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h 27, 2008 Due: Thursday, April 3, 2008Problem 9.1Suppose that you have an old, noisy image that you want to 
lean up. The image appears to
ontain an old man, pointing at a sign, outside a German-looking tavern, but you 
an't see thedetails 
learly enough to know who the man is, or what the sign says.(a) As a �rst step, you de
ide to estimate the auto
orrelation fun
tion. How would you estimatethe auto
orrelation fun
tion?(b) The auto
orrelation fun
tion turns out to beRyy[~n℄ = 0:25 + (0:9)�(n1+n2)What is the power spe
trum of the image?(
) Design a �lter G(~!) su
h that under reasonable assumptions, x̂[~n℄ = g � �y is an MMSEapproximation of the original 
lean image x[~n℄. Clearly state your assumptions.(d) The �lter you designed in part (
) gives you a reasonable image, but not a perfe
t image. Youde
ide to design an intera
tive image enhan
ement algorithm with just one slider, so that bytweaking the slider, you 
an sear
h intera
tively for the best-looking restored image. Whatparameter should the slider 
ontrol?(e) Suppose you de
ide to s
rap everything that you've done in parts (a)-(d), be
ause you be
ome
onvin
ed that the image is 
orrupted by multipli
ative rather than additive noise. What 
anyou do to restore an image 
orrupted by multipli
ative noise?Problem 9.2You have noti
ed that there is no 
ompany spe
ializing in the needs of in
ompetent photogra-phers, so you de
ide to start one. As your �rst produ
t roll-out, you propose to develop a lossless
ompression standard for saturated images. A saturated image is a grays
ale image whose pixelvalues, x[~n℄, obey the following probability distribution:p(x) = ( 18 x = 0 or x = 25531016 otherwise



Problem Set 9 2(a) Compute the entropy, H(p), of the distribution above.(b) How many bits/pixel are required by the �xed-length binary 
ode?(
) Design a Hu�man 
ode for p(x). How many bits/pixel are required for your 
ode?(d) Why is your answer to part (
) di�erent from your answer to part (a)?(e) What might you do in order to get a Hu�man 
ode whose average bit rate per pixel approa
hesH(p)?


