Filtering 2



Topics

Filtering as a linear transtform
Fourier Transform
Filtering as feature finding

Filtering for target detection



Convolution

flmn|=1 g = Z[[m—k,n —[glk,l]
k.1

For a filter size N by M,

Rij = E EHqui-u,j-v

u=1:N v=1:M



Linear filtering (warm-up slide)
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Linear filtering
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Blurring
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Blur examples
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Linear filtering
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Sharpening
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Sharpening example
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Sharpening

before after



Linear image transformations

* In analyzing images, 1t’s often usetul to
make a change of basis.

transtormed 1mage
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Fourier transtorm. or
Wavelet transtorm. or
Steerable pyramid transtform



Self-inverting transforms

Same basis functions are used for the inverse transform
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U transpose and complex conjugate
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Filtering as a Linear Transform
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F convolved with H = ?
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F’ = H*F
y filtering

H*F*H'

x & y filtering
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the Fourier transform

discrete domain

Forward transtorm
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To get some sense of what
basis elements look like, we
plot a basis element --- or
rather, its real part ---

as a function of x.v for some
fixed u, v. We get a function
that is constant when (ux+vy)
15 constant. The magnitude of
the vector (u, v) gives a
frequency. and its direction
gives an orientation. The
function is a sinusoid with
this frequency along the
direction, and constant
perpendicular to the

diregton.
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Phase and Magnitude

Fourier transform of a real
function 1s complex
— difficult to plot, visualize
— Instead, we can think of the
phase and magnitude of the
transform
Phase 1s the phase of the
complex transtform
Magnitude 1s the
magnitude of the complex
transform

Curious fact

— all natural images have
about the same magnitude
transform

— hence, phase seems to
matter, but magnitude
largely doesn’t

Demonstration

— Take two pictures, swap the

phase transforms, compute

the inverse - what does the
result look like?






This i1s the
magnitude
transform
of the
cheetah pic
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This i1s the
magnitude
transform
of the zebra
pic
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Reconstruction
with zebra
phase, cheetah
magnitude
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th Fourier Basis
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Image Synthes
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F#1: Range [4 TRe-007, 0.5073]

# - Range [0 1]
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TABLE 7.1 A variely of functions of two dimensions and their Fourier transforms, This tele
ke used in two directions (with appropriate substitutions for u, v and x. ¥) bacause tha o
transform of the Fourier transform of a function is the function, Observant readars may SUsg
lhat the results on infinite sums of § functions contradict the lingarity of Fourier transforms
careful inspection of limits, it is possible to show that they do not (see, 2.9, Bracowell, 198!
Obhservanl readers may also have noted that an expression for 5 %n can be chiained by

combining two lines of this table.
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