MATH3360: Mathematical Imaging
Assignment 3 Solutions

1. (a) The given information implies

1 25
H(2 = — and H(-1 = —.
(2,0) = o and H(~1,3) = o
Hence
4n 1
2n L an  @n 256
Do l(J)r"4 6255 and thus D2" = 64 -4" = 25 10™.

DIy 10" 281
Then (12)" = 64 - 2> which gives n = 2, and thus D§ = 1024 which
gives Dy = 4v/2.
(b) Carefully note that we do not assume central spectrum in this ques-

tion. So, the entries near (M, N) are high frequency components.
Performing a translation, we have

(M2 (N-220
cap( 207 ) =N
o (M -2+ (N —2)
Hence, 0° = 9 log MN
2. For any 2 € NN [0, N? — 1],
x
S(g)(z) = g(mody (@), | 57])
N-1N-1 -
= f(k, Dh(mody (z) —k, [ ] = 1)
k=0 1=0
N—-1N-1 -
= h(mody () = k, | 571 = )S(f)(k +IN)
k=0 1=0
Hence for any z € NN [0, N2 — 1] and k,l € NN [0, N — 1],
H(z,k + IN) = h(mody (z) — k, L%J )

and thus for any =,y € NN [0, N2 — 1],

H(z,y) = h(mody(x) — mody (y), Lx
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(a) For any z,a € ZN[0,N — 1],

(WNWr)(a,z) = > Wa(o, k)W (k, )

Hence WyWy = Iy, the N x N identity matrix, and W' = Wy
Then denoting the (3,y)-th block of a N x N matrix A of N x N
blocks by Ag .y, and denoting ¥ = Wy ® Wy, we have:

N—-1 N—-1

WY )y = WaiVey= > Wn(B )Wy Wn(k,y) Wy

k=0 k=0
1 = k(B—y) 1
= & Y L = L N1 (8~ )l = (8 — )
k=0

Hence WY = In24n2, the N2 x N? identity matrix, and thus Wy ®
Wy = w1
(b) For any x € NN [0, N? — 1],

2 W & ) (2, K)S(F) ()

—0
R S T k
=~ Z WN(LNJ, LNJ)WN(mOdN(x),modN(/f))f(modN(/f), LNJ)
k=0
N1 L || & | +modn (z)modp (k
:% e*2”jWMNJ il (@) ( )f(modN(k), L%J)
k=0
1 NZIN-d L bm mody (@)
- e~ 7]0 man)
N rnZ:() n=0 (
= N f(mody (x), | 1)) = NS(f)(modx(2) + N| T |) = NS(f)(a).
Hence W1S(f) = NS(f).



4. Note that G(f) = h * f, where

1 ifa?+y?2=0
1 e 2 2 _

h(,’E, y) = 8]_ lf xQ + y2 1
i fzi+y =2
0  otherwise.

Then DFT(G(f)) = N2DFT(h) ® DFT(f), and thus

G(u,v) = N*°DFT(h)(u,v)

N—-1N-1 .
=33 byt
z=0 y=0
1 1 27 & —27j 3 27 % —2mj %
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N %(emw LT R 2
1 1 2 2 1 2 2 —
=7+ Z(COS % + cos %) + g(cos W(qj\/_—i_ v) + cos 77(1;\[ U))
1 (1+ 27 n 2mv n 27w 27w)
= - €08 —— + COS —— + COS —— €08 ——
4 N N N N
1 2mu o TU o TV

2
= 1(1 + cos T)(l + cos %) = cos” — cos” .

5. Note that g = h * f, where

[T O
hi,j) = 4 ifi=57<XA-1,
0 otherwise.

Let 0 <u,v <N —1. Then
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Since DFT(h * f) = N2DFT(h) ® DFT(f),

Q1)) sin 2EGA)

xe ™ o futvg {O,N
H<u’v>=N2DFT<h><u,v>:{Ae e ifutv g {0,N}
1

ifu+tve{0,N}



