23

Chapter 6

Experimental Comparison

“Rem tene, verba sequentur”

(Catone)

A brief but complete and exhaustive introduction to JPEG 2000, that will be discussed in this chapter, is given in appendix D.
6.1. Introduction

In some previous chapters and in appendices B to D, the concept of wavelets is explained, the benefit introduced by them within the image compression field, and the new image compression standard JPEG 2000 is introduced, compared to other old and more recent standards, and some coding methods on the basis of some pre-constituted test images; the AutoMERS project was also introduced with the images based on this project and their peculiar features. The main idea of this chapter is to compare the JPEG 2000 Standard with some other standards and image coding methods, especially the precursor JPEG, on the base of these AutoMERS images, with the aim of understanding better how much this new standard could be useful from the point of view of this project. In this chapter some kinds of compression are explored, such as lossless compression, downsampling and interpolation. Different operations are developed on different image plane components, from the quality, subjective and objective, point of view; this for obtaining more information as regards test images. An explanation of the AutoMERS-based test images and the software utilised in the tests is done in a previous chapter, and we refer to the explanation in that chapter. Other, more detailed, explanations about some software programs used will be given from time to time in the different sections of that chapter.

6.2. Downsampling Compression

In this section some results obtained using different downsampling and interpolation methods on the whole multi-component images and on the different components belonging to them, are shown.

6.2.1. Downsampling and Interpolation

An easy way to reduce the amount of data for an image is to downsample the image one or more times, and to restore it with a simple interpolation. This simple method does not achieve a high level of compression, and yet there is quite a high loss of quality, but it is useful to give an initial idea about the possibility of treating each component within a multi-component image in a different way. Downsampling by half horizontally and half vertically means taking only 1 pixel every 2  2 square of pixels: usually the value of this pixel is the mean of the four pixels. In this way the size of the image N  M, that in the test images is 512  512, becomes N/2  M/2, 256  256, the number of bits becomes a quarter of the original, and so the compression ratio is 4 : 1. After the downsampling the image has to be restored to the original N  M size with the operation of interpolation, which is usually bilinear or bicubic, and contains the upsample operation. Bicubic interpolation is better from the point of view of the quality of the reconstruction, but it is also more expensive in terms of operations compared to the bilinear interpolation. 

The process can be iterated, so from a downsampled image it is possible to downsample again obtaining a N/4  M/4, 128  128, sized image that should be upsampled and interpolated twice; in this case the compression ratio increases up to 16 : 1. 
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Figure 6.1 : Block diagram for 1-Level and 2-Level downsampling and interpolation. 

It is obvious that the file sizes of the final reconstructed images are all of the same dimension, about 786 Kbytes, but the real values of the file size that could be saved, stored or transmitted are about 196.5 Kbytes for the first level and 49.1 Kbytes for the second level. In theory it is possible to iterate this process further, but the quality of the image decreases dramatically, so only two levels of downsampling and interpolation are analysed. The first level and second level downsampled images, of size 256  256 and 128  128, have a correspondence with the first level and second level LL subband of the discrete wavelet transform. These tests are useful also for this reason, in fact it is possible see how much image quality is lost if the other 3 subbands are not taken into account, and how important they are for the fidelity of the reconstructed image. In Figure 6.1 the whole idea and the operations carried out in the tests is visible, which give 6 different reconstructed images from each initial test image. PSNR and Flops values are calculated for the 5 test images, in Figure 3.2, and for their mean, as the diagrams of Figure 6.2 show. 
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Figure 6.2 : PSNR and Flops diagrams from downsampling and interpolation methods.

The statistics of the mean values for PSNR and Flops, averaged over the five images, are shown in Table 6.1. From these diagrams and Table it is possible to see first that the first level of interpolation result in already a significant decrement of the visual quality: the value of PSNR is about 30 dB for a compression ratio of only 4 : 1; the same level of PSNR with JPEG and JPEG 2000 will give a compression ratio of more than 70 : 1 and 110 : 1 respectively. 

	
	1bil
	1bic
	2bilbil
	2bilbic
	2bicbil
	2bicbic

	PSNR [dB] 
	29.85
	30.14
	26.58
	26.63
	26.82
	26.85

	Flops [MFlops]
	78.28
	147.51
	97.85
	167.09
	115.17
	184.41


Table 6.1 : PSNR and Flops mean values from downsampling and interpolation methods.

However this kind of distortion, which is more a blurring distortion, is not so annoying as the JPEG compression distortion for the human vision, actually it looks more acceptable because it does not introduce artefacts but only blur. The bicubic interpolation is only slightly better than the bilinear in terms of visual quality, with a difference of less than 0.5 dB in values of PSNR, whereas it takes significantly more operations, almost twice as many. Passing to the second level interpolations, as in Figure 6.2, there is a decrement of PSNR, reaching about 26-27 dB, and a great increment of the operations for a value of only 16 : 1 of compression ratio. For JPEG and JPEG 2000 the compression ratio is 140 : 1 and more than 300 : 1 respectively, with the same visual quality.

6.2.2. 4:2:2 and 4:1:1 Downsampling

Another simple way to reduce the size of the image without losing too much information and too much quality is to use 4:2:2 or 4:1:1 downsampling. As a first step test images are transformed from RGB colour images to YCbCr colour images with a simple and widely-used Intercomponent Transform. This transformation takes a few Flops, about 5.5 MFlops for a 512  512 size image, but devices like digital cameras, video cameras and CCD cameras often have the image or video output already available in this format. A lot of image and video coding standards like JPEG, MPEG-2 and JPEG 2000, for example, have already in their algorithms the possibility to perform this transform in their first stages, and this demonstrates the utility of this method. While the visual system does not distinguish differences in terms of resolution and quality of the information among the three matrices of pixels that represent the red, green and blue colours, it treats the three matrices Y, Cb and Cr differently. 

The luminance matrix Y is more important in terms of visual information compared to the Cb and Cr matrices which represent the colour space; for this reason only these two matrices are downsampled, once in the 4:2:2 method and twice in the 4:1:1 method, leaving the Y matrix unaltered. More information about these 4:1:1 and 4:2:2 downsampling operations can be obtained from the section 2.2, where there is a more detailed explanation. The meaning of this kind of test is to see how far the quality of the images decreases with these types of downsampling with respect to the gain in terms of compression ratio, so as to decide if it is a good idea to use this method as one of the first blocks of the compression system.

	
	4:1:1 Bilinear
	4:1:1 Bicubic
	4:2:2 Bilinear
	4:2:2 Bicubic

	PSNR [dB]
	31.633
	31.699
	34.014
	34.125

	Flops[MFlops]
	31.6
	54.68
	29.24
	53.63


Table 6.2 : PSNR and Flops means from 4:2:2 and 4:1:1 downsampled images.

The file size of the images decreases from 786 Kbytes for the original image down to 589.5 Kbytes for the 4:2:2 downsampled image and 393 Kbytes for the 4:1:1 downsampled image, achieving compression ratio values respectively of 1.5 : 1 and 2 : 1. In Figure 6.3 it is shown the result of the PSNR and Flops statistics for the five images and their mean, also reported, for the mean case only, in Table 6.2. The PSNR values of the Cb and the Cr components are not shown, but the PSNR values obtained from the comparison between the original RGB images and the reconstructed RGB images; in this way a better knowledge about the right visual quality of the images is given, with a comparison between these values and PSNR values obtained with different compression methods in other sections of this chapter.

From the diagrams shown in Figure 6.3 and the values reported in Table 6.2 the 4:2:2 method looks much better than 4:1:1, as expected, with about 2.5 dB of difference on the PSNR values for quite similar values of Flops, about 1-2 MFlops of difference. The bicubic interpolation, as seen in a previous section, is slightly better than the bilinear interpolation, about 0.1 dB of difference on the PSNR values, but it requires almost double the number of operations. In general the PSNR values obtained with these tests are not as high as expected, about 34.1 dB for 4:2:2 and 31.7 dB for 4:1:1. This is evident if compared with the PSNR values found with the JPEG and JPEG 2000 methods; the same PSNR values give a compression ratio of 7 : 1 and 20 : 1 for JPEG and 10 : 1 and 27 : 1 for JPEG 2000. This fact should not mislead us, because the kind of distortion that this method introduces is less annoying than the JPEG distortion for the human visual system, and is sometimes almost imperceptible. 
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Figure 6.3 : PSNR and Flops diagrams from 4:2:2 and 4:1:1 downsampled images.

The distortion affects only the colour components and not the luminance, and there is fading and blurring distortion and not a block pattern distortion or an introduction of some ringing-effect artefacts; actually with some subjective tests on the images the visual system seems little affected from the quality point of view by this kind of distortion. For this reason the adding of this kind of interpolation to other compression techniques could be a good idea to achieve a better compression ratio overall. 

6.3. Standards and Results

In this section the three image coding standards and algorithms chosen for the tests are explained in more detail. the decision is to compare the JPEG 2000 standard (which, as mentioned previously, is the most important new image coding standard) with the most widely-used standard, JPEG, and the SPIHT algorithm, as a good example of a wavelet based algorithm. The comparison can be made with these three software programs in both the lossless and lossy cases. In the lossless compression case some applications, WinZip and Gzip, developed for file compression and other standards and methods as JPEG-LS and PNG are also used.

	Quality
	100
	99
	98
	95
	90
	80
	70

	C.R. [X : 1]
	3.24
	3.66
	4.47
	6.86
	10.92
	18.19
	24.39

	I.C.R. [1 : Y]
	0.309
	0.273
	0.224
	0.146
	0.0916
	0.0550
	0.0410

	B.R. [bpp]
	2.469
	2.186
	1.790
	1.166
	0.733
	0.440
	0.328


	Quality
	60
	50
	40
	30
	20
	10

	C.R. [X : 1]
	30.47
	36.22
	43.59
	54.83
	76.29
	117.53

	I.C.R. [1 : Y]
	0.0328
	0.0276
	0.0229
	0.0182
	0.0131
	0.00851

	B.R. [bpp]
	0.263
	0.221
	0.184
	0.146
	0.105
	0.0681


	Quality
	5
	2
	/
	/
	/
	/

	C.R. [X : 1]
	145.38
	160.41
	180
	210
	250
	300

	I.C.R. [1 : Y]
	0.00688
	0.00623
	0.005556
	0.004762
	0.0040
	0.003333

	B.R. [bpp]
	0.0550
	0.0498
	0.0444
	0.03809
	0.0320
	0.02667


	Quality
	/
	/
	/
	/
	/
	/

	C.R. [X : 1]
	370
	450
	550
	700
	850
	1000

	I.C.R. [1 : Y]
	0.002703
	0.002222
	0.001818
	0.001486
	0.001176
	0.0010

	B.R. [bpp]
	0.02161
	0.01778
	0.01455
	0.01143
	0.00941
	0.008


Table 6.3 : Correspondence between the three different ways to define the compression ratio: compression ratio, inverse compression ratio and bit rate, and the quality parameter.

6.3.1. JPEG

For the JPEG tests Matlab’s Image Processing Toolbox is used because it allows to transform each bitmap file into a JPEG compressed file using lossy methods with a simple operation that requires only a few Flops. On the other hand, this operation is not very flexible, since it takes only one input parameter: the quality of the compression, Q. This parameter Q is a number in the range of 0 to 100 that permits to modify the quality of the compression algorithm and consequently the compression ratio obtained; higher number means higher quality of the reconstructed image, and therefore less image degradation due to compression. For the tests we have decided to obtain the parameters PSNR, size and compression ratio of each of the 5 images for these 15 different values of the quality parameter Q, chosen to cover a wide range of image quality:

· Q = {100, 99, 98, 95, 90, 80, 70, 60, 50, 40, 30, 20, 10, 5, 2}.

From the size of the compressed files obtained a direct correspondence between the quality parameter Q and the bit rate B is shown, and so inverse correspondence with the compression ratio, with only small differences between the images. This correspondence between the parameter Q and the 3 different way to define the compression ratio is shown in Table 6.3.
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Figure 6.4 : Original part of “Ima3” and JPEG reconstructed images, compressed at different quality.

Given that and given the impossibility for the JPEG function in Matlab to act directly on the bit rate, the 15 values of bit rate and compression ratio shown in Table 6.3 are used, as parameter values for the other software applications, such as JPEG 2000 and SPIHT software programs, which allow the use of compression ratio as input parameter. The terms quality, compression ratio and bit rate are used without distinction for this reason, within this and the next sections. A first example of the JPEG compression on test images is shown in Figure 6.4; there is a small part of the original image “Ima3” and its compressed copies with quality values of 100, 90, 80, 60, 30, 10, 5 and 2. From this Figure the visual quality of the image remains very good for the first two compressed images, Q = 100 and 90, where the values of the PSNR is above 32 dB, respectively 35.13 dB and 32.46 dB, and the compression ratio is 3.24 : 1 and 10.92 : 1.
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Figure 6.5 : Performance of the PSNR values of the 5 images and the mean compressed with JPEG standard at different compression ratio. 

The quality remains good, both from a subjective and objective point of view, for the next three compressed images, with Q equal to 80, 60 and 30 and compression ratio equal to 18.19 : 1, 30.47 : 1 and 54.83 : 1, showing PSNR values between 29.5 and 32 dB, respectively 31.29 dB, 30.42 dB and 29.48 dB. Among these three images the visual quality remains quite good also for the image with Q = 30, in which some little distortion artefacts appear, although it is worse than the other two images. For the last three images of Figure 6.4, with Q = 10, 5 and 2, the quality is beginning to become less acceptable from a visual point of view, because the blocking artefacts introduced by the distortion, are quite annoying and they tend to change the shape of the objects, especially in the last image. For these three reconstructed images the PSNR values are quite low, 27.28 dB, 25.26 dB and 22.71 dB respectively, even if the compression ratio is very high, 117.53 : 1, 145.38 : 1 and 160.41 : 1. 

After this first visual evaluation, the PSNR values for all 5 images and their mean are shown in Figure 6.5 with compression ratio as parameter. In this case the PSNR parameter shown is taken as the mean value of the PSNR values of the 3 RGB components of the image; this is valid for all the results of the next sections if not specified to the contrary. From these diagrams one can observe that to have a high visual quality, with PSNR higher than 33 dB or Q higher than 90, the compression ratio will be lower than 11 : 1.

	Quality
	100
	99
	98
	95
	90
	80
	70
	60

	C.R. [X : 1]
	3.24
	3.66
	4.47
	6.86
	10.92
	18.19
	24.39
	30.47

	PSNR [dB]
	35.44
	35.37
	35.14
	34.02
	32.91
	32.01
	31.56
	31.25


	Quality
	50
	40
	30
	20
	10
	5
	2

	C.R. [X : 1]
	36. 22
	43.59
	54.83
	76.29
	117.53
	145.38
	160.41

	PSNR [dB]
	31.02
	30.75
	30.38
	29.79
	28.50
	25.59
	23.59


Table 6.4 : compression ratio and PSNR values of the mean of 5 images for JPEG compression.

An acceptable visual quality with PSNR in the range roughly 29-32 dB, can be chosen; in this case Q varies between 20 and 80, and the compression ratio goes from 80 : 1 up to 20 : 1. From these results there is clearly a trade-off between desired visual quality desired and compression ratio: for example, the quality can be reduced a little, with a decrement of PSNR of 1 or 2 dB, to gain a lot in compression ratio, and introducing little distortion. Higher value of compression ratio, higher than 80 : 1, can be achieved reducing a lot the quality of the compressed images, dropping to PSNR values of 27 dB and less; this fact is shown in Figure 6.5 and in Table 6.4 both visually and with the PSNR values. From the visual point of view, when the quality of the compression decreases a typical feature of this kind of compression emerges as shown clearly in Figure 6.4: the introduction of block distortion artefacts. Comparison with other compression techniques, as seen in following sections, shows that at the same level of PSNR values this characteristic is most annoying for the human vision and the image looks more distorted. Another feature is clearly shown in the diagram of Figure 6.5: the different range of PSNR values found for the different images at the same compression ratio values. For example for the range of values of quality, RQx, found before, RQ1 = {Q > 90}, RQ2 = {20 < Q < 80} and RQ3 = {Q < 20}, totally different ranges of PSNR values are found for the images “Ima1” and “Ima2”:

· {30.8-32.8}, {28-29.7} and {< 27} for “Ima1”,

· {34-37}, {31-33.5} and {< 30} for “Ima2”.

This feature shows that PSNR values are good parameters for comparing different reconstruction of the same image for different compression techniques, but they are not effective for determining a value for which the quality of the image should be good. For example it is possible to have an image with a PSNR value lower than another that looks visually better than this one. The diagram in Figure 6.5 shows however that the 3 ranges of quality values are well defined, even if with different PSNR values, for all 5 images, showing that this is a typical feature of the JPEG compression standard.

6.3.2. SPIHT 

The second image compression technique used for these compression tests is the Set Partitioning in Hierarchical Trees, SPIHT, [S.3]; a quite detailed explanation of this algorithm in section C.3, while in this section only some details about the SPIHT software used for the tests are given. The “SPIHT Image Compression Programs”
, is a package of implementation of the SPIHT algorithm constituted by 4 different encoding and decoding programs: a lossless monochrome image codec, a lossy colour image codec and 2 different lossy monochrome image codecs. For the lossless compression tests the lossless monochrome image codec is used in this way: from each test image, that is a RGB multicomponent colour image, simply with some Matlab algorithms, three monochrome images, the three component images are obtained; each of these have a file size of 262 Kbytes, about a third of the original colour image, depending on the length of the file header. Coding these three files with the SPIHT lossless software three compressed files are obtained, one for each component, with different file sizes, depending on the features of the image component. 

To make a comparison with the results obtained from the lossless compression of the original images, developed with JPEG 2000, Gzip and WinZip, the three files that we have obtained are added up; the comparison is significant because the size of the headers introduced are usually irrelevant compared with the size of the compressed files. For the lossy compression tests, instead, the lossy colour image codec is used without further changes on the compression algorithm, the compressed image is obtained directly from a test image. For this lossy coding the parameter to insert into the software, to compare the results with the results obtained with other compression techniques, is the bit rate in the form of bits per pixel. Both in interactive mode and non-interactive mode, the compressed images are obtained and the PSNR values of these images are compared with the original image. From Figure 6.6 showing the original test image “Ima3” and its compressed copies at different compression ratios, it is possible to see how increasing the compression ratio affects the quality of the reconstructed images and introduces artefacts. The visual quality of the reconstructed images remains high as long as the quality value remains higher than 90, as the first two images show with a PSNR value more than 30.5 dB. 
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Figure 6.6 : Original part of “Ima3” and SPIHT reconstructed images, compressed at different quality.

The next three images show that in the range of compression ratio between 15 : 1 and 55 : 1 the PSNR remains quite high, higher than 28 dB and the visual quality remains more than acceptable; the distortion introduced does not affect too much the quality and is just visible only at compression ratio higher than 40 : 1, as a blurring effect. The last three images show that the more the compression ratio is increased, the more the quality of the reconstructed images became unacceptable, in fact the distortion artefacts introduced become ever bigger and annoying; these artefacts however are not like JPEG distortion artefacts, block-based, but show some blurring and ringing effects, typical of the wavelet techniques. Comparing the last two images, with compression ratio higher than 140 : 1, with the two images reconstructed at the same compression ratio with JPEG, it possible to see that the first two look better; not only do they have higher values of PSNR, but, and this is the most important thing, the features of the objects within the images remain visible.
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Figure 6.7 : PSNR performance of SPIHT coding algorithm at different compression ratio.

The PSNR values for the 5 images and their mean are depicted in the diagram shown in Figure 6.7 with the compression ratio as parameter of these curves. From a cursory view the features found in the JPEG diagram of Figure 6.5 are also present in this diagram. There are the 3 different ranges for the visual quality of the image, very good reconstruction with Q values from 100 to 90, quite good reconstruction from 80 to 20 with some distortion artefacts introduced and poor reconstruction, but with high values of compression ratio, more than 29 dB. 

	Quality
	100
	99
	98
	95
	90
	80
	70
	60

	C.R. [X : 1]
	3.24
	3.66
	4.47
	6.86
	10.92
	18.19
	24.39
	30.47

	PSNR [dB]
	35.13
	34.64
	33.93
	32.76
	31.82
	31.05
	30.67
	30.41

	PSNR [dB]

(JPEG)
	35.44
	35.37
	35.14
	34.02
	32.91
	32.01
	31.56
	31.25

	PSNR [dB]

(Difference)
	- 0.31
	- 0.73
	- 1.21
	- 1.26
	- 1.09
	- 0.96
	- 0.89
	- 0.84


	Quality
	50
	40
	30
	20
	10
	5
	2

	C.R. [X : 1]
	36. 22
	43.59
	54.83
	76.29
	117.53
	145.38
	160.41

	PSNR [dB]
	30.22
	30.02
	29.78
	29.40
	28.86
	28.58
	28.45

	PSNR [dB]

(JPEG)
	31.02
	30.75
	30.38
	29.79
	28.50
	25.59
	23.59

	PSNR [dB]

(Difference)
	- 0.80
	- 0.73
	- 0.60
	- 0.39
	+ 0.36
	+ 2.99 
	+ 4.86 


Table 6.5 : compression ratio and PSNR values of the mean of 5 images for SPIHT compression, JPEG compression and difference between these two.

The first range in this case is quite large, there is already in this range a quite linear and continuous decrement of the PSNR values, and consequently of the quality, with the increment of the compression ratio, but the second Range, with a low decrement of PSNR with an high increment of compression ratio remains quite similar to JPEG case; the third range with quite low values of PSNR for high compression values shows a decrement smaller than the JPEG case. Also in this case the PSNR values for the 3 ranges vary from image to image, with sometimes large differences in terms of dB. Table 6.5 shows the PSNR values obtained as a mean of the 5 images, for the different values of compression ratio, for SPIHT, JPEG and their difference. Comparing the SPIHT PSNR values with the values obtained for the JPEG, it is possible to find that they are quite similar and this is coupled by the similarity of the visual quality of the reconstructed images.

Comparing the reconstructed images obtained from the two different compression techniques, some of them depicted in Figure 6.4 and 6.6, for compression ratio higher than 140 : 1 the difference is very large both objectively and subjectively, reaching values of PSNR higher than 4 dB for compression ratio higher than 150 : 1. Whereas the JPEG software is optimised, with high performances, given that it has been widely used for ten years, the SPIHT software is designed to show how the algorithm works and how big is its potential; this software is intended for research and comparative test only, not being optimised for commercial application. 

6.3.3. JPEG 2000

The third image compression standard used in the test is the JPEG 2000 Standard; a detailed explanation of this standard is in appendix D. The software used in the tests is the JasPer software, a collection of library and application programs written in the C language, used for coding the test images in a JPEG 2000 based mode. There is the possibility with the “Jasper” executable file to code and decode images in lossless compression mode, with a file extension “.JP2” for the compressed file; we have used this mode to develop tests in a way to compare this standard with the other lossless compression standards and applications; the results of this comparison will be placed in the next section in this chapter. There is also obviously the possibility with the same application file to compress colour images in a lossy mode, given the input rate parameter as inverse of compression ratio, saving the compressed files with the extension “.JPC” and obtaining with the “imgcmp” application file the PSNR values compared with the original images. 
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Figure 6.8 : Original part of “Ima3” and JPEG 2000 reconstructed images, compressed at different quality with a compression ratio lower than 160 : 1.

Figure 6.8 shows, as with Figure 6.4 and 6.6 for JPEG and SPIHT, the original test image and its compressed copies at different compression ratio. The same values of compression ratio are used for all three methods. Until a compression ratio value of 10 : 1 the difference between the reconstructed images and the original remains imperceptible, whereas in the range of compression ratio between 20 : 1 and 80 : 1 the quality of the compressed images decrease a little bit, although remaining very good. For compression ratio values between 80 : 1 and 160 : 1 the images begin to become a little bit blurred, retaining however quite good quality and showing totally the features of the objects within the image. At this point of compression ratio, about 160 : 1, the images from JPEG and SPIHT are distorted and the artefacts introduced are very annoying, but the images from JPEG 2000 stay almost faithful to the original; both from the PSNR and the quality point of view they could be compared at images obtained with JPEG and SPIHT with compression ratio around 40-50 :1. 
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Figure 6.9 : Original part of “Ima3” and JPEG 2000 reconstructed images, compressed at different quality with a compression ratio between 160 : 1 and 1000 : 1.

For this reason it is of interest to increase the compression ratio, looking for limiting values, performing more tests with higher compression ratio, but only with JPEG 2000 software. In Figure 6.9 the images reconstructed from the original “Ima3”, obtained with compression ratio values from 110 : 1 up to 1000 : 1 are shown. As seen in the first two reconstructed images in the range of compression ratio values between 110 : 1 and 200-250 : 1, the visual quality remains good, both from the subjective and the objective point of view, with PSNR values higher than 27 dB. For compression ratio values around 300-400 : 1, as in the third reconstructed image, the quality begins to decrease, with an introduction of even more blurring distortion artefacts and the PSNR values decrease down to 26 dB; in this case the images remain however quite faithful to the original, and this is interesting thinking about the compression performance reachable. 

The fourth reconstructed image shows that for values of compression ratio around 500-700 : 1 there is an introduction of ringing-effect distortion artefacts that distort the shape of the objects within the images, but the typical features of the images remain clearly visible; the PSNR values in this case decrease down to 24.5-25 dB. The last image with PSNR of about 23.1 dB and compression ratio of 1000 : 1, shows that the distortion artefacts introduced are annoying, even if the shape of the objects remains quite visible. Comparison of images obtained with JPEG 2000 with images obtained with JPEG and SPIHT for the same PSNR values shows that the quality of the JPEG 2000 reconstructed images is visually better than the others. Adding this feature to the fact that the value of compression ratio is remarkably higher, 1000 : 1 compared to 130 : 1 for JPEG and 400 : 1 for SPIHT, it is possible to see how big is the improvement brought by the JPEG 2000 standard within the image compression field. 
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Figure 6.10 : PSNR performance of JPEG 2000 standard at different compression ratio.

The diagram in Figure 6.10 show the curves of the PSNR values for the five images and their mean at different compression ratios, from about 3 : 1 up to 1000 : 1. A first look at this diagram, compared with the two diagrams in Figure 6.7 and 6.5, shows that the PSNR values are on the whole higher than the values found for JPEG and SPIHT; the improvement of the objective and subjective visual qualities is actually the most important feature, as seen previously in this section and as it will be explored in detail during the next sections. The other two features met in the previous sections still remain in this diagram: the possibility to see 3 range of PSNR values and the differences of PSNR values within the ranges for the different images. 

Table 6.6 shows the PSNR values of the mean of 5 images for JPEG 2000, JPEG and their difference for different values of compression ratio; whereas the JPEG PSNR values are obtained only for compression ratio lower than 160 : 1, the JPEG 2000 PSNR values are obtained for compression ratio values up to 1000 : 1, so in the last range there is no comparison of values. From Table 6.6, for low values of compression ratio, less than 4 : 1, the PSNR values of JPEG 2000 are higher than the JPEG values, more than 4 dB; incrementing the compression ratio until about 15 : 1, the difference between the PSNR values of the two standards decrease until 0.2-0.5 dB. This difference value remains quite constant until the value of compression ratio of 70 : 1 is reached; the visual quality is good for both standards within this range, even if a comparison of the images with the same PSNR value shows a higher subjective visual quality for the JPEG 2000. 

	Quality
	100
	99
	98
	95
	90
	80
	70
	60

	C.R. [X : 1]
	3.24
	3.66
	4.47
	6.86
	10.92
	18.19
	24.39
	30.47

	PSNR [dB]
	40.97
	39.73
	38.16
	35.45
	33.65
	32.38
	31.82
	31.48

	PSNR [dB]

(JPEG)
	35.44
	35.37
	35.14
	34.02
	32.91
	32.01
	31.56
	31.25

	PSNR [dB]

(Difference)
	5.53
	4.36
	3.02
	1.43
	0.74
	0.37
	0.26
	0.23


	Quality
	50
	40
	30
	20
	10
	5
	2

	C.R. [X : 1]
	36. 22
	43.59
	54.83
	76.29
	117.53
	145.38
	160.41

	PSNR [dB]
	31.25
	31.01
	30.75
	30.37
	29.88
	29.64
	29.53

	PSNR [dB]

(JPEG)
	31.02
	30.75
	30.38
	29.79
	28.50
	25.59
	23.59

	PSNR [dB]

(Difference)
	0.23
	0.26
	0.37
	0.58
	1.33
	4.05
	5.94


	Quality
	/
	/
	/
	/
	/

	C.R. [X : 1]
	180
	210
	250
	300
	370

	PSNR [dB]
	29.40
	29.20
	28.96
	28.73
	28.41


	Quality
	/
	/
	/
	/
	/

	C.R. [X : 1]
	450
	550
	700
	850
	1000

	PSNR [dB]
	28.05
	27.69
	27.33
	26.80
	26.47


Table 6.6 : Compression ratio and PSNR values of the mean of 5 images for JPEG 2000 compression, JPEG compression and difference between them.

Increasing the value of compression ratio from 70 : 1 up to 160 : 1 the difference values between the two standards increase almost linearly, reaching values of about 6 dB and consequently also the subjective quality becomes even more different. A look of the PSNR values for the JPEG 2000 shows that the decrement of these values with the increment of the compression ratio is almost linear and it does not present unexpected sudden decrement, as happens for the JPEG standard. 

	
	
	Ima 1
	Ima 2
	Ima 3
	Ima 4
	Ima 5
	Mean

	Original
	F.S.
	786.486
	786.486
	786.486
	786.486
	786.486
	786.486

	
	C.R.
	1 : 1
	1 : 1
	1 : 1
	1 : 1
	1 : 1
	1 : 1

	Gzip
	F.S.
	521.800
	517.756
	572.784
	537.307
	556.660
	541.261

	
	C.R.
	1.507 : 1
	1.519 : 1
	1.373 : 1
	1.464 : 1
	1.413 : 1
	1.455 : 1

	WinZip
	F.S.
	524.529
	520.970
	575.674
	541.128
	558.211
	544.102

	
	C.R.
	1.499 : 1
	1.510 : 1
	1.366 : 1
	1.453 : 1
	1.409 : 1
	1.447 : 1

	PNG
	F.S.
	566.995
	507.314
	548.923
	528.957
	527.100
	535.858

	
	C.R.
	 1.387 : 1
	1.550 : 1
	1.432 : 1
	1.487 : 1
	1.492 : 1
	1.470 : 1

	JPEG-LS
	F.S.
	547.368
	461.807
	494.498
	479.653
	478.479
	492.361

	
	C.R.
	 1.437 : 1
	1.703 : 1
	1.590 : 1
	1.640 : 1
	1.644 : 1
	1.603 : 1

	SPIHT
	F.S.
	544.427
	457.160
	494.196
	481.316
	476.549
	490.730

	
	C.R.
	1.445 : 1
	1.720 : 1
	1.591 : 1
	1.634 : 1
	1.650 : 1
	1.608 : 1

	JPEG 2000
	F.S.
	554.509
	468.735
	497.859
	482.047
	483.785
	497.387

	
	C.R.
	1.418 : 1
	1.678 : 1
	1.580 : 1
	1.632 : 1
	1.626 : 1
	1.587 : 1


Table 6.7 : File size and compression ratio from the different test software programs, for the 5 test images and their mean.

6.3.4. Lossless Compression

Compression tests performed in lossless mode are made by appropriate lossless image coding software programs, such as JPEG 2000, JPEG-LS, SPIHT and PNG, and by some applications, such as WinZip and Gzip, on the image files.

· Gzip, an application for Unix operating system, reduces the size of the files using Lempel-Ziv coding (LZ77), used in Zip and PKzip, and adds the extension “.gz” to the files; it is possible to restore the compressed files using a coupled application called Gunzip. This compression is generally better than compression achieved by LZW coding, Huffman coding or adaptive Huffman coding,

· WinZip
, an application for Windows operating systems, brings the convenience of Windows system to the use of Zip files and other compression formats like CAB, TAR, Gzip, UUencode, BinHex, MIME, ARJ, LZH, and ARC. For this reason this kind of compression is sometimes, for image-based files, of lower performance than Gzip,

· PNG, a recommendation of W3C
 elaborated as a patent free replacement of GIF, it uses for entropy coding the same algorithm found in the Zip utility based on LZ77 and Huffman coding and is largely used within the most important image processing applications; a more detailed explanation of this recommendation in section 2.2.8., 

· JPEG-LS, the new lossless/near-lossless compression standard for colour and greyscale images, is based on the LOCO-I
 algorithm developed at Hewlett-Packard Laboratories; for the tests the applications placed on the HP web site
 is used, in section 2.2.7 a more detailed explanation,

· SPIHT, an image coding method based on wavelet transform, detailed in section C.3, has a lossless application software for greyscale images within its image compression programs. For the tests, as explained in section 6.3.2, this implementation is used on each different R, G and B component of test images, adding these 3 file sizes to obtain a correct comparison with other standards,

· JPEG 2000, a new image coding standard detailed in appendix D, is developed both for lossless and lossy image compression; within the JasPer software, as explained in section 6.3.3, an application program allows lossless compression of the test images. 

As seen before these types of compression are lossless, so the decompressed images are identical copies of the original; for this reason the PSNR values, that are for definition infinite could not considered, as for the lossy coding, but only the size of the compressed files and, from these, the compression ratio achieved. 
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Figure 6.11 : Compression ratio values from the different test software programs, for 5 test images and their mean (coloured version in Appendix: Figure A.9).

Table 6.7 shows the values of the file size, “F.S.”, and the compression ratio, “C.R.”, for the 5 different test images and their mean, for the 6 different lossless compression methods seen before; the compression ratio values are also depicted in the diagram of Figure 6.11. From Table 6.7 and Figure 6.11, first of all the compression ratio depends in part on the characteristic of the file to compress, and in the features of the original images; actually some compression techniques perform better for some images and worse for other images. As example of this, both Gzip and WinZip have a little higher compression ratio compared with the other 4 compression techniques for “Ima1”, but lower for the other four images; this happens because “Ima1” has different features compared to the other 4 images. PNG, WinZip and Gzip have for almost all the images a low compression ratio, about 1.4-1.5 : 1, whereas JPEG-LS, SPIHT and JPEG 2000 have very similar higher values of compression ratio, 1.6-1.7 : 1. 
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Figure 6.12 : Diagrams of the mean PSNR values on the 5 images for JPEG, SPIHT and JPEG 2000 (left) and as differences between SPIHT and JPEG 2000 with JPEG (right) for different compression ratio (coloured version in Appendix: Figure A.10).

6.3.4. Lossy Compression

Most of the results obtained in tests, compressing the images in a lossy mode, are already seen within the sections regarding JPEG, 6.3.1, SPIHT, 6.3.2 and JPEG 2000, 6.3.3. In this section with the help of the diagrams shown in the next figures some important aspects, already briefly explained, are underlined, and other interesting features of the tests are found. Figure 6.12 shows the PSNR values obtained for the 3 different methods, on the left, and as differences between SPIHT and JPEG 2000 with JPEG, on the right, as the mean of the values of the 5 test images, for different values of bit rates. All the figures in this section are arranged in the way just described, with on the left the PSNR values of the reconstructed images and on the right the PSNR value differences with the JPEG values, unless otherwise stated. All the PSNR results obtained for the 5 images and their mean, for the 3 different compression methods at various compression ratios are also summarised in Table 6.8.

	Q
	100
	99
	98
	95
	90
	80
	70
	60

	C.R. [X : 1]
	3.24
	3.66
	4.47
	6.86
	10.92
	18.19
	24.39
	30.47

	PSNR [dB]

JPEG
	35.44
	35.37
	35.14
	34.02
	32.91
	32.01
	31.56
	31.25

	PSNR [dB]

SPIHT
	35.13
	34.64
	33.93
	32.76
	31.82
	31.05
	30.67
	30.41

	PSNR [dB]

JPEG 2000
	40.97
	39.73
	38.16
	35.45
	33.65
	32.38
	31.82
	31.48


	Q
	50
	40
	30
	20
	10
	5
	2

	C.R. [X : 1]
	36. 22
	43.59
	54.83
	76.29
	117.53
	145.38
	160.41

	PSNR [dB]

JPEG
	31.02
	30.75
	30.38
	29.79
	28.50
	25.59
	23.59

	PSNR [dB]

SPIHT
	30.22
	30.02
	29.78
	29.40
	28.86
	28.58
	28.45

	PSNR [dB]

JPEG 2000
	31.25
	31.01
	30.75
	30.37
	29.88
	29.64
	29.53


Table 6.8 : PSNR values of the mean of the 5 images for JPEG, SPIHT and JPEG 2000 compression at different compression ratio.

From Figure 6.12 and Table 6.8, the difference between JPEG 2000 and SPIHT is, almost for every compression ratio value, about 1-1.2 dB, and this value increases at low compression ratio. The difference between JPEG 2000 and JPEG is instead very high, both for low compression ratio, with values higher than 0.8 bpp, and for high compression ratio, values lower than 0.08 bpp, reaching in some points values of more than 4-5 dB; within the range 0.08-0.8 bpp, the difference is instead less than 1 dB. The diagram on the right of Figure 6.12 shows also that for bit rate higher than 0.08 bpp the JPEG standard performs better than SPIHT, but this is only from the PSNR values point of view, because comparing the reconstructed images at the same compression ratio the quality of the SPIHT seems higher. 

Another important feature can be obtained from the diagrams: the sudden decreasing of the JPEG PSNR values around compression ratio values of 0.07-0.09 bpp; this feature is typical for the DCT-based standards, because for high compression ratio there are not enough bits to perform a correct DCT transform. Whereas for the JPEG standard there is a sudden worsening of the performance, for the JPEG 2000 the decrease of PSNR values, as in Figure 6.12 for bit rate values higher than 0.05 bpp, continues almost linearly; this trend is also noticed for bit rate values lower than 0.05 bpp until at least 0.008 bpp, and the same trend is visible for subjective quality performances. This is clearly visible in Figure 6.13 where the PSNR values for the 5 images and the mean, for the JPEG 2000 compressed method only, are depicted. Apart from “Ima1”, the slopes of the curves of the different images, having quite different PSNR values, are almost similar. “Ima3”, which has a lot of edges and changes of luminance, has the steepest curve, whereas “Ima1”, which shows the background with less edges and little change of luminance, has the least sloping curve.
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Figure 6.13 : Diagrams of the JPEG 2000 PSNR values of the 5 images and their mean for compression ratio lower than 0.05 bpp. 

6.4. Region of Interest Coding

6.4.1. Introduction

In this section an useful functionality of the JPEG 2000 Standard is used: the possibility to compress two parts of the image, the Region of Interest (ROI) and the Background (BG), with different compression ratio and quality; this interesting feature, called ROI Coding, is explained in detail in section D.6. Whereas “JasPer”, the JPEG 2000 codec software used in previous tests, does not have this functionality, “JJ2000”, the software used in this section, give the possibility to perform ROI coding; this software utilises the MAXSHIFT method as default in the bit-plane coding to scale the ROI coefficients, and it defines a ROI within the image in these three different ways:

· As a rectangular shaped area, defined by its upper-left pixel coordinates and its width and height values, 

· As a circular shaped area, defined by the coordinates of its centre pixel and the radius value, 

· As an arbitrary shaped area, defined by a bi-level-greyscale mask image; its zero values, black coloured, correspond to the BG area, whereas non zero values, usually 255 and white coloured, correspond to the ROI area.

For rectangular and circular ROI shape, all the values are given as their pixel values, relative to the canvas origin.

6.4.2. Test Images and ROI Mask Utilised

To perform the ROI coding tests another AutoMERS-based test image, shown in the left part of Figure 6.19 and called “Ima6” is introduced. This image is interesting because it shows a fairly big red object, a life form called “Sea Cucumber”, that stands out from the other parts of the image, formed by the background, the black and white cross, the centre sinker, the brown fish and the white crab. This image is a good example of an object-background image and for this reason it is suitable for ROI coding tests. “Ima6” is 512  512 sized, 24 bit/pixel RGB colour image, as with all the test images used up to now. In addiction to this new test image, the 5 AutoMERS-based test images, shown in Figure 3.2 has been utilised as in previous experiments.

[image: image14.wmf]
Figure 6.19 : AutoMERS-based test image “Ima6”, left, and arbitrary shaped ROI mask, right.

The tests are developed with, as the ROI mask, three different kind of greyscale ROI mask images, shown in Figure 6.19 and 6.20:

· A greyscale image formed by a rectangular shaped area, square shaped, as shown in the left part of Figure 6.20, where the upper-left corner of the rectangle has pixel coordinates (128,128), and the width and the height have both 256 pixel size; in this way the ROI area has exactly a quarter size compared to the whole image area. In other particular tests various rectangular shaped ROI masks similar to this are used, with different sizes of the rectangle side and area, as shown in Table 6.10,

[image: image15.wmf]
Figure 6.20 : Rectangular shaped, left, and circular shaped, right, ROI Mask bi-level-greyscale images.

· A greyscale image formed by a circular shaped area, as depicted in the right part of Figure 6.20, where the centre of the circle has pixel coordinates (256,256) and the radius is 144 pixels; these dimensions are chosen in a way to maintain the ratio between the ROI area size and the whole image area size as approximately a quarter,

· A greyscale image formed by an arbitrary but well defined shaped area, as shown in the right part of Figure 6.19, with the shape of the ROI area coincident with the shape of the red object depicted in “Ima6”; the ratio between the ROI area size and the whole area is, even in this case, about 0.25.

The first two kinds of mask, rectangular and circular shaped, are used to perform a ROI coding on the six test images, whereas the third kind of mask, arbitrary shaped, is utilised to perform the ROI coding only on “Ima6” test image. The compression ratio value in the form of bit rate is inserted, as input parameter in the JJ2000 software, both for the ROI coding and the normal coding. In tests this parameter remains in the interval between 3 bpp and 0.008 bpp, and this because under the lower value, compression ratio of 1000 : 1, the ROI parts of the reconstructed images have quality too poor to be considered interesting and useful for our aims. 

The reconstructed images obtained from the ROI coding and decoding, give the possibility to extract two different values of the visual quality parameter, PSNR:

· A value of PSNR, as usual, obtained considering the original test image and the whole reconstructed image, called “ROI + BG” in the following diagrams,

· A value of PSNR obtained considering the original test image and only the region of interest area within the reconstructed image, called “ROI” in the diagrams,
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Figure 6.21 : Diagram of PSNR values of the reconstructed images from the original “Ima6” image at various bit rates, with and without arbitrary shaped mask ROI Coding.

For each value of bit rate there is a comparison between these two PSNR values with the values obtained from the original test image and the reconstructed images coded in the normal way, without ROI coding, called “JPEG 2000” in the next diagrams.

6.4.3. Arbitrary shaped ROI coding

The first results seen in this section are the results obtained from the ROI coding with the arbitrary shape ROI mask shown in Figure 6.19; the various PSNR values resulting from this coding are shown in Figure 6.21. Above bit rate values of about 0.7-0.9 bpp, the ROI PSNR values remain very high, about 45 dB, whereas the PSNR values of the total image, “ROI + BG”, decrease rapidly and continuously to a value of 32 dB with an immediate fall down to 20 dB near to those bit rate values. The reason for this trend is that less bits are used to code the BG area, which becomes poorer in quality, while many bits are used to code the ROI area whose quality remains very high. From that bit rate value downwards, the amount of bits used to code the ROI area becomes even smaller and so the PSNR values decrease continuously.

	Bit Rate

[bpp]
	C.R. 

[x : 1]
	Total Size

[Bytes]
	ROI Size
	Background Size

	
	
	
	Size [Bytes]
	Percentage
	Size [Bytes]
	Percentage

	3.000
	2.67 : 1
	294683
	244150
	82.85
	50533 
	17.150

	2.000
	4.00 : 1
	196608
	161721
	82.26
	34887
	17.740 

	1.000
	8.00 : 1
	98279
	94189
	95.84
	4090
	4.160

	0.9670
	8.27 : 1
	95024
	93563
	98.46
	1461
	1.540

	0.9330
	8.57 : 1
	91752
	91703
	99.95
	49
	0.050 

	0.9000
	8.89 : 1
	88475
	88453
	99.97
	22
	0.025 

	0.8830
	9.06 : 1
	86823
	86821
	99.99
	2
	0.002 

	0.8670
	9.23 : 1
	85115
	85113
	99.99
	2
	0.002 

	0.8330
	9.60 : 1
	81455
	81453
	99.99
	2
	0.002 

	0.6670
	11.99 : 1
	64922
	64920
	99.99
	2
	0.003 

	0.5000
	16.00 : 1
	48932
	48930
	99.99
	2
	0.004 

	0.3330
	24.02 : 1
	32701
	32699
	99.99
	2
	0.006 

	0.2500
	32.00 : 1
	24278
	24276
	99.99
	2
	0.008 

	0.1670
	47.90 : 1
	16336
	16334
	99.98
	2
	0.012

	0.1000
	80.00 : 1
	9781
	9777
	99.96
	4
	0.040 

	0.0500
	160.00 : 1
	4819
	4815
	99.92
	4
	0.080 

	0.0330
	242.42 : 1
	3276
	3254
	99.33
	22
	0.670 

	0.0250
	320.00 : 1
	2457
	2444
	99.47
	13
	0.530 

	0.0167
	479.04 : 1
	1640
	1633
	99.57
	7
	0.430 

	0.0083
	963.85 : 1
	798
	788
	98.75
	10
	1.250


Table 6.9 : Distribution of bits between ROI and BG areas done by JJ2000 software.

Comparing the PSNR values of “ROI” and “JPEG 2000” curves in Figure 6.21, the latter obtained coding the test image without ROI coding, to obtain the same PSNR value, as long as the quality remains acceptable, the compression ratio shown by the “ROI” values is four times bigger than the “JPEG 2000”; the points A1, A2, B1 and B2, in Figure 6.21 show clearly this feature. Size of the ROI area in the tests with the original image “Ima6” is a quarter of the whole area; this subject will be seen later in this section when some tests using ROI masks with rectangles of different sizes will be performed.

Table 6.9 shows the distribution of bits between ROI and background that the encoder makes during the ROI coding, with the values and the percentage of bits used to code the two different areas; The “JJ2000” software uses the MAXSHIFT coding method, with the bit rate parameter in input; it decides the amount of bit to use for the decoding of the ROI area. It is so possible to count the amount of bits, and their percentage, for both ROI and Background; this number are related to the quality of the reconstructed images, the PSNR values. Above a bit rate of about 0.9 bpp part of the bits amount is used to code the background, to give to it a poor but acceptable quality and this is shown in the first two images, higher-left, of Figure 6.22; this is possible because the amount of bit used to code the ROI is sufficient to give to it a very high quality. From that bit rate value downwards the whole amount of bits are used to code the ROI area with the best quality possible, so no bits are utilised to code the background area.
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Figure 6.22 : Reconstructed images at different compression ratios from the original image “Ima6” with the use of arbitrary shaped mask ROI coding 

(coloured version in Appendix: Figure A.11).

Comparing the results at low bit rate depicted in Table 6.9 with the images shown in Figure 6.22, in which the reconstructed images at different bit rate are depicted with their compression ratio and PSNR values, it is possible to see that even if no bits are used for the background area, a part of the background is still shown at very low quality. This strange result depends on the building of the ROI mask in the wavelet transform space, and on the method used for the bit plane coding; actually the quality of the image in the background decreases going perpendicularly away from the perimeter of the ROI mask. 

Figure 6.22 shows clearly moreover that the visual quality of the ROI remains very good until a compression ratio of 80 : 1, with a PSNR higher than 31 dB and it is still good until 240 :1 with a PSNR value of 29 dB; the quality remains still acceptable up to 480 : 1, where the PSNR remains higher than 27 dB, but the distortion artefacts begin to be visible, and the image begins to become blurred.
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Figure 6.23 : Diagram of PSNR mean values, mean of the six test images, at various bit rates with and without rectangular shaped mask ROI coding.

6.4.4. Rectangular and circular shaped ROI coding

The second kind of test results shown here are obtained from the coding of the six different test images with a rectangular shaped mask, depicted in Figure 6.20. The curves of the PSNR values from “ROI”, “ROI + BG” and “JPEG 2000”, average of the six images, are depicted in the diagram of Figure 6.23. This diagram is clearly similar to the diagram in Figure 6.21, actually there is an immediate decrement of the “ROI + BG” PSNR values, a stability of the “ROI” PSNR values until bit rate values of about 0.7-0.9 bpp, and a slight decrement after this value; also in this case the same PSNR values are found for a compression ratio four times bigger than “JPEG 2000”, given that the area of the ROI rectangle is a quarter of the whole image. Seeing the curves of the PSNR values of the ROI for the six different test images, depicted in Figure 6.24, for all of them there is a value of PSNR constant until a bit rate value about 0.6-0.9 bpp, depending on the test images, and a slow decrement with the increment of compression ratio after this bit rate value. 

The six reconstructed test images for a PSNR of about 38-41 dB, as in Figure 6.25, show that “Ima1”, “Ima3” and “Ima6”, that have a lot of edges and changes of luminance and colour within the ROI area image, need more bits, and so a bit rate higher, to code the ROI area maintaining a similar PSNR value and visual quality, especially “Ima1” that has a big amount of little edges and changes of luminance. “Ima2”, “Ima4” and “Ima5” need less bits to code the ROI, because they have few changes of luminances and they are characterised by large flat white areas within the ROI area, especially “Ima2”: for these reasons they need a bit rate lower than the other images to maintain same PSNR values and visual quality.
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Figure 6.24 : Diagram of PSNR values of the six different test images, at various bit rates with rectangular shaped mask ROI coding.

From the diagram in Figure 6.24 it is possible to notice this, and also that at the same bit rate value the PSNR difference between different images is quite high, for example about 5-6 dB between “Ima1” and “Ima2”, and so the visual quality between these images within the ROI area at the same compression ratio is very different.

Looking at the diagrams previously depicted and at the results obtained, an interesting test could be done changing the size of the rectangle, the length of the side, that characterise the ROI area; for this reason we have decided to use seven different rectangular shaped ROI masks with seven different side lengths, as shown in Table 6.10, coding the same six test images and using the mean PSNR values. In Table 6.10 the dimensions of the side and of the area are specified, and from these the percentage of the ROI size is calculated, compared to the whole image area and the inverse of this ROI size, not in percentage.

	
	Side Dim.
	Area Dim.
	ROI Size %
	Inv. ROI Size

	Rect 1
	458
	209764
	80.000
	1.25

	Rect 2
	362
	131044
	50.000
	2.00

	Rect 3
	256
	65536
	25.000
	4.00

	Rect 4
	162
	26244
	10.000
	10.00

	Rect 5 
	80
	6400
	2.440
	40.96

	Rect 6
	36
	1296
	0.490
	202.27

	Rect 7
	16
	256
	0.098
	1024.00


Table 6.10 : Side and area dimensions, ROI size percentage and inverse ROI size for the seven different rectangular shaped ROI masks.
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Figure 6.25 : Reconstructed images from the 6 different test images at similar PSNR and with various bit rates, with the use of rectangular shaped ROI masks (coloured version in Appendix: Figure A.12).

In Figure 6.26 the seven different curves of the PSNR mean values at different bit rate are depicted; decreasing the area of the ROI rectangle there is a decrement of the bit rate values where the PSNR value begin to decrease, and consequently the values of bit rate used to obtain a similar PSNR value. The curves assumes the same appearance with a slow decrement on PSNR values, as they are only translated horizontally. In Figure 6.27 an interesting diagram is depicted: the value of bit rate obtained, related to the ROI area size in percentage, compared to the whole image area, for four different PSNR values. 
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Figure 6.26 : Diagram of PSNR mean values of the seven reconstructed images with different rectangular shaped ROI mask at various bit rates.
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Figure 6.27 : Relation between bit rate and ROI size percentage for various PSNR values.

From this diagram it is clearly possible to notice that there is a linear relation between the size of the ROI area chosen for the coding and the bit rate values necessary to achieve a certain PSNR value and quality; for that reason maintaining the same PSNR and halving the size of ROI, the compression ratio is doubled. This result could be expected and maybe even obvious, thinking about how the JPEG 2000 ROI coding is performed, but the diagram in Figure 6.27 clearly proves it. The same kind of experiments performed with the rectangular ROI mask have been performed with the circular ROI mask shown in Figure 6.20. 




� http://www.cipr.rpi.edu/research/SPIHT/


� http://www.winzip.com


� World Wide Web Consortium.


� LOw COmplexity LOssless COmpression for Images
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