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1 MD signals and systems

1.1 Periodic sequences

Let n,r € N* and N, P € N**k_ g(n) is peridioc if
z(n + Nr) = z(n). (1)
The number of samples in one period is

| det(N)], (2

and NP is also a valid periodicity matrix.

1.2 Linear shift-invariant systems

Let a,b € C and let v(n) = auy(n)+bduz(n) and w(n) = u(n—m).
A system L is linear and shift-invariant (LSI) if
L. £[o)(n) = aLfur)(m) + bL[uz](n),
Lw](n) = L[u](n —m).

If £ is linear and y(n1,n2) := L[z](n1, n2) then
z(k1, k2) L[8](n1 — k1,n2 — k2). (3)

hiq kg (n1,m2)

y(ni,n2) = ),

k1=—00 ko

”MS

—o0

If £ is also shift-invariant then

h := hoo(n1 — k1,n2 — k2) = hjy, &, (n1,n2). (4)

1.3 2D convolution

0 0
1. zxkxh= 3 >,

k1=—0 ky=—00

z(k1,k2)h(n1 — ki1,n2 — k2)

2. x ¥k h="hxxz
3. (z sk h) k% g =z k% (h k% g)
4. x %% (h+g) = (x k% h) + (x %% g)

1.4 Separable systems

If /‘L(n17 TLQ) = hl(nl)hz(nz) then
y(ni,n2) = h1 * (he % x). (5)

That is

0
1. g(ni,n2) =he ¥z = Y ho(ke)z(ni,ne — ka2),

ko=—00

1.5 BIBO stability

A system is BIBO stable if

0 0
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h(nl,ng)| =S < (6)

1.6 Fourier transform

The Fourier transform is defined as

= ZZm(nl, ng) exp(—jwini — jwana). (7)

ni n2

X (w1, w2)
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X is periodic with N = [ 0 or

]. Its inverse transform is
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z(ni,ng) = w2 f f X (w1,w2) exp(jwini + jwang)dwidws.

s ™

(8)
Some nice properties:

1. a,be C:axy +by; >* aXy + bX>
2. z(n1 — k1,n2 — k2) °® exp(—jwiki — jwak2) X (w1, ws)
3. exp(joini + jOan2)z(ni, n2) o X (w1 — 61, w2 — 02)
4. hsxzo® HX

2 Discrete fourier transform

2.1 Discrete fourier series

Let = be periodic with with N = [1\(;1 132] Them its 2D fourier
series is
1 NiziNa—1 o
x(n1,n2) = NV kZO kZO X(k17k2)exp(37n1kl+]N naka),
1 2
9)
with
N3—1Np—1

2 2
Xk k)= Y ) x(nl,m)exp(—j%mkl—jﬁznm).

n1=0 ngy=0

(10)
It also holds that
X (k1,k2) = X(wl,wg)\ml:27r L= 2“N2 (11)
if X(w1,w2) is the FT of one period of z.
3 Linear block transforms
3.1 Separable unitary block transforms
The forward transform is
Y = AXAT (12)
and the backward transform is
X =AfyA* (13)

Let A = (a1,...,an). Then, X can be written as a linear combi-
nation of basis images.

N N
Z Z kiaka) (14)
3.2 Separable block transforms
The forward transform is
Y = A;XAT. (15)
It can be also written as
y = Agpx (16)

if is x is extraced row-wise from X and
(A1)11A2 (A1)1NnA2
Aosp=A1®Az = : : Y
(A1)N1A2 (A1)NNA2



3.3 Haar transform
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Ao = ﬁHQk (20)
3.4 Hadamard transform
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3.5 Unitary DFT
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3.6 Unitary DCT
1
k=0
M
(A]\D4€T)kn = { 2 \/:(2n+1>k k 0 (24)
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