To Remove Blur in Pictures
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· Set camera to shorter shutter times

· Whenyou set it to shorter shutter times the camera will freeze the rapid motion and therefore avoid the blurring effect on the captured image.

· We will cover the following Matlab functions used to deblur and compare the results.

Inverse Filtering
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· One technique to remove blur is Inverse Filtering.

· It is the quickest and easiest way to restore a corrupted image.

· This technique can be used when the blurring model that corrupted the image is known or can be estimated.  

· Inverse filtering assumes that there is no noise present in the corrupted image.
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· It estimates the transform of the original image by dividing the transform of the degraded image, G(u,v), by the degradation function H(u,v) as shown on the equation.
Matlab Example
Explain equation (read a little more about high pass filters and analyze equation to explain in class if necessary)
Slide 3: Conclusion

· Inverse filtering is done by using a form of high pass filter, therefore this technique responds badly if corrupted image contains noise . (since noise tends to be high frequency,  using this technique will not remove noise).
Wiener Filtering
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· We will focus more on using the Wiener Filtering Technique, also called Minimum Mean Square Error Filtering.
· The method consists on considering image and noise as random processes.  It attemps to estimate the uncorrupted (original) image such  that the mean square error between the estimated and the original image is minimized.
Slide 2 : (equation)
· As you can see from the equation, the Wiener filter consists of two parts: highpass filtering and lowpass filtering.  (See book on lowpass filtering for noise reduction)

· We can observe that the Wiener filter is a low-pass type filter since the image power spectrum diminishes at high frequencies, which implies that  the filter frequency response goes to zero ------ and at low frquencies the noise power is negligible compared with the image power.

· It performs the deconvolution by inverse filtering – highpass filtering – and it attempts to remove noise with a compression operation – lowpass filtering.
· You can prove this… assume that noise is zero, then the power spectrum of the noise is removed from the equation and therefore the equation becomes the same as the inverse filter. 
(at this point show  and example in matlab of :

· Blur image, add noise and deblur with Wiener filter

To prove that the weiner is inverse filtering + noise reduction (low pass filter)

· Blur image, do not add noise and deblur with Weiner


· Blur image and deblur with inverse filtering 
Compare the two deblurred images, these two should be the same, or very similar.

Slide 3: Conclusion
· The Wiener filter is a modified inverse filter.  It’s the optimal tradeoff  of inverse filtering and noise smoothing.

· But remember that a reasonable estimate of the degradation s needed to utilize the Wiener filter. The more information we know about the degradation function and noise, the better estimate we will obtain
· In the case of when the known or approximated blurring filter is singular, the the Wiener filter would actually amplify the noise… this is the case where it woud fail.  To fix this an further step is needed. You can implement a denoising function such as the Wavelet-based denoising.
(What we have shown here is by using the simplest formof the Wiener filter in matlab…there are other arrangements to the Wiener filter function also in matlab that require further information about the gegraded image, but that it will improve and igve a better estimate of the original image) -----talk to Jason and ask if we should show this---I think NO.

Lucy-Richardson Algorithm
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· It’s a non-linear iterative technique as you will see in the Lucy-Richardson equation.

· Its behaviour is not always predictable. It is difficult to know the exact number of iterations that will provide the best result. 
· One of the most important question is how to know when to stop the algorithm.  One way to do it is through trial and error – observe the output image , which is the approximated original image and you define what is acceptable and what’s not.
Slide 2: Equation
Blind Deconvolution
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· So far we have shown good approaches to restore degraded images and all of them require previous knowledge .
· We have said that some require knowledge of original image, image degradation, and image noise.

· But what happens if there is no previous knowledge (not available)? At this point Blind Deconvolution is a good approach and we will show why.
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· Blind Deconvolution is a process of estimating the original image without any knowledge of the degradation function.

· Approach to Blind Deconvolution

· Combining the identification procedure with the restoration algotrithm.  This merge procedure involves simultaneously estimating the PSF and the true image.
