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For my project, I implemented a 2D Texture Synthesis algorithm based on the one described in the paper: Texture Synthesis by Non-parametric Sampling and the pseudo-code algorithm from their webpage: http://www.cs.berkeley.edu/~efros/research/NPS/alg.html.  To Synthesis a texture, three inputs are needed:  a sample texture, the image file to synthesis the texture to, and a width variable in pixels.  First, 3x3 pixel patch taken from the center of the sample texture is placed in the center of the image as a seed and those 9 pixels are set as filled.  Then, all unfilled pixels that have a filled neighbor pixel are found in the image.  For each of these unfilled pixels, the following is done:  

1. Find a window in the image that contains the pixels in a square centered at the current pixel with a width and height of the input window size variable.

2. Loop through all the pixels in the texture sample and for each one find a window of the same size as the one in the image.  Now, for each of these windows compare it to the window in the image and find the difference.  To find the difference, all pixels that are filled are subtracted from the corresponding pixel in window in the sample texture and then all are added up.

3. Now we have a value of the difference for each window in the sample texture.  Next we find the minimum value and all values within a small value of that value and use that as our matches.  In my implementation, I take the first match as the best match, though I could have done it randomly.  Now the center pixel’s value from the window with the best match is set to the current pixel we were finding the value for.  Then, the unfilled pixels with filled neighbors are found again, and continue until all pixels are filled.

For my project, I used a 32x32 pixel sample texture, a 128x128 pixel image file and a 5x5 pixel window.  These values were chosen as any values higher would take a long time to run.  With these values, it takes 1-2 minutes to run and the textures come out pretty good.  One problem I did find is that I think all the textures are rotated 90 degrees.  At least, the brick one is the only one that looks like that as the other textures are hard to tell.  I have looked through my code, but cannot yet find what is causing this.  Once you rotate the brick texture left 90 degrees it looks nice.  Sample textures with the corresponding synthesized texture are shown below along with the example of the bricks in which you can see the rotation problem.
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