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Abstract— Recent research has focused on the new proposed 

Bayer pattern image compression compared to other 

methods of structural transformation algorithm. Based on 

previous work, this paper proposes a new algorithm the 

Bayer pattern image compression by using adaptive 9/7 

wavelet transform and set partitioning in hierarchical trees 

(SPIHT) and Huffman coding combined. Start with a color 

filter array (CFA) data convolution of the low pass filter 

followed by a down-sampling operation after the data is 

converted from RGB color space into separated luminance 

and chrominance components of the YCbCr color space. 

The lastly achieved more data compressed by using new 

proposed algorithm method for compression. 

Key words: Lifting scheme based wavelet transform, Color 

Filter Array (CFA), Color space conversion, Compression 
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I. INTRODUCTION 

Color Filter Array (CFA) is an array of alternating color 

filters has samples of one color band at each pixel position. 

The general CFA pattern in the Bayer pattern[1],as in Fig.1, 

which has features red and blue filters at alternate pixel 

position in both directions and green filters arranged in 

quincunx pattern at the remaining tissue location. By using 

this pattern get results is half of image resolution due to 

green band. In human visual system have peak sensitivity in 

middle wavelength so that additionally green sampled in this 

system. 

 
Fig. 1: Arrangement of Bayer Pattern CFA 

Traditional Bayer pattern image compression is 

shown as Fig.2 (a), wherein the color filter array (CFA) data 

is first interpolated to achieve a full color image. When the 

full-color image is then compressed in the process, the 

amount of data is too large to be stored or compressed. To 

solve this problem, some previous work made, CFA is first 

compressed data so that the memory or transmitted 

previously inserted, as shown in Fig.2(b), which can reduce 

the storage and transmission bandwidth, to reduce the 

pressure and the compression of the relatively low 

complexity. 

Maintaining only one color in each pixel of the 

Bayer pattern image, each pixel value of the adjacent space 

is not continuous, which will cause a full-color image than 

the high frequency component before sampling in the 

larger[15]. High-frequency components are compressed to a 

bad image of high magnification, if Bayer image data is 

directly compressed. Accordingly, emergence of various 

algorithms which transform Bayer image data before 

compression has been used.  

 
Fig. 2(a): Arrangement of Interpolation before compression 

 
Fig. 2(b): Arrangement of Compression before interpolation 

Lee [6] proposed a Bayer image data is first 

converted from RGB color space to YCbCr color space, 

wherein the Cb and Cr components are equal to 4:2:0 

sampling operation, while the Y component needs to be 

converted into a diamond having a 45
0
 rotation. Then the 

data can be made of a shape adaptive discrete cosine 

transform process transform, it cannot be applied directly to 

the existing compression algorithms such as JPEG and 

JPEG2000. 

Xie [1] [10], revised to a new and efficient method 

for Bayer image compression based on wavelet transform 

upgrade scheme and SPIHT algorithm. Conversion proposed 

algorithm from the simulation, it can be discussed in the 

output performance of the algorithm better than improve the 

structure conversion algorithm and better visual quality has 

been achieved PSNR. 

Koh [12], the challenge facing structural 

transformation has been revised to be an effective method of 

Bayer pattern image and to improve the compression 

quality. On this basis, the structure of an improved 

conversion algorithm discussed solutions to further improve 

the compression effect. Improve the structure using a 

combination of multi-level wavelet transform and convert 

lifting scheme algorithm to improve the program and set 

partitioning in hierarchical trees(SPIHT) algorithm and also 

effective way to get a digital camera with a color filter array 

(CFA). 

Li Ming-Ming [2] discussed the set partitioning in 

hierarchical trees (SPIHT) coding algorithm for the original 

compression core for better performance from exists lossy 

image compression function Bayer. After completion of the 

encoding process of the image, leading to the conclusion 

that a significant cause SPIHT compression encoding 

scheme to improve performance, and concluded that low 

artifacts compared to similar processing equipped with a 

JPEG encoder. 
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II. WAVELET TRANSFORM 9/7 LIFTING  

Sweldens [11] achieved by improving the structure of the 

discrete wavelet transform is proposed a new method. 

Relative to conventional convolution filtering method and a 

lifting structure with fewer advantages of low complexity 

calculation step, which have the calculation of the lifting 

structure filter efficiency higher than convolution filter [11]. 

daubechies wavelet proposed polyphase matrix of 9/7 

wavelet filter is broken down to produce a series of 

triangular matrices, and gives the steps to enhance the 9/7 

wavelet filter.  

Images have come before lifting wavelet expansion 

in an appropriate manner and transformed SPIHT coding 

applications. Lifting solutions to effectively solve some 

problems, the wavelet transform traditional mode of 

existence by reducing the memory required for its 

implementation. The simple version of the lifting 9/7 

wavelet transform scheme has described in Fig. 3. The 

follow consists of three steps: Split, Predict and Update. 

Split input data is divided into even smaller sample of Xe 

and odd samples Xo. The purpose is to predict the relevance 

of the data, we can act independent data structures using 

predictive operation P, even if the signal and obtain the 

prediction value of the odd signal. Update it introduces the 

operator U update and maintains the integrity of the signals 

Xe and Xo. 

 
Fig. 3: Scheme of lifting wavelet transform 

III. SET PARTITIONING IN HIERARCHICAL TREES (SPIHT) 

In general, SPIHT image compression algorithm based on 

wavelet transforms. It provides the highest image quality, 

accurate and error protection coding bit rate [5] . SPIHT has 

to use of three lists - a List of Significant Pixels (LSP), a 

List of Insignificant Pixels (LIP) and a List of Insignificant 

Sets (LIS). 

Based on following concepts of SPIHT algorithm: 

 Transmission Process of ordered bit plane 

progressive  

 Process of Set partitioning sorting algorithm. 

 Process of Spatial orientation trees. 

These coefficients location lists have contains their 

coordinates. After initialization, each level of the algorithm 

requires a two stage threshold values - sorting pass (are 

organized in the list), and refinement pass (which performs 

the actual transfer of the progressive coding). The result is a 

form of bit stream [3]. It can convert all of the bits coded by 

the image is completely restored. However, the wavelet 

transform output only when it is infinite number of 

reconstructed completely inaccurate digital storage. 

SPIHT coding starts running two passes: ordering 

process pass and refinement process pass. One main 

characteristic is that the sequence is not explicitly 

transmitted. The first pass is sorting through. It first moves 

LSP and LIP browse all significant factors, and the output of 

its symbols. Then browse LIS implementation of effective 

information and follow the partition sorting algorithms.  

The second process pass is refining pass. It browse the 

coefficient of LSP, and outputs a single bit alone basis, the 

current threshold. After completion of the two times, the 

threshold value is divided by 2, and twice again performed 

in the encoder [7]. This process is applied recursively, until 

the output reaches the required number of bits. 

A. Algorithm: 

1) Step of Initialization:  

Output n=|log2(max(i,j){c(i,j)}|; has a set the LSP as empty 

list and other add the coordinates (i,j) € H to the LIP and 

only that with descendants also to the LIS. 

 LIP: all tree roots of co-ordinates – scale of co-

ordinates in coarsest subband 

 LIS: all tree roots of co-ordinates with nonempty 

descendent trees – scale of co-ordinates in coarsest 

subband pointing to descendant trees 

 LSP: empty 

2) Step of Sorting Pass: 

The basis of the most significant bit-plane is transmitted on 

sorting information  

3) Step of Refinement Pass: 

For every entry of (i,j) in  LSP part, except those included in 

the last sorting pass, and the output  n
th

 most significant bit 

of |ci,j|. Bits in bit-planes lower than the most significant bit 

plane is transmitted. 

4) Step of Quantization - Step Update:  

Decrement n by 1 value and go to the Step-2 

 
Fig. 4: Structure of SPIHT coding 

SPIHT algorithm is realized in positioning the tree 

split by multiple spaces. If the set is very significant so it 

can be divided into several sub-sets to test their significance. 

Partition continues to repeat until all the important factor is 

only one set of coefficients. 

IV. HUFFMAN CODING 

Huffman coding can an entropy encoding algorithm has 

mainly used for lossless data compression. The term refers 

to the estimated probability of each possible value of an 

encoding source symbols using a variable length code table, 

wherein, in the variable length code table has occurred on a 

particular manner based on the source symbol is derived 

[16]. It is used for selecting each symbol means, thereby 

generating the specific method used for the expression of 

shorter than the bit string for the source symbol is not 
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common in most of the common prefix of the source 

symbols. 

This algorithm is based on statistical Huffman 

coding as which means that the probability of a symbol 

which has a direct impact representative length. There are 

more likely to be a sign that their position will be the size. In 

any document, some characters are used more than others. 

Binary notation to indicate the desired number of bits per 

character depends on represent that character. It can using 

one bit to represent two characters, i.e., „0‟ represents  first 

character and „1‟ represents second character. It can use two 

bits to represent four characters. And so on [4]. 

V. PROPOSED SCHEME OF STRUCTURE OF COLOR IMAGE 

COMPRESSION  

This Paper have used new proposed algorithm process are 

shown in below Fig. 5. 

 
. Fig. 5: Proposed Scheme of structure of image 

compression algorithm flow 

Those steps of color space conversion and structure 

conversion are same as those of the improved structure 

conversion method for original Bayer image, and the second 

part of the algorithm is based on adaptive 9/7 lifting wavelet 

transform and SPIHT instead of the JPEG compression in 

the original “Structure Conversion” algorithm. 

First, the conversion of the structure is applied to 

the G component and the data in the RGB color space is 

converted into YCbCr color space, because the pixels in the 

RGB the correlation between the color space YCbCr color 

space than the higher. Since original rectangular distribute 

of R and B components and the loose rectangle only needs 

to become tight rectangle without lowpass filter and 

structure conversion. 

A. Color Space Conversion: 

Bayer raw images can be viewed with a size of 2x2 blocks 

of GB/RG. By using R, G and B components have be 

converted into the transformation matrix for luminance and 

chrominance values of color space in the YCbCr 

components [10], as shown in below Fig. 6. Cb and Cr 

components are equal to 4:2:0 sampling and color space 

conversion has been expressed as below: 
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Where, 1 has represents upper left corner, while 2 

has    represents lower right corner. 

 
Fig. 6: Diagram of color space conversion 

B. Low-pass Filter: 

Since the G component is plum, it needs to become a 

rectangle. Appears directly in the odd and even columns will 

generate a pseudo-high frequency component to suppress 

the generation of the pseudo high-frequency component [2], 

the G component of the smoothing processing needs, which 

can be divided into two steps: the lowpass filtering and 

sampling the column 2:1. Impulse response function of the 

lowpass filter is as given below: 
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After the sampling of columns, G component as a 

rectangle, this is equal to the number of rows and number of 

columns of the original image into half of the original 

number of columns. After converting the image data 

structure and color space conversion achieved by the 9/7 

wavelet compression algorithm and SPIHT. After storing or 

transmitting the compressed image data is decompressed to 

restore the CFA. 

VI. PERFORMANCE EVALUATION AND EXPERIMENTAL 

RESULTS 

To test the performance of the algorithm, the selected Lena 

image size 512×512 for test and in the full-color image 24 

bits/pixel Bayer CFA algorithm requires data to be obtained 

by the following samples. 

Bit Rate 

(bpp) 

CR without Huffman 

Code 

CR with Huffman 

Code 

0.2 40.0128 80.0199 

0.3 26.6733 53.344 

0.4 20.0043 40.0072 

0.5 16.0037 32.0066 

0.6 13.3353 26.6699 

0.7 11.4303 22.8599 

0.8 10.0014 20.0024 

0.9 8.8901 17.7799 

1 8.0012 16.0022 

Table 1: Compression ratio with Huffman and without 

Huffman code (Lena) 

Bit 

Rate 

(bpp) 

Baboon Image Pepper Image 

CR 

without 

Huffman 

Code 

CR with 

Huffman 

Code 

CR 

without 

Huffman 

Code 

CR with 

Huffman 

Code 
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0.3 21.3409 42.6792 32.5229 65.0402 

0.4 16.0051 32.0086 24.3908 48.7784 

0.5 12.8027 25.6044 19.5096 39.0172 

0.6 10.6689 21.3371 16.258 32.5145 

0.7 9.1447 18.289 13.9354 27.8697 

0.8 8.0016 16.0029 12.1935 24.3861 

0.9 7.1122 14.2241 10.8379 21.6751 

1 6.401 12.8018 9.7542 19.5078 

Table 2: Compression ratio with Huffman and without 

Huffman code (Baboon and Pepper) 

Bit 

Rate 

(bpp

) 

JPEG 

[1] 

(PSNR

) 

JPEG200

0 [9] 

(PSNR) 

SPIH

T [1] 

(PSNR

) 

CR 

without 

huffma

n Code 

Using 

SPIHT 

CR 

with 

huffma

n Code 

Using 

SPIHT 

0.2 28.43 30.75 31.19 40.0128 80.0199 

0.3 30.69 31.56 32.73 26.6733 53.344 

0.4 31.93 33.35 33.93 20.0043 40.0072 

0.5 32.91 33.95 34.86 16.0037 32.0066 

0.6 33.65 34.67 35.72 13.3353 26.6699 

0.7 34.29 36.23 36.57 11.4303 22.8599 

0.8 34.78 36.05 37.27 10.0014 20.0024 

1 35.77 37.93 38.55 8.0012 16.0022 

Table 3: Comparison of different methods based on PSNR 

value and Compression ratio with Huffman and without 

Huffman code (Lena) 

 
Fig. 7(a): Chart of Compression Ratio vs Bit Rate(bpp) 

(Lena) 

 
Fig. 7(b): Chart of Compression Ratio vs Bit Rate(bpp) 

(Baboon) 

 
Fig. 7(c): Chart of Compression Ratio vs Bit Rate (bpp) 

(Pepper) 

 
Fig. 8(a): True color image to CFA image (Lena) 

 
Fig. 8(b): True color image to CFA image (Baboon) 

 
Fig. 8(c): True color image to CFA image (Pepper) 

VII. CONCLUSION 

This paper focuses on lifting scheme is proposed on the 

basis of the Bayer pattern image improved structural 

transformation and adaptive 9/7 wavelet transform followed 

by Huffman coding and improved SPIHT compression 

algorithm. The simulation results of the test images show 

that the output of the algorithm to improve the structure 

conversion algorithm formed Compression Ratio and better 

data compression has been achieved. Thus, we can conclude 

that this algorithm is more suitable for the Bayer CFA 

pattern image compression. 
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