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ABSTRACT: The algorithm consists of an anisotropic weighting model, which is designed to catch more information 

in horizontal than vertical directions. The filter-based compensation methodology which includes a Laplacian and 

spatial sharpening filters, which are developed to improve the edge information and reduce the blurring effect and an 

edge detector. By using these technique hardware cost is successfully reduced by hardware sharing and reconfigurable 

design techniques. 

 

KEYWORDS: Camera, colour Filter Array, Edge detector , Sharpening spatial filter,   

 

I. INTRODUCTION 

 

Recently, digital cameras are integrated into many consumer electronic products, such as digital camera, digital video, 
smart TV, smart phone, tablet PC, and so on. The digital cameras are developed by a charge-coupled device or a 

CMOS image sensor that can capture images by color filter array (CFA) technique. The red (R), green (G), and blue 

(B) colors are sampled as one color in each pixel [1]. Fig. 1 shows a CFAs called Bayer CFA, in which two colors have 

disappeared in each pixel. Thus, it is important to reconstruct the images from CFA to full RGB formats. Many 

efficient high-quality algorithms [2]–[18] have been proposed for reconstructing the full RGB color from CFA images. 

An adaptive color interpolation technique that used a 2-D locally stationary Gaussian process and an edge indicator was 

proposed in [2]. Several efficient techniques such as selecting [7], [8] or fusing [9] the information of the vertical 

direction (DV) and horizontal direction (DH) has also been presented. A gradient based scheme with a Gaussian low-

pass filter to enhance the performance of the color interpolation was proposed in [10]. The high-quality color 

interpolation algorithms have the characteristics of high complexity and high memory requirement. This 

implementation requires a two line buffer memory, which is much less than a frame memory in [19]. Second, a low-

complexity edge detector was created to enhance the edge information. It used only addition, subtraction, and absolute 
operations to obtain the edge information. The hardware cost of the edge detector is much less than the previous 

designs which use dividers and multipliers to obtain the edge and gain information. Third, a novel anisotropic 

weighting model was designed for the proposed color interpolator. It can improve the quality of the interpolated image 

by acquiring more information from the DH than the vertical without adding line-buffer memory. Fourth, the proposed 

filter design can achieve a good quality of the interpolated images because it uses various colors of the original CFA 

pixels and double interpolated green pixels as elements of the filters rather than single color of original CFA pixels and 

single color pixel to compensate the interpolated pixel as presented in [20]–[22]. It consists of an edge detector to 

enhance the edge information in the images, an anisotropic weighting model to reduce the memory requirement, a 

filter-based RB compensator to improve the quality, and a register bank to process streaming data directly using only a 

two-lime-buffer memory. 
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Fig .1 Bayer CFA. 
 

Objective :To convert CFA sensor image into RGB image with low power and minimum area . 

 

1.1 EXISTING BLOCK: 

 

 
Fig 1.1 Block diagram of color interpolation processor. 

Advantage : 

 High quality 

 The hardware cost of the edge detector is much less than the previous design sused only addition and  

subtraction process 

1.2 PROPOSED BLOCK:  

 
Fig 1.2 Block diagram of Proposed color Interpolation processor 

 

Fig. 1.2 shows the block diagram of the proposed color interpolation processor. It consists of seven main blocks: a 

register bank, an edge detector, a green color interpolator (G interpolator), a red and blue colors interpolator model 1 

(RB_M1 interpolator), red and blue colors interpolator model 2 (RB_M2 interpolator), a red and blue colors 

interpolator model 3 (RB_M3 interpolator), and a controller. The details of each part will be described in the following 

sections. 
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Advantage : 

 Area is minimized (Removed unwanted registers)  

 Fast execution ( by using parallel operation for store the register value) 

 Low power ( By using unsigned addition process, it reduced over all power consumption ) 
 

PROPOSED TECHNIQUE 

 

1.3 PROPOSED  SIFT ARCHITECTURE WITH  COLOR FILTER ARRAY : 

 

Fig. 1.3 Proposed architecture diagram. 

Fig 1.3 shows the proposed architecture that consists of two stages: scale-space extrema detection and keypoint 

localization in the stage one, and orientation assignment and the local frame descriptor in the stage two. In the stage 

one, we adopt the proposed LPSIFT with integral image to reduce the computation significantly, and further reduce the 

required integral image buffer by the on-the-fly computation scheduling. In the stage two, we adopt the proposed 

brightness threshold to simplify computation and implement the normalization in keypoint localization with a low cost 

universal operation unit with precision equivalent cycles (PEC).  

 

1.4 RED INTERPOLATOR BLOCK DIAGRAM: 

 

 
Fig 1.4 Red Interpolator Block diagram 
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1.5 CONSTRUCTION OF COLOR IMAGE FROM COLOR PLANES: 

 
Fig 1.5 Construction of Color Image From Color Planes: 

 
By Adding three color interpolators original color image is formed. Color Interpolation algorithm is used to develop a 

low-cost, low power, high performance and high quality color interpolation processor for real time application. An 

anisotropic weighting model ,edge detector, laplacian and sharpening filter have been used to reduce the memory and 

improve the quality of the image.  

 

1.6 GREEN COLOR INTERPOLATION 

 
Fig 1.6 (a) Relative locations and reference neighbouring samples of G(i, j ) in CFA format for green color 

interpolation. 

  

  

 

Fig 1.6.1 Parameters of green color interpolation (a) without edge enhancement model, (b) with edge enhancement in 

DH model, and (c) with edge enhancement in DV model. 

 

To improve the quality of interpolated images, an anisotropic weighting model was created for this design. As shown in 

Fig. 1.6(a), the reference neighboring pixels in DH are much more than those in DV. The location of G(i, j ) could be 
the color pixel of B(i, j ) or R(i, j ), as shown in Fig. 1.6(a). Hence, the interpolated pixel G(i, j ) is described as G(RB) 
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(i, j ) where the location of P(i, j ) is R(i, j ) or B(i, j ) in the original CFA images, in which the P(i, j ) represents the 

pixel at the location of i and j in the y and x coordinates, respectively.  

G i, j(RB)G = 
3

8
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where G(RB)G i, j is the result of G(i, j ) where the location of P(i, j ) is R(i, j ) or B(i, j ). Fig. 1.6.1(a) shows the 

parameters of green color interpolation without edge enhancement model. Otherwise, if the value of the TD is larger 

than the threshold value and DH is less than DV, the value of G(RB) (i, j ) can be obtained by the edge enhancement in 

DH model as 

 

G i, j(RB)G = 
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Fig. 1.6.1(b) shows the parameters of green color interpolation with edge enhancement in DH model. Also, if the value 

of TD is larger than the threshold value and the value of DH is larger than DV, the value of G(RB) (i, j ) can be 

computed by the edge enhancement in DV model as 
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Fig 1.6.2. Architecture of the green color interpolator (G interpolator). 

 

1.7 RED AND BLUE COLORS INTERPOLATION 
 

 
 

Fig 1.7 Parameters of red and blue colors interpolation at G(i, j ) (a) without edge enhancement model, (b) with edge 

enhancement in DH model, and (c) with edge enhancement in DV model. 

  

Fig. 1.7(a) shows the relative locations and reference neighbouring samples of G(i, j+1), G(i−1, j ), G(i, j−1), and 

G(i+1, j ) where the pixel in CFA format is R(i, j ) or B(i, j ). If the value of TD is less than a threshold value, the value 

of R(B) (i, j ) or B(R) (i, j ) can be calculated by the without edge enhancement model as 

 

RB i, j(BR)G  = 
 1

4
(RBi-1, j-1 + RBi-1, j+1 + RBi+1, j-1 +RBi+1, j+1) +g i, j - 

1

4
(Gi-1, j +Gi+1, j +Gi,j-1 +Gi, j+1)  (4) 

http://www.ijmrsetm.com/


                                                                                             ISSN: 2395-7639 

 International Journal of Multidisciplinary Research in Science, Engineering, 
Technology & Management (IJMRSETM)       

Visit: www.ijmrsetm.com  

    Volume 2, Issue 4, April 2015  

Copyright to IJMRSETM                                                |     An ISO 9001:2008 Certified Journal   |                                        630 

 

 

where g(i, j ) is produced by green color interpolation which is mentioned above. Otherwise, if the value of TD is larger 

than the threshold value and DH is less than DV, then the value of R(B) (i, j ) or B(R) (i, j ) can be obtained by the edge 

enhancement in DH model as 

 

RB i,j
(BR)G = 

1

4
(RBi-1, j-1 + RBi-1, j+1 + RBi+1, j-1 +RBi+1, j+1) +g i, j - 

1

8
(3 *(Gi-1, j +Gi+1, j )+Gi,j-1 +Gi, j+1)          (5) 

 Fig. 1.8(b) shows the parameters of red and blue colors interpolation with edge enhancement in DH model. Also, if the value of TD 
is larger than the threshold value and DH is larger than DV 
 

RB i,j
(BR)G = 

1

4
(RBi-1, j-1 + RBi-1, j+1 + RBi+1, j-1 +RBi+1, j+1) +g i, j - 

1

8
(Gi-1, j +Gi+1, j )+3 *(Gi,j-1 +Gi, j+1))          (6) 

                                                                                                                                      
To analyze (4)–(6), all input signals should be the same except the values of their parameters. Hence, the reconfigurable technique 
can be used to design the hardware architecture of the red and blue colors interpolator.  

 
Fig 1.7.1. Architecture of the red and blue colors interpolator model 1 (RB_M1 interpolator). 

 

1.8 SOFTWARE REQUIREMENTS  

 Modelsim SE 6.3f 

 In this paper the modelsim software is used for simulation and verification. ModelSim is a verification and simulation tool for , 
Verilog, SystemVerilog, and mixed- language designs. The best standards and platform support in the industry make it easy to adopt 
in the majority of process and tool flows. Model Technology’s award-winning Single Kernel Simulation (SKS) technology enables 
transparent mixing of Verilog in one design. ModelSim’s architecture allows platform independent compile with the outstanding 
performance of native compiled code. An easy-to-use graphical user interface enables you to quickly identify and debug problems, 
aided by dynamically updated windows. For example, selecting a design region in the Structure window automatically updates the 
Source, Signals, Process, and Variables windows. These cross linked ModelSim windows create a powerful easy-to-use debug 
environment. Once a problem is found, can edit, recompile, and re-simulate without leaving the simulator.  

 

1.9 XILINIX ISE: 

                   Xilinx ISE 8.1i & Xilinx Platform Studio 8.1 are the programming tools for the system. This is used for generate RTL & 

FPGA schematic. This is used for create logic design like micro blaze design XPS includes a graphical user interface (GUI), along 
with a set of tools that aid in project design. From the XPS GUI, you can design a complete embedded processor system for 
implementation within a Xilinx FPGA device. 

 

II. SIMULATION RESULTS 
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Fig 2. Total Equivalent gate count 

 

The above figure describes that the total equivalent gate count is reduced upto 16223. 

                                                               

The total power consumption is reduced using CFA Interpolation technique. The  total power consumption is reduced 

upto 4,499. 
 

 
 

                                                                                   Fig 2.1 Simulated Output 

 
If the pixel network in coding matches the input in the waveform the output is 1 otherwise the output is 0. 

                       

III. CONCLUSION 

  

In this work adaptive edge enhanced color interpolation is developed, Which offers low complexity, low power and 

low memory requirement and high speed. In this work the area and delay are calculated. The total area and delay are 

16223 logic gates and delay of 25.004 ns. This design was synthesized to Xilinx. 
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