Convolution

In the spatial domain
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Convolution kernel, filter g(a )
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e In the spatial domain




Convolution

Spatial
domain

Frequency
domain




Teopema A.2 (PYBIHU). Ecau [ ( 32| f (21, z2)|dx1 ) dzg < +00, mo

"~ ptoo  pto0 +o00 +o0
f f(z1,z2)dzrdT2 = f ( f(z1, :L’z)dﬂ?l) dxs
-0 J—o0

— 00 -0

/ e ( e f(:L‘l,ﬂJg)d.'Bz) dz;.

-00 - 00

Teopema o mpeooOpazoBaanm Pypee cBepTKH

Teopema. (O cséprke) lyer, f e LY(R)n h € L'(R). ®yukung g = h* f upnnaji-

aexcur LHR) u

g(w) = h (w) f (w) (g nupeobp. Dypne g)




I__IZII{H"EH'['{". I BOCT RO

+o0 +oo
j(w) = / exp(—itw) / f(t —u)h(u)du | dt

—0

Tak kak | f(t —u)||h(w)| narerpupyvenva B R*, mbi mozkenm npunvenutns reopemy Pyouuu, u
3aMena nepevennnx (Lu) — (v =1 — u,u) jaér

oo+
.
w

/

exp(—i(u + v)w)f(v)h(u)dudv = exp(—ivw) f(v)dv exp(—iuw)h(u)du

_|_
9(w) =

o —+ -:ix:.- + r::.-t::-

— o — KD o n) fa's

reapena J1okasala.




Convolution

Spatial domain

Convolution

Frequency domain

Multiplication
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Aliasing =



Dirac delta function

e Definition

m * Sifting property

| F08Ce—x0) v = £ (xo)




Dirac delta function

Spatial Frequency
domain domain

Dirac delta
o(x)




Impulse Train

Spatial Frequency
domain domain
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Sampling

Spatial domain: multiply signal with
impulse train

flz) = flx)[1I7(z)




Sampling

Spatial domain: multiply signal with
impulse train

f(x) — f(a)ITIr(x)

Frequency domain: convolve signal with
Fourier transform of impulse train

Flw)— Flw)xIII, (w)




Sampling and reconstruction

Spatial Domain Frequency Domain Spatial Domain Frequency Domain
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Sampling and reconstruction

Spatial Domain Frequency Domain  Spatial Domain Frequency Domain
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Some Aliasing Artifacts

* Spatial: Jaggoies, Moire

* Temmporal: Strobe lights, “Wrong”
wheel rotations

* Spatio-Temporal: Small objects
appearing and disappearing



Disintegrating Texture

* The checkers on a plane should become smaller with distance.

* But aliasing causes them to become larger and/or irregular.

* Increasing resolution only moves the artefact closer to the
horizont.



Spatial Aliasing

Jagged
Profiles

Loss of ol 'd s
Detail




Jaggies




Moire Patterns




Moire Patterns
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