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Abstract: Hot-clutter cancellation using fast-time Space Time Ad@dProcess-
ing (STAP) can occur either pre or post range processing (&%) to date, there
has not been a direct comparison on which method offers therésults. This pa-
per provides an analytic comparison which is verified witingiation and aims to
provide insight into the location of the adaptive filter wiiwould provide the best
hot-clutter suppression. The covariance models are tesittdsignal models used
in a multichannel Synthetic Aperture Radar (SAR).

1. Introduction

Forming a SAR image in the presence of non-stationary hdteslwill result in large regions
being distorted and unusable. Fast-time STAP has been stwoba an effective method for
suppressing the hot-clutter, while maintaining a cohe®&R image, [1]. The processing
chain for a received SAR signal involves basebanding, sagipRP and image formation.
RP for SAR involves decoding the received signal with a Mattkilter (MF) to improve the
time/bandwidth product and hence achieve a finer rangeutsiol

Previous studies on the performance of hot-clutter sugmeslgorithms have looked at using
an adaptive filter with no RP, [2] and also post RP, [3]. Therfer study derived an analytical
model for the pre RP covariance and tested its performaraeraifferent simulated topograph-
ical conditions, while the latter study derived a post RPacmnce model and used a simulated
scenario to compare element space and beam space appro@bkesnly study on fast-time
STAP performance for SAR is by Klemm, [4] who looked at simbethdata applied pre RP
and concluded that firstly, fast-time filtering will degraBAR resolution by broadening the
point spread function mainlobe and increasing its sidedab®l secondly, as range resolution
improved, sensitivity to filtering increased.

This paper presents fast-time STAP models for pre and postdRptive filters and compares
the relative adaptive performance as the number of fas-taps is increased.

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)racdiver noise. The bistatic jammer
model is formed by the superposition of the direct pathkarmobt-clutter patches within a given

area,

K
Zy(t,u) = Z) b (t — Tk (i, u)) exp— jucTnk(t, u)] exp— joqg kti] (1)
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where(t;, u) represents thié" fast-time sample within a pulse and the SAR position resyalgt
J(-) is the jamming signal waveformg k() is the bistatic delay for thid" patch wq x is the fast-
time doppler frequency artg is the relative magnitude between the direct-path and lutec
signals. The zero index refers to the direct-path Witk 1.



Realisations of the jammer sign#(-) can be generated by an eigen-decomposition of the jam-
mer auto-covariance;(t) = o2sindBrt) with bandwidth,B and power levelg?. The relative
scattering magnitude is determined by a physically basedeifor the multipath scattering,
[5]. It uses a rough surface to define the scattering digtobibetween 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 amplitBgdedetermined from the scattering model.

3. Fast-time STAP

The focussed output from the fast-time STAP filter is detasdiby the following convolution

overL taps, i
141

Xs(t,u) = Z\ H (4 —tg, u)X(tg, U)
q:
= A" (U)X (4, u) (2)
whereH(+) is the space/fast-time steering vector &(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(thu)w-~7X(Nfl)/2(tl7u)]T e Mt 3)

X(t,u) = [XT (t,u), X" (tiq,U),...,X" (t|+,~_,1,u)}T e ctNx1 (4)
with data components for the finaltaps set to zero. Fast-time STAP then involves substituting
a weight vector for the steering vector in Equation 2. Theimax SINR weight is given by,

W (u) = YRz H(wH () (5)
wherey is an arbitrary scaling factor aridz(-) is the space/fast-time covariance. The form
of the pre and post RP space/fast-time steering vectorsaamedon the spatial and temporal
components of the received SAR signal model. The spatiatisgmodel for theit" channel
IS given by, -

(U) = exp| | =2dnsin[B(u)] ()

wherewy is the carrier frequency, is the speed of lightd, = nA¢/2 is the antenna offset from
the array phase centre with wavelengthand(u) is the steering angle relative to the centre
of the imaging patch. The spatial steering vecsgu,) is then formed similarly to Equation 3.
The pre RP fast-time steering model is given by the SAR wawef@hich is a chirp. For the
It fast-time sample and" fast-time tap,

Opreg(ti) = exp[— BTt —tg) + jo(t —tg)?] (7)
whereB is the bandwidth, @ represents the chirp rate and the fast-time samples octu«at
Ts+ (I — 1)A; whereTs is the pulse collection starting time aAgdis the fast-time sampling rate.
As the steering vector is a chirp function, it can only prevadpartially accurate representation
of the target signal withifl. fast-time taps. The pre RP temporal steering vector shagis th

Opre = [L1,exp[jBT + jas?] ,....exp[jBr(l — 1)A + ja((L - 1)At)2HT ectl (8)
and is now a function of the difference between time tapseARP, the fast-time steering model

is represented by, .

Gpostq(t) = sSinc[B(t —tg)] ©)
which is a decaying function and can therefore be accuraggisesented by a small number of
taps as shown by the post RP temporal steering vector,

Gpost= [1,sinc[BA] ..., sinc[B(L — 1) ]]" € cF2 (10)
Consequently better signal detection results will be altlen gpost as the signal energy is
more concentrated.



The combined space/fast-time steering vector for each isaben formed by the Kronecker
product of the temporal and spatial components to give,

4. Covariance Models

The pre and post interference covariance models are bagbd estimated sample matrix form,
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whereZ(-) is the space/fast-time interference signal formed siyiley Equation 4. Also,

as the instantaneous covariance models presented in][atd3ast-time dependent, the mean
estimated covariance models will be used with a minor miidagive bias determined by the
number of averaged fast-time tajg, Both models also assume that the broadband jammer is
a stationary random process within the pulse interval, &edefore the received interference
signal beforez,(-) and after RPy,(-), can be similarly defined. The pre RP covariance is given

by,
Rz pre(U,{,n,1) = { Zzntl )Zo" t|+zu)}

=03 Z g bibiy SINC[B(Z+ Tk — Ty k)] €XP[— j0de(Tnk — Ty k) + J 0 k]

sin[0.5Aw Lt/ ]
L; sin [O.SAQ)Kk/At}

whereAwy v = Wy k — Wy and{ is the delay between two fast-time taps. The post RP co-
variance requires the range compression to be includectidéhvation. At baseband, the MF
reference signal is given by;(—t), where the SAR waveform is a chirp defined py(t) =
b(t/Tp) exp[—jBT[tJr jatz} with the chirp rate duratiofl, defined byb(t), which is unity for

0 <t <1 and zero otherwise. This gives the post RP jammer signaéhasg

exp[— jAwy k (Ts+0.5(L — 1)A)] (13)

yn(tit) = [zt WP ) (1)

The post RP covariance model is then given by,

Rz,posf(U, ¢, n,n’) { ZYn b, Uyt +¢, U)}

Z;bkbk,smc [BY(1-T/Tp) — Ay (To—T)]
exp[— joe(Tnk — T k) + jwd k]

exp[— jAuxk (Ts+0.5(Tp— ' + (Lt — 1)A))] sin [0.500x Lt |

L¢ sin [0.500) oAt |

wherel’ = { — Tk + Ty ¢ andAfyw = 0.5A0 /T This model is very similar to the pre RP
case with the sinc function containing the relative tempdetays and the correlation variable.
There are now however extra terms related to the pulse widthtee differential doppler. These
differences are also present in the two exponential terrdsaglhcause only a very small dif-
ference in the overall model. These models are used to forariemce matricedRz pre and
Rz postby varying the spatial channel indicesn’ and the fast-time delay,

(15)



5. Simulated Results

The SINR loss is a common method of comparing adaptive pednce and is defined by SINR
divided by the interference free Signal to Noise Ratio (SEHR] is a metric between 0 and 1.

-1 RTINS
LSlNR(9<u>) _ H (U) [R’“ZH—F I Ll:l] (U)H(U)
HH (u)H(u)
To compare the SINR loss, simulation of a single pulse wasl tsanodel the covariance
matrix in Equation 12 and the same parameters used for tHgtianf@rms in Equations 13
and 15. The simulation is at X-band wifg = 10GHz,B = 0.3GHz,A; = 1/2B, Tp = 28us
o = 3.3 x 10'°rad/s,0% = 50dB andp = 0.5. There aré\ = 5 spatial channel4, = 200 range
bins,K = 100 hot-clutter patches and the covariance matrices dneatet ovet ; = 3LN range
bins. Results are given in Figure 1 for three different fase taps where there is a noticeable
decrease in SINR loss of approximately 20dB due to the exreelation between the hot-
clutter scatterers. To analyse this scenario more clogeyninimum point of the SINR loss is
measured as the number of fast-time taps is increased.eF2gsimows a decrease in SINR loss
of close to 24dB as more taps are used.

(16)
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Figure 1: SINR loss with varying(u) for: (—) simulated pre RP, (- -) pre RP, (-.-) post RP
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Figure 2: SINR loss with varying for: (—) simulated pre RP, (- -) pre RP, (-.-) post RP
6. Conclusion

In summary, both pre and post RP adaptive filters perform Igqueell at suppressing hot-
clutter. However, since the pre RP steering vector only het@ small part of the chirp within
the received data and the post RP case matches it almostatetgpthe latter model is the
preferred choice for SAR signal detection.
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