COMPOSITE PATTERN (CP) STRUCTURED LIGHT ILLUMINATION (SLI)

11-2-05 LGH

E. Phase Retrieval
You can input your jpeg images using the following code:

A_bmp=double(imread(‘example.jpg’)); % load example.jpg image

Ar=A_bmp(:,:,1);

Ag=A_bmp(:,:,2);

Ab=A_bmp(:,:,3);

Since the image is black and white we can just use one of the color components. For example, just use Ar. Also, since the modulation of each carrier varies in the vertical direction, if you were to cut a row out and process for peaks, at least one of the carriers may not be present. In this specific application, we can get an averaged carrier energy by taking the 2-D DFT of the Ar image. Then by selecting out the first row, we can see the approximate average energy distribution between the carriers. From this we can estimate our bandpass filter center positions and cutoffs.

1. Estimate the center frequencies and bandwidths of the 1-D rectangular filters.

2. Estimate the average energy in each carrier.

3. Bandpass filter each of the carriers and show the modulated image waveforms.

STEP 1: Peak Detection and Tracking

By using the 2-D FFT you can manually find the approximate position of each carrier. You only need to do this for the first of half of the width since from symmetry, the right half is the same information. Given these center positions and approximate spacing, you should go through your back ground image, row by row, determine the exact carrier positions, then using rectangular filters, bandpass filter for each of the four PMP patterns and carrier. At this point you don’t have to envelop detect the PMP pattern but they should be obvious from the image.

STEP 2: Estimate Average Energy in Each Carrier

The optics of the camera and projector tend to attenuate higher spatial frequencies. The problem is that this will attenuate and corrupt the reconstruction of the PMP phase. The solution is to know the attenuation and multiply by a factor that will compensate. You can get this in one of two ways. (1) Directly estimate from 2-D FFT or (2) keep a running peak average from the row by row 1-D FFTs.
STEP 3: Bandpass Filter each of the PMP patterns.

You should recover each of the Four PMP patterns as shown in Figure 1 of  project B. You can make a rectangular bandpass filter by taking irect() function, make a lowpass, inverse fft it and then elementwise multiply by cos(2 pi kc n/N), then fft it back to the frequency domain. Then elementwise multiply by the 1-D fft of each row. The inverse 1-D fft will result in the individual PMP patterns multiplied by their respective carriers.

PHASE RETRIEVAL

STEP 4: Give the Np patterns, each is still mixed with the carrier image, we can remove the carrier and recover the baseband by elementwise squaring, followed by lowpass filtering, suppression of dc, followed by a elementwise square root. This is done by a row by row operation. The result are the cosine patterns deweighted by the optical roll off of the system as found in step 2. Assume the cosine pattern associate with the lowest frequency carrier is weighted correctly, normalize the other patterns to have the same peak to peak by dividing their energy weights, found in step 2, by the energy of the first pattern. Then take the resulting normalized weights and elementwise divide them into their respective patterns. This is known as deconvolution. 
STEP 5: With all Np demodulated normalized images, the phase is retrieved by
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Plot the demodulate, normalized images and plot the resulting phase image for the background and the target image. Use the center frequencies and deconvolution weights found from the background image to process the target image.
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