Exercise 1

a)
1 21
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b)
A[f,(x,y)] = 4+ 4cos(u) + 4cos(v) + 2cos(u + v) + 2cos(u - V)
c)
Alf,(x,y)] = 2+2cos(v)
Alf,(x,y)] = 2+2cos(u)
Alts(xy)] = Alfx.y)A[F ()]
= (2+2cos(v)) X2 +2cos(u))
= 4+4cos(u) +4cos(v) + 4cos(u)cos(Vv)
= 4+4cos(u) +4cos(v) +2cos(u + V) + 2cos(u - V)
d)

The Fourier transform of the median filter does not exist. Thisis becauseit isanon-linear
filter.



Exercise 2

a)

Refer to the page’ The Laplace-operator in the frequency domain” where the generd solution
is derived from anxn filter of any type (LP, HP, BP).

b)

d)
The median may be superior to the mean if the image has been subject to salt & pepper noise.



Exercise3
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Exercise4

a)
h3
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b)
24
+ 28 cos(u) + 28 cos(v)
+ 4 cos(2u) + 4 cos(2v)

+16 cos(u+v) + 16 cos(LrV)
+ 2 cos(2u+v) + 2 cos(2u-v)
+ 2 cog(ut2v) + 2 cos(-2V)



Exercise5

a)
Verticd 2: -2
Horizontd 2: -2
Diagond 2: -4
Sngle2: -8
b)

The operator is obvioudy not rotation-invariant.

c)

A(u,v)[h(x,y)] =- 4+ 2 (cos(u) + cos(v) )
d)

A[h(x,y)](uzpyvzo) =2(- 2+ cosp +cos0) = - 4

A[h(XY)] peey = 2(- 2+ COSP+COSP) = -8

e)
Again, it can be seen that the operator is not rotationd invariant.



Exercise 6

a)
hs, which is alow-passfilter, can be used to diminate the noise.
hp, which isahigh-passfilter (Laplaciantype), can be used to create the gradient image.

b)
If we denote f the input image, and g the output image, we can write:
g :(f * hl)* h, =f*(h,*h,) =f *h,,,

c)
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d)

The new filter has a band- pass type.

e)

An FFT for animageof NxN pixds requires 2N2logoN red multiplications

Intota (FFT multiplication with complex numbers => inverse FFT), we need:
2N2logoN+4N2+ 2N2logoN=4N2(1+logoN) operations. Convolution, or filtering in the
gpatia domain (n coeff <>0), takes N2n multiplications

Therefore, filtering in the spatia domain is computationaly more efficient for cases where n<
4(1+log2N), for example n<40 for N=512 means a maximal Sized operator of 6 x 6 can be

used.



Exercise 7
a) F(u,v)=(2 +cos(u)+cos(v) )/4

b)

d)
The median filter can remove’ spikes , or sdt-and- pepper noise, but aso removes corners of
an object.



Exercise 8

a)
Denote the output image by g(i,)), then:
o(i,j) =-4f(i,j)+f(i+1,))+ (-1 ))+f(i,j)+f(1,j+D+f(i,j- 1)

o(i J) =- 58 (). JE[F(I+L1i)+ F(i- 1) +H(i.J)+f(i,j+D)+F(i,j- D]
g(i.j) =- 5§ (i.j)- f(i.j)H

b)

g(x)=1 if f(x)3f(x)+T
Equivdent to
f(x)- f(x)3 +T

Laplace

c) Assumethat gk is degraded by the effect of unfocused section at levels k+1 and k-1 so that
O =f +e(f +f0)

Then, a reasonable estimation of fx would be:

A

fo =0 - &0 + 0 1)



Exercise9

a)
Let f betheinput image, g1 the output after the first convolution, and gp the output after the
second convolution. Then,

9, (x,y) f(x,y)* h,(x,y)

g,(x.,y) = 9,(x,y)*h,(Xy)
= {fOay)*h ()} hy(x,y)
= fy)*{h(xy)*h, (x.y)}
= f(X,y)* hs(X,y)

b)
1
2 8 2
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2 8 2
1

c) Thefilter should be normalized so that the image is not *amplified’ (the intengity is not
increased globally). The normaization factor k will be equd to the sum of dl filter
coefficients. In the present case, k=8

d) For example,

o o o
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asthisfilter removes noise aong the vertica edges without blurring across



