YCLOSTATIONARY FEATURE DETECTOR

A. Theoretical Background

Modulated signals are in general coupled with sine wave
carriers, pulse trains, repeating spreading, hoping sequences,
or cyclic prefixes which result in built-in periodicity. Even
though the data is a wide-sense stationary random process,
these modulated signals are characterized as cyclostationary,
since their statistics, mean and autocorrelation, exhibit

periodicity. This periodicity is introduced intentionally in the
signal format so that a receiver can exploit it for: parameter
estimation such as carrier phase, pulse timing, or direction of
arrival. This information can then be used for detection of a
random signal with a particular modulation type in a
background noise and other modulated signals.

Common analysis of wide-sense stationary random signals
is based on autocorrelation function and power spectral
density. On the other hand, cyclostationary signals exhibit
correlation between widely separated spectral components due
to spectral redundancy caused by periodicity. By analogy with
the definition of conventional autocorrelation, one can define

spectral correlation function (SCF):
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where finite time Fourier transform is given by:
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the second stage has to be increased with respect to perfect
sampling feature detection. The proposed scheme performs
comparable even for sampling offsets of 1 KHz. As a result,
the proposed feature detection in the presence of sampling
clock offsets can be used for reliable weak signal detection,
but the required detection time is significantly larger then
energy detection. Note, that this results hold only for
stationary white noise.

C. Robustness to out-of-band interference

It has been shown that energy detector is highly susceptible
for the noise variance uncertainty that is contributed by
temperature variations and out-of-band interference [3]. To
test the robustness of feature detectors, we experiment with
the adjacent channel interference coming from the commercial
802.11g WLAN with a continuous traffic generated by video
camera data transfer between two laptops. The interference
scenario in feature domain is presented in Figure 4.

Figure 5 shows the performance of both energy and feature
detectors in the presence of adjacent band interference. Due to
spectral leakage of the FFT, energy detector suffers from the
large variation in the noise-plus-interference level. This
variation progressively degrades the energy detector
performance and at -18dB SNR detection becomes impossible.
On the other hand, feature detector robustly detects the weak
signals and outperforms the energy detector. Note that there is
a slight degradation in performance of feature detector as well
due to leakage of the interference signal in SCF domain. We
are currently investigation windowing techniques that can
suppress this effect.

V. CONCLUSIONS

In this paper we present the complete characterization of
cyclostationary feature detectors through theoretical analysis,
implementation, and experiments under real noise and
interference sources. The real-time system implementation
allowed us to identify the robustness issue of feature detectors
with respect to sampling clock offsets. This effect has been
ignored in all theoretical and simulation studies of the
cyclostationary signal detection so far. We proposed the 2
stage averaging scheme to overcome the feature cancellation
due to sampling offsets. Measurement results quantified the
performance degradation, but also showed that detector can be
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Figure 3. Detection time vs. SNR comparison for energy and feature
detectors in AWGN
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Figure 4. Features of desired QPSK signal and the adjacent 802.11g signal

used in highly negative SNRs. In addition, we compared the
proposed feature detector with the conventional energy
detector. In stationary noise channels, feature detectors are
inferior since the energy in the feature is always smaller than
the total energy of the signal. However, in the presence of
strong adjacent channel interferers noise becomes non-
stationary. Then, the energy detector fails to detect weak
signal while feature detector is not affected.
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Figure 5. Detection time vs. SNR comparison for energy and feature

detectors in the presence of out-of-band interference




