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Correlation of Energy Signals

Discrete Time LTI System Continuous Time LTI System
Energy Signals Energy Signals
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Correlation of Power Signals

Discrete Time LTI System Continuous Time LTI System
Power Signals Power Signals
.1 > 1 .
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Correlation of Periodic Power Signals

Discrete Time LTI System

Periodic Power Signals

R, [m] = — Z y* [n+m]

= — x[n—-m]y*[n]
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Continuous Time LTI System

Periodic Power Signals
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Correlation & Convolution : Energy Signals

Discrete Time LTI System Continuous Time LTI System
Energy Signals Energy Signals
R,,[m] = > x[n]y[n+m] (rea) R, (7) = TX(t)y<t+r)dt (real)
xn)» yln] = 3 x[n~mly[m X(£) x y(t) = [ x(t—v)y(x)ds
Rylm] = x[-m]x* y[m] Ry(t) = x(=1)* y(1)
DTFT ﬁr\r
R, [m] ~ X*(F)Y(F) R, (1) - X'(f)Y(f)
X=nl * yln] = ¥ x[-n+mly(m x(=t) % y(t) = [ x(-t+1)y(x)dn
X[=m] x y[m] = 3. x[n—mly[n] X(—)x y(t) = [ x(t=o)y(t)de
K=ml s yiml = 3, xinlyln +ml X1« yle) = [x(t)yle+v)de
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Time Reversal Fourier Transforms

Discrete Time LTI System

x[m] = [ X(F)e”"""dF
1
x[-m] = [ X(F)e”""™"dF
1
1
x[-m] = —fX(—v)e”Qmm dv
DTFT

x[—m] . X(-F)

Continuous Time LTI System

x(t)= [ x(f)eTtdf
x(-t) = [ X(fleiidr
x(-t) = - [ X(-v)e"*t dv
TFT
x(-t) X(~f)
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Conjugate Fourier Transforms

Discrete Time LTI System

x[m] = [ X(F)e”"""dF
1
x'[m] = [ x*(F)e "™ dF
x'[m] = —fX*( vie M dy
DTFT
X" [m] X'(-F)
* M x—F
DTFT
X" [-m] X*(F)
*(—m) *—(—F)

Continuous Time LTI System
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[ X'(fletdf
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Fourier Transforms of Real Signals

Discrete Time LTI System Continuous Time LTI System

ximl = [ X(F)e" " dF x(t) = [ X(fletdf
1 —o0
DTFT TFT

X" [m] X'(-F) X" (t) X'(=f)
DTFT CTFT

X' [-m] X"(F) X(-t) 0 X'(f)

1 [ 1 1

DTFT TFT

x|[-m] X(-F) x(-t) X(=f)

A real Hermitian A real Hermitian

signal Symmetry signal Symmetry
DTFT CTFT

x[-m]  X'(F) (real)  (real) = x(-t) o X'(f)
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Correlation & Convolution : Energy Signals

Discrete Time LTI System
Energy Signals

Correlation Definition A

+ o0

R, [m] = Y. x[n]y*[n+m]

n=—owo

conjugate the second

Correlation Definition B

Ryim] = 3 x[nly[n+m]

conjugate the first

+m
—m
H

Continuous Time LTI System
Energy Signals

Correlation Definition A

R, () = fx “(t+t)dt

conjugate the second

Correlation Definition B

R, (1) = j’x y(t+t) dt
conjugate the first

+7T

—>
—T
<+

DT Correlation
(1B)

Young W. Lim
2/1/14



Correlation & Convolution : Energy Signals

Discrete Time LTI System Continuous Time LTI System
Energy Signals Energy Signals
Correlation Definition A Correlation Definition A
R m] = Y x[nly'[n+m] R, (1) = fx “(t+r) dt
[n] 2 x[n~m]y'm X() = y(e) = [ x(t= )y (r)de
x[-m] * y*[m] = _Zoj x[n—mly“[n] x(—1)* y*(t) = Jix(t_r)y (t)dt
Rylm] = x[-m]* y"[m] Ry(t) =  x(=1)* y'(7)
Ryml  X(-F)Y*(-F) Ry X(-)Y'(-f)

R, [m] H X(F)Y*(F) (even) (even) Ryy(7) g‘r X(f)Y(f)
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Correlation & Convolution : Energy Signals

Discrete Time LTI System Continuous Time LTI System
Energy Signals Energy Signals
Correlation Definition B Correlation Definition B
R, [m] = _Zoj x“[n]y[n+m] R, () = if:x*(t)y(tﬂ)dt
x'[n] * y[n] = Z” x*[n — m]y[m] X (t) * y(t) = _fx*(t —o)y(t)dt
x*[-m] * y[m] = ﬁ x*[n — m]y[n] x*(—1) % y(t) = _fwx*(t —1)y(t)dt
Rylm] =  |[x'[-m]x y[m]| Ry(t) = [x'(=7) * y(v)]
TFT TFT
R, [m X*(F)Y(F) Ryx) — X'(FYIF
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Correlation Functions

Discrete Time LTI System Continuous Time LTI System
Energy Signals Energy Signals
R,Im] = X x[n]y[n+m] Ry(t) = [ x(t)y(ter)dt
Power Signals Power Signals
Power Signal + Energy Signal Power Signal + Energy Signal
R _[m] = lim - Y. x[n]y[n+m] R, (7) = limlfx(t)y(tﬂz) dt
y N oo Nn:(N) T>w T
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AutoCorrelation of Energy Signals

Discrete Time LTI System Continuous Time LTI System
Energy Signals Energy Signals
R_[m] = H:Z;x[n]x*[mm] R (1) = :‘ix(t)x*(tﬂz)dt
- niox[n—m]x*[n] = Ix(t) x*(t+t) dt
R _[0] = i x*[n] total energy R_(0) = sz(t)dt total energy
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AutoCorrelation of Power Signals

Discrete Time LTI System Continuous Time LTI System
Power Signals Power Signals
R _[m] = lim L > x[n] x*[n+m] R () = limlfx(t)x*(ﬁr)dt
N->© Nn=(N) T>w T T
= lLim - > x[n-m]x*[n] = limlfx(t—r) x*(t)dt
N->© n=(N) T>»w T
R _[0] = lim - Y. x*[n] total energy R _(0) = lim lJ‘xz(t) dt total energy
N> x N n=(N) T>w T T
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AutoCorrelation of Periodic Power Signhals

Discrete Time LTI System Continuous Time LTI System
Periodic Power Signals Periodic Power Signals
R.[ml= 3 x[n]x'[n+m] R (x)= 2 fx ‘(t+v) dt
N 5w
1 1
= = x[n—-m]x*[n] = — | x(t—7) x"(v)dt
N .5 Tl
R _ 1 . _ 1 *
Im] = — x[n]x*[n+m] R _(t) = —fx(t)x (t+7) dt
Nn:(N) T T
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