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Abstract: Detecting events of interest or the presence of targets in noise arises in many
fields. The classic method, devised some 70 years ago, is the “matched filter,” whereby one passes
the received signal x(t) through a linear time-invariant (LTI) filter h(t) designed to maximize the
output signal-to-noise (SNR) ratio. The frequency response H(ω) =

∫
h(t)e−jωtdt of the optimal

(“matched”) filter is

H(ω) =

∫
h(t)e−jωt dt = k

S∗(ω)

Pη(ω)
e−jωt0 (1)

where S(ω) is the Fourier transform of the signal s(t) to be detected, Pη(ω) is the power spectrum
of the noise η(t), k is a constant typically chosen so that the filter is unit-energy, and t0 is a constant
typically chosen so that the filter is causal. If the signal s(t) is present, the output of the matched
filter will exhibit a distinct peak at time t0 (for moderate-to-low noise levels). Detection is thus
made by comparing the maximum of the output of the matched filter against a threshold, typically
chosen based on the given or desired false-alarm rate.

Explicit in the classic matched filter above is the assumption that the noise is wide-sense stationary.
If the noise is nonstationary, one can not design an LTI filter via eq. (1), since the power spectrum
for that case is time-varying. An alternative is to consider the Wigner spectrum of the noise, defined
as the expected value of the Wigner distribution,
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which has been shown to be a reasonable definition of the time-varying power spectrum for non-
stationary processes.

In this talk, we consider the detection of signals in nonstationary noise, by formulating the problem
in terms of the Wigner distribution of the received signal x(t). Specifically, we derive the 2-D
time-frequency filter F (t, ω) to apply to the Wigner distribution of x(t),

R̄x(t, ω) =

∫∫
F (t− t′, ω − ω′) W̄x(t′ ω′) dt′dω′ (3)

in order to maximize the SNR at a particular time and frequency. The solution depends on the
statistics of the noise; one solution is

F (t, ω) = k
Ws(−t,−ω)

W̄η(−t,−ω)
(4)

Further details and examples will be presented in the talk.
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