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ABSTRACT
In this paper, we develop a new adaptive beamforming algo-
rithm for cyclostationary signals. Our algorithm is derived by
maximizing the cyclic moment of the beamformer's output
subject to a constraint that preserves all the signals within a
prescribed uncertainty set. This constraint allows the beam-
former to capture the desired signal and suppress any cyclo-
stationary interferers using the (possibly erroneous) prior in-
formation about the array manifold. We develop a state-space
model for the underlying optimization problem and derive
an iterative cyclic beamforming algorithm using the second-
order extended Kalman filter (EKF). Numerical simulations
are presented showing the superior performance of our beam-
former compared to earlier cyclic beamforming techniques.

1. INTRODUCTION
Blind cyclic beamforming is capable of extracting a cyclosta-
tionary signal-of-interest (SOI) without any knowledge of the
array manifold. It was first proposed in [1] where a class of
objective functions termed Spectral self-COherence REstoral
(SCORE) was introduced. Several cyclic beamforming algo-
rithms were also derived using different cost functions, e.g.,
[2], [3], and [4]. In all these algorithms the beamformer was
capable of extracting the SOI and suppressing noncyclic in-
terference signals. However, it was shown in [3] that if any
of the interference signals has nonzero cyclic moment at the
same cycle frequency of the SOI, the beamformer might cap-
ture the interference signal instead of the SOI. This problem
arises because the beamformer does not have any information
to discriminate between the SOI and the cyclic interference.

In many applications, some a priori spatial information
is available about the SOI and the array aperture. This in-
formation can be used to distinguish between the SOI and the

clic interference signakls In [5] Castedo et a! added linear
constraints to the cyclic beamforming algorithm in order to
exploit the spatial information available about the SOI. How-
ever, no attempt has been made in [5] to account for any er-
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rors in the available spatial information, and hence, the perfor-
mance of this beamformer may degrade severely if the prior
information about the SOI is inaccurate.

Several approaches have been recently proposed to pro-
vide robustness to the minimum variance distortionless re-
sponse (MVDR) beamformer against mismatches in the steer-
ing vector of the SOI, e.g., [6] and [7]. In this paper, we
present a new adaptive beamforming algorithm for cyclosta-
tionary signals that is capable of suppressing cyclic interfer-
ence signals using the available possibly erroneous spatial in-
formation about the SOI. Our algorithm is derived by maxi-
mizing the cyclic moment of the beamformer's output subject
to a constraint that provides high gain to all the signals within
a prescribed spatial uncertainty set. This constraint was orig-
inally employed in the robust MVDR beamformer of [6]. It
was shown to be effective in preserving the SOI in spite of
mismatches between the presumed and actual steering vector
of the SOI. Hence, this constraint provides robustness against
any errors in the prior spatial information of the SOI. We
present a state-space model model describing the constrained
cyclic beamforming problem similar to the model developed
in [7] for the robust MVDR beamformer. A second-order
EKF can be used to estimate the beamformer weight vector it-
eratively with reduced computational complexity. Numerical
simulations are presented showing the superior performance
of our beamformer compared to earlier cyclic beamforming
techniques in nonstationary signal environments and in the
presence of cyclic interference signals.

2. SEMI-BLIND CYCLIC BEAMFORMING
A zero-mean complex signal s(t) generates a spectral line at
a frequency ar after passing through the nonlinearity (.)P if it
has a nonzero pth-order cyclic moment defined as [1]

I T,
ma = ii Sp Xt c-j2 7tdt.

T/
(1)

Many communication signals have nonzero cyclic moments.
The most typical examples are linear digital modulated sig-
nals that generate spectral lines at multiples of the symbol
rate. For carrier modulated signals, the spectral lines will be
centered around c= pfC where fJ is the carrier frequency [8].
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