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Abstract

Large regions of a Synthetic Aperture Radar (SAR) image cdentially be destroyed by an airborne broadband jammer.
Jammer components include both the direct-path and mthitigdlections from the ground, known as hot-clutter (HC)
or terrain scattered interference. Using multiple anterotaa SAR provides spatial degrees of freedom and allows for
beamforming to reject the direct-path signal. Previoudieihave shown that derivative constraints when combirid w
fast-time taps can suppress HC while maintaining a rea$eisR image. This approach however requires an expensive
matrix inverse and may not be implementable in real times Plaper therefore presents a fast-time Space Time Adaptive
Processing (STAP) algorithm with a reduced rank constca{beneralised Sidelobe Canceller (GSC).

1 Introduction with reduced sample support and computation. This paper
looks at applying space/fast-time adaptive algorithms to
The goal of interference suppression for SAR is to successhe problem of interference suppression in the presence of
fully suppress the unwanted signals while not significantlynon-stationary HC. A constrained fast-time GSC is mod-
effecting the image quality by blurring, reducing the res-ified to use a lower rank covariance matrix similar to [5],
olution or raising the sidelobe level. This can be hard towith diagonal loading to achieve performance similar to
achieve in practice, especially if the interference is nonthe full rank derivative constraint implementation.
stationary and the training statistics change from pulse t
pulse, causing traditional slow-time STAP techniques b& WStem Modelsand Geometry
ine_ffective, [1]. T_herefore_z adapting within each_ pulsesist 51 gAR Signal Model
quired by exploiting spatial/fast-time STAP. This offengt
advantage of exploiting the coherency between the direci€onsider a SAR platform travelling along the y-axis at
path jammer and other HC signals to provide improved inv, m/s, imaging a point in the slant-plane € [X. —
terference rejection. It will however cause secondary modXy, X.+ Xo|, y € [~Yo, Yo]. The radar transmits a broad-
ulations during image formation, similar to that shown byband chirp and the received signal(z, u), is base-banded
[2]. In previous work, the use of derivative constraints toand sampled for each of th¥ channels of a linear an-
reduce potential signal suppression has shown to be danna array with equi-spaced receivers along the azimuth
effective compromise to reduce the interference withoutlirection. The variable$t, ) represent (fast-time) sam-
compromising the targets range profile, [3]. ples within a pulse and the SAR platform position (slow-
Fully adaptive processing can be very computationally intime) respectively. As the SAR bandwidti,(Hz) is much
tensive and not suitable for real time operation. More-Smaller than the carrier frequenay, (rad/s), the SAR sig-
over, if the interference is non-stationary, the eigensmlu nal model can be split into temporal and spatial compo-
of the covariance matrix will spread, increasing the internents.
ference rank and therefore the degrees of freedom requirédhe spatial reference signal is given by the time difference
to effectively cancel it. This problem is also analogous tobetween the phase centre of the antenna array and'the
the Moving Target Indication application where the groundchannel and can be approximated as a function of the SAR
clutter returns may not be stationary due to real world efpositionu or equivalently, an angular offséfu), i.e.,
fects, such as aircraft crabbing, non-linear array gegmetr _ We
intrinsic clutter motion, and scattering from near-field ob snu) = exp []?d" S [e(u)]] @
stacles, [4]. wherec is the speed of lightf(u) = arctan(u/X.) is
Reduced rank techniques work to reduce the rank assodhe steering angle and, = nd is the antenna offset
ated with the interference plus noise covariance matrixirom the array phase centre with antenna spadirand
Many of the methods in the literature promise perfor-n € [—-(N —1)/2,(N —1)/2] for N (odd) antenna ele-
mance near or better then their full rank counterparts buments.



The received SAR signal comprises the total ground reA physically based model for the multipath scattering is

turn, 7,,(+), interference from the direct-path and groundpresented by Beckman, [6] and uses a surface roughness

reflected path (HC),,(-) and receiver noise,,(-). parametets g to define the scattering distribution between

the SAR and an airborne jammer at heightsandh ; re-
Za(tu) = 1u(tw) + 2n(t,w) + va(t u) @ spectively, separated by a distaricein the ground plane.

The noise signab,(-) represents the receiver noise for The coefficientsp, = pB; for k& > 1 are formed with a

each channel. It is modelled as white Gaussian noise witRIC scaling factorp, relative to the direct-path and a ran-

zero mean and unity variance. Figure 1 shows the procesdom amplitudeB;,, determined from the scattering model.

ing chain from transmission of the chirp signal, formation . . .

of the received SAR signal, range processing, adaption and Fast-timeFilteri ng

image formation. . . I .
g For effective fast-time filtering, the fast-time sampleetat

Repeat for M pulses Send out sade pulse = Ay is ov_ersampled b)_/ a factor of tWO to provide inc_reased
broadband chirp correlation, [7]. Spatial beamforming for tli& fast-time
range bin requires stacking of both the received data and
l the signal model to fornv x 1 spatial vectors,

Jammer signal — Ground scatterers — T
direct-path / hot-clutter stationary / moving X(th U) = [1'—(N—1)/2 (tl7 U)a sy x(N—l)/2(tl7 U)] »
T
AN

s(u) = [57<N71)/2(u), ey S(Nfl)/g(u)]

Receiver noise

wheret; = [At. Beamforming is then performed by
matching the received data vector with the spatial steering
_ vector,
Rzewe /lbas.e-b:lnd y(tz, u) = SH(u)x(tl, ) (5)
sample signals . i i
T T = 1 1 < L Fasttime samples To extend the processing to use fast-time taps, the spatial
| Range processing per channel data vector is stacked over the future< L taps,
T
| idapiive ﬁlttrjn: ‘ X(t,u) = [XT (t,u),x" (1, u),...,x" (ti—z41s U)}
i with data components fdr< L set to zero. The fast-time
Imaging component of the steering vector post range processing is
algorithm given by, -
gk =sinc[B(k—1)A¢], k=1...L (6)
Figure 1: SAR processing diagram and can be stacked to give the fast-time steering vector,
g=lo,....g;)" ect ©)

22 Jammer model If no oversampling is used, the fast-time model matches

The bistatic jammer model assumes there afeHC  the delta function commonly used in literature, [2] where
patches within a given area. If an absolute time variableit is assumed that the target occupies a single range bin.
t = u/v, + t is defined as the sum of slow-time and fast- The fast-time filter is then represented as a convolution,
time, the interference plus noise signal is formed by the

superposition of the direct path, hot-clutter scattereis a gt u) = 8" (W)X (i w) ®)
the receiver noise, with the space/fast-time steering vector formed by the Kro-
K necker product of the spatial and temporal steering vec-
Gn(t,u) = Y b (E = Foi(t,0)) expl—jweTn,i(t, w)] tors, ]
k=0 S(u) =g ®s(u) e CEN*? 9)
exp[—jwa,kt] + vn(t, u) 3)

3.1 Generalised Sidelobe Canceller
whereJ(-) is the jamming signal waveforn,, i (-) is the

bistatic delay for thek scattererwy i, is the fast-time The reduced rank GSC is a beamspace STAP implementa-

doppler frequency and is defined as the relative mag- tion and is shown in Figure 3.1. It forms a set of ‘beams’
nitude between the direct-path and hot-clutter signal. Thaith the main beam in the ‘desired’ target direction and the
zero index refers to the direct-path with = 1. other ‘reference’ beams going through a blocking matrix
The power spectral density of the jammer signal has an ag3(«) to remove the desired signal from the data. The ref-
parent bandwidttB, centred at baseband with power level, érence beams are then transformed with the maiiix)

2. Realisations of the jammer signd(-) can then be 10 redgce ran.k, fllltered and subFracted from the main beam.
generated by an eigen-decomposition of the jammer autd=0r this application, the GSC is preferred over the tradi-
covariance, tional element space processor as it is better suited for ap-

r;(1) = o5 sinc(BT) (4)  plying reduced rank transforms, [8].
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Figure 2: Reduced rank GSC

The output of the GSC is given by, 3.2 Reduced Rank Transform

yr(t,u) = WEH (W)X (¢, u) — W (0) U (0)B (w) X (t, u) The choice of transfornJ(u) can be found by an eigen-
— [Wa(u) — B U ) Waw)]” X(t, ) (10) Ssﬁgmcpeo;:g?r?xof the reference interference plus noise co-
where the desired weight is given by

Wi(u) = Cu) [C7(w)C(w)]  Dec®™™ (1)
with C(u) containing theN,, adaptive constraints, usu-
ally expressed as a function of the steering vector wit
desired responsd). To successfully remove the desired
signal in the reference beam, the blocking matrix must Upc(u) = [qu,.
to be orthogonal to the constraint matri@/? (u)C(u) =
0. A general method for the blocking matrix design hasThis is known as Principle Component (PC) decomposi-
been presented in [3]. The adaptive weight vector of sizéion and the GSC will retain full adaptive performance
L(N — Ngon) x 1 is designed to minimise the mean squareif C is greater than the rank @& x, (u). A second cri-

Ry, (u) = QAQY € CZ/(N*NCOMXE(N*Ncon)’ (15)

and choosing” eigenvalue/eigenvector pairs)., q.) ac-
hcording to a ranking criteria. If the eigen-pairs are ranked
according the eigenvalues, the transform is given by,

. qc] c CZ/(N—Ncon)XC (16)

error betweeré, andeg, with the solution given by [5], teria is known as the cross-spectral metric (CSM) and

1 utilises knowledge of the constraint vector to suppress

Wa(u) = [UH(U)BH(U)R(U)B(H)U(H) +771} the strongest interference in the mainbeam, [8]. This is
U ()B (u)R(u) Wa(w) achieved by decomposiiB x, () according to Equation

. _— 15 and selecting th€’ largest eigen-pairs according to the
= [U" ()R, ()U(w) + 91 U ()rx,e0(n)  CoM. e, )
whereR y, (u) andrx, ., (u) are the reference covariance pe = M (7)
ﬁ]gd |;\r/(;isncg\é?s”at‘gCi?n;)erz\rjgctt;:/:hr/oﬁﬂ(sjt:;essdIti?osr?(l)(l)(:r??/\/ith this ranking, the CSM transformation is given by,
ing the adaption via compression of the eigenvalues, [9].
The normalised interference plus noise covariance matrix
R(u) = aR/'(u) is determined by averaging ovéfrange  where (), ,q,, ) denotes the'” eigen-pair with),, the
bins, L largest eigenvalue),,, the second largest, and so on. Us-
R (u) = 1 Z Z(t, w)Z" (4, u) € CENXEN a2 ng either of the_se approache_s, .the red_uctlon in compu-
Ly =~ tational complexity of the matrix inverse is reduced from
with the normalising valuey = Tr{R/(u)} /(LN) pro- ~ O(L(N — Neon))® to O(C)?.
vides a relative measure of the effect of diagonal loading. .
It is assumed techniques described in [10] can be used t% Simulated Results
get different realisations of the interference plus noige s A multichannel X-band SAR simulation has been imple-
nal without any targets present. The interference plugnoismented in MATLAB with parameters summarised in Ta-
vector,Z(-) is formed similarly to the data vectd&(-). ble 1. A sample image is used for comparison with image
The spatial constraint matrix used for this study has a unityormation performed with a spatial matched filter interpo-
response in the steering direction with its first derivativelation algorithm.
equal to zero. This has shown to be effective as it allows ) )
less potential signal suppression [3]. Table 1: Simulation parameters

Ucsm(u) = [Qpys - -+ o) € LN = Neon) xC (18)

- Parameters Value
o(u) = {S(u) 6s(u)} . d=11,0" (13) Carrier frequency f.) / bandwidth(B) 10/0.3 GHz
) ’ ’ Number of elementgéN) / spacing(é) 5/4m
Note, that if only the steering vector constraint is used) Number of pulse¢)/) / range bing L) 100/250
the adaptive processor is known as the Minimum Variance Range centréX.) / clutter noise ratio 10km /20 dB
Distortionless Response (MVDR). The spatial constraintsE::tgt? nﬁ :Z';n;g;ir:zzm;;'?r;ning cize(Ly) t 5/ ;nEN
. ) y , L
are related to the space/fast—tlmeyver~5|ons by, SAR height(h») / jammer height/) éfi 3k
C(u) = I @ c(u) € CH*ENoon Jam. offse(Z ;) / jam. power(c?) 50 km / 80 dB
D=g@d ¢ ENeonx1 (14) No. HC scats(K) / relative HC scalindp) | 200/ 0.6



A moderately diffuse scattering scenario is used with
Kz = 0.4 and to demonstrate the worst case scenario, bot
the direct and HC paths are incident in the SAR mainbearz’
spread over the range of angles).7° to 0.7°. Based on 56
the size ofRx, (u) when L = 15 taps are used, the full 3°
interference rank for the MVDR constraint is 60 and for £ *
the derivative constraint is 45. The reference beam eiger 6o
distribution is shown in Figure 3 with the normalised noise 40
floor at 1/a = -115dB. The eigen-distributions for both 20 > " ™ y(ap) 90 n(dB)
cases are nearly full rank and it is expected that the com- o >

pression gained by diagonal loading will achieve better reFigure5: SDR for MVDR constraint with varying rank
duction in rank.
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(- -) MVDR constraint, {-) derivative constraint Figure 6: SDR for deriv. constraints with varying rank,
The adaptive performance is measured by the Signal Dis-

tortion Ratio (SDR) which is a measure of the signal powels  Conclusion

of the adapted image relative to an ideal image with ng_ . i i
interference present. With no adaption, the conventionaThIS paper has shown how the constrained fast-time GSC

SDR is 3.8dB. However the first results in Figure 4 showta" be formulated with reduced rank and computational
the full rank GSC withC' = LN and the SDR improve- complexity using transforms based on the PC and CSM de-

ment gained by using fast-time taps. The plot of the |eﬂcompositior_1$. These use the adaptive de_:grees of freedom

is with the MVDR constraint and the one on the right usednore effectlvely to remove the hot-clutter interferencd an

derivative constraints. With-60dB of diagonal loading not distortthe final SAR image.

and 15 fast-time taps, the MVDR SDR improves from 4 to
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