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Abstract — The LMS adaptive filter has been used successfully to
suppress radio frequency interference (RFI) from SAR images. This
paper describes a method to efficiently implement this filter by inte-
grating it with the range-Doppler algorithm. A technique to reduce
the sidelobes created by the filter is described and illustrated on
simulated data and on real P-Band data.

INTRODUCTION

Radio frequency interference (RFI) is often a major
problem for low frequency synthetic aperture radar (SAR)
systems, operating in the VHF /UHF Band. A number of
interference suppression algorithms have been described
in the literature [1, 2, 3, 4, 5, 6, 7, 8], many of which re-
quire a great deal of computation. This paper describes
how computational savings may be achieved by integrat-
ing the LMS adaptive filter with the range-Doppler algo-
rithm. Furthermore, a technique is described to reduce
range sidelobes, which arise as an unwanted by-product
of the RFI suppression stage. This technique is demon-
strated on simulated data and on real P-Band data.

EQUIVALENT TRANSFER FUNCTION

The integration of the LMS adaptive filter and the
range-Doppler algorithm is achieved by multiplying the
equivalent transfer function of the interference suppres-
sion stage with the transfer function of the range com-
pression stage, thereby creating a new transfer function
which implements interference suppression and range com-
pression simultaneously. Assuming that this combined
transfer function is valid over many range lines (which has
been confirmed by the authors on P-Band and VHF-Band
data), significant computational savings can be realised.
The technical details of this method have been submitted
for journal review, and are therefore only summarised in
this paper.

Once the tap weights of the LMS adaptive filter have
converged, the filter may be represented in block-diagram
form as shown in Fig. 1. The equivalent transfer function
H(w) of this filter is given by
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Figure 1. Block diagram of LMS adaptive filter with tap weights

kept constant

where G(w) is the transfer function of the time-delay A,
given by '
Gw) =e 72 (2)

and F(w) is the Fourier Transform of the time-reversed
weight vector W. Range compression in the frequency
domain is accomplished by multiplying the received signal
with a matched filter M (w), which is typically the com-
plex conjugate of the transmitted pulse spectrum. The
combined transfer function T'(w) is therefore given by

T(w) = H(w) M (w) (3)

This transfer function will simultaneously suppress RFI
and perform range compression on the raw SAR image.

SIDELOBE REDUCTION

Any interference suppressing filter will corrupt the de-
sired signal with sidelobes. Abend and McCorkle [1] have
described a sidelobe reducing procedure which has some
similarities to the sidelobe reduction procedure presented
in this paper. Fig. 2 shows a graphical illustration of
the technique. In Fig. 2 (a) the RFI contaminated sig-
nal passes through the LMS adaptive filter H(w), yielding
a signal free from RFI, but with introduced sidelobes. It
is assumed that the RFI suppression is done perfectly,
i.e. that there is no RFI present in the filtered output. In
Fig. 2 (b), the output from (a) is subtracted from the un-
filtered signal, the result of which is passed again through
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Figure 2. Graphical illustration of sidelobe reduction procedure.
The large triangle symbolises the wanted compressed target,
the small triangle the unwanted sidelobe and the sinusoidal
waveform the unwanted RFI interference.

the LMS adaptive filter, yielding a cleaned signal which
contains only the (negative) sidelobe. It is assumed that
the sidelobe embedded in the RFI is already so small, that
the output of the LMS adaptive filter does not contain any
sidelobes of the sidelobe. Adding the results of (a) and (b)
together yields the result shown in Fig. 2 (c), which is just
the cleaned signal without any sidelobes.

The complete sidelobe reduction procedure is shown in
block diagram form in Fig. 3. It can be shown that the
overall transfer function is

E'(w)

H(w) = —=——= =
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The above assumption, that the “sidelobes of the sidelobe”
are negligible, is not always valid. The same procedure
that was described above to suppress the original sidelobe
can be used to suppress the “sidelobe of the sidelobe”. The
overall transfer function of this so-called “second-order”
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Figure 3. Block diagram of sidelobe reduction procedure, where
H(w) is the transfer function of the LMS adaptive filter.
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Figure 4. Simulation result of sidelobe reduction procedure. (a) RFI
contaminated echo return. (b) Filtered echo return with
no sidelobe reduction. Arrows point at unwanted sidelobes.
(c) Filtered echo return with first-order sidelobe reduction.
(d) Filtered echo return with second-order sidelobe reduction.

sidelobe reduction procedure can be shown to be
Hjpg(w) = H(w) [3 = 3H(w) + H(w)?] (5)

and the overall transfer function of the “third-order” side-
lobe reduction procedure can be shown to be

Hy(w) = H(w) [4 — 6H(w) + 4H(w)* — Hw)?]  (6)

The matched filter M(w) in (3) will now be multiplied
with H'(w) instead of H(w), thus incorporating the side-
lobe reduction procedure, leading to a very efficient im-
plementation.

SIMULATION RESULTS

Fig. 4 summarises simulation results which verify the
effectiveness of the sidelobe reduction procedure. In
Fig. 4 (a) the range compressed, RFI contaminated sig-
nal is shown. The target is swamped by RFI and cannot



Figure 5. Real results obtained from P-Band data supplied by the DLR, Oberpfaffenhofen, Germany. (a) RFI contaminated image.
(b) Filtered image without any sidelobe reduction. The circles indicate regions with very high sidelobes.
(c) Filtered image with third-order sidelobe reduction.

be detected. Fig. 4 (b) shows the result obtained after
cleaning the signal, with no sidelobe reduction applied.
The arrows in the figure point to clearly visible sidelobes.
Fig. 4 (c) and (d) show the cleaned signal with first-order
and second-order sidelobe reduction applied respectively.
There is clearly a remarkable reduction in sidelobe levels
visible.

P-BAND DATA RESULTS

Fig. 5 (a) displays a zoomed-in portion of a RFI con-
taminated P-Band image supplied by the DLR, Oberpfaf-
fenhofen. This region contained especially bright targets,
which resulted in unacceptably high sidelobes depicted
in Fig. 5 (b). After cleaning this image with a third-
order sidelobe reduction procedure, the image shown in
Fig. 5 (c) was obtained, which is clearly a vast improve-
ment. However some of the original interference started
appearing again. Thus the original RFT suppression capa-
bility of the filter is compromised by applying the sidelobe
reduction procedure.

CONCLUSIONS

This paper has described how the equivalent trans-
fer function of the LMS adaptive filter may be obtained
and combined with the matched filter transfer function
of the range compression stage of the range-Doppler SAR
processing algorithm. This paper has described a sidelobe
reduction procedure, whose equivalent transfer function
can be written in terms of the transfer function of the LMS
adaptive filter. Thus a combined transfer function can be
obtained which implements RFI suppression, sidelobe re-
duction and range compression simultaneously, leading to
a very efficient implementation.
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