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/—Transform

Discrete Time Signal x
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4

3
2

S

X[0] X[1] X[2] X[3]
\ / A Polynomial

X(z) = 3*20+ 4*z1 + 2*72 + 5*z°3

N -1

X(z)=) x[n]z"

n=0

X={3,4,2,5} =

OanN bW

Z-Transform
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/Z—Transform /

X=1{1,4,2,5,0,5} —Z-Transform — X(z) = 1*20+ 4*z'1 + 2*22 + 5*23 + 5%z~

Inverse

= A*7-1 + G*7-5 —
X(2) = 4z o2 Z-Transform

_bxz{0141010101 5}

X={0,0,0,0,0, 1} —Z-Transform — X(z) = ?

Inverse

X(2) =234+ 570+ 622) =, o T X
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Operations in Discrete Time Signals /

X—  <X,Y>
A, Y L L
y — Inner Product
N . .
<X, Y>= > Ailyli]
X—  X*Y .
Yy — Convolution -
z[n] =>_Ailyln—i]
A=  XeY R
y —  Correlation -

R[] =2 Hilyli +n
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Convolution in Discrete Time Signals /

XOLXAX2LXBY X —f ey

Y[OLY[1].Y2} Y — Convolution

_>Z

{Z[0],2[1],2[2],Z]3],Z[4].Z[5]}

X[0] X[1] X[2] X[3] X[0] X[1] X[2] X[3] X[0] X[1] X[2] X[3]
Z[0] é—»@?—»@—» Z[1] é—»@—»@—»@—» Z[2]
Y[2] Y[1] Y[O] Y[2] Y[1] Y[O] Y[2] Y[1] Y[O]
X[0] X[1] X[2] X[3] X[0] X[1] X[2] X[3] X[0] X[1] X[2] X[3]

213 Q-G 714 -~ 2[5}
Y[2] Y[1] Y[O] Y[2] Y[1] Y[O] Y[2] Y[1] Y[O]
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Convolution in z=Transform Domain /

XOLXAX2LXBY X —f ey

Y[OLY[1].Y2} Y — Convolution

_>Z

{Z[0],2[1],2[2],Z]3],Z[4].Z[5]}

Z-Transform

X(2)—1  X@)VY(@2)

. — Z(2)
Y(2) . Convolution

X(z) = x[0]+x[1]z1+x[2]z%+x[3]z3

Y(z) = y[0]+y[1]z-*+y[2]z

Z(z) = (X[0]+x[1]z*+x[2]z2+x[3]z )(y[O] +y[1]z-*+y[2] Z2)

Z[0] = x[0ly[0]  Z[1] = x[O]y[1]+x[1]y[0] Z[2] = X[Oly[2]*+X[1]y[1]+X[2]y[O]
Z[3] = X[1]y[2]+x[2]y[1]+x[3]y[0]  Z[4] = x[2]y[2]+X[3]y[1] Z[5] = x[3]y[2]
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Convolution in the DFT Domain /

{X[O], X[1],X[2],X[3]}

A XY | Ly
— Convolution B
{v[OLY[1LY[2]} Y Yot {Z[0],2[1],Z[2],Z[3],Z[4],Z[5]}
DFT
X(w)— X(wW)Y(w) s Z(w)
Y (W)y— Convolution
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Correlation in Discrete Time Signals /

{X[O],X[1],X[2],X[3]} X — Xeo X

EX[O1.X[L],X[2].X[3]} X —| Auto-Correlation| R, {RIOLR[1].R[2].Z[3]}

X[0] X[1] X[2] X[3] X[0] X[1] X[2] X[3]
R[O] (%)—»é—»%)—»@—» R[1]

X[0] X[1] X[2] X[3] X[0] X[1] X[2] X[3]

X[0] X[1] X[2] X[3] X[0] X[1] X[2] X[3]

R[2] é—’@-’ R[3]
X[0] X[1] X[2] X[3] X[0] X[1] X[2] X[3]
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Summary /

e /—Transform
e Convolution
e Correlation
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