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Chapter 4

Test on Wavelet Coefficients

“Nihil est in effectu quod non sit in causa”

(Scolasitica Filosofie)

An introduction and some material regarding Wavelets, that will be discussed in this chapter and in the next one, are contained in chapter 2 and in appendix B.
4.1. Distribution of WCF
 Amplitudes 

A first interesting test consists of having a look at the values of the coefficients in a general way; for this reason we have thought about the kind of histogram, shown in Figure 4.1.
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Figure 4.1 : Linear (right) and logarithmic (left) histograms of distribution of wavelet amplitudes.
4.1.1. Explanation Histograms

For this test wavelet coefficients are grouped for level, for QMF families, for image components (Y, Cb and Cr). To improve the comprehension of the diagrams and histograms, line diagrams are used instead of bar and stem diagrams. After having divided the WCF into different groups, these coefficients are sorted and the coefficients whose amplitude falls in a determinate interval are counted; this division is made according to the maximum value of the WCF of the WFC matrix. 

	1 Level
	X95,100
	X90,95
	X10,15 - X85,90
	X5,10
	X0,5

	Daub
	0.71 - 0.73
	1.38 - 1.46
	1.26 - 1.46
	1.23 - 1.28
	74.41 - 74.81

	Coiflet
	0.73 - 0.75
	1.45 - 1.48
	1.27 - 1.49
	1.27 - 1.29
	74.02 - 74.66

	Symlet
	0.74 - 0.75
	1.43 - 1.45
	1.28 - 1.48
	1.25 - 1.28
	74.12 - 74.31

	CDF 1.x
	1.23 - 1.82
	2.55 - 2.99
	2.76 - 4.17
	1.63 - 2.83
	78.23 - 80.65

	CDF 2.x
	1.44 - 1.54
	0.89 - 1.08
	1.60 - 2.89
	0.80 - 0.98
	70.58 - 70.94

	CDF 3.x
	0.74 - 0.81
	2.11 - 2.23
	0.43 - 2.22
	1.55 - 1.67
	67.89 - 68.82


	2 Level
	X95,100
	X90,95
	X10,15 - X85,90
	X5,10
	X0,5

	Daub
	0.36 - 0.40
	0.72 - 0.78
	0.68 - 0.80
	0.71 - 0.77
	85.73 - 86.80

	Coiflet
	0.38 - 0.41
	0.76 - 0.77
	0.71 - 0.79
	0.72 - 0.77
	85.98 - 86.23

	Symlet
	0.36 - 0.38
	0.72 - 0.77
	0.71 - 0.80
	0.72 - 0.73
	85.05 - 86.49

	CDF 1.x
	0.33 - 0.87
	0.60 - 0.70
	0.86 - 1.64
	0.59 - 0.70
	87.08 - 87.79

	CDF 2.x
	0.28 - 0.31
	0.53 - 0.64
	0.54 - 0.65
	0.56 - 0.63
	88.60 - 89.54

	CDF 3.x
	0.18 - 0.21
	0.39 - 0.42
	0.33 - 0.42
	0.37 - 0.41
	92.96 - 93.32


	3 Level
	X95,100
	X90,95
	X10,15 - X85,90
	X5,10
	X0,5

	Daub
	0.19 - 0.25
	0.36 - 0.51
	0.35 - 0.52
	0.38 - 0.47
	91.45 - 92.75

	Coiflet
	0.21 - 0.23
	0.43 - 0.48
	0.37 - 0.51
	0.42 - 0.46
	91.78 - 92.09

	Symlet
	0.19 - 0.25
	0.39 - 0.44
	0.38 - 0.48
	0.38 - 0.46
	91.76 - 92.60

	CDF 1.x
	0.21 - 0.57
	0.30 - 0.39
	0.16 - 0.86
	0.28 - 0.43
	91.15 - 92.96

	CDF 2.x
	0.15 - 0.16
	0.25 - 0.34
	0.22 - 0.34
	0.27 - 0.32
	94.29 - 94.78

	CDF 3.x
	0.07 - 0.09
	0.13 - 0.17
	0.10 - 0.20
	0.13 - 0.21
	96.66 - 97.82


	0 Level
	X95,100
	X90,95
	X10,15 - X85,90
	X5,10
	X0,5

	Daub
	0.62 - 0.64
	1.22 - 1.28
	1.12 - 1.28
	1.10 - 1.14
	77.53 - 77.81

	Coiflet
	0.64 - 0.66
	1.27 - 1.29
	1.13 - 1.30
	1.13 - 1.14
	77.17 - 77.65

	Symlet
	0.64 - 0.65
	1.26 - 1.27
	1.14 - 1.29
	1.11 - 1.13
	77.35 - 77.37

	CDF 1.x
	1.53 - 3.58
	0.60 - 0.74
	0.86 - 2.96
	0.53 - 0.79
	80.58 - 82.38

	CDF 2.x
	1.15 - 1.24
	0.80 - 0.96
	0.73 - 2.45
	0.73 - 0.88
	75.14 - 75.62

	CDF 3.x
	0.60 - 0.66
	1.69 - 1.78
	0.64 - 1.77
	1.27 - 1.35
	73.97 - 74.87


Table 4.1 : Values of the percentage of detailed WCF amplitudes within 

the 20 intervals, for the 4 levels and the 6 QMF families.

Thus in abscissa there are 20 indices XN1,N2 (with N2 = N1+5) that represent 20 intervals of 5 percentage each, in which we have linearly divided the interval {0,100}, e.g. X45,50 for interval {45,50]; in ordinate the percentage of the WCF whose values belong to that determined interval, compared to the maximum value normalised to 100 are displayed. The result are depicted in different ways: comparing the two histograms shown in Figure 4.1, on which on the right there are the values ordered linearly and on the left the same values ordered logarithmically, it is possible to see that the logarithmic diagram is preferable to show the results most clearly.

4.1.2. Results

A first important, and expected, result is shown more or less in all the tests carried out; this result is very interesting, thinking about the various compression algorithms that will be investigated in the a following chapter. All the results show this trend in the diagram as shown in Figure 4.2: a lot of WCF, from 67 up to more than 90 percent, have amplitude values belonging to the interval between 0 and 5 percent, compared with the maximum value of the WCF. All the other WCF are almost uniformly distributed among the other 19 intervals, depending on the kind of images and QMF used; among those 19 intervals, there are usually half as many WCF with values belonging to the interval {95,100} compared with the other 18 intervals. For that reason, the explanation especially will be concentrated on the results around the values of the {0,5} interval.

4.1.3. Third Level Detail

Seeing the detail coefficients of the third level for different QMF, which is the most interesting level in some respects, with the help of Table 4.1, it is possible to notice that the number of WCF in this interval, called X0,5, goes from 91.15 for the Bio CDF 1.1 up to 97.82 for the Bio CDF 3.1; the other coefficients are spread with a percentage from 0.07 up to 0.86 among the other intervals. A first important difference between the various QMF is shown in these statistics:
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Figure 4.2 : Daubechies (right), orthogonal and biorthogonal (left) Logarithimic histograms of the third level detail WCF.

· For the orthogonal, Daubechies, Coiflet and Symlet, the values of X0,5 are between 91.45 and 92.75 increasing slowly with the increase of the QMF range, whereas the other XN1,N2, from X5-10 up to X90,95 go from 0.35 up to 0.52; the X95,100 is instead about 0.19-0.25,

· For the biorthogonal, the values of X0,5, apart from Bio CDF 1.1 which has a value of 91.15, go from 92.5 up to 97.82. These values also go up with the increase of the QMF range; especially in the Bio CDF 2.x (94.29-94.78) and the Bio CDF 3.x (96.66-97.82). Here again the X95,100 values are more or less half with respect to the other values, from 0.21 for Bio CDF 1.x down to 0.07 for the Bio CDF 3.x.

For further details about these values look at the Table 4.1 at the end of section 4.1.6..

4.1.4. second Level Detail

Consider the detail WCF of the second level, with the help of Table 4.1 and the left part of Figure 4.3, the trends shown for the third level detail WCF are repeated: 

· The high percentage of X0,5, about 85.73-93.32 and the higher value for biorthogonal, in particular for Bio CDF 2.x, 88.60-89.54 and Bio CDF 3.x, 92.53-93.32, compared with the orthogonal, 85.73-86.80,

· The increase of these values with the increase of the QMF range, both orthogonal and biorthogonal,

· The spread of the other values uniformly in the range 5-95 percent, about 0.33-1.64, and half values, 0.18-0.87, in the coefficient X95,100, all of them with the same trend as in the X0,5 coefficient with respect to the QMF range.
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Figure 4.3 : Logarithmic histograms of second level detail (left) and first level detail (right) wavelet coefficients.

4.1.5. First Level Detail

It is possible to see a different trend in the features of the detail WCF of the first level, as shown in Table 4.1 and in the right part of the Figure 4.3:

· A high percentage on X0,5, about 67.89-80.65,

· An almost uniform spread of the other coefficients in the interval between 5 and 95, 0.82-2.89 with some almost periodical curves, typically for biorthogonal QMF, especially for Bio CDF 1.x, and less for Bio CDF 2.x and Bio CDF 3.x, and the half value of X95,100 compared with the other 18 intervals, but only for the orthogonal QMF,

· Looking at the biorthogonal, it is possible to notice that this spread is not so uniform, and sometimes the value of X0,5 is higher than normal.

For this level, the trend of the values of X0,5 for the various QMF seen for levels 2 and 3 is not valid; for the orthogonal the values of X0,5 are quite the same, about 74.02-74.81, but they are higher compared with the Bio CDF 2.x, 70.58-70.94, and Bio CDF 3.x, 67.89-68.82. For both orthogonal and biorthogonal filters there is an inverse trend as compared with levels 2 and 3 with the changing of the QMF range, in fact there is a decrease of the values with increasing QMF range. A possible explanation of these features could be the fact that for biorthogonal, CDF 2.x and CDF 3.x, the significant detail WCF are spread more on the first level than on the other two levels. For this reason the bigger the number of significant detailed WCF found on the first level, the lower the number found on the second and third level, and the bigger the number of insignificant detailed WCF found on these two levels. An opposite trend is shown for the orthogonal filters in which the significant detail WCF are spread on the first level and more on second and third level compared with the biorthogonal. For both orthogonal and biorthogonal, however, there is a bigger number of significant detail WCF spread on the first level than the second and third level, as seen in Table 4.1.

4.1.6. Zero Level Detail

Looking at the statistics of detail zero level (found by grouping together the detail WCF of the first 3 levels), it is possible to find that, as seen on the 3 levels separately, almost 3 coefficients in 4 have values less than 5 percent of the maximum value. Actually the values of X0,5 goes from 73.97-75.62 for the Bio CDF 2.x and Bio CDF 3.x, to 77.17-77.81 for the Orthogonal filters, up to 80.58-82.38 for the Bio CDF 1.x.

4.1.7. Compression Point of View

From the point of view of compression it is very important to see that for some kind of QMF it is possible to find up to 75-80 percent of the WCF with values lower than 5 percent of the maximum value; for that reason it could be useful to approximate to zero or better do not take into account these values, with a very little loss of information and quality. At this point, after having seen the first part of the test results we can stop a little moment to think about how these results could be useful; for that reason a little reasoning on the numbers of the significant and insignificant WCF within the various group and levels is necessary. the 512 512 greyscale image produces with the DWT a 512 512 matrix of coefficients, in total 262244 coefficients. Given that the DWT is a 3-level subband transformation, as in Figure 4.4, only 1/64 of these coefficients belong to the third level approximation group, 4096 coefficients.
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Figure 4.4 : Subbands (left) and Levels (right) decomposition of the WCF matrix with number of coefficients in every group.

The remaining 258048 coefficients, that is 98.44 percent of the total, belong to the detailed group, on which the statistics in the previous sections are developed; the Figure 4.4 shows even that the number of coefficients that belong to the first, second and third detailed level is respectively 196608, 49152 and 12288 as depicted in Figure 4.4. Within these coefficients, more than 77 percent, or 198697 coefficients, for the main part of the QMF have values that are lower than 5 percent of the maximum; that is 75.8 percent of the totality of the WCF belonging to the image. Carrying on with other features from the results obtained with the tests, it is possible to notice that almost all the features are similar to those seen before and that the remaining coefficients are distributed between 5 and 95 in a uniform way, more for the orthogonal than the biorthogonal and that the coefficient X95,100 has values more or less half compared to the other values.

4.1.8. Five Initial Images and Mean

The same statistical results are now obtained developing the tests in all of the five initial images, from “Ima1” to “Ima5”; these images are previously reported in Figure 3.2 and, for better comprehension are reported again in Figure 4.5, in order to compare in a better way the results obtained. As seen from Figure 4.6, there is the same trend and the same features seen for the mean results; in Table 4.2 the results for different QMF, for the 5 images and for the 3 intervals: {0,5}, {5,95} and {95,100} are depicted. To give a correct and simple explanation of the results only the values extrapolated for Daub10 are used to give the typical mean value. It is possible to see that all the five images give high values of X0,5, about 72.25-86.10, uniform scattering of the WCF between 5 and 95, 0.75-1.60, and X95,100 values more or less half the values of the others, 0.38-0.76. The main different feature, valid for all the different QMF, orthogonal and biorthogonal is the strong dependence of the general values of XN1,N2 on the image. The image “Ima1” has, for almost every QMF, a value of X0-5, 86.10, that is about 10-15 percent higher than the values, 71.8-76.8
, from the other 4 images; consequently it has lower values of the other XN1,N2 indices, 0.41 and 0.77-0.78, half compared with the other images values, 0.67-0.80 and 1.12-1.64 respectively.

[image: image5.wmf]Ima1.bmp

Ima2.bmp

Ima3.bmp

Ima4.bmp

Ima5.bmp


Figure 4.5 : 512 512 size initial images extracted from the initial images (coloured version in Appendix: Figure A.4).

To explain this different behaviour it is possible to see that the image “Ima1” is practically constituted of only background objects, sand, pebbles, in which it is possible to find a very small number of high value edges and marked discontinuity, and an enormous quantity of little edges and weak change of luminance; this is a good result because it gives hope that it is possible to compress a lot this kind of background objects without losing too much important information. Comparing the results of the other 4 images, for all different QMF, “Ima3” and “Ima4” have almost the same values of X0,5, 76.5 and 76.8, lower than “Ima1”, but higher than “Ima2” and “Ima5”, respectively 73.1 and 71.8; consequently also the values of the other indices are similar between the two images and different from the other two. 
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Figure 4.6 : Logarithmic histogram of the WCF from the 5 initial images.

	
	
	Ima1
	Ima2
	Ima3
	Ima4
	Ima5

	
	95,100
	0.35 - 0.41
	0.74 - 0.77
	0.66 - 0.70
	0.63 - 0.67
	0.77 - 0.82

	Daub.
	5,95
	0.72 - 0.78
	1.31 - 1.55
	1.10 - 1.40
	1.19 - 1.32
	1.34 - 1.64

	
	0,5
	85.98 - 86.25
	73.03 - 73.25
	76.45 - 76.92
	76.64 - 77.16
	71.85 - 72.50

	
	95,100
	0.39 - 0.40
	0.77 - 0.79
	0.68 - 0.72
	0.66 - 0.67
	0.81 - 0.85

	Coiflet
	5,95
	0.73 - 0.80
	1.32 - 1.58
	1.16 - 1.41
	1.14 - 1.37
	1.38 - 1.66

	
	0,5
	85.81 - 86.02
	72.65 - 73.33
	76.01 - 76.55
	76.23 - 76.76
	71.24 - 72.09

	
	95,100
	0.36 - 0.41
	0.77 - 0.79
	0.68 - 0.71
	0.66 - 0.68
	0.83 - 0.85

	Symlet
	5,95
	0.73 - 0.79
	1.36 - 1.58
	1.16 - 1.39
	1.16 - 1.35
	1.35 - 1.64

	
	0,5
	85.95 - 86.06
	72.72 - 72.79
	76.18 - 76.38
	76.52 - 76.59
	71.31 - 71.89


	
	
	Ima1
	Ima2
	Ima3
	Ima4
	Ima5

	
	95,100
	1.71 - 3.87
	2.99 - 6.46
	2.69 - 5.90
	2.56 - 5.71
	3.60 - 7.27

	CDF 1.x
	5,95
	0.00 - 4.35
	0.00 - 8.32
	0.00 - 6.95
	0.00 - 6.56
	0.00 - 9.02

	
	0,5
	87.16 - 88.06
	77.37 - 79.56
	79.45 - 81.41
	79.70 - 81.70
	76.59 - 79.20

	
	95,100
	0.64 - 0.69
	1.40 - 1.50
	1.25 - 1.32
	1.21 - 1.30
	1.61 - 1.75

	CDF 2.x
	5,95
	0.08 - 1.42
	0.15 - 3.04
	0.14 - 2.61
	0.14 - 2.53
	0.00 - 3.38

	
	0,5
	84.66 - 85.01
	69.93 - 70.48
	74.19 - 74.66
	74.27 - 74.73
	67.49 - 67.90

	
	95,100
	0.34 - 0.39
	0.74 - 0.79
	0.64 - 0.70
	0.63 - 0.65
	0.82 - 0.91

	CDF 3.x
	5,95
	0.29 - 1.01
	0.51 - 2.24
	0.37 - 1.91
	0.41 - 1.80
	0.47 - 2.54

	
	0,5
	83.96 - 84.72
	67.93 - 68.85
	73.56 - 74.54
	73.29 - 74.25
	64.20 - 65.15


Table 4.2 : Values of the percentage of Zero Level WCF amplitudes within

the 20 intervals, for the 5 initial images and the 6 QMF families.

Looking at the 4 images, it is possible to notice that “Ima2” and “Ima5” are similar with a low number of little edges, due to the quite uniform background, and a few big edges, due to the two diagonal black and white poles; for that reason a lot of WCF higher than the 5 percent could be found and this characterise this kind of well-defined picture. The other two images, “Ima3” and “Ima4”, have large areas uniformly coloured black and a lot of little edges in the background and on the black area; for that reason the values of X0,5 are higher compared to “Ima2” and “Ima5”. A conclusion from this kind of test is that, as expected, there is a lot, almost 75-80 percent, of detailed coefficients with values in the interval between 0 and 5 percent of the maximum value depending on the family and the range of the QMF. It is also possible to think that most of the coefficients are insignificant and not necessary to maintain the high quality of the images during the process of compression and decompression; actually the basic idea is to use a greater number of bits for the significant coefficients compared with the insignificant coefficients.

[image: image7.wmf]10

Logaritmical

4

10

0

100

Linear

0

3

2

1

80

60

40

20

0

3

2

1

x 10

5

10

-4

10

-8

10

-12

N ( WCF )

[ % ]

N ( WCF )

[ % ]

N ( WCF )

x 10

5

N ( WCF )


Figure 4.7 : Linear (right) and Logarithmic (left) histograms of wavelet coefficients values percentage.

	Index
	X1
	X2
	X3
	X4
	X5
	X6
	X7
	X8
	X9
	X10

	Percentage
	First value
	0.1
	0.2
	0.5
	1
	2
	3
	4
	5
	10


Table 4.3 : Comparison between index and percentage

4.2. Analysis of WCF Amplitude Statistics

Another interesting test that developed on the Wavelet matrices consists of having a look at the amplitude of the detailed WCF values with respect to their percentage position in the various groups and levels. 

4.2.1. Description of Analysis 

To perform this kind of test the same 3 groups of coefficients, belonging to first, second and third level of the 512 512 DWT coefficient matrix are used; the tests are differentiated on the Y, Cb and Cr components to have a comparison among them and the same 24 QMF are used to build the DWT and the IDWT. Taking every group of WCF and making a sorting operation on their coefficients some vector of coefficients are obtained; these vectors are important only to work out some statistics. Actually in these tests we are not interested in the position that every coefficient has in the original transform space, but only in its amplitude value compared with the maximum amplitude value within the WCF matrix. All these vectors have values that are sorted in descending order, as in Figure 4.7, and they could give some useful information about the scattering of the amplitude values of the coefficients for various QMF and levels. 
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Figure 4.8 : WCF Percentage Amplitude for 6 QMF, for ten values of percentage.

Given that it is difficult to make a comparison between the diagrams, because all the lines are close together and crossing, whether for the linear scale or for the logarithmic scale, 10 amplitude values belonging to the index XN shown in Table 4.3 are extracted from each of these lines: in fact a percentage is associated to the index XN, where the percentage is calculated on the total size of the vector, that is the number of coefficients in that group. A more understandable meaning of these amplitude values is explained here: if, for example, the value of X0.5 is n, 0.5 percent of the WCF of that group or level has values bigger than n and 99.5 percent have values lower than n.

4.2.2. First, Second and Third Level Detail

The diagrams utilised, shown in Figure 4.8, have in abscissa the 10 values seen before, that are not linearly spaced; for that reason these kind of diagrams are not into scale and they are not linear as in the diagram built with all the values of the vectors. 

	
	
	First value
	0.1 %
	0.2 %
	0.5 %
	1 %

	
	Daub.
	1.06 - 1.48
	0.56 - 0.79
	0.41 - 0.54
	0.28 - 0.33
	0.22 - 0.26

	
	Coiflet
	1.16 - 1.44
	0.61 - 0.69
	0.45 - 0.46
	0.31
	0.24 - 0.25

	1 Level
	Symlet
	1.10 - 1.23
	0.59 - 0.73
	0.44 - 0.49
	0.28 - 0.31
	0.23 - 0.24

	
	CDF 1.x
	1.21 - 1.30
	0.74 - 0.79
	0.62 - 0.65
	0.41 - 0.44
	0.32 - 0.33

	
	CDF 2.x
	0.91 - 0.96
	0.50 - 0.53
	0.37 - 0.40
	0.27 - 0.28
	0.21 - 0.22

	
	CDF 3.x
	0.48 - 0.66
	0.30 - 0.40
	0.25 - 0.18
	0.18 - 0.22
	0.14 - 0.18

	
	
	
	
	
	
	

	
	Daub.
	1.53 - 2.11
	0.93 - 1.37
	0.81 - 1.11
	0.62 - 0.79
	0.48 - 0.60

	
	Coiflet
	1.70 - 2.05
	1.20 - 1.34
	0.97 - 1.08
	0.70 - 0.75
	0.51 - 0.56

	2 Level
	Symlet
	1.86 - 1.98
	1.26 - 1.30
	1.00 - 1.08
	0.67 - 0.72
	0.49 - 0.52

	
	CDF 1.x
	2.57 - 2.60
	1.60 - 1.61
	1.41 - 1.42
	1.02 - 1.03
	0.78 - 0.79

	
	CDF 2.x
	2.57 - 2.60
	1.33 - 1.36
	1.07 - 1.08
	0.77
	0.58 - 0.59

	
	CDF 3.x
	1.35 - 1.82
	0.84 - 1.14
	0.75 - 0.98
	0.56 - 0.74
	0.44 - 0.57

	
	
	
	
	
	
	

	
	Daub.
	3.34 - 4.36
	2.34 - 3.05
	2.14 - 2.81
	1.76 - 2.29
	1.48 - 1.91

	
	Coiflet
	3.90 - 4.33
	2.70 - 2.88
	2.41 - 2.63
	1.99 - 2.12
	1.61 - 1.69

	3 Level
	Symlet
	3.74 - 4.22
	2.61 - 2.86
	2.37 - 2.61
	1.96 - 2.13
	1.59 - 1.70

	
	CDF 1.x
	5.54 - 5.94
	4.10 - 4.31
	3.83 - 3.97
	3.05 - 3.24
	2.35 - 2.51

	
	CDF 2.x
	4.53 - 4.55
	3.37 - 3.47
	3.11 - 3.17
	2.50 - 2.54
	2.07 - 2.08

	
	CDF 3.x
	4.55 - 5.09
	3.21 - 3.53
	2.91 - 3.25
	2.47 - 2.73
	2.09 - 2.32


	
	
	2 %
	3 %
	4 %
	5 %
	10 %

	
	Daub.
	0.18 - 0.20
	0.16 - 0.18
	0.15 - 0.16
	0.13 - 0.15
	0.10 - 0.11

	
	Coiflet
	0.19 - 0.20
	0.17
	0.15 - 0.16
	0.14
	0.11

	1 Level
	Symlet
	0.18 - 0.19
	0.16 - 0.17
	0.15
	0.14
	0.11

	
	CDF 1.x
	0.24 - 0.25
	0.20 - 0.21
	0.18 - 0.19
	0.16 - 0.17
	0.12 - 0.13

	
	CDF 2.x
	0.17 - 0.18
	0.15
	0.13 - 0.14
	0.12 - 0.13
	0.09 - 0.10

	
	CDF 3.x
	0.11 - 0.14
	0.10 - 0.12
	0.09 - 0.11
	0.08 - 0.10
	0.06 - 0.08

	
	
	
	
	
	
	

	
	Daub.
	0.36 - 0.42
	0.31 - 0.35
	0.27 - 0.30
	0.24 - 0.27
	0.17 - 0.19

	
	Coiflet
	0.38 - 0.41
	0.32 - 0.33
	0.28 - 0.29
	0.25 - 0.26
	0.18

	2 Level
	Symlet
	0.37 - 0.38
	0.31 - 0.32
	0.27 - 0.28
	0.25
	0.18

	
	CDF 1.x
	0.54
	0.42
	0.35 - 0.36
	0.30 - 0.31
	0.20 - 0.21

	
	CDF 2.x
	0.42 - 0.43
	0.35
	0.30 - 0.31
	0.27 - 0.28
	0.19 - 0.21

	
	CDF 3.x
	0.34 - 0.43
	0.30 - 0.36
	0.26 - 0.32
	0.24 - 0.29
	0.18 - 0.21

	
	
	
	
	
	
	

	
	Daub.
	1.16 - 1.41
	0.97 - 1.15
	0.83 - 0.98
	0.73 - 0.83
	0.48 - 0.53

	
	Coiflet
	1.22 - 1.24
	0.99 - 1.04
	0.85 - 0.90
	0.75 - 0.79
	0.49 - 0.50

	3 Level
	Symlet
	1.19 - 1.28
	0.98 - 1.04
	0.84 - 0.89
	0.74 - 0.78
	0.48 - 0.50

	
	CDF 1.x
	1.63 - 1.78
	1.24 - 1.35
	1.02 - 1.13
	0.87 - 0.96
	0.52 - 0.59

	
	CDF 2.x
	1.60 - 1.62
	1.30 - 1.33
	1.11 - 1.14
	0.95 - 0.99
	0.60 - 0.63

	
	CDF 3.x
	1.67 - 1.83
	1.43 - 1.53
	1.26 - 1.32
	1.14 - 1.18
	0.79 - 0.82


Table 4.4 : Values of the amplitude of detailed WCF for 10 values of percentage, the 3 levels and the 6 QMF families.

Also for these diagrams there remains the problem of values extremely close between the various curves, as noticed in Figure 4.8, and the continuously crossing between the lines; for that reason Table 4.4 will be used, rather than these diagrams. At the beginning only the vector built with the means of the Y components of the 5 images is considered; for the first level group it is seen that orthogonal values for the same index of the vector XN are lower than Bio CDF 1.x and higher than Bio CDF 2.x and Bio CDF 3.x. Among the orthogonals, Daubechies and Coiflet, but only for the lower range of QMF, are higher than Symlet; among the biorthogonal CDF 1.x are really higher than 2.x and 3.x.

	
	
	First value
	0.1 %
	0.2 %
	0.5 %
	1 %

	
	Daub.
	3.34 - 4.36
	1.22 - 1.49
	0.96 - 1.16
	0.63 - 0.74
	0.44 - 0.48

	
	Coiflet
	3.90 - 4.33
	1.30 - 1.35
	1.00 - 1.06
	0.65 - 0.70
	0.45 - 0.47

	0 Level
	Symlet
	3.74 - 4.22
	1.29 - 1.36
	1.01 - 1.05
	0.66 - 0.67
	0.44 - 0.45

	
	CDF 1.x
	5.54 - 5.94
	1.78 - 1.90
	1.29 - 1.35
	0.84 - 0.87
	0.56 - 0.58

	
	CDF 2.x
	4.53 - 4.55
	1.64 - 1.66
	1.22 - 1.24
	0.75 - 0.78
	0.52 - 0.53

	
	CDF 3.x
	4.55 - 5.09
	1.63 - 1.81
	1.25 - 1.36
	0.84 - 0.86
	0.60 - 0.62


	
	
	2 %
	3 %
	4 %
	5 %
	10 %

	
	Daub.
	0.30 - 0.32
	0.24 - 0.26
	0.21 - 0.23
	0.19 - 0.20
	0.13 - 0.14

	
	Coiflet
	0.31 - 0.32
	0.25 - 0.26
	0.22
	0.20
	0.14

	0 Level
	Symlet
	0.30 - 0.31
	0.25
	0.21 - 0.22
	0.19 - 0.20
	0.14

	
	CDF 1.x
	0.38 - 0.40
	0.30 - 0.32
	0.26 - 0.27
	0.23 - 0.24
	0.16

	
	CDF 2.x
	0.35 - 0.36
	0.28 - 0.29
	0.24 - 0.25
	0.21 - 0.22
	0.14 - 0.15

	
	CDF 3.x
	0.41 - 0.43
	0.33 - 0.35
	0.27 - 0.29
	0.24 - 0.25
	0.14 - 0.16


Table 4.5 : Values of the amplitude of detailed WCF for 10 values of percentage, the Zero Level and the 6 QMF families.

Further tests show that for all of these different QMF families, at parity of vector index, the values decrease when the QMF range improves. It is really interesting that, almost for all the different QMF, already for indices of X3 and X4 (0.2 and 0.5 %) the values are positioned around respectively 0.5 and 0.33 (1/200 and 1/300 of the maximal value of WCF). For the biorthogonal CDF 2.x and 3.x these values are lower, whereas the values for the biorthogonal CDF 1.x are a “ unique case “ and most of the times to not consider. 

Examining the results of the second and third level groups it is possible to see that the trend shown before for the first level remain the same, with only a few differences in values. For the second level the values of XN for almost all the indices are slightly higher, with a significant increment of biorthogonal values compared to the orthogonals; this increment is more stressed on the third level, as seen in Table 4.4, where all the biorthogonals have values higher than orthogonals. Only indices of X6 and X7 (2 and 3 %) for the second level and X10 (10 %) for the third level, give values about 0.5 and 0.35 (1/200 and 1/300 of the maximal value of WCF). These features are useful from the compression point of view, as shown in a following chapter.

4.2.3. Zero Level Detail

Looking at the result of the three groups values together (Zero Level), as in Table 4.5, the trends shown before are respected, with values of the biorthogonal higher than orthogonal; X5 and X6 have values about 0.5-0.6 and 0.3-0.4 respectively, this shows that only the 1 and 2 percent of the total of the coefficients, 2580 and 5160 WCF, are higher than 1/200 and 1/300 of the maximum values, so they could be considered significant for the high quality of the image.
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Figure 4.9 : WCF Percentage Amplitude for five images (Left) and for Y, Cb and Cr Components (Right) for ten values of percentage.

4.2.4. Five Initial Images and Mean

Table 4.6 shows an example of the results obtained for the Zero Level with the Daubechies QMF on the 5 images; only this result will be shown because it gives average values of the results obtained on all the QMF; the maximum values for every QMF are diagrammed in Figure 4.9. An interesting result comes from the image “Ima1”, in which the first values, X1, X2 and X3 are slightly higher than the values of “Ima2” and lower than the values of the other 3 images, whereas the values from X6 to X10 are higher than the other 4 images. This could be explained by noticing that “Ima1” in Figure 4.5 is constituted of background objects, sand, pebbles, that form a fairly uniform image in colour and brightness, but with a lot of little edges.

For this reason the coefficients are lower in value compared with the coefficients of the other images, but more constant. These low values are more numerous than for the other images containing few high edges and wide uniform areas. For the same reason the values of “Ima2” are for every index XN lower than the other 4 images; in fact “Ima2” is constituted by large areas of uniform colour and a few very strong edges; the values of WCF for this image tend to be very high for a few WCF and very low for the rest. Among the other images, “Ima3” and “Ima4” have higher values, “Ima3” slightly more than “Ima4” for the first five indices XN (apart from X1). In fact in these two images, slightly more on the “Ima3”, there are a lot of different objects with different colours and strong edges between these objects, and even among the relatively uniform parts there are many edges. Comparing these kind of results for the other QMF it is possible to notice that the values change only a little bit, remaining near to the same average values, but the trend found with Daubechies QMF remains clearly visible.

	
	First value
	0.1 %
	0.2 %
	0.5 %
	1 %

	Ima1
	1.75 - 3.30
	0.98 - 1.13
	0.82 - 0.93
	0.65 - 0.67
	0.52 - 0.54

	Ima2
	1.90 - 2.59
	0.68 - 0.85
	0.53 - 0.63
	0.37 - 0.44
	0.27 - 0.30

	Ima3
	4.34 - 5.35
	1.72 - 2.18
	1.32 - 1.73
	0.96 - 1.15
	0.62 - 0.73

	Ima4
	4.73 - 6.61
	1.32 - 1.82
	1.06 - 1.41
	0.61 - 0.78
	0.39 - 0.51

	Ima5
	3.10 - 5.11
	1.18 - 1.51
	0.90 - 1.16
	0.55 - 0.65
	0.36 - 0.41


	
	2 %
	3 %
	4 %
	5 %
	10 %

	Ima1
	0.42 - 0.43
	0.37 - 0.38
	0.33 - 0.34
	0.31 - 0.32
	0.23 - 0.24

	Ima2
	0.20 - 0.21
	0.16 - 0.17
	0.14 - 0.15
	0.13 - 0.14
	0.09 - 0.10

	Ima3
	0.37 - 0.42
	0.28 - 0.31
	0.22 - 0.25
	0.19 - 0.22
	0.12 - 0.14

	Ima4
	0.26 - 0.32
	0.20 - 0.25
	0.17 - 0.21
	0.15 - 0.19
	0.10 - 0.12

	Ima5
	0.25 - 0.27
	0.20 - 0.22
	0.17 - 0.19
	0.15 - 0.17
	0.11 - 0.12


Table 4.6 : Values of the amplitude of detailed WCF for 10 values of percentage, the Zero Level, the 5 initial images and the Daubechies QMF.

4.2.5. Y, Cb and Cr Components

The statistical results of the tests made variously on Y, Cb and Cr and the comparison between them show that in general the values of XN are quite different for the 3 components of the images, even if the trend regarding the different QMF remains almost the same for all the values of the 3 components; also for this comparison in Table 4.7 are depicted only the results obtained with Daubechies QMF.

	
	
	First value
	0.1 %
	0.2 %
	0.5 %
	1 %

	
	Y
	3.34 - 4.36
	1.22 - 1.49
	0.96 - 1.16
	0.63 - 0.74
	0.44 - 0.48

	Daub.
	Cb
	1.00 - 1.15
	0.39 - 0.41
	0.33 - 0.34
	0.26 - 0.27
	0.22 - 0.23

	
	Cr
	0.98 - 1.19
	0.42 - 0.43
	0.38 - 0.39
	0.32 - 0.33
	0.28 - 0.29


	
	
	2 %
	3 %
	4 %
	5 %
	10 %

	
	Y
	0.30 - 0.32
	0.24 - 0.26
	0.21 - 0.23
	0.19 - 0.20
	0.13 - 0.14

	Daub.
	Cb
	0.19
	0.17
	0.15 - 0.16
	0.14
	0.11

	
	Cr
	0.24 - 0.25
	0.22
	0.20 - 0.21
	0.19
	0.15


Table 4.7 : Values of the amplitude of detailed WCF for the 10 values of percentage, for Y, Cb and Cr components and the Daubechies QMF.

A normal feature for all the 5 images and for all the QMF used, is that the values of the XN are much lower for the components Cb and Cr than for the component Y, above all for the indices between X1 and X4. To have values about 0.5 and 0.33 for the component Y X5 and X6 (1 and 2 percent) are necessary, while for the component Cr it is enough X2 and X4, 0.1 and 0.5 percent respectively, and for the Cb, X2 and X3, 0.1 and 0.2 percent. This feature suggests a possibility from a compression point of view to use the WCF of the Y component, more than the Cb and Cr components. In fact even if the results found for the Cb and Cr are sometimes quite variable, depending on the main component of the colour, as in some of the 5 images, they are always lower than the results found for the Y component; this feature shows that it is possible to achieve a better level of compression compressing a lot these two colour components compared with the luminance component, or use more bits to code the Y component than the Cb and Cr components. 




� Wavelet Coefficient


� Note that some values of Bio CDF 1.x and 2.x do not give consistent results: in fact they have strange peaks and valleys, and for that reason sometimes they are not considered in detailed analysis.
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