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1. Introduction
any modern imaging systems are still producing gray-scale images, color images are more preferred due to the larger amount of information contained by them [1]. There are many compression systems were used to compress the color images; these systems include those that use mathematical transforms such as Discrete Cosine Transform (DCT) transform [2][3][4], neural networks [5][6][7][8], wavelet transform [9][10][11], fractal [12][13][14], quad tree systems [15][16][17], and others [18][19][20][21][22]. Data compression provides two advantages: reducing storage space and transmission time by finding the humanly imperceptible differences [23][24].
The quad tree algorithms are based on simple averages and comparisons. Quad-tree image compression is a method for splitting an image into homogenous sub-blocks. Defining the whole image as a single block, the method is performed according to some problem specific homogeneity criteria. Each block is examined to check whether it is homogenous or not. If it is not, then it will be split into four same-sized blocks. The method terminates when there is no other blocks to be split or when all blocks to be split are smaller than a pre-selected size. The minimum size of the blocks is set, to avoid over segmentation [25][26][27][28].A major advantage of the quad tree system for data compression is the simplicity of its approach. Unlike many other compression systems, a quad tree algorithm can compress images relatively quickly on a personal computer [29,30].
Usually, distortion in images is measured by the PSNR (Peak-to-peak Signal to Noise Ratio). This ratio is often used as a quality measurement between the original and a compressed image. There is no standard way of defining distortion and PSNR for color images. The simplest way is to just average the distortions of the three RGB color components [31,32].
In this paper, an algorithm is applied on color images. The remainder of this paper is organized as follows: in Section 2, the proposed algorithm is illustrated. Experimental results and discussion are presented in Section 3 and finally, some conclusions are addressed in Section 4.
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3. Proposed algorithm
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This algorithm contains two systems based on quad tree. Each one contains three different cases. The RGB color images are represented by three components. In gray-scale image there is a high correlation between neighbor pixels. In color image, in addition to this, there is also a high correlation between color components [2,3]. Therefore, the proposed systems are applied on the all components altogether. In the first system, one component is chosen to be divided using quad tree at specified threshold value. During the dividing of this component, even if the condition of quad tree division is not verified for the other two components, they are divided simultaneously using the same coordinates and block size of the chosen component. The condition is represented by difference value is greater than threshold value. There are three cases of this system are described as follows: 1. The image is divided according to the component R using quad tree. At the same time, the dividing process is applied on the other two components G and B respectively. After the dividing is completed, the three components will have the same numbers, sizes, and coordinates of all blocks. 2. This case is similar to the first one, except, the image is divided according to the second component G, and the dividing process is applied on the other two components R and B respectively. 3. The third case is similar to the previous two cases, except, the image is divided according to the third
( D D D D ) F2012Year component, and the dividing process is applied on the other two components R and G respectively.
In each case, the image is divided giving the following information for the three components: number of blocks, sizes, minimum value and difference between maximum and minimum values for each block. The three components have the same coordinates and sizes for all blocks. In the three components, any block has three min values and three diff values, one for each component.
The second system is similar to the first one including the above three cases, except, the three difference values are averaged for each block. The obtained information of every block is one coordinates, one size, three minimum values and one average difference value. The two systems are illustrated in details in the next sub section.
Several quality measures can be found in the open literature of the field. The most used measures are (distortion evaluation): The mean squared errors (MSE) and the popular peak signal to noise ratio (PSNR) [2].With gray level images, the PSNR is expressed by: MSE While, for color RGB images case [32], we have used the relation given in
? ? ? ? ? ? ? ? + + × × = ) ( ) ( ) ( 3 255 log 10 PSNR 2 10 B MSE G MSE R MSE (2) ( ) 2 1 0 1 0 ij ij y X 1 ?? ? = ? = ? × = N i M j M N MSE (3)and, : are, respectively, the original and reconstructed intensities belonging to R, G or B component. The compressed image is evaluated with the compression ratio (CR) or withthebite-rateperpixel(bpp) defined as follows:
bits in image Compressed bits in size image color RGB Original CR = (4) CR bits 24 bpp = (5) a) ExampleThis example is proposed to describe the processes of the two systems. The example is applied on a sample of color image for size 8x8x3. The R component is firstly chosen to be divided using quad tree. The other two components will be divided using the same coordinates and block size of the chosen divided component, even if the condition of quad tree division is not verified for one or both components. In the first system, each block has three min values and three difference values, one for each component. For instance, the block of coordinates (4, 0) has the three minimum values (80, 25, and 11) and the three difference values (5, 77, and 6), see Fig. 1 and table 1 for more details. While, the second system has three minimum values and one average difference. The above mentioned block of coordinates (4, 0) has the same three minimum values and one average difference value (29), see Fig. 2    
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4. Experimental results and discussion
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In order to test the performance of the two proposed systems, they are applied using the same settings on four famous color images. These images are called Splash, Lena, Sailboat, and Pepper; see Fig.  -7). The columns S1R, S1G, and S1B represent the three components of the color image for the first system.
The other forty eight experiments are carried out using the second system using the same threshold values that are proposed with the first system. The obtained results are shown in the second three columns of the Figures ( 4-7). The columns S2R, S2G, and S2B are represented for the second system. The compression ratio is obtained by dividing the size of the original image file by the size of the compressed output file. From the above experiments of the two systems, Tables (2)(3)(4)(5) show the obtained compression ratios, bpp, PSNR and number of blocks in the compressed images. All programs are written using the Matlab software.
From figures (4-9) and Tables (2-5), it can be seen the following:
-In the two systems, the number of blocks decreases when the original image has low details (for instance Splash image); see Table 5 and Figure (9).
-In the first system, the compression ratio is ranged between 1.0406:1 and 79.7275:1, while with the second system, the compression ratio is between 1.3379:1 and 102.5068:1. It is seen that the second system has the highest compression ratio.
-In the first system, the bpp is rangedbetween 23.0633 and 0.3010, while with the second system, the bpp is between 17.9381 and 0.2341. It is seen that the second system has the lowest bpp value.
-In the first system, the PSNR is rangedbetween 16.7784 and 10.7710, while with the second system, the PSNR is between 16.0773 and 15.5210.
-The visual quality of the compressed images and PSNR values are inversely proportional tothe compression ratio; see figures (4-7).
-In the two systems, the compression ratios increase when the original image has low details (for instance Splash image); see table 2 and Figure (8).
-
The compressed images quality increase when the image is divided according to the component G.
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The compression ratios are proportional to the threshold values.
In Table 6, is presented comparative results among our proposed two systems and others, compression ratio is measured in terms of bpp and the image quality in terms of PSNR.          
S1 R S1 G S1 B S2 R S2 G S2 B S1 R S1 G S1 B S2 R S2 G S2 B Image Name Threshold = 0.1 Threshold = 0.2 S1 R S1 G S1 B S2 R S2 G S2 B S1 R S1 G S1 B S2 R S2 G S2 B Sailboat 1.
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This paper presents two efficient systems that have the ability to compress colour images in easy way. The division processes of image into blocks for the two systems are based on quad tree. At the dividing of one component, the other two components are divided using the same division even if the condition of quad tree division is not verified for them. After the division process is completed, the three components will have the same number and size of blocks. During the experimental results, the compression ratios, bit rate per pixel and PSNR are computed. The compression ratios of images are increased by increasing the value of threshold while the quality of the compressed images may be decreased. It was also noticed, the division according to the G component is the best giving good quality of the compressed images with appropriate compression ratios, and the performance of the second system is better than the first one. The compression ratios of the second system are ranged between 0.25 and 0.80 at threshold value 0.1, and between 0.78 and 0.94 at threshold value 0.2. 
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