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Problem 1.  Show that the continuous LaPlacian operator ),(2 yxf∇  is rotationally invariant; ; i.e. given a set of axes ',' yx  rotated by 

any angle θ  from axes yx, , it holds that   
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We would like to examine which partial derivatives are rotation-invariant. Given coordinate system ),( yx , define a rotated coordinate 

system ),( θθ yx  related to ),( yx  by  
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A partial derivative operator is rotation-invariant if [ ] [ ]),(
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For non-zero angles θ , [ ] [ ]),(),( yxf
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Problem 2. 

Find the convolution-mask M  that will implement the discrete derivative jiyx f ,
45 ∆∆  as { }jijiyx ff ,,

45 **M=∆∆  
 
Problem 3. You want to both equalize and sharpen an image. Does it matter which you do first? Why or why not? 
 
Problem 4. Digital image (1) below shows a step-edge in the presence of noise. 
                    Digital image (2) below shows a bright vertical line against a noisy dark background. 
(A) Apply 1st-order neighborhood averaging to both images. 
(B) Apply 1st-order neighborhood median filtering to both images. 
(C) Which performs better at reducing the noise while preserving the step edge? 
(D) Which performs better at reducing the noise while preserving the line? 
 
(1) a step-edge in the presence of noise. 
1 2 12 11 10 
2 0 11 10 12 
1 1 10 12 10 
0 1 11 11 10 
2 0 11 10 12 
 
(2) a bright vertical line against a noisy dark background. 
1 2 12 2 0 
2 0 11 1 1 
1 1 10 1 1 
0 1 11 1 0 
2 0 11 0 2 
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