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Consider the true correlator of the figure with noisy inputs:
ry(t) = s(t) + ny(t) // et nicol
rg(t) = s(t) + nz(t)

where s(t) is a signal common to both inputs and n;(t), ny(t) are
noise waveforms.

rl(t) = g(t) + nl(t) '
True Correlator L——pr (o)
rz(t) = s(t) + ne(t) >

N
(48] S Q\
Figure \ vt =4
The output of the correlator is ,\

f”r (t) r_(t+t) at p
@) p(e) ek
T R g ]5
. L'-/» r,?(t) at j.” r,°(t) at
Assume the signal is not correlated with either noise and let
7 ¢
S = Lﬂ sz(t) dt = signal power

o
N, =] n,2(t) at = 1*® noise power, 1 = 1,2
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Then b
5 ,L(s('r) + n)(T)) (s(t+T) + ny(t+r))ar

(2) frxd "D"(s(t) + np(t)2at .f:(.(t) “ ni(t))zdt]-?

Evaluation of the integrals gives

(3) (,(t) " SPss(") + (NlNe)% f)nlnz(t) g;(l:s ‘. e
((S+Nl) (S+N2ﬂ} ;"s?m : ’w Co
...... O L o5 *

which we can write as "
y ws{mai"'wu:{’l‘v" i1y

() (t) = (s/nl)ﬁ (s/ug)% (es(t) + Cnyno(t) . JHEL LY ooogs

F /N 5 s’ CIAL

Ca+s/m) +sm)]e A ,
. fl
R e N N —
(5) o(t) = 88 1 o/8)"Pmno(t)
( V@ +w/8) 1+ N, /5)] %

Ifboth signal-to-noise ratios are large (S/N1>71 or Ni/s«i, i=1,2)

we can use the approximation, ignoring terms higher than the first
powver,

© ) T30/ n/0)] P80 + (/90 /st mny(e),

if both signal-to-noise ratios are small (S/Ni<<{, i = 1,2), then
the approximation becomes

(7) f(t) = (s/nl)% (9,/1!?_)é c“(t) + [1-§(s/ul+s/na)] rnlne(t).

If one signal-to-noise retio is high and the other is low (say
s/nl» 1,8/N,<< 1) then

(8) "(t) & _(f_/l'g)é ﬁ._,((t) + (“,L/s)ée“l“g(t)
El + N1 /8) (1 + S/la)]}
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give the approximation, ignoring powers higher than the first,
©  p&= 6/t G0 + (/e Panyce).

Hence, for high signal-to-noise ratios, the correlator output
(T ) approximates the signal autocorrelation (T ), for low signal-
o-noise ratios f—(’c) follows the noise correlatisn n1n2( 2), and
in the mixed case, the correlator output is mixed. In fact, if both
signal-to-noise ratios are unity (0Odb), the true correlator output is
Just the aritihmetic mean of the signal and noise correlations

(10) e(t) & _&s(t) -‘regnlne(t)

From the above calculation, we see that the correlator 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 correlator output.
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