Appendix A
Selection of Methods and Parameters

The purpose of this section is to justify with experimental results the choice of parameters and methods used throughout this paper.

Inversion of Values for Feature Maps

In step 1 of the contrast detection algorithm, computing feature maps, the edges are first detected with the Sobel operator from which the actual orientation of each line segment is calculated.  The orientation values are then used to determine the difference between the line segment and each target orientation.  A measure of nearness is then computed by subtracting this value from 90( (90(-diff); this will be referred to as method A.  An alternate method of computing a measure of nearness, method B, would be to take the inverse of the difference and multiply by 90( (90(/diff).  A graphical representation of the relationship between the difference value and the feature map value for both cases is presented in Figure 45.  Figure 46 and Figure 47 illustrate the feature maps that result from the use of each method.  There are several disadvantages to method B.

1. There is a discontinuity when the difference is 0(, that is, when the orientation of the edge is equal to that of the target.  This problem can be overcome by arbitrarily setting a minimum value for the difference.  In the tests shown here, this minimum was set at 0.1.  Any pixel with a difference value less than 0.1 had the difference automatically set to this value.

2. The lowest possible value, where the line orientation is orthogonal to the target orientation, is 1.  Intuitively, it makes sense that this value should be 0.  For example, in an image consisting solely of horizontal lines, the 90( (vertical) feature map should register no vertical lines; instead it will register a very low response at each horizontal edge.  This should not, however, have much effect on the final contrast map because the horizontal edge map would have a response strong enough to make the values of the vertical edge map negligible.

3. Orientations very close to the target result in a much stronger response than those just a degree farther away.  A line oriented .5( from the target orientation produces a response twice as strong as a line oriented 1( from the target orientation.  Because of normalization, the presence of a single line segment at .5( from the target orientation reduces the value of all edges more than 1( from the target orientation so that they are nearly negligible.  This is obvious in the 45( and 135( feature maps in Figure 47.  As a result of the discrete nature of the Sobel operator, it is not as accurate in determining the orientation of angled lines as it is in determining the orientation of horizontal and vertical lines.  Method B magnifies this, resulting in many of the edges not being classified accurately.
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Figure 45:  Relationship between difference from target orientation and resulting feature map values for the two methods considered.

Experimental results also support the choice of method A.  Figure 46 and Figure 47 show the edge maps resulting from each method.  It can be seen that method A (Figure 46) results in edge maps that highlight edges of the target orientation and that response gradually decreases as the orientation of the lines moves farther from the target orientation.  The edge maps resulting from method B also highlight edges of the target orientation, but do not show a gradual decrease as the orientation of lines moves farther from the target orientation.  
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	(a) 0( feature map
	(b) 45( feature map
	(c) 90( feature map
	(d) 135( feature map


Figure 46: Feature maps resulting from the use of method A for the inversion of values.
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	(a) 0( feature map
	(b) 45( feature map
	(c) 90( feature map
	(d) 135( feature map


Figure 47:  Feature maps resulting from the use of method B for the inversion of values.

Figure 48 shows the contrast ratios (calculated by the method described in Chapter 3) resulting from both methods of inversion.  The solid line shows that with method A, it is possible to compute meaningful contrast ratios for all orientations.  Method B gives meaningful results only at 0(, 90( and 180(.  All other targets are measured as equal.  This is due to the fact that only 4 orientations, 0(, 45(, 90( and 135( were used in these calculations.  Because method B responds strongly only to very near orientation, most of the target orientations (every 10() result in very weak responses on the edge maps and this is reflected in the resulting contrast ratio.  Using method B (90(/diff), the center-surround feature contrast detector is able to correctly quantify relative contrast only for those orientations that match one of the feature map target orientations.  This, in addition to the computational issues discussed earlier, resulted in a choice of method A (90(-diff) for implementation.


[image: image10.wmf]0

5

10

15

20

25

30

0

20

40

60

80

100

120

140

160

180

Target Orientation

Contrast Ratio

1/diff

90-diff


Figure 48: Contrast ratios resulting from 90( orientation contrast using both inversion methods

Value of (2 in Gaussian Operator

Step 3 of the algorithm is convolution with a Difference of Gaussians operator (DoG).  The shape of the Gaussians are dictated by the values used for the (2 parameters of the Gaussian formula: 
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Figure 49 shows the shape of a discretized Gaussian for several values of (2.  Figure 50 and Figure 51 show DoG operators for several combinations of (2, and the contrast maps resulting from selected combinations are presented in Figure 52 and Figure 53.  Based on these results, a value of (2 = 3.0 was selected for both the centre and surround Gaussians.
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Figure 49:  Normalized Gaussians with varying values for 2 with diameter of 12
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Figure 50:  Normalized DoGs with 2 for centre and surround equal; centre diameter is 5; surround diameter is 12. 
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Figure 51:  Normalized DoGs with 2 = 2 for centre Gaussian and 2 varying for surround Gaussian.

Figure 54 and Table 10 show the contrast ratios resulting from various combinations of center (2 and surround (2.  Three of the four sets of data are for a constant value of center (2 and varying values of surround (2, and the fourth data set is for center (2 = surround (2.  It can be seen that the series all have very different profiles.  The center (2  = 3 series was extended to surround (2  = 19 in an attempt to find a maximum.  The contrast ratio, however, continued increasing throughout the series.  The maximum of each series was then used to compute the orientation contrast ratio profile (Figure 55).  For center (2  = 3, a value of surround (2  = 17 was chosen for the orientation profile.  The desired profile shows a steady increase for 0( to 90( and then a steady decrease from 90( to 180(.  It appears from Figure 55 that the sigma combinations that result in lower overall contrast ratio values are closer to achieving the desired profile than those combinations that result in higher contrast ratio values.  This must be balanced, however, with the desire to have larger contrast ratio values to enable a greater range over which contrast ratios can be interpreted.  For these reasons, nearness to the desired profile and relatively high contrast ratio, the combination of center (2 = 2 and surround (2  = 2 was chosen for use in these trials.
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	(a) 2 = 1
	(b) 2 = 2
	(c) 2 = 3
	(d) 2 = 4
	(e) 2 = 5


Figure 52:  Contrast maps resulting from the use of DoG operators with centre 2 equal to surround 2.
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	(a) centre 2 = 2

surround 2 = 2.5
	(b) centre 2 = 2

surround 2 = 3.5
	(c) centre 2 = 2

surround 2 = 4.5
	(d) centre 2 = 3

surround 2 = 4
	e) centre 2 = 3

surround 2 = 5


Figure 53:  Contrast maps resulting from the use of DoG operators with centre 2 less than surround 2.
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Figure 54: Contrast ratios resulting from 90( orientation contrast with various values for 2 in both the center and surround Gaussian operator.

	Surround 2
	Center 2
	Center 2 = Surround 2

	
	1
	2
	3
	

	1
	9.41385
	
	
	9.41385

	2
	10.5668
	19.4716
	
	19.4716

	3
	10.21
	26.6594
	11.6873
	11.6873

	4
	9.67554
	34.3808
	13.5573
	9.87971

	5
	9.3898
	45.2898
	14.8383
	9.36802

	6
	9.11145
	57.0302
	15.9855
	

	7
	9.04175
	64.8599
	17.3182
	

	8
	8.86434
	64.7681
	18.0965
	

	9
	8.78396
	64.2371
	18.4908
	

	10
	
	
	19.3831
	

	11
	
	
	19.8166
	

	12
	
	
	20.7493
	

	13
	
	
	20.7828
	

	14
	
	
	20.8474
	

	15
	
	
	21.3127
	

	16
	
	
	21.8719
	

	17
	
	
	22.3908
	

	18
	
	
	22.5007
	

	19
	
	
	22.5137
	


Table 10:  Contrast ratios resulting from 90( orientation contrast with various values for 2 in both the center and surround Gaussian operator.

	Orientation
	Center 2=1, Surround 2 =2
	Center 2 =2, Surround 2 =2
	Center 2 =2, Surround 2 =7
	Center 2 =3, Surround 2 =17

	0
	1
	1
	1
	1

	10
	1.66095
	3.40609
	31.3721
	4.24354

	20
	2.65075
	5.43968
	38.8767
	6.71442

	30
	3.8573
	8.02259
	44.0587
	9.84585

	40
	4.92493
	9.80037
	49.7627
	11.6741

	50
	5.84264
	11.8092
	55.4845
	14.738

	60
	6.97123
	14.0904
	57.2008
	16.8861

	70
	8.052
	15.4592
	56.394
	18.0048

	80
	9.08277
	17.7942
	62.6671
	21.6748

	90
	10.5706
	19.4716
	64.8599
	22.398

	100
	8.95876
	16.9629
	62.5242
	19.9812

	110
	8.03793
	15.5295
	58.1577
	18.1954

	120
	6.90758
	13.5974
	55.389
	15.8138

	130
	5.7988
	11.4371
	55.7173
	13.9507

	140
	4.92493
	9.80037
	49.7627
	11.6741

	150
	3.83134
	7.79023
	42.1495
	9.35816

	160
	2.65092
	5.43908
	37.9074
	6.70468

	170
	1.66084
	3.40655
	31.7892
	4.24447

	180
	1
	1
	1
	1


Table 11:  Contrast ratios resulting from orientation contrast with various values for 2 in both the center and surround Gaussian operator.
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Figure 55:  Contrast ratios resulting from orientation contrast with various values for 2 in both the center and surround Gaussian operator.

Number of Levels in the Multiple-Resolution Representation

Each level of the representation reduces the dimensions of the edge maps by half.  This affects the resolution of the features, the computational cost of the DoG operation and, together with the size of the Gaussians, the scale of features being examined.  Increased reduction is desirable in that it reduces computation costs by reducing the number of pixels to be convolved by the DoG operator.  Too much reduction, however, can result in loss of detail and blurring of features to the point where contrast detection is no longer possible.  A balance therefore must be reached between computational costs and contrast results.  For the images tested in this paper, computational costs were not prohibitive, even when no reduction was used, and therefore the decision of number of levels to be used is based on contrast results only.  The contrast ratios resulting from performing computations on the output of various levels of the multiple-resolution representation are shown in Figure 56 and Table 12.  Level 1 results in the greatest contrast ratio, and so level 1 was chosen for use in these tests.
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Figure 56:  Contrast ratios resulting from 90( orientation contrast at the various levels of the multiple-resolution representation.

	Level Number
	0
	1
	2
	3

	Dimensions
	32 x 32
	64 x 64
	128 x 128
	256 x 256

	Contrast Ratio
	8.49932
	19.4852
	1.1938
	0.915873


Table 12:  Contrast ratios resulting from 90( orientation contrast at the various levels of the multiple-resolution representation.

Size of Gaussians

The other parameter required for the DoG operator is the size of the centre and surround Gaussians.  Intuitively, best results can be achieved when the centre Gaussian covers one full line element (a 4x4 block of pixels) and the surround Gaussian covers a block of nine full line elements (a block of 12x12 pixels).  This is confirmed by the three following figures.   Figure 57 shows contrast maps that were formed by fixing the size of the centre Gaussian at 5x5 and varying the size of the surround Gaussian.  Figure 58 shows contrast maps that were formed by varying the size of the centre Gaussian and setting the size of the surround Gaussian to be 8 pixels (2 line elements) larger in diameter than the centre.  Figure 59 shows contrast maps that were formed by varying the size of the centre Gaussian while the ratio of centre to surround Gaussian remains constant, so that the size of the surround Gaussian is proportionately increased.
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	(a) Diameter = 7
	(b) Diameter = 9
	(c) Diameter = 11
	(d) Diameter = 13
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	(e) Diameter = 15
	(f) Diameter = 17
	(g) Diameter = 19
	(h) Diameter = 21


Figure 57:  Contrast maps formed by using a centre Gaussian with a 5 pixel diameter and varying the diameter of the surround Gaussian
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	(a) centre: 3x3

surround: 11x11
	(b) centre: 5x5

surround: 13x13
	(c) centre: 7x7

surround: 15x15
	(d) centre: 9x9

surround: 17x17
	(e) centre: 11x11

surround: 19x19


Figure 58:  Contrast maps formed by varying the size of the centre Gaussian, and setting the surround Gaussian as 8 pixels larger in diameter
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	(a) centre: 3x3

surround: 7x7
	(b) centre: 5x5

surround: 13x13
	(c) centre: 7x7

surround: 19x19
	(d) centre: 9x9

surround: 25x25
	(e) centre: 11x11

surround: 31x31


Figure 59:  Contrast maps formed by varying the size of the centre and surround Gaussians proportionately.

Figure 60 and Table 13 show contrast ratios resulting from using various sizes for the DoG operator.  This graph reveals one surprising result – the highest contrast ratio is achieved when the center diameter is 2 (radius=2) and the surround diameter is 15 (radius = 7).  In these images, the elements are located in 4x4 pixel blocks.  A center diameter of 5 completely covers one line element and a surround diameter of 13 (radius = 6) completely covers a 3x3 block of line elements.  Both of these configurations give similar high ratio measurements, and so the decision of which of the two configurations to use makes very little difference in the final results.  The method of tripling the radius of the center Gaussian to determine the radius of the surround Gaussian was chosen over the method of tripling the diameter of the center Gaussian to determine the diameter of the surround Gaussian.
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Figure 60:  Contrast ratios resulting from 90( orientation contrast with varying DoG sizes.

	Surround Radius
	Center Radius = 1
	Center Radius = 2
	Center Radius = 3

	2
	1.09767
	
	

	3
	1.92324
	13.3906
	

	4
	3.44366
	8.00488
	2.20939

	5
	3.64135
	8.92529
	2.18016

	6
	3.43729
	19.4852
	6.64395

	7
	3.58915
	22.5958
	7.83081

	8
	3.90186
	15.4862
	6.38953

	9
	4.03344
	15.7108
	6.62745


Table 13:  Contrast ratios resulting from 90( orientation contrast with varying DoG sizes.

Weights

Step 4 of the algorithm involves combining the DoG results in a weighted sum.  The weights are linear in relation to the difference between the target orientation of each feature map and the focus orientation as specified by constraint 2 on page 27:  wi  = wn-i  = i w1, i([1, n/2].  An alternative to using linear weights is to use quadratic weights as specified by replacing constraint 2 with wi  = wn-i  = i2 w1, i([1, n/2].  This results in the following derivation for w1.  In this explanation, “constraint” refers to a numbered constraint listed on page 27, and “line” refers to a numbered equation in this derivation.
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(Line 1 and constraint 1)

For even n:
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(Line 2 and constraint 3)
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(Line 3, solve for w1)
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(Line 4 and constraint 3)


For odd n:
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(Line 2 and constraint 3)
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(Line 3, solve for w1)
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(Line 4 and constraint 3)

The result of this approach is shown qualitatively in Figure 61 and quantitatively in the contrast ratios of Table 14.  The difference between the two methods is negligible, and so the method of using linear weights was arbitrarily chosen.

	Orientation
	Number of orientations = 4
	Number of orientations = 16

	
	Quadratic 
	Linear 
	Quadratic 
	Linear

	0
	1
	1
	1
	1

	10
	3.40586
	3.40609
	3.18075
	3.18075

	20
	5.44419
	5.43968
	5.29426
	5.29426

	30
	8.02533
	8.02259
	8.07882
	8.07882

	40
	9.80251
	9.80037
	10.0706
	10.0706

	50
	11.8145
	11.8092
	12.5225
	12.5225

	60
	14.0918
	14.0904
	14.6958
	14.6958

	70
	15.46
	15.4592
	16.2454
	16.2454

	80
	17.7965
	17.7942
	18.1495
	18.1495

	90
	19.4852
	19.4716
	18.8075
	18.8075

	100
	16.967
	16.9629
	16.4309
	16.4309

	110
	15.5304
	15.5295
	15.9355
	15.9355

	120
	13.5987
	13.5974
	14.1137
	14.1137

	130
	11.4431
	11.4371
	12.0401
	12.0401

	140
	9.80251
	9.80037
	10.1207
	10.1207

	150
	7.79245
	7.79023
	7.87338
	7.87338

	160
	5.44359
	5.43908
	5.32239
	5.32239

	170
	3.40632
	3.40655
	3.17544
	3.17544

	180
	1
	1
	1
	1


Table 14:  Contrast ratios resulting from orientation contrast measured with different weights.
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	(a) linear weights
	(b) quadratic weights


Figure 61:  Contrast maps produced by combining feature contrast maps by linear vs. quadratic weights.

































































































































































































































































































































































































































































































_1059582636.xls
Chart1

		1		1		1		9.41385

		2		2		2		19.4716

		3		3		3		11.6873

		4		4		4		9.87971

		5		5		5		9.36802

		6		6		6

		7		7		7

		8		8		8

		9		9		9

		10		10		10

		11		11		11

		12		12		12

		13		13		13

		14		14		14

		15		15		15

		16		16		16

		17		17		17

		18		18		18

		19		19		19



Center Sigma = 1

Center Sigma = 2

Center Sigma = 3

Center = Surround

Surround Sigma

Contrast Ratio

9.41385

10.5668

19.4716

10.21

26.6594

11.6873

9.67554

34.3808

13.5573

9.3898

45.2898

14.8383

9.11145

57.0302

15.9855

9.04175

64.8599

17.3182

8.86434

64.7681

18.0965

8.78396

64.2371

18.4908

19.3831

19.8166

20.7493

20.7828

20.8474

21.3127

21.8719

22.3908

22.5007

22.5137



Inversion

		Invert						Subtract

		0		1				0		1

		10		9.76149				10		4.85667

		20		10.147				20		7.73319

		30		11.168				30		11.382

		40		9.9222				40		14.0634

		50		10.5099				50		17.5061

		60		10.7153				60		20.5349

		70		10.335				70		21.797

		80		11.3967				80		24.7881

		90		26.9489				90		28.2097

		100		10.802				100		23.0864

		110		10.3174				110		21.721

		120		10.1362				120		19.4396

		130		9.97668				130		16.6638

		140		9.9222				140		14.0584

		150		10.1435				150		10.8132

		160		10.155				160		7.73216

		170		9.80271				170		4.8575

		180		1				180		1





Inversion

		



1/diff

90-diff

Target Orientation

Contrast Ratio



Sigma-Single image

				1		2		3		c=s

		1		9.41385						9.41385

		2		10.5668		19.4716				19.4716

		3		10.21		26.6594		11.6873		11.6873

		4		9.67554		34.3808		13.5573		9.87971

		5		9.3898		45.2898		14.8383		9.36802

		6		9.11145		57.0302		15.9855

		7		9.04175		64.8599		17.3182

		8		8.86434		64.7681		18.0965

		9		8.78396		64.2371		18.4908

		10						19.3831

		11						19.8166

		12						20.7493

		13						20.7828

		14						20.8474

		15						21.3127

		16						21.8719

		17						22.3908

		18						22.5007

		19						22.5137
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Center Sigma = 1

Center Sigma = 2

Center Sigma = 3

Center = Surround

Surround Sigma

Contrast Ratio



Sigma - Orientation test

				Center=1, Surround=2		Center=2, Surround=2		Center=2, Surround=7		Center=3, Surround=17

		0		1		1		1		1

		10		1.66095		3.40609		31.3721		4.24354

		20		2.65075		5.43968		38.8767		6.71442

		30		3.8573		8.02259		44.0587		9.84585

		40		4.92493		9.80037		49.7627		11.6741

		50		5.84264		11.8092		55.4845		14.738

		60		6.97123		14.0904		57.2008		16.8861

		70		8.052		15.4592		56.394		18.0048

		80		9.08277		17.7942		62.6671		21.6748

		90		10.5706		19.4716		64.8599		22.398

		100		8.95876		16.9629		62.5242		19.9812

		110		8.03793		15.5295		58.1577		18.1954

		120		6.90758		13.5974		55.389		15.8138

		130		5.7988		11.4371		55.7173		13.9507

		140		4.92493		9.80037		49.7627		11.6741

		150		3.83134		7.79023		42.1495		9.35816

		160		2.65092		5.43908		37.9074		6.70468

		170		1.66084		3.40655		31.7892		4.24447

		180		1		1		1		1





Sigma - Orientation test

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Center=1, Surround=2

Center=2, Surround=2

Center=2, Surround=7

Center=3, Surround=17

Orientation

Contrast Ratio

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



levels

		0		8.49932

		1		19.4852

		2		1.1938

		3		0.915873





levels

		0

		0

		0

		0



Level Number

Level Number

Contrast Ratio

0

0

0

0



GausSize

				Center Radius = 1		Center Radius = 2		Center Radius = 3

		2		1.09767

		3		1.92324		13.3906

		4		3.44366		8.00488		2.20939

		5		3.64135		8.92529		2.18016

		6		3.43729		19.4852		6.64395

		7		3.58915		22.5958		7.83081

		8		3.90186		15.4862		6.38953

		9		4.03344		15.7108		6.62745





GausSize

		



Center Radius = 1

Center Radius = 2

Center Radius = 3

Surround Radius

Contrast Ratio



scale

		32 x 32		38.37

		64 x 64		64.8599

		128 x 128		7.40749

		256 x 256		3.37948
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Contrast Map Size
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Weights

				Quadratic 4		Linear 4		Quadratic 16		Linear 16

		0		1		1		1		1

		10		3.40586		3.40609		3.18075		3.18075

		20		5.44419		5.43968		5.29426		5.29426

		30		8.02533		8.02259		8.07882		8.07882

		40		9.80251		9.80037		10.0706		10.0706

		50		11.8145		11.8092		12.5225		12.5225

		60		14.0918		14.0904		14.6958		14.6958

		70		15.46		15.4592		16.2454		16.2454

		80		17.7965		17.7942		18.1495		18.1495

		90		19.4852		19.4716		18.8075		18.8075

		100		16.967		16.9629		16.4309		16.4309

		110		15.5304		15.5295		15.9355		15.9355

		120		13.5987		13.5974		14.1137		14.1137

		130		11.4431		11.4371		12.0401		12.0401

		140		9.80251		9.80037		10.1207		10.1207

		150		7.79245		7.79023		7.87338		7.87338

		160		5.44359		5.43908		5.32239		5.32239

		170		3.40632		3.40655		3.17544		3.17544

		180		1		1		1		1
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				surround		s2=4		0.0022181959		0.0087731348		0.0270231576		0.0648251851		0.1211093901		0.1762131228		0.1996756275		0.1762131228		0.1211093901		0.0648251851		0.0270231576		0.0087731348		0.0022181959

				center		5										0.1615106462		0.2180165683		0.2409455709		0.2180165683		0.1615106462

				surround		s2=5		0.0048914081		0.0146946021		0.0361428891		0.0727828408		0.1199986178		0.1619811911		0.1790169017		0.1619811911		0.1199986178		0.0727828408		0.0361428891		0.0146946021		0.0048914081

				center		6										0.1676821706		0.215308169		0.2340193208		0.215308169		0.1676821706

				surround		s2=6		0.0081702769		0.0204333723		0.0432574496		0.0775174286		0.1175859392		0.1509833345		0.1641043977		0.1509833345		0.1175859392		0.0775174286		0.0432574496		0.0204333723		0.0081702769

						c=1, s=1		-0.0000000061		-0.0000014867		-0.0001338302		-0.0044318484		0.0004977183		0.0022306188		0.0036776686		0.0022306188		0.0004977183		-0.0044318484		-0.0001338302		-0.0000014867		-0.0000000061

						c=2, s=2		-0.0000348134		-0.0005445726		-0.0051667606		-0.0297326545		0.0079262029		0.0167797716		0.0215456532		0.0167797716		0.0079262029		-0.0297326545		-0.0051667606		-0.0005445726		-0.0000348134

						c=3, s=3		-0.0005710108		-0.0035715017		-0.0160063601		-0.0514007528		0.019750968		0.0325638411		0.0384696327		0.0325638411		0.019750968		-0.0514007528		-0.0160063601		-0.0035715017		-0.0005710108

						c=4, s=4		-0.0022181959		-0.0087731348		-0.0270231576		-0.0648251851		0.031359754		0.0456281728		0.0517034934		0.0456281728		0.031359754		-0.0648251851		-0.0270231576		-0.0087731348		-0.0022181959

						c=5, s=5		-0.0048914081		-0.0146946021		-0.0361428891		-0.0727828408		0.0415120284		0.0560353772		0.0619286692		0.0560353772		0.0415120284		-0.0727828408		-0.0361428891		-0.0146946021		-0.0048914081

						c=6, s=6		-0.0081702769		-0.0204333723		-0.0432574496		-0.0775174286		0.0500962315		0.0643248345		0.0699149231		0.0643248345		0.0500962315		-0.0775174286		-0.0432574496		-0.0204333723		-0.0081702769

						c=2, s=1		-0.0000000061		-0.0000014867		-0.0001338302		-0.0044318484		0.0577123978		-0.0054946997		-0.0953010535		-0.0054946997		0.0577123978		-0.0044318484		-0.0001338302		-0.0000014867		-0.0000000061

						center=2, surround=2		-0.0000348134		-0.0005445726		-0.0051667606		-0.0297326545		0.0079262029		0.0167797716		0.0215456532		0.0167797716		0.0079262029		-0.0297326545		-0.0051667606		-0.0005445726		-0.0000348134

						centre=2, surround=3		-0.0005710108		-0.0035715017		-0.0160063601		-0.0514007528		-0.0065685289		0.041478638		0.0732790327		0.041478638		-0.0065685289		-0.0514007528		-0.0160063601		-0.0035715017		-0.0005710108

						centre=2, surround=4		-0.0022181959		-0.0087731348		-0.0270231576		-0.0648251851		-0.009406026		0.0602629008		0.1039655972		0.0602629008		-0.009406026		-0.0648251851		-0.0270231576		-0.0087731348		-0.0022181959

						center=2, surround=5		-0.0048914081		-0.0146946021		-0.0361428891		-0.0727828408		-0.0082952537		0.0744948325		0.124624323		0.0744948325		-0.0082952537		-0.0727828408		-0.0361428891		-0.0146946021		-0.0048914081

						centre=2, surround=6		-0.0081702769		-0.0204333723		-0.0432574496		-0.0775174286		-0.0058825751		0.0854926891		0.139536827		0.0854926891		-0.0058825751		-0.0775174286		-0.0432574496		-0.0204333723		-0.0081702769
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Chart2
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		40		40		40		40

		50		50		50		50

		60		60		60		60

		70		70		70		70

		80		80		80		80

		90		90		90		90

		100		100		100		100

		110		110		110		110

		120		120		120		120

		130		130		130		130

		140		140		140		140

		150		150		150		150

		160		160		160		160

		170		170		170		170

		180		180		180		180



Center=1, Surround=2

Center=2, Surround=2

Center=2, Surround=7

Center=3, Surround=17

Orientation

Contrast Ratio

1

1

1

1

1.66095
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4.24354

2.65075
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Inversion

		Invert						Subtract

		0		1				0		1

		10		9.76149				10		4.85667

		20		10.147				20		7.73319

		30		11.168				30		11.382

		40		9.9222				40		14.0634

		50		10.5099				50		17.5061

		60		10.7153				60		20.5349

		70		10.335				70		21.797

		80		11.3967				80		24.7881

		90		26.9489				90		28.2097

		100		10.802				100		23.0864

		110		10.3174				110		21.721

		120		10.1362				120		19.4396

		130		9.97668				130		16.6638

		140		9.9222				140		14.0584

		150		10.1435				150		10.8132

		160		10.155				160		7.73216

		170		9.80271				170		4.8575

		180		1				180		1





Inversion

		



1/diff

90-diff

Target Orientation

Contrast Ratio



Sigma-Single image

				1		2		3		c=s

		1		9.41385						9.41385

		2		10.5668		19.4716				19.4716

		3		10.21		26.6594		11.6873		11.6873

		4		9.67554		34.3808		13.5573		9.87971

		5		9.3898		45.2898		14.8383		9.36802

		6		9.11145		57.0302		15.9855

		7		9.04175		64.8599		17.3182

		8		8.86434		64.7681		18.0965

		9		8.78396		64.2371		18.4908

		10						19.3831

		11						19.8166

		12						20.7493

		13						20.7828

		14						20.8474

		15						21.3127

		16						21.8719

		17						22.3908

		18						22.5007

		19						22.5137





Sigma-Single image

		



Center Sigma = 1

Center Sigma = 2

Center Sigma = 3

Center = Surround

Surround Sigma

Contrast Ratio



Sigma - Orientation test

				Center=1, Surround=2		Center=2, Surround=2		Center=2, Surround=7		Center=3, Surround=17

		0		1		1		1		1

		10		1.66095		3.40609		31.3721		4.24354

		20		2.65075		5.43968		38.8767		6.71442

		30		3.8573		8.02259		44.0587		9.84585

		40		4.92493		9.80037		49.7627		11.6741

		50		5.84264		11.8092		55.4845		14.738

		60		6.97123		14.0904		57.2008		16.8861

		70		8.052		15.4592		56.394		18.0048

		80		9.08277		17.7942		62.6671		21.6748

		90		10.5706		19.4716		64.8599		22.398

		100		8.95876		16.9629		62.5242		19.9812

		110		8.03793		15.5295		58.1577		18.1954

		120		6.90758		13.5974		55.389		15.8138

		130		5.7988		11.4371		55.7173		13.9507

		140		4.92493		9.80037		49.7627		11.6741

		150		3.83134		7.79023		42.1495		9.35816

		160		2.65092		5.43908		37.9074		6.70468

		170		1.66084		3.40655		31.7892		4.24447

		180		1		1		1		1





Sigma - Orientation test

		



Center=1, Surround=2

Center=2, Surround=2

Center=2, Surround=7

Center=3, Surround=17

Orientation

Contrast Ratio



levels

		0		8.49932

		1		19.4852

		2		1.1938

		3		0.915873





levels
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		0



Level Number

Level Number

Contrast Ratio

0

0

0

0



GausSize

				Center Radius = 1		Center Radius = 2		Center Radius = 3

		2		1.09767

		3		1.92324		13.3906

		4		3.44366		8.00488		2.20939

		5		3.64135		8.92529		2.18016

		6		3.43729		19.4852		6.64395

		7		3.58915		22.5958		7.83081

		8		3.90186		15.4862		6.38953

		9		4.03344		15.7108		6.62745





GausSize

		



Center Radius = 1

Center Radius = 2

Center Radius = 3

Surround Radius

Contrast Ratio



scale

		32 x 32		38.37

		64 x 64		64.8599

		128 x 128		7.40749

		256 x 256		3.37948





scale

		0

		0

		0

		0



Contrast Map Size

Contrast Ratio



Weights

				Quadratic 4		Linear 4		Quadratic 16		Linear 16

		0		1		1		1		1

		10		3.40586		3.40609		3.18075		3.18075

		20		5.44419		5.43968		5.29426		5.29426

		30		8.02533		8.02259		8.07882		8.07882

		40		9.80251		9.80037		10.0706		10.0706

		50		11.8145		11.8092		12.5225		12.5225

		60		14.0918		14.0904		14.6958		14.6958

		70		15.46		15.4592		16.2454		16.2454

		80		17.7965		17.7942		18.1495		18.1495

		90		19.4852		19.4716		18.8075		18.8075

		100		16.967		16.9629		16.4309		16.4309

		110		15.5304		15.5295		15.9355		15.9355

		120		13.5987		13.5974		14.1137		14.1137

		130		11.4431		11.4371		12.0401		12.0401

		140		9.80251		9.80037		10.1207		10.1207

		150		7.79245		7.79023		7.87338		7.87338

		160		5.44359		5.43908		5.32239		5.32239

		170		3.40632		3.40655		3.17544		3.17544

		180		1		1		1		1
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		4		4		4

		5		5		5

		6		6		6
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Center Radius = 1

Center Radius = 2

Center Radius = 3

Surround Radius

Contrast Ratio

1.09767

1.92324

13.3906

3.44366

8.00488

2.20939

3.64135

8.92529

2.18016

3.43729

19.4852

6.64395

3.58915

22.5958

7.83081

3.90186

15.4862

6.38953

4.03344

15.7108

6.62745



Inversion

		Invert						Subtract

		0		1				0		1

		10		9.76149				10		4.85667

		20		10.147				20		7.73319

		30		11.168				30		11.382

		40		9.9222				40		14.0634

		50		10.5099				50		17.5061

		60		10.7153				60		20.5349

		70		10.335				70		21.797

		80		11.3967				80		24.7881

		90		26.9489				90		28.2097

		100		10.802				100		23.0864

		110		10.3174				110		21.721

		120		10.1362				120		19.4396

		130		9.97668				130		16.6638

		140		9.9222				140		14.0584

		150		10.1435				150		10.8132

		160		10.155				160		7.73216

		170		9.80271				170		4.8575

		180		1				180		1





Inversion

		



1/diff

90-diff

Target Orientation

Contrast Ratio



Sigma-Single image

				1		2		3		c=s

		1		9.41385						9.41385

		2		10.5668		19.4716				19.4716

		3		10.21		26.6594		11.6873		11.6873

		4		9.67554		34.3808		13.5573		9.87971

		5		9.3898		45.2898		14.8383		9.36802

		6		9.11145		57.0302		15.9855

		7		9.04175		64.8599		17.3182

		8		8.86434		64.7681		18.0965

		9		8.78396		64.2371		18.4908

		10						19.3831

		11						19.8166

		12						20.7493

		13						20.7828

		14						20.8474

		15						21.3127

		16						21.8719

		17						22.3908

		18						22.5007

		19						22.5137





Sigma-Single image

		



Center Sigma = 1

Center Sigma = 2

Center Sigma = 3

Center = Surround

Surround Sigma

Contrast Ratio



Sigma - Orientation test

				Center=1, Surround=2		Center=2, Surround=2		Center=2, Surround=7		Center=3, Surround=17

		0		1		1		1		1

		10		1.66095		3.40609		31.3721		4.24354

		20		2.65075		5.43968		38.8767		6.71442

		30		3.8573		8.02259		44.0587		9.84585

		40		4.92493		9.80037		49.7627		11.6741

		50		5.84264		11.8092		55.4845		14.738

		60		6.97123		14.0904		57.2008		16.8861

		70		8.052		15.4592		56.394		18.0048

		80		9.08277		17.7942		62.6671		21.6748

		90		10.5706		19.4716		64.8599		22.398

		100		8.95876		16.9629		62.5242		19.9812

		110		8.03793		15.5295		58.1577		18.1954

		120		6.90758		13.5974		55.389		15.8138

		130		5.7988		11.4371		55.7173		13.9507

		140		4.92493		9.80037		49.7627		11.6741

		150		3.83134		7.79023		42.1495		9.35816

		160		2.65092		5.43908		37.9074		6.70468

		170		1.66084		3.40655		31.7892		4.24447

		180		1		1		1		1





Sigma - Orientation test

		



Center=1, Surround=2

Center=2, Surround=2

Center=2, Surround=7

Center=3, Surround=17

Orientation

Contrast Ratio



levels

		0		8.49932

		1		19.4852

		2		1.1938

		3		0.915873





levels

		



Level Number

Level Number

Contrast Ratio



GausSize

				Center Radius = 1		Center Radius = 2		Center Radius = 3

		2		1.09767

		3		1.92324		13.3906

		4		3.44366		8.00488		2.20939

		5		3.64135		8.92529		2.18016

		6		3.43729		19.4852		6.64395

		7		3.58915		22.5958		7.83081

		8		3.90186		15.4862		6.38953

		9		4.03344		15.7108		6.62745





GausSize

		



Center Radius = 1

Center Radius = 2

Center Radius = 3

Surround Radius

Contrast Ratio



scale

		32 x 32		38.37

		64 x 64		64.8599

		128 x 128		7.40749

		256 x 256		3.37948





scale

		0

		0
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		0



Contrast Map Size

Contrast Ratio



Weights

				Quadratic 4		Linear 4		Quadratic 16		Linear 16

		0		1		1		1		1

		10		3.40586		3.40609		3.18075		3.18075

		20		5.44419		5.43968		5.29426		5.29426

		30		8.02533		8.02259		8.07882		8.07882

		40		9.80251		9.80037		10.0706		10.0706

		50		11.8145		11.8092		12.5225		12.5225

		60		14.0918		14.0904		14.6958		14.6958

		70		15.46		15.4592		16.2454		16.2454

		80		17.7965		17.7942		18.1495		18.1495

		90		19.4852		19.4716		18.8075		18.8075

		100		16.967		16.9629		16.4309		16.4309

		110		15.5304		15.5295		15.9355		15.9355

		120		13.5987		13.5974		14.1137		14.1137

		130		11.4431		11.4371		12.0401		12.0401

		140		9.80251		9.80037		10.1207		10.1207

		150		7.79245		7.79023		7.87338		7.87338

		160		5.44359		5.43908		5.32239		5.32239

		170		3.40632		3.40655		3.17544		3.17544

		180		1		1		1		1
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Sheet1
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		Normalized
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1/diff

90-diff

Target Orientation

Contrast Ratio

1

1

9.76149

4.85667

10.147

7.73319

11.168

11.382

9.9222

14.0634

10.5099

17.5061

10.7153

20.5349

10.335

21.797

11.3967

24.7881

26.9489

28.2097

10.802

23.0864

10.3174

21.721

10.1362

19.4396

9.97668

16.6638

9.9222

14.0584

10.1435

10.8132

10.155

7.73216

9.80271

4.8575

1

1



Inversion

		Invert						Subtract

		0		1				0		1

		10		9.76149				10		4.85667

		20		10.147				20		7.73319

		30		11.168				30		11.382

		40		9.9222				40		14.0634

		50		10.5099				50		17.5061

		60		10.7153				60		20.5349

		70		10.335				70		21.797

		80		11.3967				80		24.7881

		90		26.9489				90		28.2097

		100		10.802				100		23.0864

		110		10.3174				110		21.721

		120		10.1362				120		19.4396

		130		9.97668				130		16.6638

		140		9.9222				140		14.0584

		150		10.1435				150		10.8132

		160		10.155				160		7.73216

		170		9.80271				170		4.8575

		180		1				180		1





Inversion

		



1/diff

90-diff

Target Orientation

Contrast Ratio



levels

		0		13.2862

		1		28.2097

		2		1.20279

		3		0.950865





levels

		



Level Number

Level Number

Contrast Ratio



Sigma-Single image

				1		2		3		c=s

		1		9.41385						9.41385

		2		10.5668		19.4716				19.4716

		3		10.21		26.6594		11.6873		11.6873

		4		9.67554		34.3808		13.5573		9.87971

		5		9.3898		45.2898		14.8383		9.36802

		6		9.11145		57.0302		15.9855

		7		9.04175		64.8599		17.3182

		8		8.86434		64.7681		18.0965

		9		8.78396		64.2371		18.4908

		10						19.3831

		11						19.8166

		12						20.7493

		13						20.7828

		14						20.8474

		15						21.3127

		16						21.8719

		17						22.3908

		18						22.5007

		19						22.5137





Sigma-Single image

		



Center Sigma = 1

Center Sigma = 2

Center Sigma = 3

Center = Surround

Surround Sigma

Contrast Ratio



Sigma - Orientation test

				Center=1, Surround=2		Center=2, Surround=2		Center=2, Surround=7		Center=3, Surround=17

		0		1		1		1		1

		10		1.66095		3.40609		31.3721		4.24354

		20		2.65075		5.43968		38.8767		6.71442

		30		3.8573		8.02259		44.0587		9.84585

		40		4.92493		9.80037		49.7627		11.6741

		50		5.84264		11.8092		55.4845		14.738

		60		6.97123		14.0904		57.2008		16.8861

		70		8.052		15.4592		56.394		18.0048

		80		9.08277		17.7942		62.6671		21.6748

		90		10.5706		19.4716		64.8599		22.398

		100		8.95876		16.9629		62.5242		19.9812

		110		8.03793		15.5295		58.1577		18.1954

		120		6.90758		13.5974		55.389		15.8138

		130		5.7988		11.4371		55.7173		13.9507

		140		4.92493		9.80037		49.7627		11.6741

		150		3.83134		7.79023		42.1495		9.35816

		160		2.65092		5.43908		37.9074		6.70468

		170		1.66084		3.40655		31.7892		4.24447

		180		1		1		1		1





Sigma - Orientation test

		



Center=1, Surround=2

Center=2, Surround=2

Center=2, Surround=7

Center=3, Surround=17

Orientation

Contrast Ratio



GausSize

				Center Radius = 1		Center Radius = 2		Center Radius = 3

		2		1.0704

		3		2.08673		7.70437

		4		4.67515		6.36429		2.64229

		5		4.66675		7.78583		2.74086

		6		3.5475		64.8599		14.753

		7		3.67708		55.5524		15.1819

		8		4.63465		12.7773		6.09485

		9		4.68889		13.2413		6.35686





GausSize

		



Center Radius = 1

Center Radius = 2

Center Radius = 3

Surround Radius

Contrast Ratio



scale

		32		38.37		254.25		6.62626		12

		64		64.8599		190.812		2.94192		12

		128		7.40749		165.266		22.3106		12

		256		3.37948		135.484		40.0903		12





scale
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Image Size

Contrast Ratio
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Weights

				Quadratic 4		Linear 4		Quadratic 16		Linear 16

		0		1		1		1		1

		10		3.40586		3.40609		3.18075		3.18075

		20		5.44419		5.43968		5.29426		5.29426

		30		8.02533		8.02259		8.07882		8.07882

		40		9.80251		9.80037		10.0706		10.0706

		50		11.8145		11.8092		12.5225		12.5225

		60		14.0918		14.0904		14.6958		14.6958

		70		15.46		15.4592		16.2454		16.2454

		80		17.7965		17.7942		18.1495		18.1495

		90		19.4852		19.4716		18.8075		18.8075

		100		16.967		16.9629		16.4309		16.4309

		110		15.5304		15.5295		15.9355		15.9355

		120		13.5987		13.5974		14.1137		14.1137

		130		11.4431		11.4371		12.0401		12.0401

		140		9.80251		9.80037		10.1207		10.1207

		150		7.79245		7.79023		7.87338		7.87338

		160		5.44359		5.43908		5.32239		5.32239

		170		3.40632		3.40655		3.17544		3.17544

		180		1		1		1		1





Weights
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Chart1
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Level Number

Level Number

Contrast Ratio

8.49932

19.4852
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Inversion

		Invert						Subtract

		0		1				0		1

		10		9.76149				10		4.85667

		20		10.147				20		7.73319

		30		11.168				30		11.382

		40		9.9222				40		14.0634

		50		10.5099				50		17.5061

		60		10.7153				60		20.5349

		70		10.335				70		21.797

		80		11.3967				80		24.7881

		90		26.9489				90		28.2097

		100		10.802				100		23.0864

		110		10.3174				110		21.721

		120		10.1362				120		19.4396

		130		9.97668				130		16.6638

		140		9.9222				140		14.0584

		150		10.1435				150		10.8132

		160		10.155				160		7.73216

		170		9.80271				170		4.8575

		180		1				180		1





Inversion
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Sigma-Single image

				1		2		3		c=s

		1		9.41385						9.41385

		2		10.5668		19.4716				19.4716

		3		10.21		26.6594		11.6873		11.6873

		4		9.67554		34.3808		13.5573		9.87971

		5		9.3898		45.2898		14.8383		9.36802

		6		9.11145		57.0302		15.9855

		7		9.04175		64.8599		17.3182

		8		8.86434		64.7681		18.0965

		9		8.78396		64.2371		18.4908

		10						19.3831

		11						19.8166

		12						20.7493

		13						20.7828

		14						20.8474

		15						21.3127

		16						21.8719

		17						22.3908

		18						22.5007

		19						22.5137





Sigma-Single image

		



Center Sigma = 1

Center Sigma = 2

Center Sigma = 3

Center = Surround

Surround Sigma

Contrast Ratio



Sigma - Orientation test

				Center=1, Surround=2		Center=2, Surround=2		Center=2, Surround=7		Center=3, Surround=17

		0		1		1		1		1

		10		1.66095		3.40609		31.3721		4.24354

		20		2.65075		5.43968		38.8767		6.71442

		30		3.8573		8.02259		44.0587		9.84585

		40		4.92493		9.80037		49.7627		11.6741

		50		5.84264		11.8092		55.4845		14.738

		60		6.97123		14.0904		57.2008		16.8861

		70		8.052		15.4592		56.394		18.0048

		80		9.08277		17.7942		62.6671		21.6748

		90		10.5706		19.4716		64.8599		22.398

		100		8.95876		16.9629		62.5242		19.9812

		110		8.03793		15.5295		58.1577		18.1954

		120		6.90758		13.5974		55.389		15.8138

		130		5.7988		11.4371		55.7173		13.9507

		140		4.92493		9.80037		49.7627		11.6741

		150		3.83134		7.79023		42.1495		9.35816

		160		2.65092		5.43908		37.9074		6.70468

		170		1.66084		3.40655		31.7892		4.24447

		180		1		1		1		1
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levels

		0		8.49932

		1		19.4852

		2		1.1938

		3		0.915873





levels

		



Level Number

Level Number

Contrast Ratio



GausSize

				Center Radius = 1		Center Radius = 2		Center Radius = 3

		2		1.0704

		3		2.08673		7.70437

		4		4.67515		6.36429		2.64229

		5		4.66675		7.78583		2.74086

		6		3.5475		64.8599		14.753

		7		3.67708		55.5524		15.1819

		8		4.63465		12.7773		6.09485

		9		4.68889		13.2413		6.35686





GausSize
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scale

		32 x 32		38.37

		64 x 64		64.8599

		128 x 128		7.40749

		256 x 256		3.37948





scale

		0

		0
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Contrast Map Size

Contrast Ratio



Weights

				Quadratic 4		Linear 4		Quadratic 16		Linear 16

		0		1		1		1		1

		10		3.40586		3.40609		3.18075		3.18075

		20		5.44419		5.43968		5.29426		5.29426

		30		8.02533		8.02259		8.07882		8.07882

		40		9.80251		9.80037		10.0706		10.0706

		50		11.8145		11.8092		12.5225		12.5225

		60		14.0918		14.0904		14.6958		14.6958

		70		15.46		15.4592		16.2454		16.2454

		80		17.7965		17.7942		18.1495		18.1495

		90		19.4852		19.4716		18.8075		18.8075

		100		16.967		16.9629		16.4309		16.4309

		110		15.5304		15.5295		15.9355		15.9355

		120		13.5987		13.5974		14.1137		14.1137

		130		11.4431		11.4371		12.0401		12.0401

		140		9.80251		9.80037		10.1207		10.1207

		150		7.79245		7.79023		7.87338		7.87338

		160		5.44359		5.43908		5.32239		5.32239

		170		3.40632		3.40655		3.17544		3.17544

		180		1		1		1		1





Weights
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