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Image point operations
G

e So far we have considered operations on one
image point, ie contrast stretching, histogram
eq. Etc
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Image transforms
G

e By contrast, image transforms are defined over
regions of an image or the whole image
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Examples:
Image transforms
.|
e Fourier transform
- For analysis of frequency spectrum in a image
e Cosine, sine transform
- Compression, e.g. jpeg, mpeg
e Hotelling, KL, PCA

- Statistically optimal basis. Used in compression,
recognition and image variability representation




Image transforms
G

e Image transforms are some of the most
important methods in image processing

e Will be used later in:

Filtering

Restoration

Enhancement

Compression

Image analysis
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Mathematically
G

e Learning the math can be daunting...
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Vector spaces
. |
e We will start with the concepts of
1. vector spaces and
2. coordinate changes,
just as used in the camera models:

Examples: . X"

- Euclidean world space — =" 32’

- Image s'pace, —a, ap, a1 Ay~ ay ™
(q by g image): < §an _ Zg§ard
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Basis (of a vector space)

e A member can be described as a linear comb
X =ae;+ae,+...+aeny

e Example: 3D vectors
/P

e Example: Image =a +b +C




Constructing an image

Basis vectors Linear Combination:

Analyzing an image

All basisimages

intensity ~ that frequency’s coefficient

Manmade object images:

e What does the F-t express?

Data Reduction: only use some of the existing frequencies
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Properties of vector spaces that follow from the above definitions.
LUV = Val
2Ua(VaW) = FaViaW .
Important properites
3. There is a vector () such that for all vectors V, O@aV = V
4. For every vector V, there is a vector (=1)V such that V& (-1)V = O X X
Cachy-Schwarz inequality:
5. For any scalars a, b and any vectar V, a(dV) = (ab)V
6. For any scalars a, b and any vector V, (a+ BV = aV @bV For any two nonzero vectors Uand 1V, —1< 7” T |'| DlT,V T <+l (5.24)
7. For any scalar a and any vectors UV, a(U& V) = all @ al’ i i
55 DEFINITION Let ] and V' be any two nonzero vectors, then the normalized dot prod-
8. For any vector V, 1V = V uct of U and V" is defined as ( °0r)
9. For any vector V, (=1V)}oV = — ||V ||-J 56 DEFINITION Let U and V' be any two nonzero vectors, then the angle between U and

V s defined as ms_‘("rfﬁrn)




Finding local image properties:

Roberts basis: W, =

. b 1(1
Constant region: = =3 y=10W, & 0W2 & 0OW;y & 0W,
=00 & ZWy & Wy & 0W;

= 0W1 & j’;Wﬂ @ 0Wa & FWa

8y & OW, & 0Wy & 8W,

Standard basis

e el e2 e3 ° e8 e9
i[0]o0 010 001 000 000
000 ojo|o 000 000 ojo]o
000 000 000 010 001

Nine “standard” basis vectors for the space of all 3x3 matrices.
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=9%el + 5*e2 + 5*e4

Frei-Chen basis
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Exmmqde of repeomenting an istensity nelghborhood using the Frel-Chen

beasis
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The total serpy in Nis Mo M = 675 &35 of which & meplained just by the




