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ween two different waveforms or signals is a measure of similarity or
herence between one signal and the time delayed version of another
ss correlation between two signals indicates how much one signal

e de "-_-ay._- version of another signal.
energy signals

plex signals x,(f) and ¥
denoted by Rj2(7) is given by

(1) of finite energy. The cross correlation of

- jxl (1) X, * (1= 1) d1 = [ me+nm*0 dt
?ﬂd x,(1) are real, then
[) = T x, (1) xz(-t—-f) dt-: j xl(t+r) X, (1) dt
L g i will have some finite
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Is. That is the croe.
then the two signals x,(r) and xy(1) are called orthogonal signa \€ Cross | Ot

for orthogonal signals is zero i i ]
§ 18 - : xi(1) is defined as
Another form of cross correlation between X0 and x;

Ry (1) = Ix;tllxrlf‘f}‘f’

In the above equations, the cross correlation ﬁ-i‘“ﬂlm:h'ﬁ”f}”:: { :"I"“"""' i
variable t. The variable 7 is called the delay paramerer oF ﬂ; Ly i
searching parameter. 1t is time delay or time shift of ““";]E Two. si nuii. ! IHP. he
parameter T determines the correlation between o sign ad i 'li. .“H' no o
correlation at T = 0 can have significant cross correlation by fjuﬂ‘ e 3 iT ‘E‘"'““' ler 1
signals for which the cross correlation is Zero for all values Of ‘T arc called uncorre/gyg

incoherent signals.

Properties of cross correlation function for energy signals
Following are the properties of cross correlation for energy signals: |
| The cross correlation functions exhibit conjugate symmetry, i1.c.

R(7)= Ryi(~7)
That is unlike convolution, cross correlation is not in general commut
Ry5(7) # By (—=7)
2. i R3(0) =0
e, if [ a0 3y di=0

then the two signals are said to be orthogonal over the entire time interi
3. The cross correlation of two energy ﬂm w“dg to the multiplication of

Fourier transform of one signal by the complex conjugate of Fourier transic
second signal.

ie. R (1) e X I{wlx; (@)

This is known as correlation theorem.

Cross correlation of power (periodic) signals

¢ on ﬁtl}{ﬂ for two periodic signals x,(r) and x,(r) may b ©
th“;m correlation. If the two periodic signals x;(1) and wlf)
Cross correlation is defined as:

with the help of average
the same time period T.

1 n
RI-I(_T}.zF I xl{;);;(;_. ) dr
=TI
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slation of two periodic functions i defined in

1 T2

T 1'!::1“}1?” =T)dt

Ry(1t)=

e ﬂﬂ”ﬂlﬂrio g

5s ¢ n function for power (periodic) signals
the properties of cross correlation for power
er transform of the cross corre

on of Fourier transform
 of other signal,

signals:

| !alinn of two signals is equal to the
of one signal and complex conjugate of Fourier

Ryp(T) ¢ X,(@) X ()

Ris(0) =0
| T2
Lt — | xO)x@)dt=0
T—lw T T2

mals are said to be orthogonal over the entire time interval.
rrelation exhibits conjugate symmetry, i.e.
*
RIZ{T} = Rn':-'_f..'l
solution, the cross correlation is not commutative, i.c.
A RH{T} # Rzl‘:fj

?mw that Ry,(7) = R;_[—'.'._‘] ie. the cross correlation exhibits conjugate

: | s correlation of two signals x;(1) and x,(1) is given as:

=

Ry ()= [ u@xn@-Dd

ibove equation for Ry

].: %01+ T) Xa (m)

Rm-{'f} o

Ry(7) = .[

—= e

I;{f}_.xr“ = f} di

» above equation for Ra(7)-

Ry (7) = I Iz'(n}-xr[n— 1) dn



Ry ()= [ 3 (n) i (n—7) 41

——1

R_:'l (=1) = ' .t; (n) xy(m+ r)dn

e ‘ ) £
two equations for Rys(7) and R,y (=7), we can write

Comparing the above s
R0 = Ru (=D

7.6.2 Autocorrelation

measure of match or similarity or
delayed version. This means that the 4
function. It is defined as the ¢

The autocorrelation function give.s_ﬂm
coherence between a signal and its ime CEHL
function is a special form of cross correlation

signal with itself. d :
The autocorrelation is defined separately for energy signals and power sig)

Autocorrelation for energy signals
The autocorrelation of an energy signal x(7) is given by

Ry(n)=R(D) = [ x)x" ¢~ di

—

where 7 is called the delay parameter and the signal x(r) is shifted by 7in po-
If x(f) is shifted by T in negative direction, then

R(z)= [ x@+0)x" (@) dt

Properties of autocorrelation function of energy signals
Following are the properties of autocorrelation for i
: energy signals:
I. The autocorrelation function exhibits conjugate symmetry. i.c.
R(1) = R'(-7)

Thus, it states that the _
part of R(7) is an Dd:fﬁrczlch?;t;ff(ﬁ is an even function of 7 and U

Proof: :

&(1)= _[ x(0x"(t - D)y

Taki
EhnB the complex Umm. we have

is given by

L
RO = [0 xtt- 1) ar




# -]
R-0)= [ X't)xt+1ydi = R(1)

R(1) = R[ ~1)
lue of 'alliﬂcorrelaunn functi

on of
:'.."!' Energy of that si a_'[ la: energy

R(OY=E = l‘ i-"?(f)ildf

signal at origin (i.e. at T=0) is

1

We have

[} _'yl w5y ¥
i R(1) = j x(0)x"(t = 1) dt
| —

e I X(Ox" (1 dr = I x(t) dr =E

—a

sed in either direction, the aumcnrrelatlnn R(1) reduces. As T reduces
R(*r} increases and it is maximum at 7 = 0, ie. at the origin.

1 |R(7)| < R(0) (for all 7)

der the functions x(r) and x(1 + 7). [x() £ x(r + 7)|” is always greater
| to zero since it is squared, i.e.
220 + X2+ 1) £ 2x(0) X1 +7) 20

| () + 221+ 1) 2£2x(0) x(t+7)
th the sides, we get
jlxml di+ j (e + 7 dt 22 j x(t) x(t + T

E + E22R(7) [Tf x(r) is real valued function]
' E = R(7)

R(0) 2 [R(T)| (Since R(0) =

on R(7) and energy SPe
transform pair.

R(T) e w(w)

ctral density function y(w) of

hﬁan functi
al form a Fourier

1 states that the Fourier transform of autocorrelation function R(T)

ﬁm@tlon of signal x(0), i-¢-
FIR(D]= -|x(@ =y@
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The waveform is described by
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