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ABSTRACT. Digital color images from single chip digital cameras are obtained by interpolating a color filter array. In our paper we present an algorithm for ... 
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RECONSTRUCTION OF COLOR IMAGES FROM CCD ARRAYS D. Darian Muresan, Steve Luke and Thomas W. Parks School of Electrical and Computer Engineering Cornell University, Ithaca NY. 14853 darian, [email protected] and [email protected] ABSTRACT Digital color images from single chip digital cameras are obtained by interpolating a color filter array. In our paper we present an algorithm for interpolating the Bayer CFA (Color Filter Array) pattern. Color information is encoded by means of a CFA, which contains different color filters (i.e. red green and blue), placed in some pattern. The resulting sparsely sampled images of the three-color planes are interpolated to obtain dense images of the three-color planes and thus the complete color image. Interpolation usually introduces color artifacts due to the phase shifted, aliased signals introduced by the sparse sampling of the CFAs. We discuss a non-linear interpolation scheme based on edge information, that produces better visual results than those obtained by linear interpolation. 1. INTRODUCTION Due to hardware limitations, CCD arrays in digital cameras do not capture the full red, green and blue color planes. Instead, they capture a sparsely sampled image of each of the color planes and interpolation is then used to reconstruct the original colors. In this paper we analyze the reconstruction of a single digital color image from the information provided by the Bayer CFA of Fig. 1. Previous work on this type of CFA interpolation can been found in [2, 4, 7] . In our work, we bring together some of these ideas, together with our own, to present a non-linear interpolation approach. 2. REVIEW The Bayer array (Fig. 1) contains more green (or luminance) pixels than red or blue in order to provide high spatial frequency in luminance at the expense of chrominance signals. Our task is to interpolate each of the R, G and B planes. The most basic idea is to independently interpolate the R, G and B planes. In other words, to find the missing green This work was supported by Texas Instruments



Fig. 1. Bayer Color Filter Array (CFA)



values use only neighboring green values, to find the missing blue values use only neighboring blue pixels and so on for red. More specifically, for linear interpolation, to obtain the missing green pixels, calculate the average of the four known neighboring green pixels. To calculate the missing blue pixels, proceed in two steps. First, calculate the missing blue pixels at the red location by averaging the four neighboring blue pixels. Second, calculate the missing blue pixels at the green locations by averaging the four neighboring blue pixels. The second step is equivalent to taking 3/8 of each of the closest pixels and 1/16 of four next closest pixels. This type of interpolation, which we call linear interpolation, introduces serious aliasing artifacts, as it can be seen in Fig. 4 To obtain better interpolation, we would like to take out the effects of varying light intensity. With non-uniform lighting, since the green signal is essentially the same as luminance [1], the ratios of blue to green and red to green remain approximately constant within an object. This observation has been used by Cok [2] to improve interpolation and can be used here to improve our simple linear interpolation. Since green pixels are the most abundant, we first do a linear interpolation over the green pixels. Next, to obtain the missing blue pixels, we use the green pixels together with the known blue pixels to do a linear interpolation of the ratio of blue to green. Similarly, we use the ratio of red to green for interpolating the red channel (Fig. 5). This method improves the results of linear interpolation, but still
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2). For red and blue (i.e. we are trying to interpolate the red or blue at location P5 ):
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The results of this method can be seen in Fig. 6.



Fig. 2. Pixel P5 is the pixel that we are trying to interpolate. smears edges, since the green interpolation is a low pass filtering operation. An additional improvement over this method is to interpolate along edges and not across them. Looking at Fig. 2, let Ei denote the likelihood that pixel P5 and pixel Pi belong to the same edge. In other words, if P5 and Pi are part of the same object then Ei is close to unity, otherwise it’s close to zero. With this Ei , the improved interpolation algorithm would then be:











First, interpolate the greens using only the green information:



E G + E4 G4 + E6 G6 + E8 G8 G5 = 2 2 E2 + E4 + E6 + E8
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and second, interpolate the missing blues at the green locations.



E2 BG22 + E4 GB44 + E6 BG66 + E8 GB88 B5 = G5 E2 + E4 + E6 + E8







(3)



Interpolate red pixels similarly to the blue pixels.



All that is left to do now, is to choose a proper Ei function. The interpolation proposed by Cok in [2] can be interpreted as choosing the function Ei as follows: 1). For green (i.e. we are trying to interpolate the green at pixel P5 ): 8 > > > > < > > > > :



4 , G6 j E2 = E8 = 0; E4 = E6 = 1, if jjG G2 , G8 j 4 , G6 j E2 = E8 = 1; E4 = E6 = 0, if jjG G2 , G8 j E2 = E4 = E6 = E8 = 1, else



where T is some predefined threshold value.
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