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Abstract

This paper investigates an issue of the modified Bayer pattern color filter array (CFA).
A demosaicking algorithm is considered as a color super-resolution approach, which is0
widely used in digital camera industry and employed to reconstruct a full color &5?
channel) images from existing one color component with missing two color co@w ts
In a pair of Bayer pattern CFA, there are two green pixels and one red pixef'a e blue
pixel exist. We consider this format as RGGB. However, therg could beslt ves such
as RRGB or RGBB formats. In this paper, we investigate h%ct of t A scenarios.
Experimental results show that the obtained filters prov.@@ isfactdgy performance.

Keywords: Bayer pattern CFA, diagonal patte dified BQ;/color interpolation,

pattern configuration Q 9

1. Introduction

An image obtained by a digital % requ ers to be displayed on the sensors
such as CCD or CMOS [1 3] filters a cated in preconcert way along the
position of the sensors [4, W ayer p color filter array (CFA) is widely used
CFA, where RGGB pattern is orma ed but there can be alternatives of CFA
filters.

To have color im @m CF \@e each pixel position must have three color
components, red, nd blye ring the mosaicking stage, CFA images lose two
color compone only one @n formation is remained. Therefore, this information

should be géconstructed byrspmewnhat interpolation approach. The interpolation approach
can be nearest-p ighbor@ ar, or bi-cubic methods [6-10].

Generally speaki e methods may cause serious aliasing effects in color planes
[11-13]. Therefor %rational that demosaicking in individual plane is not effective.
Alternatively, E@\ethods use pre-determined filters, where demosaicking is conducted
in frequenc ain [14,15]. Here, all filters are pre-trained and pre-designed, and
images ah\*@is less displayed than the spatial domain methods.

In th er, we investigate and analysis visual and objective performance of three

possi ayer CFA which has several combinations: RRGB, RGGB and RGBB. The

arranged as follows. Section 2 introduces the proposed method. Section 3 shows
e imental results in terms of subjective performance. Finally, Section 4 describes
conclusion remarks.
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2. Proposed Method
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Figure 1. A CFA Example: Diagonal Pattern nd Its Réstoration

Figure 1 shows an example of diagonal patter®$1 d'ag%\ffﬁtern CFA, three
'\vn
S

color components are assigned in diagonal fashi age in rst row is diagonal
pattern CFA, images in the second row are
are restored images and finally, the image i
unwanted color artifacts are produced be

i , G, B is important issue.

how to well reproduce r, g, and b inf fro
Figure 2 shows how RRGB, é and F%j Bayer pattern CFA are achieved.
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Three images located below a ,,RR , RGGB patterns of Figure 1. Here,
four pixels can be dealt wit air. ’\
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qure 2. Bayer Pattern CFA Acquirement: RRGB, RGGB and RGBB
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ourth r estored image. In general,
seconmt e third row stages. Therefore
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ere have been many demosaicking methods that try to improve the subjective and
objective performance. The most well-known three methods are nearest-neighbor
interpolation, bilinear interpolation and bi-cubic interpolation methods. Each method has
difference characteristics, for example the nearest-neighbor interpolation simply
duplicates adjacent information of the same color component, but this approach is
unsuitable and causes unwanted color artifacts. To use bilinear method, one obtains the
average value of the adjacent pixels in each color components, but this method brings
serous color artifacts. These artifacts are especially shown in detail areas (such as edges).
The bi-cubic method is expanded version of bilinear method, which uses more pixels to

46 Copyright © 2016 SERSC



International Journal of Hybrid Information Technology
Vol. 9, No.9 (2016)

calculate missing component. In each pixel, different weight values are assigned, and
normally higher weights are assigned to pixels near to the center.

The kernel (K) is a form of convolution matrix, which can be represented as an N-by-N
matrix which can be used for making an image edge detected, blurred, sharpened, and
embossed. For instance, Eq. (1) shows detecting edge kernel. Here, the relation of a and b
are a=-b, relation of c and d are d=-4c, and relation of e and f are f=-8e.

a 0 b 0 c O e e e
K=|/0 0 OjlorK=lc d clorK=|e f e]. (1)
b 0 a 0 c O e e e

Equation (2) shows kernel of sharpening, where sum of all coefficients reaches to 1.
Here, the relation of g and h are h=-4g+1.

0 g
K=|g h
0 g

Equation (3) shows kernel of blurring. There are mds 0 lernels
normalizing and Gaussian. For normalizing one, kernel

o« O

9 ;
where relation of i and j are j=9i. {@Jsm‘z\b\@e example of Gaussian blurring

A@??

O k] (4)

variable wi iss na followmg form,
2
X

6 cexp| -5 . :

-ev -5 .

and this forr@ave two variables as
X2 + 2
\b G(x, y):cexp(— Zazy j (6)

T ing process is conducted by convolution, which has matrix multiplication and

oted as “*’. In this work, we used least squares method which is one of standard

iques that have been widely used to acquire required conditions for a minimum cost.

This method is especially well used for data fitting issue such as extra- and interpolation,

smoothing and approximation issue for given data. In our work, we focus on this property

to obtain a filter using given training images. The criteria of the proposed training filter

are to minimize the mean square error between the original ground truth and the restored
image. The proposed filter is obtained as

Z XiBi =Y (7
j=1

where rela@w re n= 4m 8l=16k. The Gaussian function is one

This equation can be form as
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Xp=y. (8)
Then, the coefficients 3 are obtained in the sense of minimize the costs as following
way

ﬂ=argﬁmin8(,6’). (9)
Final solution of above equation is,
(T T (10
B=(X"X)Xy. )

The obtained trained filter is for enlarging a low quality image into high-resolution
image. For the training images, the obtained coefficients are the optimal, and the results
should be the best. However, the results may be degraded for other images that were not
informed during the training. Thus, our method has two steps: filter training step and
image demosaicking step. Figure 3 shows the pipeline of the training process to,obtain,

filter. Figure 4 shows the demosaicking method. ‘ \/
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3. Simulati ults

In thisSﬁ/gn, we studied three cases of modified Bayer CFA, in terms of CPSNR and
S-CIEL e used 20 LC images in our simulation; especially #101-120 images were
sele ble 1 shows CPSNR and S-CIELAB performances for three types of CFA.

%
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Table 1. CPSNR and S-CIELAB Performances Comparison for Three Types

of CFA
CPSNR S-CIELAB
# RRGB RGGB RGBB RRGB RGGB RGBB
101 33.8039 33.7645 33.4953 1.6111 1.0594 1.5679
102 30.4158 30.4261 30.2937 2.8811 1.8784 2.6195
103 29.3803 29.4300 29.1830 2.6768 1.6350 2.5449
104 27.1382 27.0780 26.7559 3.0791 2.2247 2.9791
105 25.5564 25.6181 25.8977 4.0066 2.6757 3.6437
106 30.8536 30.8940 31.0711 2.4591 1.7596 2.3172
107 29.0191 28.9871 28.5341 2.9519 1.9370 2.8276
108 24.6931 24.8804 24.8263 5.3674 3.7213 4.9457
109 29.2250 29.0624 28.7103 3.1371 1.9235 &94790
110 25.8823 25.9961 25.7761 41193 2.7600
111 26.2954 26.3400 26.2035 5.0237 3.0452- %177
112 28.2375 28.3511 28.0992 3.3569 2.0 "3.0588
113 26.3211 26.2295 25,9323 4, " 7, 4.1796
114 30.2889 30.2197 29.8117 %7 « 1 2.3753
115 25.9855 | 26.2620 |  26.3673/™\'3. RA4017 3.4303
116 30.0022 30.1712 30.308 2.345 .6430 2.1998
117 27.1315 27.3837 2.4310 3.9257
118 25.1969 25.2588 3.4408 5.0133
119 33.6734 33.7863 0.9179 1.3398
120 29.3741 29.3371, 1.9347 2.7034
Average 28.4237 28.47 2.2046 3.1479
Three color component thorou ted in Tables 2-4. Table 2 shows red

channel PSNR perfor

channel PSNR is

mR

RRGB pattern has twice more red

ce comp
component than RGG BB th&
same manner, gr h nel PS is the best in RGGB pattern (Table 3), and blue

tern (Table 4).

%@mnnel PSNR Performance Comparison

RRGB RGGB RGBB
géf 37.2078 32.2231 32.2231
< 02 33.8205 29.2618 29.2618
* 103 32.9989 28.0344 28.0344
104 30.6358 25.4069 25.4069

105 31.1135 24.6573 24.6573

106 36.1415 30.0632 30.0632

107 32.6731 27.2534 27.2534

108 29.5974 23.9450 23.9450

109 32.5764 27.2659 27.2659

110 29.0717 24.9468 24.9468

111 30.0104 25.1034 25.1034

112 32.0433 27.0902 27.0902

113 29.9184 24.5754 24.5754

114 32.7059 28.7314 28.7314

115 31.2085 25.9403 25.9403

116 34.8581 29.3392 29.3392
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117 30.8447 26.0778 26.0778
118 28.7985 24.0526 24.0526
119 38.6210 32.0845 32.0845
120 32.4190 28.1289 28.1289
Average 32.3632 27.2091 27.2091

Table 3. Green Channel PSNR Performance Comparison

# RRGB RGGB RGBB
101 322690 | 37.0932 |  32.3005
102 20.1801 |  33.6554 |  29.0429
103 27.8552 | 327725 |  27.8553
104 255113 | 30.5734 |  25.5095
105 245254 | 311824 | 24.5434 .
106 20.8872 | 35.8324 |  29.8443 \/
107 27.2565 | 32.4657 | 27.2255 ?“
108 23.3150 | 28.8715 | , 23.2929 0
109 27.6066 32.6146\ . \27.620
110 244988 |  28.58 244210
111 24,9063 . " 24.93NY
112 26.7058 | 34,6161 | 267056
113 24.7421 | =29.8432 | ., 249257
114 28.6673,@&.2092\@8.6807
115 24.7 29.6517 | & 24.7799
116 23.% 3 28.9049
3065

117 087 | 25.2708
118 |\ (£3.8593 | . 28:6344 | 23.8569
119 S\ 31.841 385390 | 31.7811

3
120 2 N 322731 28.1821
26 32.0484 | 26.9763

<
Ta?% ue @ PSNR Performance Comparison

N # o~ | RRGB RGGB RGBB
1060J| 333141 | 333141 | 38.1430

02" 29.5728 29.5728 34.2945

28.7936 28.7936 33.8725

< 104 26.7296 26.7296 31.9367

L 105 23.9310 23.9310 31.0766

\b 106 29.2254 29.2254 34.9185
O 107 28.7320 28.7320 33.6859
O 108 235428 | 235428 |  29.3662
@ 109 28.8658 28.8658 33.6544
110 25.2939 25.2939 29.3506

111 25.5110 25.5110 30.5061

112 27.5898 27.5898 32.5352

113 25.8106 25.8106 30.9771

114 30.4026 30.4026 33.5784

115 24.6037 24.6037 29.7832

116 28.5888 28.5888 34.6429

117 26.9098 26.9098 31.6685

118 24.3945 24.3945 29.3597
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119 33.0471 33.0471 39.9084
120 28.6529 28.6529 32.7859
Average 27.6756 27.6756 32.8022

Figures 5-7 show frequency responses of designed filters. Figure 5 shows RRGB cases,
where three images are shown. The first image (Fig. 5a) is frequency response of a filter
for restoring red channel. In the same manner, the second (Figure 5b) and the third
(Figure 5¢) images are frequency responses of filters for green and for blue.
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Figure 6. Frequency Responses: (A) Red Channel For RGGB Case on %104 *
Image, (B) Green Channel For RGGB Case on #104 Image, (C) Blue el
For RGGB Case On #104 Image, And (D) Green Channel For RG e On

#105 Image
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Figure 7. Frequency Responses: (A) Red Channel for RGBB Case on #104
Image, (B) Green Channel For RGBB Case On #104 Image, (C) Blue Channel
For RGBB Case on #104 Image, And (D) Blue Channel for RGBB Case on
#105 Image

Figure 8(a) shows result images on #23 LC image. Figures 8(b) and 8(c) display green
and blue color components of the Figure 8(a). Figure 8(c) displays the restored red color
component. Therefore this information is not the ground truth. Figure 8(e) shows
demosaicked image, which is very visually close to the original one shown in Figure 8(f).
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Similar experiments were conducted on #24 LC image. Figure 9(a) shows the CFA
image. Figures 9(b) and 9(c) show green and blue color components of the CFA image.
The demosaicked red color component is displayed in Figure 9(d). Finally, the restored
image is compared with the original #24 image, which are shown in Figure 9(e) and
Figure 9(f).

©) \

Figure 8 nQa ion Res on #23 LC Image: (A) CFA Image, (B) Green

Chann nel, (D) Restored Red Component, (E) Restored
Image, And (F) Original Image

4. Conclusi

This p&*msearches modified Bayer pattern color filter array demosaicking method.
The de' king method is assumed as a super-resolution approach in color images,
whi gdopted in a digital camera and used to restore a full color three channel images.

of Bayer pattern CFA, there are two green pixels and one red pixel and one blue

exist. This is called as RGGB format. However, there could be alternatives such as

RRGB or RGBB formats. In this paper, we investigate the effect of three CFA scenarios.
Experimental results show that the obtained filters provide satisfactory performance.
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(d)
Figure 9. Simulation R n #24 ge (A) CFA Image, (B) Green
Channel, (C) Blue Ch d Red Component, (E) Restored
or I age Original Image
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