Chapter 4

Psychophysical Comparison

The results in the previous section indicate that the centre-surround feature contrast detection algorithm is able to provide a quantitative measure of relative contrast in an image. In order to establish the validity of the algorithm as a possible hypothesis for pre-attentive contrast detection in humans, its performance is now compared to the performance of human subjects in psychophysical contrast detection experiments.  This chapter compares the psychophysical results from “Feature analysis and the role of similarity in pre-attentive vision” (Nothdurft 1992) to the computation results achieved by applying the centre-surround feature contrast detection algorithm to the same set of images.

Summary of “Feature analysis and the role of similarity in preattentive vision”

When presented with a field of oriented line segments, the visual system performs preattentive processing that results in several perceptual phenomena.  The three phenomena tested in this study are (1) texture segmentation, (2) pop-out, and (3) grouping.  Texture segmentation is the phenomenon in which an image appears to be divided into separate areas defined by a clear border, even though no such border exists in the image.  Pop out is the phenomenon in which a single element that is in some way distinct from all others is instantaneously detected.  Grouping is the phenomenon in which multiple similar elements appear to form a pattern within the image.

The author performed a series of six experiments designed to test these phenomena.  Three of the experiments test grouping and global-local alignnment in texture segmentation.  These experiments do not rely on local contrast and as such, they are not applicable to the feature contrast detector.  The three remaining experiments were dependent on local contrast, and so it is the results from these three experiments that will be compared to the results from the computational model in this chapter.  Experiment 1 tests the ability of the visual system to perform texture segmentation based solely on orientation contrast at the border of two areas.  Experiment 3 tests visual pop-out of a line oriented so as to contrast the orientation of surrounding lines.  Experiment 4 also deals with pop-out, but in this case, the target is a vertical line that may or may not be the salient (contrasting) element.  

Experiment #1: Texture Segmentation 

Psychophysical results from Nothdurft

The stimuli for this experiment are arrays of 12x12 line elements, where each element differs from its neighbouring elements by (bg (background orientation shift).  At the centre of the array, a vertical or horizontal bar is defined by a change in orientation shift.  Each element within the bar also differs from its neighbours by (bg, but at the border, the shift is (tb (texture border orientation contrast).  In this way, each image is defined by two parameters (bg and (tb.  Sample input images are shown in Figure 26. Each image was presented to the subject for 100msec, after which time the subject was asked to indicate the orientation of the bar.

On the whole, correctly identifying the orientation of the bar grew more difficult as  (bg increased (increasing contrast among distractor elements), and for fixed (bg, it grew more difficult as (tb decreased (decreasing local contrast at the texture border). It was found that for (bg = 0(and (tb ( 20(, subjects were able to correctly identify the orientation on 75% of the trials.  From (bg = 0( to (bg = 20(, an almost linear increase in (tb was required to reach the 75% correct point, and for (bg > 30(, the 75% correct point was not reached, that is, texture segmentation was not able to be reliably performed.

Computational Results from Application of the Feature Contrast Detection Algorithm

The stimuli used for the computation trials are similar to those used by Nothdurft, with the exception that  the array contains 14x14 elements instead of Nothdurft’s 12x12 (Figure 26).  The contrast ratio, hoever, is calculated using only the central 12x12 elements because contrast measurements for the outside elements are affected by the black border.  A series of 40 images were tested, in which (bg varied from 0( to 30( and (tb varies from 0( to 90(.  

Figure 26 shows the effect of modifying (tb, and Figure 27 shows the effect of modifying (bg. These results show that, in general, the feature contrast detector returns a greater contrast value at the edge of the texture bar than elsewhere in the image.  Analogous to the psychophysical results, a degradation of the response is seen as (bg increases and as (tb decreases.
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	(a)  (bg = 0, (tb = 10
	(b)  (bg = 0 (tb = 40
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	(c)  (bg = 0, (tb = 90


Figure 26:  Texture segmentation input images varying (tb and the resulting contrast maps

It can be seen in Figure 26(a) that the center surround contrast detector is very sensitive to orientation contrast, perhaps even more sensitive than the human visual system.  With a difference of only 10( between the orientation of elements in the surround and the orientation of elements within the bar, the human visual system does not immediately perform segmentation.  The results from the computational model, however, show a very obvious horizontal bar in the center of the image.
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	(a)  (bg = 10, (tb = 90
	(b)  (bg = 20, (tb = 90
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	(c)  (bg = 30, (tb = 90


Figure 27:  Texture segmentation input images varying (bg and the resulting contrast maps

The result reported in part (c) of Figure 27 is interesting in that the orientation of the bar in the input image is very difficult to discern , but the feature contrast detector displays a noticeably stronger result around the edges of the vertical bar than elsewhere in the image.  From this trial it appears that the feature contrast detector is less sensitive to surrounding distractors than is the human visual system.  To more accurately mimic the human visual system, a set of trials would have to be run on both human subjects and the feature contrast detector and based on the results, the detector could be adjusted so that its output accurately reflects the level of contrast reported by the human subjects.

The contrast maps in Figure 27 have a series of diagonal lines.  At first glance, it appears that these lines indicates some higher-order structure in the image because a similar diagonal organization is obvious in the input images.  Upon closer inspection, however, it can be seen that the diagonal lines in the contrast map do not correspond to the obvious diagonal portions of the input image, instead they correspond to sequences of horizonal or vertical line elements.  This artifact is caused by the edge detection portion of the algorithm.  It is a property of the Sobel edge operator and the pixelated nature of the images that a horizontal or vertical line will yield a stronger edge response than a line of any other orientation.  The contrast detector  uses the strength of the result in addition to the orientation, resulting in a somewhat higher contrast measurement for horizontal and vertical lines than for lines of other orientations.

Experiment #3:  Visual Pop-out  

Psychophysical Results from Nothdurft

This experiment deals with the pop-out of a single element.  The stimuli are similar to those used in experiment #1, except that instead of a bar, a single element is placed in contrast to its neighbours, similar to the input images in Figure 28.  The amount of contrast between the target and its neighbours is denoted as (tg (target contrast).  Subjects were presented with the stimuli for 100 msec, and were asked to then indicate the location of the target, to the left or right of a centre fixation point.

The results of this experiment are similar to the results from experiment #1. For (bg < 30, the (tg required to correctly locate the target in 75% of the trials increases as (bg is increased.  For (bg > 30, most subjects were not able to reach the 75% correct level.  The main difference between the results of experiment #1 and this experiment occur for (bg = 0( to (bg = 20(. In experiment #1, the increase required in (tg to reach the 75% correct level is near linear with an increase in (bg.  This is true for this experiment only when all four neighbours of the target are at the same orientation.  When the neighbouring elements were at different orientations, the function appears to be closer to  quadratic than linear.

Computational Results from Application of the Feature Contrast Detection Algorithm

The images used for the tests with the feature contrast detector again contain an array of 14x14 oriented line elements with (bg varying from 0( to 30( by increments of 10(, and (tg varying from 0( to 90( for each (bg.  For each ((bg, (tg) pair, three images contain a target surrounded by neighbours all displaying the same orientation, and three images contain a target surrounded by elements at different orientations.

Figure 28 shows examples of input images used in the test and their resulting contrast maps. The contrast ratios resulting from these tests are shown in Table 8 and Table 9, and the graphical representations of these ratios are shown in Figure 29 and Figure 30.  The contrast ratios are obtained using the method described in the Testing chapter.  The results are similar to the psychophysical results in that the increase of contrast ratio with (tg is near linear.  However, this occurs regardless of the similarity of the neighbouring elements.  There is no significant difference in the results of the two variations of the test whereas with the psychophysical experiment a quadratic form resulted from placing the neighbours at different orientations.
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	(a)  (bg = 10, (tb = 90 with four neighbours equal
	(d)  (bg = 10, (tb = 90 with four neighbours different


Figure 28  Input images and the resulting contrast maps
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	
	
	
	

	
	
	
	1
	1.00379
	0.976454
	1.01156
	

	
	
	
	1.16140
	1.04529
	1.03691
	1.03286
	

	
	
	
	1.46500
	1.51783
	1.16474
	1.18443
	

	
	
	
	1.96061
	1.84516
	1.40130
	1.11020
	

	
	
	
	2.01749
	1.88885
	1.51722
	1.23916
	

	
	tg
	
	2.52099
	2.14767
	1.99254
	1.40269
	

	
	
	
	2.50476
	2.44667
	1.95639
	1.61608
	

	
	
	
	3.25539
	2.62405
	2.20419
	1.54297
	

	
	
	
	3.12727
	2.90917
	2.15567
	1.61362
	

	
	
	
	3.43604
	2.91831
	2.20449
	1.62776
	

	
	
	
	
	
	
	
	

	Table 8:  Pop-out of a single element with neighbours at different orientations
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	0.927368
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	1.02892
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	1.65357
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	2.01749
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	1.54949
	0.968962
	

	
	tg
	
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	1.74291
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	2.31464
	1.352470
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	3.12727
	2.82468
	2.13210
	1.485220
	

	
	
	
	3.43604
	2.89419
	2.19536
	1.574040
	

	
	
	
	
	
	
	

	Table 9:  Pop-out of a single element with all neighbours at a single orientation
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Figure 29: Pop-out of a single element with neighbours at different orientations
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Figure 30: Pop-out of a single element with all neighbours at a single orientation

Experiment #4: Visual Search 

Psychophysical version from Nothdurft

This experiment examines the effect of salience on visual search.  The subjects were asked to indicate the presence or absence of  a vertical line in an array of oriented lines.  Three conditions were tested: 1) no salient (contrasting) elements in the image, 2) one salient element, which may or may not be the target element, and 3) multiple salient elements.  For the first two conditions, the array contains 6x6, 8x8, 10x10, or 12x12 line elements, and for condition 1 there are also trials with images containing 4x4 elements.  All images for condition 3 contain 12x12 elements, but the number of salient elements varies.

The results for condition 1 are indicative of a serial search procedure.  There is a constant increase in reaction time with increasing number of elements and the reaction time for no-target trials is approximately double that for trials in which a target is present.  For condition 2, a single salient element, the salience of the target element determined the type of search that was carried out by the subjects.  When the target element was salient, the search was parallel, indicated by the instantaneous detection of the target.  When a distractor was the salient element, however, the subjects carried out a serial search process.  For condition 3, multiple salient elements, reaction time to locate a target, regardless of whether the target was one of the salient elements or one of the background elements, increased with the number of salient elements,  although the reaction time to locate a non-salient target was greater than the time to locate a salient target.  Reaction time for no-target trials was higher than for trials in which the target was present.

Computational Results from the Feature Contrast Detection Algorithm

All images for this experiment contain a 14x14 array of line segments.  The three conditions were tested as above.  A slight modification was required in the computations to perform this experiment.  In the previous experiments, the target was always the most salient element, in this case, the target is a line of a specific orientation, vertical.  To search for the most salient element overall, 18 orientation feature contrast maps are combine to form the contrast map.  To search for a vertical line, only the contrast feature map focused on the vertical orientation is used, that is, the map indicating a feature of vertical orientation neighboured by features of other orientations.  The contrast map values then become:

 EQ Ci,j  = \b \lc\{ (\a \co3 (F(90) ij , \, , F(90) ij (0, 0, \, , F(90) ij <0))
where Ci,j is the contrast map value for row i, column j, and F(90)ij is the 90( feature contrast map value for row i, column j.

Perhaps the most obvious characteristics of the resulting contrast maps (shown in Figure 31, Figure 32 and Figure 33) is that patterns of chevrons and diamonds appear.  This is due to the fact that the 90( feature map reports a greater value as the elements approach vertical, a second maximum when the elements approach horizontal (a result of the vertical ends of the line elements), and the lowest value when elements are diagonal, no part of which are vertical.  Therefore, those portions of the flows where the line elements approached vertical appear as brighter areas in the contrast maps.

In trials with a target but no salient element (Figure 31), the location of the target is not obvious from the contrast map.  The bright areas of the map, however, give an indication of areas which might contain a vertical line.  The use of this information can be seen as analogous to a person scanning the image for areas that are somewhat vertical and performing a serial search guided by this information.
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Figure 31:  Target element present but not salient

The second type of test, with one salient element (Figure 32), shows a more apparent location. In trials without a target, the salient element results in a somewhat stronger response than the surrounding area (Figure 32a), but the strength is dependent on how close the orientation of the salient element is to vertical.  This location would be checked first by a subsequent search algorithm and then it would fall back to the strategy used in the previous case of searching serially beginning with bright areas, similar to the human psychophysical results.  There is no information gained by the presence of a salient element that is not the target for either the computational search algorithm or the human visual system.  In all trials that included a target element, the target resulted in a much stronger response than any other elements in the image (Figure 32b).  The area of the strongest response is the first that would be checked by a search algorithm using contrast information, and so in this type of trial, the first location checked would result in success.  This can be seen as analogous to a human parallel search in which  the target element is immediately obvious.  
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	(a)  Single salient element, target absent
	(b)  Single salient element is the target


Figure 32:  Single salient element

The contrast maps resulting from the final test, with multiple salient elements (Figure 33), show an increased response at all salient elements.  The results of this test are similar to those of the previous test in that the strength of the response at each salient element depends on how near to vertical the element is.  The presence of several salient elements results in a contrast map with several “bright spots”.  Using these results to search for a vertical line, the “bright spots” would be checked first.  This would result in a longer search time if the target was not salient, similar to the psychophysical results.  However, if the vertical line was one of the salient elements, its location would be checked first because a salient vertical line always results in the strongest response.  This is similar to a parallel search.  In this way, regardless of the presence of other salient elements, a salient target always results in the same type of search.  This does not agree with the psychophysical results, in which the presence of non-target, salient elements increases search time.  This discrepancy could be overcome by changing the method by which the target element information, top-down information, is used by the system.  In the current implementation, it is used to completely eliminate processing in which any other orientation is considered the target, so that the final contrast map indicates only contrast involving the target orientation.  Instead of eliminating the processing for other targets, the top-down information could be used to increase the weight of the target orientation.  In this case, the final contrast map would reflect a combination of target information and contrast for all orientations rather than just contrast involving the target orientation.
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	(a)  Multiple salient elements, target absent
	(b)  Target is one of multiple salient elements


Figure 33:  Multiple salient elements

The V’s and diamond shapes that are visible in the contrast maps in Figure 31, Figure 32 and Figure 33 are the same artifact that was seen in earlier images as diagonal lines.  They are caused by horizontal and vertical line elements resulting in values of greater strength than line elements of other orientations, and they do not reflect higher order structure in the image.

Summary

The purpose of this chapter was to compare the results of the feature contrast detector to the result obtained from human  studies.  To be a plausible hypothesis for human visual contrast, the computational method must show similar behaviour to human contrast detection.  Three experiments were performed.

1) Nothdurft’s Experiment #1 – Texture Segmentation  This test showed that the feature contrast detector responds to an orientation-defined texture border in a manner similar to the way in which human subjects respond.  The one difference between the human results and the computational results is that the contrast detector was successful in some cases where human subjects were not.  It appears from this test that the feature contrast detector is somewhat more sensitive to this type of contrast than is the human visual system.
2) Nothdurft’s Experiment #3 – Visual Pop-out  This test showed that the feature contrast detector responds to a single salient element in a manner similar to the way in which human subjects respond.  As target contrast decreases or background orientation shift increases, the reliability of both human and computational methods decreases.  As in the previous test, the computational contrast detector continued to indicate contrast in cases where human subjects could not reliably indicate the target element.  In addition to this, it was found that human subjects show a different sensitivity to contrast when all neighbouring elements are the same orientation than when they are different orientations.  The computational contrast detector shows no such dependency.
3) Nothdurft’s Experiment #4 – Visual Search  This test showed that the feature contrast detector responds to the task of searching for a target of specified orientation (vertical) in a manner similar to the way in which human subjects respond.  Cases where the feature contrast detector indicates the greatest response in the target area are interpreted as parallel search, otherwise, it assumed that a serial search would be required to find the target element.  This test is composed of three distinct configurations.
a. No Salient Elements In both the target-present and target-absent cases, the contrast map did not indicate the target element.  This is similar to the human results in which the search was serial.
b. One Salient Element In the case where the target was not the salient element, the contrast map does not indicate the target location, similar to the human results in which the search was serial.  In the case where target was the salient element, the contrast map clearly indicates the target location, similar to the human results in which the search was parallel.  
c. Multiple Salient Elements  In the case where the target was not one of the salient elements, the contrast map does not indicate the target location, similar to the human results in which the search was serial.  In the case where the target was one of the salient elements, its location is clearly indicated on the contrast map, indicating a parallel search.  This differs from the human trials in which a serial search among the salient elements was required.
All experiments show that the feature contrast detector behaves similarly to human contrast detection, but has a few small differences.  It cannot, therefore, be considered a complete model of human contrast detection, but may be a part of a larger, more complex model.
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		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



same(10)

		flow2.10.avg

		0		1.01341

		10		0.98749

		20		1.4163

		30		1.65357

		40		1.90372

		50		2.11231

		60		2.39919

		70		2.58864

		80		2.82468

		90		2.89419

		flow2.10.0

		0		1.07688		81.56		75.737

		10		0.934752		69.72		74.5867

		20		1.37075		105.28		76.8044

		30		1.68018		122.96		73.1826

		40		2.09116		149.4		71.4436

		50		2.25696		142.88		63.3063

		60		2.45386		138.6		56.4824

		70		2.44401		138.72		56.7592

		80		2.97743		144.36		48.4848

		90		2.82303		144.36		51.1366

		flow2.10.1

		0		0.99892		73.6		73.6796

		10		1.1356		85.52		75.3079

		20		1.33124		99.12		74.457

		30		1.53493		116.08		75.6255

		40		1.72324		127.36		73.9075

		50		1.89412		133.6		70.5341

		60		2.32252		145.68		62.7248

		70		2.69174		146.04		54.2549

		80		2.78617		142.76		51.2388

		90		2.84661		142.8		50.1648

		flow2.10.2

		0		0.964439		72.64		75.3184

		10		0.892117		65.68		73.6226

		20		1.54691		114.4		73.9539

		30		1.74561		135.96		77.8869

		40		1.89675		127.64		67.2941

		50		2.18586		142.92		65.3838

		60		2.4212		142.48		58.8469

		70		2.63018		145.44		55.2966

		80		2.71043		139.88		51.6081

		90		3.01293		144.36		47.9135





same(10)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



same(0)

		flow2.00.avg

		0		1

		10		1.1614

		20		1.465

		30		1.96061

		40		2.01749

		50		2.52099

		60		2.50476

		70		3.25539

		80		3.12727

		90		3.43604

		flow2.00.0

		0		1		63.16		63.16

		10		1.18605		74.68		62.9653

		20		1.57495		99.8		63.3673

		30		1.84679		117.04		63.3749

		40		2.13199		142.2		66.6982

		50		2.79404		133.88		47.9164

		60		2.47092		149.6		60.5442

		70		3.01144		149.6		49.6772

		80		2.8967		149.12		51.4792

		90		3.46253		147.96		42.7317

		flow2.00.1

		0		1		79.28		79.28

		10		1.20166		76		63.2461

		20		1.44602		101.64		70.2897

		30		1.95297		123.4		63.1859

		40		1.96593		132.92		67.6117

		50		2.72084		139.96		51.44

		60		2.68927		142.64		53.0404

		70		3.39439		145.72		42.9297

		80		3.64691		149.04		40.8675

		90		3.8417		148.76		38.7224

		flow2.00.2

		0		1		78.2		78.2

		10		1.09649		85.6		78.0675

		20		1.37402		97		70.5956

		30		2.08206		126.64		60.8242

		40		1.95454		146.52		74.964

		50		2.0481		144.6		70.602

		60		2.35409		148.2		62.9543

		70		3.36033		142.52		42.4125

		80		2.83821		150.12		52.8925

		90		3.00388		148.28		49.3628





same(0)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



diff (all)

				bg=O		bg=1O		bg=2O		bg=3O

		0		1		1.00379		0.976454		1.01156

		10		1.1614		1.04529		1.03691		1.03286

		20		1.465		1.51783		1.16474		1.18443

		30		1.96061		1.84516		1.4013		1.1102

		40		2.01749		1.88885		1.51722		1.23916

		50		2.52099		2.14767		1.99254		1.40269

		60		2.50476		2.44667		1.95639		1.61608

		70		3.25539		2.62405		2.20419		1.54297

		80		3.12727		2.90917		2.15567		1.61362

		90		3.43604		2.91831		2.20449		1.62776





diff (all)

		



bg=O

bg=1O

bg=2O

bg=3O

D tg

Contrast Ratio



diff(30)

		flow30.avg

		0		1.01156

		10		1.03286

		20		1.18443

		30		1.1102

		40		1.23916

		50		1.40269

		60		1.61608

		70		1.54297

		80		1.61362

		90		1.62776

		flow30.0

		0		1.04551		102.16		97.7131

		10		1.06061		104.16		98.2077

		20		1.25839		124.8		99.1745

		30		1.07402		108.48		101.004

		40		1.26209		123.04		97.4889

		50		1.41927		130.08		91.6525

		60		1.5106		130.48		86.3762

		70		1.53241		130.44		85.1208

		80		1.63551		128.56		78.6057

		90		1.66507		130.8		78.5552

		flow30.1

		0		1.02241		104.88		102.581

		10		1.05661		103.48		97.9358

		20		1.21603		119.52		98.2873

		30		1.14991		116.76		101.538

		40		1.21619		123.52		101.563

		50		1.40681		123.08		87.4889

		60		1.53627		135		87.8752

		70		1.52704		130.44		85.4202

		80		1.65081		128.56		77.8768

		90		1.62346		132.52		81.6279

		flow30.2

		0		0.966766		94.52		97.7693

		10		0.981361		99.6		101.492

		20		1.07888		110.6		102.514

		30		1.10667		108.12		97.6982

		40		1.23921		122.08		98.5143

		50		1.38199		130.32		94.299

		60		1.80138		134.88		74.876

		70		1.56945		128.2		81.6848

		80		1.55454		133.08		85.6073

		90		1.59476		134.36		84.2509

		flow30.avg

		0		1.01156

		10		1.03286

		20		1.18443

		30		1.1102

		40		1.23916

		50		1.40269

		60		1.61608

		70		1.54297

		80		1.61362

		90		1.62776





diff(30)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



diff(20)

		flow20.avg

		0		0.976454

		10		1.03691

		20		1.16474

		30		1.4013

		40		1.51722

		50		1.99254

		60		1.95639

		70		2.20419

		80		2.15567

		90		2.20449

		flow20.0

		0		0.974814		86.48		88.7143

		10		1.0518		92.04		87.5075

		20		1.0864		96.32		88.6598

		30		1.32778		114.48		86.219

		40		1.50868		124.6		82.5887

		50		2.04407		144.52		70.7022

		60		1.98389		135.48		68.2901

		70		2.13167		140.28		65.8077

		80		2.14226		137.88		64.362

		90		2.20236		144.52		65.6206

		flow20.1

		0		1.00648		88.48		87.9103

		10		1.01825		93.4		91.7261

		20		1.30274		115.4		88.5822

		30		1.27828		110.48		86.4287

		40		1.51723		131.52		86.6844

		50		1.78819		136.68		76.4347

		60		1.90596		132		69.2566

		70		2.07991		138.12		66.4069

		80		2.16657		140.44		64.8214

		90		2.20317		137.28		62.3103

		flow20.2

		0		0.948067		84.44		89.0655

		10		1.04069		90.4		86.8659

		20		1.10507		98.52		89.1527

		30		1.59783		135.12		84.5644

		40		1.52575		130.52		85.5446

		50		2.14535		148.12		69.0424

		60		1.97932		138.92		70.1859

		70		2.401		143.28		59.6752

		80		2.15818		139.32		64.5543

		90		2.20794		141.16		63.9329





diff(20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



diff(10)

		flow10.avg

		0		1.00379

		10		1.04529

		20		1.51783

		30		1.84516

		40		1.88885

		50		2.14767

		60		2.44667

		70		2.62405

		80		2.90917

		90		2.91831

		flow10.0

		0		0.996054		74.56		74.8554

		10		0.997921		75.04		75.1964

		20		1.5497		120.56		77.7956

		30		1.85141		135.88		73.3927

		40		1.94487		143.04		73.5475

		50		2.22611		144.44		64.8844

		60		2.56856		139.08		54.1471

		70		2.59558		141.6		54.5543

		80		2.95269		145.16		49.162

		90		2.87832		145.92		50.6962

		flow10.1

		0		1.0609		77.32		72.8816

		10		1.13072		83.32		73.6873

		20		1.5384		112.6		73.1927

		30		1.75156		128.56		73.3976

		40		1.91162		140.76		73.6339

		50		2.0434		135.48		66.3014

		60		2.42095		145.56		60.1253

		70		2.70955		147.68		54.5034

		80		2.90817		143.68		49.4057

		90		2.94502		145.24		49.3172

		flow10.2

		0		0.954401		72.28		75.7333

		10		1.00724		74.16		73.6267

		20		1.46539		107		73.0182

		30		1.9325		141		72.9624

		40		1.81005		124.84		68.9705

		50		2.17351		144.48		66.4731

		60		2.3505		141.12		60.0384

		70		2.56701		144.16		56.1588

		80		2.86665		142.72		49.7863

		90		2.9316		145.52		49.6384





diff(10)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



diff(0)

		flow00.avg

		0		1

		10		1.1614

		20		1.465

		30		1.96061

		40		2.01749

		50		2.52099

		60		2.50476

		70		3.25539

		80		3.12727

		90		3.43604

		flow00.0

		0		1		63.16		63.16

		10		1.18605		74.68		62.9653

		20		1.57495		99.8		63.3673

		30		1.84679		117.04		63.3749

		40		2.13199		142.2		66.6982

		50		2.79404		133.88		47.9164

		60		2.47092		149.6		60.5442

		70		3.01144		149.6		49.6772

		80		2.8967		149.12		51.4792

		90		3.46253		147.96		42.7317

		flow00.1

		0		1		79.28		79.28

		10		1.20166		76		63.2461

		20		1.44602		101.64		70.2897

		30		1.95297		123.4		63.1859

		40		1.96593		132.92		67.6117

		50		2.72084		139.96		51.44

		60		2.68927		142.64		53.0404

		70		3.39439		145.72		42.9297

		80		3.64691		149.04		40.8675

		90		3.8417		148.76		38.7224

		flow00.2

		0		1		78.2		78.2

		10		1.09649		85.6		78.0675

		20		1.37402		97		70.5956

		30		2.08206		126.64		60.8242

		40		1.95454		146.52		74.964

		50		2.0481		144.6		70.602

		60		2.35409		148.2		62.9543

		70		3.36033		142.52		42.4125

		80		2.83821		150.12		52.8925

		90		3.00388		148.28		49.3628





diff(0)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0
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Chart3

		0		0		0		0

		10		10		10		10

		20		20		20		20

		30		30		30		30

		40		40		40		40

		50		50		50		50

		60		60		60		60

		70		70		70		70

		80		80		80		80

		90		90		90		90



bg=O

bg=1O

bg=2O

bg=3O

D tg

Contrast Ratio

1

1.01341

0.921254

0.962901

1.1614

0.98749

1.09311
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1.465
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1.02892
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1.96061

1.65357

1.28235
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1.54949
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1.92575
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same(all)

				bg=O		bg=1O		bg=2O		bg=3O

		0		1		1.01341		0.921254		0.962901

		10		1.1614		0.98749		1.09311		0.927368

		20		1.465		1.4163		1.02892		0.97722

		30		1.96061		1.65357		1.28235		1.13581

		40		2.01749		1.90372		1.54949		0.968962

		50		2.52099		2.11231		1.74291		1.42761

		60		2.50476		2.39919		1.92575		1.814

		70		3.25539		2.58864		2.31464		1.35247

		80		3.12727		2.82468		2.1321		1.48522

		90		3.43604		2.89419		2.19536		1.57404





same(all)

		



bg=O

bg=1O

bg=2O

bg=3O

D tg

Contrast Ratio



same(30)

		flow2.30.avg

		0		0.962901

		10		0.927368

		20		0.97722

		30		1.13581

		40		0.968962

		50		1.42761

		60		1.814

		70		1.35247

		80		1.48522

		90		1.57404

		flow2.30.0

		0		1.01818		94.44		92.7535

		10		0.985689		92.84		94.1879

		20		1.06866		96.44		90.2436

		30		1.21329		115.88		95.5087

		40		0.977727		93.56		95.6913

		50		1.58226		130.12		82.2368

		60		1.66329		133.56		80.2986

		70		1.34419		124.36		92.5168

		80		1.49052		125.6		84.2659

		90		1.59973		131.08		81.9386

		flow2.30.1

		0		0.943809		92.16		97.6469

		10		0.888325		81.68		91.9483

		20		0.993322		81.2		81.7459

		30		1.36773		129.12		94.4044

		40		0.999376		97		97.0606

		50		1.11708		107.32		96.0715

		60		1.70315		136.84		80.3451

		70		1.34183		124.36		92.6796

		80		1.53577		125.04		81.4182

		90		1.62281		132.24		81.4885

		flow2.30.2

		0		0.926714		86.6		93.4485

		10		0.90809		88.12		97.0388

		20		0.869679		79.32		91.2061

		30		0.826422		77.68		93.9956

		40		0.929783		88.16		94.8178

		50		1.58348		135.36		85.4828

		60		2.07555		141.44		68.1459

		70		1.37139		123.36		89.9527

		80		1.42936		128.76		90.082

		90		1.49959		129.6		86.4234





same(30)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



same(20)

		flow2.20.avg

		0		0.921254

		10		1.09311

		20		1.02892

		30		1.28235

		40		1.54949

		50		1.74291

		60		1.92575

		70		2.31464

		80		2.1321

		90		2.19536

		flow2.20.0

		0		0.908357		79.52		87.5426

		10		1.15123		102.88		89.3653

		20		1.16076		107.64		92.7321

		30		1.40671		126.72		90.0824

		40		1.30826		112.88		86.2824

		50		1.77186		140.72		79.4194

		60		1.80114		136.36		75.7075

		70		2.26184		141.76		62.6747

		80		2.15011		136.6		63.5317

		90		2.21493		144.96		65.4469

		flow2.20.1

		0		0.91454		78.36		85.6824

		10		1.15619		104.44		90.3309

		20		1.04118		84.24		80.9083

		30		1.10275		95.72		86.8012

		40		1.64433		135.96		82.684

		50		1.59423		137.6		86.3111

		60		2.14894		137.64		64.0501

		70		2.10535		137.12		65.1293

		80		2.27893		143.8		63.0998

		90		2.17361		135.68		62.4214

		flow2.20.2

		0		0.940865		86.2		91.6178

		10		0.971899		87.2		89.7212

		20		0.884824		78.68		88.9216

		30		1.33759		121.32		90.7006

		40		1.69588		132.72		78.2602

		50		1.86263		140.44		75.3988

		60		1.82716		141		77.1689

		70		2.57674		145.04		56.2881

		80		1.96727		134.48		68.3588

		90		2.19753		144.12		65.5826





same(20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



same(10)

		flow2.10.avg

		0		1.01341

		10		0.98749

		20		1.4163

		30		1.65357

		40		1.90372

		50		2.11231

		60		2.39919

		70		2.58864

		80		2.82468

		90		2.89419

		flow2.10.0

		0		1.07688		81.56		75.737

		10		0.934752		69.72		74.5867

		20		1.37075		105.28		76.8044

		30		1.68018		122.96		73.1826

		40		2.09116		149.4		71.4436

		50		2.25696		142.88		63.3063

		60		2.45386		138.6		56.4824

		70		2.44401		138.72		56.7592

		80		2.97743		144.36		48.4848

		90		2.82303		144.36		51.1366

		flow2.10.1

		0		0.99892		73.6		73.6796

		10		1.1356		85.52		75.3079

		20		1.33124		99.12		74.457

		30		1.53493		116.08		75.6255

		40		1.72324		127.36		73.9075

		50		1.89412		133.6		70.5341

		60		2.32252		145.68		62.7248

		70		2.69174		146.04		54.2549

		80		2.78617		142.76		51.2388

		90		2.84661		142.8		50.1648

		flow2.10.2

		0		0.964439		72.64		75.3184

		10		0.892117		65.68		73.6226

		20		1.54691		114.4		73.9539

		30		1.74561		135.96		77.8869

		40		1.89675		127.64		67.2941

		50		2.18586		142.92		65.3838

		60		2.4212		142.48		58.8469

		70		2.63018		145.44		55.2966

		80		2.71043		139.88		51.6081

		90		3.01293		144.36		47.9135





same(10)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



same(0)

		flow2.00.avg

		0		1

		10		1.1614

		20		1.465

		30		1.96061

		40		2.01749

		50		2.52099

		60		2.50476

		70		3.25539

		80		3.12727

		90		3.43604

		flow2.00.0

		0		1		63.16		63.16

		10		1.18605		74.68		62.9653

		20		1.57495		99.8		63.3673

		30		1.84679		117.04		63.3749

		40		2.13199		142.2		66.6982

		50		2.79404		133.88		47.9164

		60		2.47092		149.6		60.5442

		70		3.01144		149.6		49.6772

		80		2.8967		149.12		51.4792

		90		3.46253		147.96		42.7317

		flow2.00.1

		0		1		79.28		79.28

		10		1.20166		76		63.2461

		20		1.44602		101.64		70.2897

		30		1.95297		123.4		63.1859

		40		1.96593		132.92		67.6117

		50		2.72084		139.96		51.44

		60		2.68927		142.64		53.0404

		70		3.39439		145.72		42.9297

		80		3.64691		149.04		40.8675

		90		3.8417		148.76		38.7224

		flow2.00.2

		0		1		78.2		78.2

		10		1.09649		85.6		78.0675

		20		1.37402		97		70.5956

		30		2.08206		126.64		60.8242

		40		1.95454		146.52		74.964

		50		2.0481		144.6		70.602

		60		2.35409		148.2		62.9543

		70		3.36033		142.52		42.4125

		80		2.83821		150.12		52.8925

		90		3.00388		148.28		49.3628





same(0)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



diff (all)

				bg=O		bg=1O		bg=2O		bg=3O

		0		1		1.00379		0.976454		1.01156

		10		1.1614		1.04529		1.03691		1.03286

		20		1.465		1.51783		1.16474		1.18443

		30		1.96061		1.84516		1.4013		1.1102

		40		2.01749		1.88885		1.51722		1.23916

		50		2.52099		2.14767		1.99254		1.40269

		60		2.50476		2.44667		1.95639		1.61608

		70		3.25539		2.62405		2.20419		1.54297

		80		3.12727		2.90917		2.15567		1.61362

		90		3.43604		2.91831		2.20449		1.62776





diff (all)

		



bg=O

bg=1O

bg=2O

bg=3O

D tg

Contrast Ratio



diff(30)

		flow30.avg

		0		1.01156

		10		1.03286

		20		1.18443

		30		1.1102

		40		1.23916

		50		1.40269

		60		1.61608

		70		1.54297

		80		1.61362

		90		1.62776

		flow30.0

		0		1.04551		102.16		97.7131

		10		1.06061		104.16		98.2077

		20		1.25839		124.8		99.1745

		30		1.07402		108.48		101.004

		40		1.26209		123.04		97.4889

		50		1.41927		130.08		91.6525

		60		1.5106		130.48		86.3762

		70		1.53241		130.44		85.1208

		80		1.63551		128.56		78.6057

		90		1.66507		130.8		78.5552

		flow30.1

		0		1.02241		104.88		102.581

		10		1.05661		103.48		97.9358

		20		1.21603		119.52		98.2873

		30		1.14991		116.76		101.538

		40		1.21619		123.52		101.563

		50		1.40681		123.08		87.4889

		60		1.53627		135		87.8752

		70		1.52704		130.44		85.4202

		80		1.65081		128.56		77.8768

		90		1.62346		132.52		81.6279

		flow30.2

		0		0.966766		94.52		97.7693

		10		0.981361		99.6		101.492

		20		1.07888		110.6		102.514

		30		1.10667		108.12		97.6982

		40		1.23921		122.08		98.5143

		50		1.38199		130.32		94.299

		60		1.80138		134.88		74.876

		70		1.56945		128.2		81.6848

		80		1.55454		133.08		85.6073

		90		1.59476		134.36		84.2509

		flow30.avg

		0		1.01156

		10		1.03286

		20		1.18443

		30		1.1102

		40		1.23916

		50		1.40269

		60		1.61608

		70		1.54297

		80		1.61362

		90		1.62776





diff(30)

		





diff(20)

		flow20.avg

		0		0.976454

		10		1.03691

		20		1.16474

		30		1.4013

		40		1.51722

		50		1.99254

		60		1.95639

		70		2.20419

		80		2.15567

		90		2.20449

		flow20.0

		0		0.974814		86.48		88.7143

		10		1.0518		92.04		87.5075

		20		1.0864		96.32		88.6598

		30		1.32778		114.48		86.219

		40		1.50868		124.6		82.5887

		50		2.04407		144.52		70.7022

		60		1.98389		135.48		68.2901

		70		2.13167		140.28		65.8077

		80		2.14226		137.88		64.362

		90		2.20236		144.52		65.6206

		flow20.1

		0		1.00648		88.48		87.9103

		10		1.01825		93.4		91.7261

		20		1.30274		115.4		88.5822

		30		1.27828		110.48		86.4287

		40		1.51723		131.52		86.6844

		50		1.78819		136.68		76.4347

		60		1.90596		132		69.2566

		70		2.07991		138.12		66.4069

		80		2.16657		140.44		64.8214

		90		2.20317		137.28		62.3103

		flow20.2

		0		0.948067		84.44		89.0655

		10		1.04069		90.4		86.8659

		20		1.10507		98.52		89.1527

		30		1.59783		135.12		84.5644

		40		1.52575		130.52		85.5446

		50		2.14535		148.12		69.0424

		60		1.97932		138.92		70.1859

		70		2.401		143.28		59.6752

		80		2.15818		139.32		64.5543

		90		2.20794		141.16		63.9329





diff(20)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



diff(10)

		flow10.avg

		0		1.00379

		10		1.04529

		20		1.51783

		30		1.84516

		40		1.88885

		50		2.14767

		60		2.44667

		70		2.62405

		80		2.90917

		90		2.91831

		flow10.0

		0		0.996054		74.56		74.8554

		10		0.997921		75.04		75.1964

		20		1.5497		120.56		77.7956

		30		1.85141		135.88		73.3927

		40		1.94487		143.04		73.5475

		50		2.22611		144.44		64.8844

		60		2.56856		139.08		54.1471

		70		2.59558		141.6		54.5543

		80		2.95269		145.16		49.162

		90		2.87832		145.92		50.6962

		flow10.1

		0		1.0609		77.32		72.8816

		10		1.13072		83.32		73.6873

		20		1.5384		112.6		73.1927

		30		1.75156		128.56		73.3976

		40		1.91162		140.76		73.6339

		50		2.0434		135.48		66.3014

		60		2.42095		145.56		60.1253

		70		2.70955		147.68		54.5034

		80		2.90817		143.68		49.4057

		90		2.94502		145.24		49.3172

		flow10.2

		0		0.954401		72.28		75.7333

		10		1.00724		74.16		73.6267

		20		1.46539		107		73.0182

		30		1.9325		141		72.9624

		40		1.81005		124.84		68.9705

		50		2.17351		144.48		66.4731

		60		2.3505		141.12		60.0384

		70		2.56701		144.16		56.1588

		80		2.86665		142.72		49.7863

		90		2.9316		145.52		49.6384





diff(10)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0



diff(0)

		flow00.avg

		0		1

		10		1.1614

		20		1.465

		30		1.96061

		40		2.01749

		50		2.52099

		60		2.50476

		70		3.25539

		80		3.12727

		90		3.43604

		flow00.0

		0		1		63.16		63.16

		10		1.18605		74.68		62.9653

		20		1.57495		99.8		63.3673

		30		1.84679		117.04		63.3749

		40		2.13199		142.2		66.6982

		50		2.79404		133.88		47.9164

		60		2.47092		149.6		60.5442

		70		3.01144		149.6		49.6772

		80		2.8967		149.12		51.4792

		90		3.46253		147.96		42.7317

		flow00.1

		0		1		79.28		79.28

		10		1.20166		76		63.2461

		20		1.44602		101.64		70.2897

		30		1.95297		123.4		63.1859

		40		1.96593		132.92		67.6117

		50		2.72084		139.96		51.44

		60		2.68927		142.64		53.0404

		70		3.39439		145.72		42.9297

		80		3.64691		149.04		40.8675

		90		3.8417		148.76		38.7224

		flow00.2

		0		1		78.2		78.2

		10		1.09649		85.6		78.0675

		20		1.37402		97		70.5956

		30		2.08206		126.64		60.8242

		40		1.95454		146.52		74.964

		50		2.0481		144.6		70.602

		60		2.35409		148.2		62.9543

		70		3.36033		142.52		42.4125

		80		2.83821		150.12		52.8925

		90		3.00388		148.28		49.3628





diff(0)

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



0

0

0

0

0

0

0

0

0

0




