
z-Transform and Convolution



Z-Transform
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Z-Transform

X(z) = 3*z0 + 4*z-1 + 2*z-2 + 5*z-3
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A Polynomial



Z-Transform

X = {1, 4, 2, 5, 0, 5} Z-Transform X(z) = 1*z0 + 4*z-1 + 2*z-2 + 5*z-3 + 5*z-5

X(z) = 4*z-1 + 5*z-5 Inverse
Z-Transform

X = {0, 4, 0, 0, 0, 5}

X = {0, 0, 0, 0, 0, 1} Z-Transform

X(z) = z-3(4 + 5*z1 + 6*z2 ) Inverse
Z-Transform

X(z) = ?

X = ?



Operations in Discrete Time Signals
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Convolution in Discrete Time Signals

{X[0],X[1],X[2],X[3]}

{Y[0],Y[1],Y[2]} 

X * Y
Convolution

X

Y
Z

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

Y[2] Y[1] Y[0] 

Z[0]

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

Y[2] Y[1] Y[0] 

Z[1]

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

Y[2] Y[1] Y[0] 

Z[2]

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

Y[2] Y[1] Y[0] 

Z[3]

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

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

Y[2] Y[1] Y[0] 

Z[4]

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

Y[2] Y[1] Y[0] 

Z[5]



Convolution in z-Transform Domain

{X[0],X[1],X[2],X[3]}

{Y[0],Y[1],Y[2]} 

X * Y
Convolution

X

Y
Z

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

X(z)Y(z)
Convolution

X(z)

Y(z)
Z(z)

z-Transform

X(z) = x[0]+x[1]z-1+x[2]z-2+x[3]z-3

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

Z(z) = (x[0]+x[1]z-1+x[2]z-2+x[3]z-3 )(y[0]+y[1]z-1+y[2]z-2)

Z[0] = x[0]y[0] Z[1] = x[0]y[1]+x[1]y[0] Z[2] = x[0]y[2]+x[1]y[1]+x[2]y[0]

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]



Convolution in the DFT Domain

{X[0],X[1],X[2],X[3]}

{Y[0],Y[1],Y[2]} 

X * Y
Convolution

X

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

X(w)Y(w)
Convolution

X(w)

Y(w)
Z(w)

DFT



Correlation in Discrete Time Signals

{X[0],X[1],X[2],X[3]}

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

R[0]

{R[0],R[1],R[2],Z[3]}X ◦ X
Auto-Correlation

X
Rx

{X[0],X[1],X[2],X[3]} X

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

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

R[1]

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

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

R[2]

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

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

R[3]

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



Summary

• Z-Transform

• Convolution

• Correlation


