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Consider the true correlator of the figure with noisy inputs:

r1(t) = s(t) + n1(t) / ) 7~
-
~ • :~~~ \ ,~~~~~~~(. 3

r2(t) = a(t) + n 2(t)

where 8(t) is a signal coemon to both inputs arid nj(t), n2(t) are
noise waveforms.

~ = ~:; : ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
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;i~~~e :J ~7~The output of the correlator is

f~r1(t) r2(t
+e) dt

1J:r1
2(t) dt j~~r 2

2(t ) dt}*

Assume the signal is not correlated with either noise and let

$ = J~
, s2(t) dt = signal power

J n~
2(t) dt = 1th noise power , i = 1,2
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Then 
L (s(T) + n1(T)) (e(t+ !r) +

(2) r(t) 
[r(s(t) + n1(t) 2dt .f ~(e(t)  + nj (t)) 2dt J *

Evaluation of the integrals gives
ACC c ,~

r88(t) + (N1N2)~ rnin2(t) 
r~r,s .

J j~~h_________________________________________________ “DC

[~S+N1) (s+N2)1 •~ T!:~ ~~~~~~~~~~
which we can write as

fly

~! 7(s/N1)~ (s/N2)~ ç 88(t ) + ~~n1n2(t)(14) r(t) [(i. + s/N1) (1 + S/N2)7*

or

+ (N1/s)~ (N2/S)4?nin
~~~

) 
.----.---- ---.

( )  ~(t) 
~ 

+ N1/S) (1 +

Ifb~ h signal-to-noise ratios are large (s/N1”7jor N~/S~<j, i — 1,2)
we can use the approximation, ignoring terms higher than the first
power ,

(6) ç(t)~~ [14(N1/s + N2/S)J,
0

85(t) + (N 1/s)
* (N2/s)

3 n1~~(t),
if both signal-to-noise ratios are smail (s/N1c< 1~ i 1,2), then
the approximation become s

(7) (..(t) = (s/N1)~ ( a/N2)~~ç81(t ) + [1-~(S/N1+S/N2)} rnln2(t ).

If one signal-to-nois. rstio is high and the other is low ( say
B/N1~ 1,B/N2<< i) then

(8) t(t) 
(s/N2)~ f)55(t) + (Ni/8)4 ?njn2(t)

[ 1 + N1/9) (3. + B/12)]*
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give the approximation, ignoring powers higher than the first ,

~~ ~~~~~~ 
(S/N~)~ (~8

(t) + (N
1/s)~ ~~n1n2( t) .

Hence , for high signal-to-noise ratios, the correlator output
f.?( e)  approximates the signal autocorrelation f~ ( t )  for low signal-

1~o-noise ratios 
(~
. (~~~~

) follows the noise correl at~Sn f’~1n2( e), and
in the mixed case, the correlator output is mixed. In fact , if both
signal-to—noise ratios axe unity (0db), the true corr elator output is
just the arithmetic mean of the signal and noise correlations

(10) ~~(t ) = ç88
(t) +~~~flAn2(t)

From the above calculation , we see that the corre lator output
will decrease in amplitude in the presence of noise, even if the noise
cross-correlation is zero. If the noise correlation does not vanish,
then this will appear as a bias on the true corre.lator output.
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