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Discrete convolution in 1D:

gln) = Y fln—n'a[n’]
Discrete convolution in 2D:
gln,m] = Z Z flm—m/,n—n']hjm/,n']

Forward DFT (analysis):

o = | Salo glnle N0 < k<N -1,
0 otherwise

Inverse DFT (synthesis):

g = [ ¥ TS0 GlRle”™ N, 0<n< N -1,
0 otherwise

Fourier transform: (analysis)

Plu) = [ O; F) e —2m1u2 4y

Inverse Fourier transform: (synthesis)

fl@) = /_O:o F(u)e?“"du

comb(z/X,y/Y) = Z Z Sz —kX,y—1Y)

k=—o0 l=—o0
sinc(z) £ sin(ne)
™

et [ ) 1, |z < X/2
X)) 0, |:17| > X/2
ect ect a: ect y
T T X T %

et [ 1 1, |r|<R
R 0, |r|>R
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FT properties



Duality:

9@) = fw)
f@) = 2mg(—w)

Zém—kX Z&w—kQW/X)

k=—o0 k=—o0

Z 5z —kX)f(x)

k=—o00

Fs(w):%” > S(w—k2m/X)x Flw)

k=—o0

Forward transform: (analysis)
F(U,U) = / / f(l’l,ZL'Q)e72ﬂj(uwl+vmz)dl’1d$2

Inverse transform: (synthesis)

flxy,20) = / F(u,v) e?e13v22) gy dyy

— 00

Forward transform: (analysis)

Inverse transform: (synthesis)

£ = [ Flgerag

Spectrum |F(u,v)| = /R(u,v)? + I(u,v)?
(magnitude) R(u,v): real part of F'(u,v)
I(u,v): imaginary part of F(u,v)
— (u,v)
Phase o(u,v) = arctan (R( v)>

Conjugate symmetry F(u,v) = F*(—u, —v)
|[F(u,v)| = [F(=u, —v)|

Duality If g(x,y) = f(u,v)
then f(z,y) = g(—u, —v)
Translation flx+z0,y £ y0) = F(u,v)e F2m(uzotvyo)
flx,y)e Fo2m(uwoztvoy) — F(y + ug, v + vg)
Rotation f(r,0+6) = F(p, ¢+ 6p)
Convolution flz,y) x h(z,y) = F(u,v)H (u,v)



Space domain

Frequency domain

d(z,y)
§(z — 20,y — Yo)
rect(%, %)

rect(r/R), r = /22 + y?
comb(z/X,y/Y)

cos(2m (uox + voy))
sin(2m (uox + voy))

e —m(@?+y?)

sin(a) cos(5)

sin(a) sin(Q)
cos(a) cos(f)

1

e ijZ‘n’woue +927yov

AB sinc(Au, Bv) = AB 751117523{4) L:SEB)
R jinc(Rp), p = Vu? +v?

XY comb(uX, vY)

2(6(u + g, v+ vo) + 8(u — ug, v — vg))
73 (8(u+ ug,v +vo) — 6(u — up, v — vg))
e —m(u?+v?)

[sin(a — ) +sin(a+ B)}

[cos(oz — B3) — cos(a + B)}
[cos(a — ) + cos(a + 5)}

NN~ N

e 1% = cos(h) + 7sin(h)

o0 o0

Flk, 0] = Fo(u,v) x > Y 8(u—kug/N,v - lv,/M)

k=—o00 l=—00

o0 o0

fo(z,y) = fs(x,y) * Z Z 6(z —nN/us,y — mM/vs)

m=—0o0 N=—00

o0 oo

fs(x,y)zf(x,y)x Z Z 5(m—k/us,y—l/vs)

Fy(u,v) = F(u,v

h(xvy) =

k=—oc0l=—0c0

) * Z Z 0(u — kus, y — lvs)

k=—o0 l=—00
1 o (2 +y?) /o>
2mo?

0.s = (FI'F)"'Fly

0. = F+y

F=USsVv7T

N
F = E anunvg
n=1

I=Ige  Junbdu

[=Ige™ XZi=irnls

—lnI—O
p=mT



(1>

p

20.5) = [ o

p0.5) =RfG) = [ foxpdx= [ rx)dx-0 - s)ax

x-0=s

p(075) = Rf(x,y) :/ f(xvy) dx dy

(1] o=

/jo /jo flz,y) 5(33 cos(f) + y sin(0) — s)dx dy

Property Distribution Radon transform R f
Linearity fx) =2, fi(x) Rf(x) =2, Rfi(x)
Limited support  f(x) =0, |z;| > D/2 Rf(x)=0, |s| > DVN/2
Symmetry f(x) Rf(x) =p(0,s) = p(—=0,—s)
f(z,y) p(0,s) = po(s) = posr(—s)
Periodicity f(z,y) po(8) = potakn(s), k€ Z
Translation f(x—xo) p(0,5 —x0 - 0)
f(x =20,y — 10) p(6, s — xg cos(f) — yo sin(6))
Rotation f(r,To) p(TO,s), T: rotation matrix
f(T‘, ¢ + 00) Po+6, (8)
Scaling f(ax) T}Llp(e, as)
Mass conservation M = [nn f(x)dx M= [ _p(8,s)ds

8%zf(:zr,y)d:vdy:/S/O f(r,0) |J|drd9:/S/O f(r,0)rdrdd

PO = [ 1600 reax= [~ [ flage s dy = Fuo)

Py(w) = / p(0,5)e 2™ s

fer(x) = BP{p(8,s)} & /07T p(0,s)dO




