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1. INTRODUCTION

Space-time adaptive processing (STAP) is a
popular radar signalprocessing technique to detect
slow-moving targets in the presence of a strong
interference background. The space dimension
arises from the use of an array of N antenna
elements and the time dimension from the use of a
coherent train of M pulses. The power of STAP
comes from the joint processing along the space
and time dimensions. The data collected by STAP
radars are a sequenceofN x M arrays, one at each
range. These arrays are typically treated as NM x 1

vectors. These arrays or vectors arecalled
‘snapshots.” The calculation of the optimum
processor generally involves the inversion of the
‘interference + noise (I + N)’ covariance matrix of
each snapshot. This matrix is generally estimated
using snapshots at neighbouring ranges. A general
assumption is that the snapshots used forestimation
are statistically independent, have identical
probability density functions (PDF) and obey a
Gaussian distribution. A very important, practical
issue in fielding a STAP-based system concerns
accurately estimating the interference covariance
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matrix and then computing an improved adaptive
weight vector. For an optimum system large
sample support is required. There are different
approaches for STAP depending upon the
interference is homogenous or non-homogenous.
The paper describes a homogenous clutter
suppression technique which is based on subspace
projection. The whole of the interference matrix
are formed by two subspaces,the clutter subspace
and jammer subspace. The received data which
contains the target response as well as the
interference is projected on to the subspace
orthogonal to clutter subspace so as to remove the
clutter.

A. 1.1 Motivation For The study Of STAP

STAP is used for processing the radar data against
strong interference. The whole process consists of
different steps in which clutter suppression is the
first objective. In a practical environment the
clutter need not be uniform, that means it is non
homogenous in nature. Therefore for effective
filtering the weight should be adjustable. The
adaptive filters are used for suppressing these non-
uniform clutters.

By comparing the performance we can select some
particular algorithm for filtering. We should be
concerned about the  minimization  of
computational load, thatis, the convergence rate of
the algorithm selected. Once the algorithm is
selected, the whole step by step processing can be
avoided by downloading the algorithm into a
processor. This can be inserted into the system for
using a particular technique. The embedded signal
processing systems used for radar data processing
contains many of these processor cards, which
varies according to the processing steps needed to
extract the required data.

In a radar system, where, real time operation is
important, such an embedded processor is really
useful. This will increase the computational
complexity as well as increase the accuracy.

2. STAPBACKGROUND

STAPstands for Space Time Adaptive Processing
which is asignal processing technique most
commonly used inradar systems. It involves
adaptive array processing algorithmsto aid in
target detection. Radar signal processing benefits
from STAP in areas where interference is a
problem (ground clutter, jamming).A space-time
snapshot was defined to be the slice of the data
cubecorresponding to a single range gateas shown

in Figure 1. This data may contain a target
component as well as undesired components due
to noise, jamming, and clutter. The target signal is
modelled as a random amplitudetimes a space-time
steering vector that has the target's angle and
Doppler. The undesired signal components are
modelled as random processes and expressions for
their covariance matrices are derived.

i-th Range Gates

N
et
L

Antenna, & Elemenis

PRI, M Pulses
Figl:Radar CPI Data cube

B. 2.1 Problem Description

The radar antenna is a uniformly spaced linear
array antenna consisting of N elements. Radar
returns are collected in a coherent processing
interval(CPI), which is referred to as the 3-D radar
data cube shown in Figure. 1, where L denotes the
number of samples collected to cover the range
interval. The data is then processed at one range of
interest, which corresponds to a slice of the CPI
data cube. This slice is an M x N matrix which
consists of N x spatial snapshots for M pulses at
the range of interest. It is convenient to stack the
matrix column-wise to form the J x ,J MN vector r;
, termed a space-time snapshot [1],[2]. The
function of radar is to ascertain whether targets
arepresent in the data. The vector ryis used to
estimate the interference covariance matrix Ry
which consists of the summation of clutter matrix
Re, jammer matrix R;, andthermal noise matrix
R,.Thus, the J x J covariance matrix R,of
theundesired clutter-plus-jammer-plus-noise
component can be modelled as

Ry=E{rur }= R+R+R, (1)

Where H represents Hermitian transpose, Rcwhere
H represents Hermitian transpose,R; = E{rcrc" bR
=E{rr" } and R, =E{rr""} denote clutter,
jamming and noise covariance matrixrespectively.
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In practice, the interference-plus-noise covariance
matrixR, is typicallyunknown. The common
approach is to estimate it from thesecondary data
set which does not contain the signal of interest (r
=ry). In this context, we can refer the interference-
plus-noise covariance matrix R, as R.In practice,
since R is unknown, the processor substitutes an
estimation of R for Rto arrive at the adaptive
weight ®. It is most common to compute
thecovariance matrix estimate asR =

%Zﬁ rlilr[i]H. Thisapproach is known as

sample matrix inversion (SM1).

Another conventional method for suppressing
clutter is the DPCA method. The displaced phase
centre antenna (DPCA) algorithm is often
considered to be the first STAP algorithm. This
algorithm uses the shifted aperture to compensate
for the platform motion so that the clutter return
does not change from pulse to pulse. Thus, this
algorithm can remove the clutter via a simple
subtraction of two consecutive pulses.

C. 2.2 Literature Survey

Research has focused on the use of space-time
adaptive processing (STAP) fix interference
cancellation in airborne radar systems since
1970’s. The theory of adaptive radar [1]have been
explained by L. E. Brennan and L. S. Reed. After
that some conventional methods were developed to
estimate the adaptive weights for filtering out the
clutters [2, 3]. Then methods based on Eigen
values and Eigen vectors were used to estimate the
weight vectors [4, 5, 6, 7] by scientists A. M.
Haimovich and Y. Bar-Ness. This method is based
on the fact that the highest power is concentrated
on the Eigen values of a matrix. These methods
were simple to perform but the accuracy was not
always good dueto insufficient data for estimating
the interference matrix. Some STAP approaches
used circular arrays [8,9] of antennas for the
purpose. For non-homogenous clutter suppression
different techniques were found out based non
statistical estimation of the weight vector [10, 11].
Many scientists like T. K. Sarkar, S. Park, J. Koh,
and R. A. Schneible worked on this area and
contributed their ideas. Studies based on Subspace
approach for clutter suppression [12, 13, 14]
started in 1990°s and they are found to be easier to
implement. Recent studies are based on improving
the performance of the technique by reducing the
rank of the subspace.

3.SUBSPACE APPROACHINSTAP

In this section we describe a technique based on
subspace projectionwhich is used to suppress the
homogenous clutter. This uses an observation that
the clutter returns are range dependant, because it
exists at all ranges of interest, to obtain an
improved estimate of the covariance matrix R(u)
from measured data x(r).

The subspace technique is based on the theory of
subspaceprojection inthree dimensional geometry.
Consider a point P(x,y,2) in XYZ space. If this
point is projected on to an orthogonal plane,
sayXY plane the z co-ordinate will be eliminated.
This means that this is another form of
representing the point P(x,y,2) using different basis
vectors. Same is the case with received data, which
is a three dimensional matrix which contains
clutters, jammers, and target data. The clutter
subspace and jammer subspace are orthogonal to
each other because they are independent vectors
and satisfy the properties of orthogonality.
Therefore if the received data is firstly projected
on to a subspace orthogonal to clutter subspace
that is jammer subspace then the clutters can be
eliminated. And the jammer can be easily nulled
out from the resulting signal to make it a useful
signal.

The whole algorithm is based on the matrix
operation called projection, which is actually
representation of same data using different basis
vectors. Here we need to know more about clutter
and jammer subspaces to understand the process
well.

D. 3.1. Clutter and Jammer Subspaces

The clutter subspace S. can be described as the
subspace spanned by the array response vectors
with Doppler combinations corresponding to
clutter patches. The remaining vectors U span s
subspace orthogonal to S, which we denote asS¢L.
For notational convenience both Scand S are
assumed to  matrices  with  orthonormal
columns[12].

R{Sc(D)} =R {[Vst(¢, Fi31),..... Vie(d, i N}H(2)
Where R{A} denotes the range space of matrix A.
For a jammer component rj,the vector exists in a
relatively low dimensional subspace. This
subspace can be found out by singular value
decomposition of R;. The jammer subspace S;is
spanned by the array response vectors
corresponding to the jammer azimuth and all
possible Doppler frequencies.

R{S;(N} =R A{[ Vst(dj, fr;r),..... Var(¢5, Tn; DI F(3)
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Projecting the data on to the columns of Sc L, we
can remove the clutter component because
(SeD)Mr(r)=(SeH re(r)+ (b r(n)+(Se b
r(r)(4)

= (SeD)™Mi(n) +(SeD) ()

The degree to which the clutter can be removed
depends upon the quality of the subspace chosen.
By knowing the array response and the platform
position relative to ground, we can compute S
without requiring any measured data. Thus the
process of clutter removal can be accomplished
without the potentially estimation of the
covariance matrix R.however to complete the
space time processing we have to compute the
jammer covariance matrix. In practice, the
accurate estimation of the clutter subspace requires
a more sophisticated and detailed local earth
model, rather than relatively simple model chosen
here. The sensitivity to the clutter model can be
reduced by increasing the dimension of the clutter
subspace or equivalently reducing the dimension
of ScL.

Estimating the jammer signal from receive only
data does have some drawbacks that is they reduce
the time for active radar operation and there is
always a chance that the jammer may change after
it was measured.

4. SIMULATIONSANDANALYSIS

For simulations we use the MonteCarlo
simulations for randomly generating the signal and
noisebased on
statistic. The 8 element ULA is defined and
element spacing is selected as A/2, where A is the
wavelength of the signal. The system is mounted
on a plane at 1000m high and radar platform is
moving with same velocity as of the flight.

The target is a non-fluctuating target and of radar
cross section 1 square metre.The jammer signal
with 100 W radiated power is defined. The next
interference to be defined is the clutter. A clutter
with y value 15 dB is selected which is the y value
often selected for a terrain of woods. The clutter
will contribute to the received signal as patches for
each range bin. Platform direction is through 0 to
90 degrees as the antenna array is back baffled.
Maximum range is selected as 5000 metres. Then
a two way free space propagation path for the
signal is created.

The received signals in the first pulse interval is
plotted as in the Fig.2 and used for studying the
nature of received signal. We found that the clutter
is masking the target which is plotted as the blue

vertical line. We have to do further processing to
remove or suppress the clutter for making the
received signal more useful. Now we can examine
how the conventional method s like Displaced
Phase Centred Antenna (DPCA) and Sample
Matrix Inversion (SMI) are used to suppress the
clutter in the received signal.

After that we used subspace projection based
algorithm to remove the clutter. The clutter
suppressed signal using subspace based algorithm
is shown in Fig.3. First we applied the theoretical
algorithm which says that if the received signal is
projected on a subspace other than clutter
subspace, we can suppress the clutter. Here we
assume that both of these subspaces are orthogonal
to each other.

Signals collected by the ULA within the first pulse interval
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Fig.2: Received signal during the first pulse
interval.

But in the practical case it is very difficult to
estimate the subspace other than clutter from the
received signal which is a mixture of target,clutter
and jammer responses. Practically two approaches
can be used,either we can make the radar into
receiver only mode and collect the jammer signals
or we can use historical data for the projection
purpose.

Next we analysed the probability of detection of
all the four algorithms and then SINR and plotted
them in order to compare the goodness of the
algorithms which is shown in Fig. 4. The results
obtained from theoretical subspace projection are
found to be really good. There are some difference
in practical case and theoretical case but can be
resolved in the future research so as to get a good
technique for clutter suppression. Although the
results obtained by DPCA are very good, the radar
platform has to satisfy very strict requirements in
its movement to use this technique.
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Fig.3. Clutter Suppressed signal using Subspace
Based technique
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Fig.4 Probability of Detection v/s SINR Plots

Then SINR is plotted against the rank of the
subspace which shows that better SINR is obtained
at higher ranks. Fig.5 shows the result.
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Fig. 5 SINR v/s Rank of the subspace

The SINR is also plotted against the no: of range
gates and found that higher ranges results are
good. The result is shown in Fig.6.
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Fig. 6 SINR v/s Range Snapshots

5. CONCLUSION

The subspace based technique for clutter
suppression is based on matrix operations and are
easy to apply. The subspace can be chosen by
measuring the orthogonality between the received
signal space and the subspace in which the data is
to be projected. This method consumes less time to
perform the operation and does not have any
hardware issues like DPCA algorithm.

The probability of detection against SINR is found
to be the best for Subspace projection based
technique.The future works can find a more
effective practically possible subspace and
eliminate the parity between both cases.

If the rank of the subspace we can improve the
performance of the algorithm,but this will increase
the computational load.So we always try to keep a
compromise between rank and Signal strength.
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