Lecture 23

- ACF of a Sum Process

Iy = XB+ Yy

Bueston: Ry ?

AhSwe,r:
Befy = E [ZG) Z(+1]
= E {(X&H Y& ]- [X(ch) + Y({—n)]}
= E [XtXto)+ EX®YU+0] + E[ Yo X(tew]+ E[YE) . Y]
— —— — SY—
7 ?

= k® T Ry + K.Yx("f) t e

Where

Kx‘f v = E ()(&)Y({—n)]
Ryx(@) = E [Y({) X(t+v)

/

- Cross - Correla.ﬁon Func‘h‘ons

In ﬁev\em(, RXY@) * Rn@)
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Exceptions:

) Ifn=0, BRy®) = ENXO®. Yltsoy] = E Yb-x) = Ryyio
@ I XW) and Y (&) ore mutually \nelependent
Rer@ = EfX®- Y] = E k). E[{Gan]

Ryx@ = E (:Y(Jf)- X(Ht)] = E ﬁ(t)]- E D(&w)]

—

ER"

I

I
=
|

Thus Ry @ = Ry ®

Aok f Xt and Yby are l‘ndepenalen-l,
Iy = X® + Y

Rier) = A + Pxy@+ Ry © + Ry )
= K@t XY 4+ YX + Ryéw
Fv.rl'hermrc) ¥ ot least ome of X and Y s Zero ( Zero mean)
Ret) = R, 0+ Ry()

- Cross Correlation Functions between a Sum and Difference Processes

Uh = Xb+ Y
{\/&’c) = X&) -Yg)

Question: Ry @ , and Ryy( 2
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|

E {Q( hrY®] - [ XG4~ YUcn)]}

Il

——

E [)( ®HXHy) - E 6((‘[‘) Y(t4y) + E(Yeb X440 - E (Y Y(t4v)]

v
= Kx@) - ny@’? + RYxc“) - k) =)

= E {Q((’c)-‘f(t)]- [ XG4 +Yc+m>]}

E (X®XWw])t E e Yk - E[Yeo Xt - E (Y]
Re @ + Ry - Ryn@®) = Ry

If X(t) and Y(t) are independent, and both X(t) and Y(t) have zero mean, then

Ruv@ = Ryy (®) = ) - Ryary

Il

—
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Previously, estimation of autocorrelation function.

%Example of autocorrelation calculation
rand('seed’, 1000); % use seed to make repeatable
x=10*randn(1, 1001); % generate random samples
t=0:0.001: 1; % sampling index

[t1, R] = corb(x, x, 1000) ; % autocorrelation
subplot(2, 1, 1);

plot(t,x);

xlabel('TIME"); ylabel("X");

subplot(2, 1, 2);

plot(t1,R);

xlabel('LAG); ylabel('RX");

function [ndt, R] = corb(a, b, f)

% Correlation functing using convolution

N = length(a);

R = conv(a, fliplr(b))/(N + 1);

ndt = (-(N - 1): (N - L))/f;

end

In 3eneral,

Correlation . z [y = ig X(KY- hIn+k)

k=-00

Covolution .

function [ndt, R] = corb(a, b, f)
% Correlation function using
convolution

N = length(a);

R =conv(a, fliplr(b))/(N + 1);
ndt = (-(N - 1): (N - 1))/f;

end

fliplr
Flip array left to right
>>x=1:5

X =
1 2 3 4 5

>> fliplr(x)
ans =
5 4 3 2 1

(o YBY= XBIXhDY = 3 XK hDn-k)

K=-po

Use Convolution —to implement Correlatipy by fiyst H.'ppu'hg hn).

Lecture 23 Page 4



http://www.ece.uah.edu/~dwpan/course/ee385/code/ccf example.m

% Example of CCF calculation to identify signal from noise

’ & Figure 1 = (m]
Clear a-”1 3'Eile Edit View Insert Tools Desktop Window Help
noise = 3*randn(1, 1001); % noise Neds anB & [E
theta = random('Uniform’, 0, 2*pi); f
t=0:0.001: 1; % sampling index ‘ 10

X = cos(100*pi*t + theta); % random signal 0] It WW | W W‘W | l‘.\ ‘

y = X + noise; r’ ” 1Ll M

[t1, Ry] = corb(y, y, 1000) ; % autocorrelation ey 1
xd = cos(100*pi*t); % deterministic signal for detection | TME
[t2, Rxy] = corb(xd, y, 1000) ; % cross-correlation 10 ‘ I

subplot(3, 1, 1); ACE s o 5
lot(t,y); 2
glab(el)(/')TlME'); ylabel("Y"); 0 o A o AN AR A A Y MVt

-1 -0.8 -0.6 -04 -0.2 O 0.2 04 0.6 038 1
subplot(3, 1, 2);

plot(t1,Ry); 05
xIabeI(‘LX\G'); ylabel(R_Y'); il H;WI lﬁ i VV 'HW\J\W)} W”\'VHHHHH g «‘"“‘" s
w i “HHI“““"'“ Ul

subplot(3, 1, 3); CCF -« o™il
-1 -0.8 0.4 0.4 06 08 1

plot(t2,Rxy); 05k
xlabel('LAG"); ylabel(R_{XY}); LG
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http://www.ece.uah.edu/~dwpan/course/ee385/code/ccf_example.m

