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Abstract—Classical space-time adaptive processing (STAP)
detectors are strongly limited when facing highly heterogeneous
environments. Indeed, in this case, representative target free data
are no longer available. Single dataset algorithms such as the
MLED algorithm, have proved their efficiency in overcoming
this problem by only working on primary data. These methods
are based on the APES algorithm which removes the useful
signal from the covariance matrix. However, a small part of
the clutter signal is also removed from the covariance matrix
in this operation. Consequently a degradation of clutter rejection
performance is observed. We propose two algorithms that use
deterministic-aided STAP to overcome this issue of the single
dataset APES method. The results on realistic simulated data
and real data show that these methods outperform traditional
single dataset methods in detection and in clutter rejection.

I. INTRODUCTION

In the context of radar signal processing, the purpose of
Space-time adaptive processing (STAP) is to remove ground
clutter returns, in order to enhance slow moving target detec-
tion. STAP performs two-dimensional space and time adaptive
filtering where different space channels are combined at di-
fferent times [1]. Filter’s weights are adaptively computed from
training data in the neighbourhood of the range cell of interest,
called cell under test (CUT). The estimation of these weights
is always deducted, more or less directly, from an estimation of
the covariance matrix of the received signal, which is the key
quantity in the process of adaptation [2]. Any implementation
of STAP processing must remain absolutely consistent with the
strategy of radar processing which purpose is to obtain a high
probability of detection while keeping a very low probability
of false alarm.

Classical space-time adaptive processing (STAP) detectors
are strongly limited when facing a severe non stationary
environment such as heterogeneous clutter. Indeed, in these
cases, representative training data are no longer available. The
Maximum Likelihood Estimation Detector (MLED) [3] is a
single dataset detector among others [4]. It only operates with
the data from the cell under test hence its performance is
not impacted by nonstationarity. Of course, no environment is
purely heterogeneous or homogeneous and the problem can be
addressed by combining primary and secondary data [5]. We
will here consider the environment to be heterogeneous enough
to only use primary data. To make the primary data target-free,
the MLED detector removes a thin part of the signal of the
Doppler cell under test from the covariance matrix. A slight
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part of the clutter is removed along the target signal which
implies a degradation of clutter rejection, especially if the
number of Doppler cells is low. Less there are Doppler cells,
more clutter is removed from the covariance matrix and worse
the estimation of the covariance matrix is. The bad estimation
of the matrix can be addressed by using subspace methods
[6] but the removal of some clutter is inherent to the APES
method.

In this paper, we will show how we can overcome this problem
by the use of deterministic-aided STAP. Moreover, we will
extend this method to the Stop-Band APES which greatly
reduces the computational workload of the MLED detector.
Section II is devoted to the data model, and section III
summarizes the principle of the MLED APES-based detector
and the Stop-Band APES algorithm. A deterministic based
non-adaptive approach of space-time processing is presented in
section I'V. In section V, we describe two different approach for
deterministic-aided STAP and finally in section VI, simulations
are given to show that the proposed methods outperform the
MLED and Stop-Band algorithms.

II. DATA MODEL

Consider a radar antenna made of N sensors that
acquires M, pulse snapshots for each range gate [. We
will only use the primary data so we will forget the range
gate dimension, also called fast-time dimension. Then the
processing algorithm works independently in each range cell.
We adopt the following two hypothesis model where H
and H; means that no target or a target is present, respectively :

Hy: X=N (1)

H1 : X:assstT+N (2)

where the received data have been arranged into an M N x K,
matrix X with K; being the number of training data pulse
snapshots, M the number of pulses of the spatio-temporal
vector, « the complex amplitude of the target. sy is the
spatio-temporal steering vector (length N M), s¢ the temporal
steering vector (length K; = M, — M + 1) and N is the
interference (clutter plus noise) matrix.

We make use of a temporal sliding window to work on
the temporal dimension, consequently the estimated covariance


















