mmat5390: mathematical image processing
assignment 2 solutions
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Then there are 4 such modified Haar transform. We choose one of them for explanation.
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(c):
1 9% Q2D
2 function H = g2d(n)
3 N = 2"n;

H = zeros (N);
5 H(1,:) = 1; % HO(t) = 1
6 for k = 1:N-1



p = floor (log2(k));
H_k = Haar(p, k—2"p
for i = 0:N-1
t = i/N;
if Hk(1,1) <= t &&
H(k+1, i+1) = 3
elseif Hk(2,1) <=t && ¢t
H(k+1, i+1) = Hk(2,3);

)

end
end
end
H = H/sym(sqrt (N));
end

%% HAAR
% Create Haar function H_{2"p+n}(t)
% The output $H_{2"p4+n}(t)$ is represented by a matrix:

% [n/(2°p), (n+0.5)/(2"p), sqrt(2) p; (n+0.5)/(2°p), (n+1)/(27p),

—sart (2) "p]
function H = Haar (p

n)

H = [n/(27p) (n+1/23/(2Ap) sqrt (2) "p; (n+0.5)/(27p) (n+1)/(27p) —

sqrt (2) "pl;
end

q2d.m

9% Q2E
function A2 = g2e(A,p)
N = size (A,1);
n = round (log2(N));
H = q2d(n);
num_ps_to_keep = floor (p/100xN"2);
A_Haar = HxAxH’;
pos = findkPos(A_Haar, N"2—num_ps_to_keep);
for p = pos
A_Haar(p(1),p(2)) = 0;
end
A2 = H’x A_HaarxH;
end

%% FINDKPOS
% Find the positions of the entries with the k smallest
values in a matrix A
function pos = findkPos (A, k)
pos = zeros (2,k);
[m, ] = size(A);
B = abs(A(:));
for i = 1:k
ind = find (B = min(B));
ind = ind(1);
B(ind) = Inf;

¢ = floor ((ind—1)/m)+1; r = ind —(c—1)=*m;
pos (:,i) = [ricl;

end

end

absolute

q2e.m

11-1 -1
21-1 1 -1

-1

Il
|
— =




Bwaish = WBWT

1 1 1 1 1 1 5 4 1 -1 -1 1
_1 -1 -1 1 1 2 2 3 2 1 -1 1 -1
“4(-1 1 1 -1]|5 6 1 3|1 1 1 1
1 -1 1 -1 2 3 4 2 1 1 -1 -1
10 12 13 11 1 -1 -1 1
14 6 -3 -1 1 -1 1 -1
44 4 -5 1|1 1 1 1
2 2 -1 3 11 -1 -1
46 2 4 0
116 —-14 0 -4
T4l 2 -14 -4 —4
6 -2 —4 -4
Then there are 4 such modified Haar transform. We choose one of them for explanation.
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(a) [olHo(]*dt = [odt = 1.
For any p € N\ {0} and n € ZN[0,27 — 1],
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(b) i Let m € N\ {0}. There exists p € NU {0} and n € Z N [0,2” — 1] such that

m = 2P +n. Then

(Ho, Hyy) = /R Ho(t) Ha o0 (1) dt

n+1
5P
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ii. A. Suppose p; = p2. Then
(Hny Hs) = [ Harsson (O Hars (0
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nzzf.s nz;;l
+/ 0~2%1+/ 0-(=27)dt =0



B. Suppose p; < p. Then either

B _ ng no+1 n1 ni+0.5
o 2P2 Plnl SnQ < 9P2 pl(n1+0,5) and thus |:2P22’ 22P2 ) g |:2p11,12pl>,
or
ny ng+1 n1+05 ng+1
o 22771 (n;40.5) < ngy < 2P>P1(ny+1) and thus {2;2, 22;;2 )C [12p1’ 12p1 >;
or
N [ng,ng—&-l)ﬂ{n1+0.57n1+1)_®.
2p2 2p2 2p1 2p1
. ng ng+1 .
In any case, H,,, is constant on [QE’ ops ), and thus denoting the constant
by ¢,
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ii.
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8 0 0 0 0



Thus,
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