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Abstract
A color image has three components called red, green, and 
blue. Now-a-days digital cameras have a variety of color filter 
called color filter array. There is a single array of color filter array 
where sensors for red, green, and blue alternate. This is used 
to reduce the complexity of the circuit in digital cameras. This 
itself gives a compression of three times. One of the famous 
color filter array is called Bayers’s pattern. The concept of GPPM 
tree in data mining used for compressing RGB image is applied 
for CFA image. The compression ratio of this algorithm is greater 
than Huffman coding for the interleaved and de-interleaved CFA 
compression. Also it does not  have the overhead for storing 
the Huffman code table.

Keywords
CFA image compression, GFPPM tree, PPM tree, Interleaved 
and de-interleaved CFA image.

I. Introduction
Digital color images are represented as three dimentional 
arrays for the three color components (Red, Green, and Blue). 
Each value in the array represents the color value. So  normal 
color image of size 512 x 512 pixels would need a starage 
space of 3 x 512 512 bytes. When size of the image increases 
the number of bytes still increases. The data or information 
conveyed in the image may have some redundancy. Redundant 
data refers to the surplus information. This can be removed 
from the image when it is stored or communicated on the 
channel. This will reduce the amount of space for storage and 
the amount of time for communication, effectively reducing the 
cost of storage and communication.
Redundancy in digital images comes under three heads: coding 
redundancy, interpixel redundancy, and psycovisual redundancy. 
Digital image compression deals with the process of reducing 
these redundancies while representing the digital images 
for storage or communication. Further digital compression 
comes under two categories: Lossless compression and lossy 
compression. In lossless compression the original image can 
exactly be reconstructed from the compressed version. In such 
images any loss of data is prohibitive. E.g. archival of medical 
and business documents. In lossy compression the quality 
of the reconstructed image is sacrificed for getting higher 
compression. Higher the compression achieved higher is the 
loss in data such loss can be tolerated to some extent [1].

A. CFA Image
In digital camera, color filter array (CFA), is a variety of small 
color filters over the pixel sensors for the image to capture color 
information. Photosensors detect light intensity without the 
wavelength details, so color information will not be detected 
and for this color filters are used. Digital cameras in olden 
days had three array of color sensors one each for redn, green, 
and blue components. This increases complexity of the digital 
circuit in the camera and also the algorithms used in the 
digital cameras. Now-a-days the digital cameras have a single 

array of color filters which have the color filters interleaved 
in such a fashion, that the missing color information can be 
interpolated from the available values. The actual color image 
can be constructed with raw image captured and corresponding 
demosaiking algorithm, designed for the particular CFA image. 
Bayer’s filter is the most commonly used 2x2 color filter. Bayer’s 
paatern is a CFA arrangement of RGB color filters on a two 
dimensional array of photosensors. This pattern is used in 
single chip image sensors used in modern digital cameras. This 
filter pattern is shown in Fig.1. It has an interleaved pattern of 
red, green, and blue components such that green, red, and 
blue components occupy 50%, 25% and 25% respectively. 
Some of the alternate 2x2 CFA filters are, RGBE filter, CYYM 
filter, ZCYGM filter, RGBW filter. RGBW#1, RGBW#2, RGBW#3 
are some 4x4 Bayer’s patterns [2,3].
 

 Fig. 1 : Bayer’s Pattern

In conventional methods, CFA image is first interpolated and 
preprocessed and the compression is applied. This method 
introduces some data redundancy in the compressed image. In 
modern methods the compression is done before interpolation 
step and the image is store or transmitted. The interpolation 
step is postponed after the decompression step. This gives 
lower compression ratio and high image quality [4]. When 
compressing the Bayer’s pattern, it can be done in two methods: 
Interleaved and De-interleaved compression. In the interleaved 
compression, the Bayer’s pattern is compressed directly 
without any rearrangement of the pattern. In the de-interleaved 
compression, the Bayer’s pattern is first decomposed into its 
green, blue, and red and the components are compressed 
separately. This has an advantage that the nearby pixels are more 
correlated. Section II gives a description about the concept of 
GPPM tree and related trees. Section III deals compression and 
decompression algorithms. Section IV gives the experimental 
results till the completed phase of the paper.

II. GPPM Tree

A. Peano Count Tree
Peano count tree (P-Tree) is a lossless, compression and data 
mining ready data structure. In a quadrant of 1’s and 0’s, the 
concept of P-tree is to recursively divide the quadrants and 
record the no. of 1 bits, at each node corresponding to the 
quadrant. This is done until the quadrant of 1x1 is reached. 
The leaf nodes will have either one 1 bit or zero one 1 bit. When 
the quadrant is composed of pure- 0’s or 1’s, then no more 
subtree is needed. Hence, these branches terminate with the 
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corresponding node [5,6]. An example has been taken from 
[5] and the different trees are explained in this section. An 
8x8 image of single bit is taken as in Fig. 2. The corresponding 
Peano tree is as shown in Fig. 3.

B. Peano Mask Tree

11001011
01001001
11111010
01111010
11111111
11110111
11111110
11110110
Fig. 2: 8 bit by 8 bit image example
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Fig. 3:  The P Tree for Data in Fig. 2

Peano mask tree is a variant of Peano count tree. In a peano 
count tree the nodes which have mixture of 1’s and 0’s are 
replaced by a node M. This stands for “Mixed”. The nodes 
with pure 1’s and 0’s are replaced by 0 and 1 respectively. 
Now the tree will have three types of nodes, M, 0, and 1. The 
PM tree can be used for compression, when the neighboring 
pixels share the bit values. This may work excellently for higher 
order bit plane. This tree has three symbols and two bits can 
give four combinations. Thus one combination is unexploited. 
This leads to a new data structure called Peano pattern mask 
tree [5,6]. The Peano mask tree for the sample image taken 
is given in Fig. 4.
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Fig. 4: PM Tree for Data in Fig. 2

C. Peano Pattern Mask Tree
Peano Pattern Mask Tree (PPM Tree) is a variant of PM tree. 
A new symbol P is included to represent the most frequently 
occurring pattern in the leaf nodes. Now there are four symbols 
M, 0, 1, and P. The nodes in the level before the leaf node 

level is replaced by P if the leaf node has such a pattern [5]
[6]. The Peano Pattern Mask Tree for the sample image taken 
is shown in Fig. 5.
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Fig. 5: PPM Tree for the Data in Fig. 2

D. GPPM Tree
When the lower order bits are compressed the neighboring 
bits may not share the same values with high probability. So 
the PM tree and PPM tree goes up to the leaf nodes. This 
gives less compression. When the probability of sharing the 
same bit value is low, pure 1’s and 0’s are impossible. So a 
variant of PPM tree called Generic Peano Pattern Mask tree 
is used. Three patterns P1(00), P2(01), and P3(10) are used 
along with mixed M(11). The most frequently occurring three 
patterns P1, P2, and P3 are selected in the leaf nodes. Each 
pattern replaces a node in the last but one level in the PPM 
tree. The frequencies of occurrence of the patterns in the leaf 
nodes are as follows:

Table 1:  Frequency Distribution of Bit Patterns of PM Tree in 
Fig. 4

Pattern Frequency
1111 6
1101 5
1010 4
0000 1

The GPPM tree may have lesser number of nodes than the 
corresponding PPM-tree. A breadth-first representation of the 
PPM- tree and the GPPM- tree are used so that lesser number of 
nodes need to be stored than the actual tree nodes. A breadth-
first representation of the GPPM tree is given as follows:
M-M-M-P1-M-P2-M-P2-P1-P3-P2-P3-P3-P2-P1-P2-P3-0-0-0-0. 
After storing all the inner nodes, the child nodes are stored 
as they are as a string of bits leaving out the unnecessary 
nodes. The algorithm uses PPM tree and GPPM tree as the data 
structures and these trees are stored as a string of 0’s and 1’s 
leaving out the nodes which are not being used. This results in 
a compression when the bit plane has shared 1’s and 0’s [6]. 
Fig. 6 shows the GPPM tree of the data in Fig. 2. Fig. 7 shows 
the bit representation of the GPPM tree of Fig. 2[7-9].

III. GTCIC

A. Compression Algorithm (GTCIC)
The images taken are the CFA images. In this work the 
compression is done before the demosaicking or interpolation 
step involved in a CFA image. So some redundancy can be 
avoided in the compression technique. The PPM- tree and 
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GPPM- tree are used along with the raw bit plane to compress 
the image.  Concentration is given on the compression step and 
an appropriate demosaicking or interpolation method should 
be used after the decompression algorithm to construct the 
RGB image. The compression Algorithm can be stated as below 
for the deinterleaved CFA image:
 M 

M M M P1 

P2 10 10 M P2 P1 10 P3 P2 P3 P3 P2 P1 P2 P3 

0000  .
Fig. 6:  GPPM Tree for the Data in Fig. 2

1) Take the CFA Image.
2) Deinterleave the CFA image.(Separate the three color 
components)
3) Keep the three components in the same array. (One array 
of 8 bit pixel values)
4) Split the Deinterleaved CFA image into 8 bit planes. 
5) For each bit plane construct one of the following which has 
the smallest size.
a) PPM tree with all zeros, all ones and a most frequently 
occurring pattern.
 b) GPPM tree with three most frequently occurring patterns.
c) Keep the original bit plane as a string.
6) Now construct the compressed file as follows. The fields 
are as follows.
a) The size of the image as a power of 2.
b) Two bytes to represent how each bit plane is encoded. We 
have three choices so we need 2 bits for each bit plane so 
2x8 =16 (2 bytes)
Data for the CFA image. 8 segments

1111 1101 1010 11 11 11 00 11 01 11 01 00 10 01 10 
10 01 00 01 10 0000

The first thee four bit (bolded text) serments are the three 
chosen patterns. The next series of 2- bits normal text) are 
representations for each of the non- 1- bit length nods/
quadrands. The last series of 4- bits (emphasized text) are 
the patterns of the 1- bit length quadrants.

Fig. 7.  Bit Representation of GPPM Tree of Fig. 2

The experiment is done with interleaved and deinterleaved 
CFA image. So for the interleaved CFA the steps can be altered 
accordingly to fit the algorithm.
The Patterns taken for the GPPM- tree are as follows [6]:
For pattern P1, the values stored is 00
For pattern P2, the values stored is 01
For pattern P3, the values stored is 10
For mixed, the values stored is 11
The following table gives the file format of the compressed 
image after the algorithm is executed:

Table 2:  Proposed File Format
S.No Byte No Description
1 1 Length of the original image as a 

power of 2.
2 2,3 Bit representing which segments are 

stored in raw or compressed form 
[8x2 bits = 2 bytes.

3 3 onwards 
(variable 
size)

Data for the interleaved or 
deinterleaved CFA image.

B. Decompresion Algorithm
The size of the image can be calculated from the first byte of 
the compressed file. This is obtained by finding the 2’s power  
of the value given in t first byte. For each bit stream in the file 
the way the bit plane is coded is given in the next two bytes. 
The corresponding two bits are taken and the bit bream is 
decompressed accordingly. The corresponding GPPM tree or the 
PPM tree or the bit planes are constructed from the segments 
of the compressed file. This is converted into the bit planes. The 
eight bit planes which have been constructed are combined 
to get the deinterleaved CFA pattern. The interleaved pattern 
can be reconstructed and the RGB image can be interpolated. 
The corresponding steps should be altered for the interleaved 
CFA image [6].

IV. Experimental Results
Some sample images have been taken and compression ratio 
of the compression with the algorithm (Interleaved and de-
interleaved) has been compared with the Huffman coding. The 
images taken are pepers, baboon, bandon, bear, brandyrose, 
kid, lochness, opera, pills and water. Mostly the images having 
same shade has higher compression ratio than with more varing 
shades. Also the higher order bitplane has higher compression 
ratio than the lower bit planes.

Table 3: Comparison Table For Three Different Types of 
Images

Image GPPM 
tree 
(De-I)

Huffman GPPM 
(interleaved)

Pepers 1.2040 1.0410 --
Baboon 1.0297 1.0304 1.0016
Bandon 1.4458 1.3688 1.1760
Bear 1.1282 1.0405 1.0675
Brandyrose 1.2701 1.0460 1.0505
Kid 1.2654 1.1059 1.1616
Lochness 1.2681 1.1877 1.1709
Opera 1.1403 1.0672 1.0946
Pills 1.1856 1.0258 1.0831
Water 1.1305 1.1140 1.1027

V. Conclusion
There is an advantage when the CFA image is compresses 
before demosaicking or interpolation where the full RGB color 
image is constructed. This reduces some redundancies. This 
fact is evident from the data in the table 3. Further when the 
CFA image is compressed it is done in two ways which are 
compared in the experiment. The methods are interleaved 
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and deinterleaved images. The interleaved and deinterleaved 
images for lena image is as shown in Fig. 7. The deinterleaved 
image has an advantage that the neighboring pixel values are 
more correlated than the interleaved image. This also can be 
seen from the experimental result where the deinterleaved 
image has slightly larger compression ratio.  Due to the CFA 
image usage, the ratio of the compression ratios of the RGB 
and the CFA image is nearly three times.

Fig. 8: An Interleaved CFA Image

Fig. 9: A Deinterleaved CFA Image  
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Fig. 10:  Chart Showing The Comparison of Compression Ratio 
for the Three Types of Images.
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