, the
proposed method achieves an average PSNR value
38.41 for RGB components and hue transition/
edge sensing method gives PSNR up to 36.89. The
proposed technique achieves 4.12% improvement
in the PSNR when compared with Edge sensing
method and smooth hue method.

5. CONCLUSION

In most of the image capturing devices, the
region colors are captured with one sensor and an
array of color filters by using Color Filter array
(CFA) to reduce the cost and packaging. CFA acts
as a coating on the pixel of the sensor array that
allows the photons of one color component and
blocks the photons of other two color components.

Figure4: Reconstructed Sample Image 1 Therefore, to get the missing colors a procesgdall

For the sample image used in figure 3 proposeak interpolation is required. Most of the other
method gives average PSNR value of 38.63 fdnterpolation algorithms fail on the edges. To solv
RGB components and hue transition/ edge sensittigis, in this work, a new adaptive CFA interpolatio

Figure 3: Sample Image 1 before Interpolation

B ——————————————
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model is proposed. For the pixels in the normdkFilter Array “, International Journal of Smart
regions of an image Hue transition technique islome Vol. 7, No. 3, May, 2013.

used whereas for pixels in the edge the proposggi] Rukundo Olivier and Cao Hangiang , “
mathematical model is used using edge transitioNearest Neighbor Value Interpolation “, (IJACSA)
information. Two sample images are taken anthternational Journal of Advanced Computer
reconstructed by hue transition interpolation, edggcience and Applications, Vol. 3, No. 4, 2012.
sensing interpolation and combined approach 3%2] Newlin, D. R., & Monie, E. C. (2010). An

proposed. PSNR is used to compare the results of " c¢icient
proposed technique. Combined approach produced Demosaicking.

images with high visual quality and increased
PSNR than applying edge sensing and hue gg4.g5g

transition interpolations separately.
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