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Abstract: Large regions of a Synthetic Aperture Radar (SAR) image cdenp
tially be destroyed by an airborne broadband jammer. Jameoenponents include
both the direct-path and multipath reflections from the grdknown as hot-clutter
(HC) or terrain scattered interference. Using multiple anbas on a SAR provides
spatial degrees of freedom and allows for beamforming toigléy reject the inter-
ference components. Previous studies have shown thaatlee\constraints when
combined with fast-time taps can provide improved HC suggpos while maintain-
ing a reasonable SAR image. This approach however requirexpensive matrix
inverse and may not be implementable in real time. This pdpaefore presents
a fast-time Space Time Adaptive Processing (STAP) algoritsing a constrained
Multistage Wiener Filter (MWF).

1. Introduction

The goal of interference suppression for SAR is to succgsuppress the unwanted signals
while not significantly effecting the image quality by bling, reducing the resolution or rais-
ing the sidelobe level. This can be hard to achieve in pracéspecially if the interference is
non-stationary and the training statistics change fronsgto pulse, causing traditional slow-
time STAP techniques be ineffective, [1]. Therefore adapivithin each pulse is required
by exploiting spatial/fast-time STAP. This offers the adfeye of exploiting the coherency be-
tween the direct-path jammer and other HC signals to prowvigeoved interference rejection
but instead causes secondary modulations during imageafmm In previous work, the use
of derivative constraints to reduce potential signal seppion has shown to be an effective
compromise to reduce the interference without compromithe target’s range profile, [2].
Reduced rank techniques work to reduce the rank associdtethe interference. Many of the
methods in the literature promise performance near orbétéen their full rank counterparts
but with reduced sample support and computation. The tgqaknised in this paper is known
as the MWEF, [3] and provides a faster rank reduction usingséedechain of traditional Wiener
filter stages. It is based on the beamspace generalisedisgdehnceller, [2] with weights now
estimated at each stage to maximise the energy between theanthreference beams. This
method also does not need an eigenvector decompositionger davariance matrix inversion
which makes it more suitable for real world implementati@rerivative constraints have also
been applied to this algorithm by [4], who presented a vesidoderivation. The new contri-
bution in this paper is to present a simplified descriptiothefMWF with modifications to use
arbitrary constraints and fast-time taps and apply it taptteddlem of hot-clutter suppression in
multichannel SAR.



2. Signal model

The total received signal at the SAR,(-) includes the total ground return, interference from
the direct-path and ground reflected path (hot-clutter)raodiver noise.

The bistatic jammer model is formed by the superpositiorhefdirect path an& hot-clutter
patches within a given area,

K
Zy(t,u) = Z) b (t — Tk (i, u)) exp— jucTnk(t, u)] exp— joq kti] (1)
k=

where(t;, u) represents thB" fast-time sample within a pulse for=1...L and the SAR po-
sition respectivelyJ(-) is the jamming signal wavefornt, x(-) is the bistatic delay for the

Kth patch,wy i is the fast-time doppler frequency abglis the relative magnitude between the
direct-path and hot-clutter signals. The zero index retiethe direct-path withog = 1.
Realisations of the jammer sign|-) can be generated by an eigen-decomposition of the jam-
mer auto-covariance;(t) = o5singBt) with bandwidth,B and power levelg3. The relative
scattering magnitude is determined by a physically basedeifor the multipath scattering,
[5]. It uses a rough surface to define the scattering didtabwetween the SAR and an air-
borne jammer. The coefficients, = pBy for k > 1 are formed with a hot-clutter scaling factor
p, relative to the direct-path and a random amplitBgedetermined from the scattering model.

3. Fast-time STAP

The conventional fast-time STAP output with< L fast-time taps is determined by the follow-
ing convolution,

Xis(ti,u) = S™ (U)X (t, u) 2
whereS(+) is the space/fast-time steering vector a€(d) is the fast-time received data vector.
If there areN antenna elements, the received data signal can be stackednith the reference
antenna at the centre of the array to give,

x(t,u) = [Xf(Nfl)/z(tl,U),...,X(Nfl)/z(tl,u)]-r c oNx1 3)
X(t,u) = [XT(t,u), X" (tyg,u),. . X (4,5 q,u)] " € cBNE @

with data components for the finaltaps set to zero. The spatial steering model forriHe
channel is given by,

(u) = exp| | sin[B(u)]| (5)

whereuy is the carrier frequency is the speed of lightd, = nA¢/2 is the antenna offset from
the array phase centre with wavelengtrandf(u) is the steering angle relative to the centre of
the imaging patch. The spatial steering vecstu) is then formed similarly to Equation 3. The
fast-time component of the steering vector post range psaag is given by,

gg=sincB(g—1)AJ, qg=1...L (6)
where the fast-time sample ratd;, is oversampled by a factor of two to provide increased
correlation and effective fast-time filtering. It can beckd to give the fast-time steering
vector, _ _ ~ -

g= [1,sinc[BA,...,sinc[B(L — 1)a]] " € ct*2 (7)
and the space/fast-time steering vector formed by the Kiareproduct of the temporal and
spatial steering vectors, )

S(u) = g@s(u) € c-N*? (8)
Fast-time STAP then involves replacing the steering vewitr a weight,W(u) designed to
remove the interference from the received data.



4. Multistage Wiener Filter

The space/fast-time constrained MWF of orékeis formed fromP filter stages as shown in

Figure 1, where nulWy(u)] represents the nullspace\&fy(u).
X(t,u)
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Figure 1:P stage Wiener filter
The overall MWF weight vector for thp" stage is determined by,

W (U) = W (u) — L p(u)Wa p(u) € cEN*1 9)
where the desired signal is defined by,
Wa(u) = C(u) [CH(uC(u)] "D e N1 (10)

with C(u) containing theNcon adaptive constraints, usually expressed as a functiorecdttrer-
ing vector with desired responsB, To successfully remove the desired signal in the ref-
erence beam, the first stage blocking matrix must to be oothi@lgto the constraint matrix,
BT(U)C(U) = 0. A general method for the blocking matrix design has beesented in [2].
The sequential vectok, (-) is defined by,

L p(u) = [Ba(w)hs(u), B1(u)Bz(u)hz(u),...,B1(U)Ba(u)---Bp(u)hp(u)] € VP
with the rank one space/fast-time basis vectiog$,) designed to maximise the cross-correlation
energy betwees, andep_1,

hp(U) _ rxp>epfl c C.I:(N—Ncon)xl (11)
Ve s (W 1 (U
with reference covariance and cross covariance,
Rxp(u) = B'S(u)RXp_l(u)B ( )e C L(N—Ncon) xL(N— Ncon) (12)
xpnep 1 (U) = BE (URy, , (U)hp-1(u) € ¢LN-Neon) 2 (13)
wherehg(u) = Wg(u), Ry, (U) = Rz(u) and the blocking matrices fqr> 1,
Bp(U) = 1L (N-Neor — Np-1(UNp_1(U) € C C(N=Noon) <L (N—Neor) (14)

The interference plus noise covariance matrix is deterdhinyethe sample matrix estimate,

- = ZZ t,u)Z7 (t,u) € cENEN (15)
Lt /&
whereZ is determined as in Equation 4. The size of feorder space/fast-time weight vector
is then determined by the MWF order and to take advantageeofat$t-time taps, should be
of the order ofL. A diagonal loading level ofj is also included prior to the matrix inverse to
improve the robustness of the adaption,

Wap(U) = [LH(UR2(U)L p(u) +11 o] LE (WRZ(WWa(u) € P~ (16)



5. Simulated Results

The simulation is at X-band witti; = 10GHz,B = 0.3GHz, 05 = 80dB andp = 0.6 and the
jammer is incident in the SAR mainbeam. There [dre- 5 spatial channeldyl = 100 pulses,
L = 250 range binsK = 200 hot-clutter patches and the covariance matrix is estidnaver
Ly = 3LN range bins. Both the Minimum Variance Distortionless Resgo(MVDR) and first
order derivative constraints are tested with the latterstamt defined by setting the spatial
constraint matrix¢(u) and desired vectod to,
os(u) | . T

c(u) = {s(u),()e(u)} ; d=1[1,0] a7
and the MVDR constraint defined with just the steering vecbe spatial constraints are then
related to the space/fast-time versions by,

C(U) _ ||“_®C(U) c CLNXLNcon : D= g®d c CLNconxl (18)

The adaptive performance is measured by the Signal DistoRatio (SDR) which is a measure
of the signal power of the adapted image relative to an iceabie with no interference present.
With no adaption, the conventional SDR is 3.8dB and the h#kstank results are found using
the method in [2]. For this simulation, the full rank MVDR tdtshas an SDR of 6.5dB and
for derivative constraints, the SDR is 7.1dB. Figure 2 shtiessimulated results with both the
filter order and diagonal loading level varied with= 15 fast-time taps. It takes an order of 14
before the MVDR constrained filter behaves like the full raalkse. In contrast, the derivative
constraint results show that a small order of 5 can meet thheduok case without diagonal
loading! This is huge difference of 11 filter orders and destrates the superiority of using the
derivative constraints with the MWF.
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Figure 2: SDR for MVDR (left) and derivative constraintgyft) with varying: ordern
6. Conclusion

This paper has demonstrated how the MWF can be used for tiidératejection using fast-time
STAP with constraints. Simulation results showed that doimb derivative constraints with
the MWF offers results matching the full-rank case with axgigantly smaller filter size.
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