CEG4316 Tutorial
Nov. 15, 2013

Image representation

1(a) Consider the following four one-dimensional vectors in R*:
b;=[0111];b,=[0—-2 1 1];b3=[101- 1]; by
=[-201 —1]
Verify explicitly and completely that these form an orthogonal set,
but not an orthonormal set. Normalize them to form an
orthonormal set ¢;, ¢, ¢3, ¢; and display them in the same format as
bla bz, b3, b4 above.




(b) Consider the following orthonormal basis for R*

_ 2 1]'b=[2 1 _1 _2‘_
' lvio vio V10 \/10’12 Vo Vi V10 VIOl
bs = Vo V10 mm]'
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Let {d;j, i=1,4; j=1,4} be a separable basis for R*4 where
di j = bfbl
1 0 0 1
{0 1.0 O . . : :

Letf = 1 2 0 0 be a 4x4 image with the same orientation as the

0 0 3 1
d;; above. Let f; be the matrix of coefficients, with the same orientation:
f=Y", Z}*___l foli,j]1d;j. Determine f;,[2,3] using the appropriate
inner product formula. Find the entire matrix f, using matrix
operations.




2(a) As presented in the course, the DCT basis vectors are given by

2m+1)in

"pilm] = cos (LT ) m = 0,..,M = 1;i = 0,..,M — 1, with

(M, 1) = 281k — 1] and

ﬂ_{1 k=0
k™12 k=12,...M—-1

Let us consider M = 4. The Matlab function T=dctmtx(4) produces a 4
by 4 matrix whose rows are the orthonormal DCT basis vectors.

Compute the four by four matrix T returned by dctmtx. Note that
only two distinct numbers have to be calculated, if you use the properties
cos(m — a) = —cos(a) and cos(2mw — a) = cos(a). Verify that vectors
defined by the four rows of the matrix T do form an orthogonal set.
Note that no multiplications are required to do this.




(b) A two-dimensional separable 4 X 4 DCT basis is defined using the
formula b;j[m,n] = by;[m]b,;[n]. Illustrate the two basis vectors 503

and EZlas 4 by 4 image blocks with the correct spatial orientation.
Carefully explain your reasoning.










(¢) Determine the representation of the 4 x 4 image

80 8 190 195
75 80 175 200
100 125 120 125
105 125 120 120

using the basis of part (a) and the method of disjoint-block bases. You need to identify

16 basis vectors and 16 coeflicients.



(d) Suppose that only the basis vectors by and bs are used in each sub-image to represent

the image of part (c). Determine the approximate image f in this case.



