EECS 216

LECTURE NOTES

CORRELATION BETWEEN SINUSOIDAL SIGNALS

Given:
Goal:

x(t) = Acos(wt + 0,) and y(t)
To determine the phase difference |0,

= Bcos(wt + 0,), —o0 < t < o0.
— 0, from data x(t) and y(t).

Soln:

where:
Then:

CORRELATION
Compute the OEFFICIENT = pay = Cn(2,Y)

fo t)dt and E(z) = C(x,z) and T =
C’N(az y)-cos(@ —0,) — |6, — 0,

C(x,y)/VE

——perlod
p(af y)

Proof:
using:

OT %2(1 + cos(2wt + 26,))

(14 cos(2z)). Compare to rms derivation.

E(z) = fo A% cos?(wt + 0,) =

COS2 Tr =

_ A2
=T4.

C(%,y) —

using:

fOT AB cos(wt + 0,) cos(wt + 0,))dt = 48 fOT cos(2wt + 6, + 0,)dt
—|—ATB fOT cos(f, — 0,)dt = T— cos(fy — 6,)
cos(x) cos(y) = 3 cos(z + y) + 3 cos(z — y) and M(sinusoid)=0.

Then: p
Note:

C(z,y)

_ (TAB/2)cos(0,—06,) __ o
=Cn(z,y) = JE@EG) A2 (TE2) cos(0, — 0y).
(1) O0p =0y < pay =15 (2) [0 —by| = 5 & pay = 0

The sin and cos functions are orthogonal over one period.

Given:
Goal:

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

= Bcos(2m fyt), —00 < t < oo.
—fy| from data x(t) and y(t)

Soln:

where:

CORRELATION

_ C(z,y)
COEFFICIENT — Pzy

=Cn(z,y) = NGO sinc((fz — fy)T)

sin(mz) }ag peak at x = 0; smaller at half-integer x.

sinc(x) = ——

Proof:

C(xay) —

| AB

using:

E(z) = T4 and E(y) = T5
AB fT:ﬁQ cos(2m f,t) cos(2m ft)dt = 4B f 72 COS(2T (fo + fy)t)dt

f T/2 cos(2m(fy — fy)t)dt = TATB[smc((fw—f—fy) )+ sinc((fe — fy)T)]
T f_T/z cos(wt)dt = S\ T/2 - swwl/2) _ gino(¢T)  (w = 27 f).

as above. But now we have:

Now:
Then:

Note:

-T/2 —  wT/2
(fo 4 fy) >> (fo = fy) = sine((fo + f,)T) << sinc((fz — f,)T).

. . C(z,y) _ (TAB/2)sinc(fa—f,)T _ . .
oy = ON ) = e = yaaemam e T AT
(1) fo = fy © pzy = 1; (2) Including phase in this —mess.




