Correlation of discrete energy and power signals

Definitions, calculations and applications
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Cross-correlation of discrete energy signals
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Properties of cross-correlation of energy signals

Cross-correlation is like convolution, but without reflection:
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Cross-correlation in frequency domain:

Fi{raylil} = X(w)Y(-w)

Cross-correlation symmetry:
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Autocorrelation of discrete energy signals
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Properties of autocorrelation of energy signals

Autocorrelation symmetry:

Autocorrelation and energy:

TJ,J[O] — Z .132[7’1] = E.L
Autocorrelation in frequency domain:
Frae[il} = X(w) X (-w) = X(w) X" (w)
= F {reolil} = | X ()[*
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Correlation of energy signals using DFT
FFET

Recall that 7y, [i] = x[i] * y[—i] when z[n] and y[n] are energy signals

Zero pad z[n] and y[n] appropriately N3 CrP-y
2aro-padded (all otwer Signoks as well)
Xk = DFT (¥[i]}
Y[k] = DFT{yli]} = DFT {y[—i]} = Y"[k]
DFT {ry,[i]} = X[k] Y™ [k]

Cross-correlation via DFT:



Bounds

Can proove that:

and similarly that:

Often scale by upper bounds:
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Convolution Cross-correlation Autocorrelation
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Cross-correlation example
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Correlation of power signals

Cross-correlation of power signals:

M
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Autocorrelation of power signals:
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Correlation of periodic signals with period N:
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. Always
Autocorrelation and power: 7,,[0] = P, i J
Cross-correlation is like circular convolution, but without reflection:
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Cross-correlation in frequency domain:

N -DFT {r,,[il} = DFT {a[i]} DFT {y[~il} = X[k Y*[&

Powar stc.thJ &‘7-"‘52-)
Autocorrelation in frequency domain: {

N -DFT {ry [il} = X[k X*[k] = [X[]]* = NSalk



Bounds:
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Detecting periodicity using correlation
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Plot of: y = cos((n*pi)/50) ation of: y = cos((n*pi)/50)
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Normalised autocorrelation
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