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This PCA evaluation was performed three times with the following differences:

1. The first run was of the six original images (185x185 pixels) with six principal components.

2. The second run was of the twelve images (128x128 pixels – two of each of the images are sub-images of the originals), with twelve principal components.

3. The second run was of the twenty-four images (64x64 pixels – four of each of the images are sub-images of the originals), with twenty-four principal components.

I ran the program with the three sets of pictures of varying size and number of images to cross-compare the results.

The original images are:
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The original eigen-images are:

[image: image2.emf]
[image: image1.emf]The eigen-images are clearly arranged in order of apparent visual coarseness.  PCA has performed well in consolidating the data for the grass, gravel and fur images but appears to have merged the carpet, knit and tartan images.  Because PCA is based on statistical figures based on variance, I considered that the image arrangement might be due to each images variance.  The graphics below show the average (mean) image and a bar plot of the original six images in their original order and the last bar is the variance of the average image.

The ordered (high to low) variances of the original images compared to the principal components (coarse to fine) ordering are:

1. grass (4998.2)


first PC – grass

2. gravel (4262.9)

second PC – gravel

3. knit (2470)


third PC – (mix of knit, tartan & carpet)

4. tartan (2380.3)


fourth PC – (mix of knit, tartan & carpet)

5. carpet (2312)


fifth PC – (mix of knit, tartan & carpet)

6. fur (2312)


sixth PC – fur

Notice that the original image, grass, has the highest variance and the original image with the lowest variance is fur.  Averaging all of the images had the effect of dampening the features of all images and the variance.  Also note that the variances for knit (2470), tartan (2380.3) and carpet (2312) are very close in value and that PCA had difficulty in strictly ordering these.  The third, fourth and fifth images are combinations of these three images.  By this example, it seems that PCA is more accurate with input data with well-dispersed variance values.

The images for the second run are:

[image: image3.emf]
The second run eigen-images are:

[image: image4.emf]
[image: image5.emf]Again, grass and gravel are clearly the first and second pairs of eigen-images, respectively.  In addition to being mixed, images that have the strongest resemblance in carpet, knit and tartan group are also shuffled.  However the knit images are much more defined then in the previous program run.  The average image and the variances are:

The ordered (high to low) variances of the original images compared to the principal components ordering are:

grass (5235)


first PC – grass

grass (4691.8)


second PC – grass

gravel (4213.7)

third PC – gravel

gravel (4167.1)

fourth PC – gravel

knit (2630.9)


fifth PC – (mix of knit(strongest), tartan & carpet)

knit (2281.2)


sixth PC – (mix of knit, tartan & carpet)

carpet (2244.9)

seventh PC – (mix of knit(strongest), tartan & carpet)

tartan (2136.8)


eighth PC – (mix of knit, tartan & carpet)

carpet (2127.2)

ninth PC – (mix of knit, tartan & carpet)

tartan (2011.8)


tenth PC – (mix of knit, tartan & carpet)

fur (1191.1)


eleventh PC – fur

fur (1106.3)


twelfth PC – fur

Notice that one of the knit variances is much higher than the others.  It’s possible that this is the reason for the two eigen-images that have strong resemblances to knit.
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The images for the third run are:

[image: image7.emf]The third run eigen-images are:

The images in this set are smaller than the first and second run images and there are more of them.  The ordering of the eigen-images has also changed.  Grass and gravel still are in the highest principal components and fur is still the last four.  However, there is more distortion in all of the images.
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The average image and the variances are:

Notice that the variances are closer in value for grass (bars 9-12) and gravel (bars 13-16).  This strengthens the argument for close variances for different textures distorting the eigen-images because it introduces a different combination of distorted textures that were previously well defined.  Hence, I propose that variance is as good at recognizing coarse textures because there is a high correlation, at least with these samples, between the images selected as being coarse by PCA and those having high variance.  I believe that high variance images have a statistically better chance to dominate the most significant principal components.  It is also very apparent that the most regularly patterned images, carpet, knit and tartan, dominated the average (mean) images in all program runs.
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