EECS 206

LECTURE NOTES Fall 2005

CORRELATION BETWEEN SINUSOIDAL SIGNALS

Given:
Goal:

x(t) = Acos(wt + 6,) and y(t) = Bcos(wt + 68,), —00 < t < 0.
To determine the phase difference |0, — 0, from data x(t) and y(t).

Soln:

where: C
Then:

CORRELATION
Compute the COEFFICIENT

fo t)dt and E( ) =
CN(x y) = 008(9

xy/\/

—perlod

= pay = Cn(z,y)
C(x, )andT

p(w y) 0,) = 10. —0,].

Proof:

using:

E(x) = fo A% cos?(wt + 6,) =

COS2 Tr =

OT A (1 + cos(2wt + 20,)) =
%(1 + cos(2z)). Compare to rms derivation.

A2
7‘

C(xvy) -

using:

fOT AB cos(wt + 0,) cos(wt + 0,)dt = 42 fOT cos(2wt + 0, + 0,,)dt
+48 fOT cos(0, — 0y)dt = TAE

== cos(0; — 0y)
cos(z) cos(y) = % cos(z + y) —|— 1 cos(z — y) and M(sinusoid)=0.

Then:
Note:

C(z,y)

. __ (TAB/2)cos(0,—0,) .
pey = O (@:9) = Trpey = Vaw s o 0

(1) bp =0y < poy =1; (2) |02 — 0y = 5 < pay =0
The sin and cos functions are orthogonal over one period.

Given:
Goal:

x(t) = Acos(2m ft) and y(t)
To determine the frequency difference |f, —

= Bcos(2m fyt), —oo < t < o0.
fy| from data z(t) and y(t).

Soln:

where:

CORRELATION
COEFFICIENT

C(z,y)
E(x)E(y)

= sinc((fz — fy)T)

has peak at = = 0; smaller at half-integer .

= pay = On(2,y) =

sinc(r) = LH(M)

Proof

| AB

using:

: E(x)
C(xvy) -

A and E(y) = TE B’ as above. But now we have:

AB f_T/2 cos(27rfx ) co (27Tfy t)dt = AB f /2 cos(2m(fy + fy)t)dt
fipﬁz cos(2m(fr — fy)t)dt = TATB[SZnC((fa: + f)T) + sine((fz — f,)T)]
+ f_Tﬁz cos(wt)dt = Sm(m) |T/2 = sinlwT/2) (w=2nf).

Now:
Then:

Note:

T/2 = T wT/2 sinc(fT)
(fa + fy) >> (fe — fg() _; Sinc(gjfi;g;y)T()f<_? f;nc((fx — fy)T).
poy = ON(©:9) = Tpmg = Vaamass - el =T

(1) fo = fy © pzy = 1; (2) Including phase in this —mess.




