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Towards a blooming test
Maarten Hogervorst, TNO, 09-11-2009

Issues
1. definition of blooming area: border defined by a contract ratio of 1.25 (contrast of 20%) or 2.00 (contrast of 50%)

2. elevation of the light source: 0 deg or 10 deg

3. test requirement: 10%, 15% or 20%, related to definition of blooming area.

Important

· test representative for practice

· test requirement representative

· reproducible test

· low cost (whenever possible)

Method

Images were recorded with the luminance camera (which produces a luminance value for each pixel). The images were analyzed by calculating a measure of contrast and establishing at which edges between black and white the contrast ratio exceeded a value of 1.25 or 2.00. The first column shows the luminance image, the second row shows the measure of contrast (a kind of edge detector), the third column shows the locations at which the contrast ratio exceeds a value of 1.25, the fourth column shows the locations at which the contrast ratio exceeds a value of 2.0 for various settings. The standard configuration was one with a background illumination of 3400lx, illumination of 40kLx and elevation of 0 deg. 

Issue 1.

The contrast ratio of 2.0 was taken from ISO15008. However, this is intended for symbols and characters displayed on the monitor: “The minimum contrast ratio (higher to lower luminance) between symbol and background shall be…”, and does not refer to camera images. The minimum contrast that can be perceived by the human eye (under optimal conditions) is much lower than 50%. The figure below shows contrast sensitivity (i.e. the inverse of the contrast) as a function of the frequency of a bar-pattern (sinusoids). Depending on the frequency the contrast threshold goes does as low as 1/200 or 0.5%. The contrast threshold of uniform targets (disks, triangles) depends on the size, and goes down to 1% for large targets. A value of 20% for medium sized targets is therefore more in line with human visual sensitivity than 50% and still can account for degradation due to age and image degradations such as noise, blur etc. 
Also important is which definition of the border of the blooming area leads to the best reproducible results. 
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FIG. 5.1 Photopic luminance CSFs for human and macaque observers. Contrast sensi=
tivity is the reciprocal of the contrast necessary to detect a pattern at threshold. Here it is
plotted as a function of test spatial frequency (from R.L. De Valois et al., 1974, Vision
Res., 14, 75=81. Copyright 1974, Pergamon Journals, Inc. Reprinted by permission).
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Figure 1. Images of the test with a background illumination of 500lx. The first image shows the luminance, the second image shows the contrast, the third image shows the areas where contrast ratio exceeds 1.25, the last image shows the areas where the contrast ratio exceeds 2.0. 

Figure 1 shows the result of the blooming test with a background illumination of just 500Lx., which is much smaller than the proposed 3000Lx.  The blooming in this case is much more severe than with a background illumination of 3000Lx. This shows that it is important to specify and use a representative background illumination. The third image shows the areas where contrast ratio exceeds 1.25. In the top part of the image they coincide with the edges of the light source blooming. In the lower part they coincide with the edges of the squares, which is in correspondence with what is visible. The last image shows the areas in which the contrast ratio exceeds 2.0. This only shows the symbols displayed on the screen and the anti-blooming gates (vertical stripe). This is not in correspondence with what can be seen in the image (visibility). 

Another advantage of taking a definition of the blooming area is that a human observer may be able to indicate the border directly on the luminance image. 

Figure 2 shows the results for the test with elevation angle of 0 deg. Again, the definition of the border as defined by a contrast ratio appears more well defined and corresponds better with human perception (and is therefore easier to indicate by a human observer).  The variation in the area as defined by a contrast ratio of 2.0 appears to be larger (a proper calculation involves assigning the blooming area based on the thresholded and the luminance image). Estimates of the blooming area based on the second column (filtered image) are: 7.2 +/- 2.0%, based on the third column (ratio of 1.25): 5.4 +/- 1.2%, based on the fourth column (ratio of 2): 7.5 +/- 4.4%. The blooming area as defined by a ratio of 2 is larger than when a ratio of 1.25 is used. Moreover: the variance is much larger, indicating that the measurement variability is larger when the border of the blooming area is defined by a contrast ratio of 2. 
Figure 3 shows the results of a test involving an elevation angle of 10 degrees. The results are as reproducible as with an elevation of 0 degrees. However, the result is much more difficult to interpret. It is more difficult to assign certain areas to the blooming area. It is also much more difficult to make the set up to match the 10 degrees elevation with respect to the optical axis (which may not coincide with the casing). The two arguments against using an elevation angle of 10 deg are thus that it is more difficult to define the blooming area and more difficult to set up (these two may lead to more variation among different experimenters). In favor of the use of 10 deg is that it is more similar to the situation that the test is mimicking and it captures the multiple reflections. Estimates of the blooming area based on the second column (filtered image) are: 9.6 +/- 1.6%, based on the third column (ratio of 1.25): 6.0 +/- 0.9%, based on the fourth column (ratio of 2): 11.6 +/- 1.0%. The results are comparable but higher than the results from the test with an elevation of 0 deg. However, it is rather unclear which parts form the blooming area. Therefore, large variation between different test institutes can be expected when these testing circumstances are used.

Figure 4 shows how the background illumination affects the result. The result is affected by background illumination, although the effect on the blooming area under the definition using a contrast ratio of 2.0 seems to be larger than when using a contrast ratio of 1.25. The background illumination was measured at the centre of the camera display area. Also important is how much it varies going away from the centre.

In low background light condition the areas as estimated from the 2nd (filtered image), 3rd (ratio of 1.25) and 4th column (ratio of 2) are  6.9 +/- 0.7%, 5.8 +/- 1.0% and 9.7 +/- 1.3% respectively, while the results for the high background illumination are: 4.1 +/- 0.9%, 2.7 +/- 0.2% and 5.5 +/- 1.7%, i.e. on average about 1.9 times smaller. 

Figure 5 shows the effect of changes in the distance (or angle) of the light source. We could not introduce large variations with our light source. With a larger distance (or smaller light source) we could not produce high enough illumination. The angle of the light source used were 5 deg (standard) and 4.1 deg (alternative). This change in angle appeared to have almost no effect on the blooming area. For the shorter distance areas as estimated from the 2nd (filtered image), 3rd (ratio of 1.25) and 4th column (ratio of 2) are  7.2 +/- 0.1%, 5.5 +/- 1.1% and 8.0 +/- 1.5% respectively, while the results for the high background illumination are: 5.4 +/- 1.4%, 4.2 +/- 1.8% and 6.5 +/- 2.2%, i.e. on average about 1.3 times smaller. 
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Figure 2 Images of the test with an elevation of the light of 0 deg. The first 3 rows are from one measurement setup; the second 3 rows are from a repeated session with the same settings. 
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Figure 3. Images of the test with an elevation of the light of 10 deg. The first 3 rows are from one measurement setup; the second 3 rows are from a repeated session with the same settings. 
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Figure 4. Images of the test with lower background illumination (2250 lx, first 3 rows) and higher background illumination (3760 lx, last 3 rows) than prescribed (3000 lx). 
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Figure 5. Images of the test with light source extending 5 deg (standard, first 3 rows) and 4.1 deg (not standard, last 3 rows). 
Alternative method

An alternative test method that does not require human interference in the estimation of the blooming area is based on the description by the TUV of their Round Robin test method. When a uniform gray background pattern is used the luminance profile of the blooming area can easily be calculated from the luminance image. The border of the blooming area can be defined by a certain luminance value, e.g. one that lies halfway between the maximum value and the background luminance value (see Figure 6). All parts in which the luminance exceeds the threshold value can be included into the blooming area (see Figure 6, right image). This will also make it easier (and robust) to use an elevation angle that is larger than zero (e.g. 10 deg) since it can be applied to a (complex) luminance image containing a large number of blooming area spots (due to multiple reflections within the camera). Moreover, it allows for (e.g. in the near future) automated testing. When this proposal is followed, a suitable threshold value should be chosen, preferably one that results in a blooming area that is similar to the blooming area determined by the method described above. 
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Figure 6. Illustrating the alternative test method for determining the blooming area. Shown is the luminance image (left) and the blooming area (right) in white defined (in this case) by a luminance value that lies halfway between the maximum and the minimum (i.e. the background level).

