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162 SENSORY PROCESSES IN DETECTION

6.4 REPRESENTATION OF SIGNAL

We assume that the signals we'wish _to investigate can be rep,
the same way as the noise. If the signal is some fixed and deﬁnitle) ;sented i
such as a sinusoid of fixed amplitude, frequency, and ohige aVefory,

that it can be represented as we s,
WT 2ar ) ) Yo
= a,cos {—nt) 4+ b,sin (_._
s(t) ;_:1 [ ( T n T n l)]
or
t) = S\ — "t
W= 2s\5y (619
where s; is the value of the signal at the ith temporal sample interyy]
s, = s(i[2W). If the signal is from some stochastic process, we assume that

the sample space of the stochastic process can be specified in terms of the
random variables a,, b, or in terms of s(i/2W). Since we are assuming
a 1-ohm impedance, the energy of the signal, E,, is given by

J‘T " )d ET 2A 1 wT .
’ ) ( i=1 2W Z 5

i=1

(6.20)

6.5 IDEAL DETECTORS

In this section we derive the optimal detector for several specific
detection tasks. That is, the basic paradigm is applied to several specific
situations, situations that differ in the amount and kind of information
the detector has about the signal. We shall emphasize those aspects of the
derivation that are of general interest and, in particular, we emphasiz

how the detector’s uncertainty about the signal parameters affects its
performance.

6.5.1 Signal specified exactly

For the case of the signal specified exactly, the observed wavefc;'“;;
z(t), is noise alone, or signal plus noise. The signal, s(1), 0 <.t< ’sc
specified exactly and is known to the detector in the following SC:‘ a.
Using the temporal representation of the signal, the detector 0% "
if the signal is sent it will have a certain value s, = S(i2W), 1 = L2
2WT, at each of the sample points, ing th°

The density function for each hypothesis can now be expressed uSllﬂgl’]es'
temporal representation of the waveform and Cqual'i"tewal sa
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s , single sample point &, = 2(m[2W). Giyen noise alope
0 ’

flom|n} == exp (~ L za’
V2mNW 2 NOW) (6.21)

Given signal plus noise,
exp [._ 1w —s,)

1
m|S5=
F{#m| s} BN - 625

waveform z(f) may be represented by the collection of samp]
m=1,2,3,...,2WT. The entire collection or vector ha.f :

The total

V&lucs zm’ . . .
robability density, given noise alone, of
P W T
f{&@) | n} = I1f{zm | n} (6.23)
or, given signal plus noise, of -
’ W T
S{&W0 | s} = I1f{#n | s} (6.24)

We multiply the sample densities together because our representation
makes each sample point independent of all others. The likelihood ratio is
then ,

#0)|s] T 1 z,® 1 -
M'l = [T exp (‘ —) exp [-— < — ) (6.25)

(0] =
1= e [n]  ma - \2NW 2 NW
Taking the natural logarithm of likelihood ratio, and simplifying,
eW T 1 T 2) (626)

Because the term I s,,2 is a constant, the cross correlation between the
expected sample s,, and the received signal z,, is monotonic with likelihoo.d
ratio.* The optimal detection scheme for the signal specified exactl‘y is
therefore cross correlation between the expected signal and the received
Waveform. If the receiver computes the cross correlation and accepts the
hypothesis that the signal was present only when the cross correlation 1s
above some criterion value, it will be the optimal detector.

This resu]t does not imply that some other receiver may got also be
°Plimal. In fact, if we had used the Fourier-series representation of (1),
"¢ would have received a different confi guration for the optimal detector:

L}
<
i"t-{;h : ?ross correlation of two waveforms, A(f), 0 < ¢ < T, and g1, 0 <1
&ral of the product of the two waveforms,

4
f h(r)g(r) dt
0

T, is the

%% Appendix IL)
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