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ABSTRACT

Radio frequency interference (RFI) is a major prob-
lem for low-frequency (VHF/UHF) SAR systems. Im-
ages obtained from the VHF-band South African SAR
(SASAR) system have shown that even in remote ar-
eas in South Africa the VHF-band is heavily contami-
nated with RFI. This paper presents an initial investi-
gation into the RFI environment encountered in South
Africa in the VHF-band by analysing RFI that has
been recorded by the SASAR system. This investi-
gation includes RFI characteristics such as the iden-
tity (type) of the interference emitters, the number
and density of emitters, their effective radiated power
and their bandwidths. The results of cleaning an RFI-
contaminated SASAR image with an LMS adaptive
filter are also presented.

1 INTRODUCTION

VHF sensors offer unique opportunities for foliage
and ground penetration applications. Unfortunately
the VHF/UHF portion of the spectrum is already in
heavy use by other services, such as television, mobile
communications, radio and cellular phones. Even in
remote locations the interference power often exceeds
receiver noise by many dB, becoming the limiting fac-
tor on system sensitivity and severely degrading the
image quality. RFT suppression is therefore an impor-
tant aspect of low-frequency SAR systems.

The most direct way to measure RFI is to make
use of “sniffer” pulses or “listening beforehand”
schemes [1]. A similar method entails the recording
of data before the transmitted pulse has returned to
the receiver, i.e. before the nadir return. Both of
these methods were employed by the SASAR system
and therefore offer the unique opportunity to measure
and characterise the RFI environment at VHF-band in
South Africa.

Modelling the interference environment includes in-
formation such as:

« Identity (type) of emitters;

e The number and density of emitters;
e Their effective radiated power;

e Their bandwidths.

These characteristics are investigated in Section 3.
Results obtained from cleaning an RFI contaminated
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Figure 1: (a) RFI measured in Cape Town with a
spectrum analyser; (b) REI measured with the SASAR
system near the Southern Cape, South Africa.

SASAR image are shown in Section 4.

2 RFI MEASUREMENTS

In order to assess the amount of RFI that could be
expected by the SASAR system in the Cape Town area,
a simple quarter wavelength antenna was attached to
a spectrum analyser with a bandwidth resolution of
10kHz. The output of the spectrum analyser from
129-153 MHz is shown in Figure 1 (a). This figure
shows that there is significant RFI just above 141 MHz,
which is the centre frequency of the SASAR system.

During a recent flight over the Southern Cape area
in South Africa, the blanking switch of the SASAR
system was deliberately switched on, so that no pulses
were transmitted. This permitted the background in-
terference to be recorded. Since the sampling rate
of the SASAR system is 24 MHz, the recorded spec-
trum ranges from 129 MHz to 153 MHz, centred around
141 MHz. Figure 1 (b) shows the magnitude averaged
range spectrum of 1000 range lines for the H-receive
polarisation data, with a PRF of 136 Hz. The averag-
ing of magnitude range spectra is performed in order to
enhance the interference which is often fairly constant,
whereas the noise, due to its random nature, averages



Frequency Band (MHz) Main Allocations

87.5-108 FM Sound Broadcasting
108-137 Aeronautical Radionavigation / Aeronautical Mobile
137-138 Mobile-Satellite / Meteorological-Satellite / Mobile / Space Operation & Research
138-144 Mobile / Fixed
144-146 Amateur / Amateur-Satellite
146-148 Mobile / Fixed

148-149.9 Mobile-Satellite (Earth-to-Space) / Mobile / Fixed

149.9-150.05 Radionavigation-Satellite / Land Mobile-Satellite

150.05-174 Mobile / Fixed / Maritime Mobile

Table I: Radio spectrum allocation plan in South Africa: 87.5-174 MHz.

out. Note that this graph shows that the antenna and
receive filters have not adequately limited the receive
bandwidth to 12 MHz, which is the transmitted pulse
bandwidth of this system.

Although not shown, the dominant interference for
V-receive polarisation was found to be about 5dB less
than for H-receive polarisation. Even though the in-
terference pattern shown in Figure 1 (b) is not identi-
cal to the pattern measured by the spectrum analyser,
the dominant interference in this case is again situated
above 141 MHz.

3 RFI CHARACTERISTICS

3.1 IDENTITY OF EMITTERS

The information presented here regarding the iden-
tity of emitters has been obtained from a document
produced by the Department of Posts and Telecommu-
nications (DPT) in South Africa in 1996, with the as-
sistance of Smith System Engineering and the CSIR,
as part of Project SABRE (South African Band Re-
planning Ezercise) [3]. This document details the fre-
quency allocation plan for the future use of the ra-
dio spectrum in South Africa between the frequencies
20 MHz and 3 GHz. The VHF /UHF spectrum in South
Africa is already utilised by a wide range of systems
and services, such as:

e Telephone services to rural areas and disadvan-
taged communities;

e Television and radio broadcasts;

o Mobile radio systems used by commercial organi-
sations;

e Emergency communications by the police, fire and
ambulance services, etc.;

e Cellular, cordless telephones and pagers;

« Satellites (for telecommunication and broadcast-
ing);

o Alarm systems, remote control devices, etc.

Table I presents the radio spectrum allocation plan
in South Africa between 87.5 MHz and 174 MHz. Only
the main allocations are summarised, in order to
present an overview of the spectrum allocation. More

detailed information can be obtained from the SABRE
document [3].

3.2 NUMBER AND DENSITY OF EMITTERS

In order to count the number of RFT spikes shown
in Figure 1 (b), the noise floor was estimated and sub-
tracted from this graph. This can be achieved by ap-
plying a median filter to the averaged range spectrum.
Median filtering is effective in removing isolated high
or low values, which in this application are the RFI
spikes.

Figure 2 shows the number of RFI spikes for both
H- and V-receive polarisations as a function of power
above the noise floor. Most RFI spikes are less than
10dB above the noise floor. Only about 10 emitters
where counted to be above 20dB of the noise floor. It
is important to note, however, that many emitters are
so closely spaced that they appear to be single emit-
ters with larger bandwidths. Referring to Figure 1 (b)
there appear to be many emitters lumped together just
below 145 MHz and in the region from 146-150 MHz.
The next subsection investigates the bandwidth of the
emitters with respect to their power level above the
noise floor.

3.3 RADIATED POWER AND BANDWIDTH

Surveys performed by the Grumman E-2C UHF
radar (420-450 MHz) [6] have shown that 50% of
emitters have a spectral bandwidth between 0-50 kHz
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Figure 2: Number of RFI spikes for both H and V
polarisation versus power above noise floor.



Cutoff % Emitters with bandwidths (in kHz)
(dB) [ 010 [ 1120 | 2150 | >50
2 62 19 10 9
3 62 18 12 8
5 58 18 16 8
10 62 24 9 5)
20 71 21 1 7

Table II: Percentage of RFI emitters within
specified frequency bands and above specified power
level above noise floor

(single channel voice/radio telegraphy), 40 % between
50-150kHz and less than 10% have a bandwidth
greater than 150kHz (data communications, multi-
channel telephony, etc.) It is important to estimate
the modulation time of the RFI, which is the inverse
of the RFI bandwidth, in order to predict whether
the parameters of the modelled sinusoidal interference
change across one range line, so as to deduce whether
the model of the RFI consisting of sinusoidal tones
breaks down. According to Braunstein et al [2], most
RFT has a modulation time of 5-10 ps, which is consis-
tent with an effective bandwidth of a few hundred kHz
or less.

The graph shown in Figure 1 (b) has been inves-
tigated to find the percentage of RFI emitters that
have a specified bandwidth and a specified power level
above the noise floor. The results of this investigation
are listed in Table II. For example 58 % of emitters
which are above 5dB of the noise floor have a band-
width between 0 and 10kHz. Less than 10% of emit-
ters have a bandwidth greater than 50 kHz, regardless
of their power level above the noise floor. These find-
ings suggest that for this isolated case the RFI envi-
ronment is more narrowband than that encountered
by the Grumman E-2C UHF radar, since about 60 %
of emitters investigated have a bandwidth less than
10kHz. This also suggests that RFI suppression algo-
rithms that model the RFI as sinusoidal tones, such
as the LMS adaptive filter, are applicable under these
circumstances.

4 RFI SUPPRESSION RESULTS

The VHF-band image displayed in Figure 3 was
generated by the SASAR system and shows an area in
the vicinity of Upington, South Africa. The raw data
was processed with the G2 range-Doppler processor de-
veloped at the University of Cape Town. The size of
the image is 16.7 km in azimuth and 12.8 km in range.
The RFI in this image is very severe, hiding many fea-
tures which become visible only once the interference
has been suppressed.

This image has been cleaned with an LMS adaptive
filter, which is widely used in interference suppression
applications [1], [5], [7], [9], [10]. In contrast to fixed
filters, they have the desirable property of being able

to adjust their own parameters automatically. Little
or no a priori knowledge of the signal or noise char-
acteristics is required. It is, however, assumed that
the interference is sinusoidal. This assumption is rea-
sonable if one expects 60 % of RFI emitters to have a
bandwidth less than 10 kHz.

Figure 3 displays the VHF-band image after it has
been cleaned with a 256-tap LMS adaptive filter. The
cleaned image is a vast improvement when compared
to the noisy image. Many faint features have become
visible, especially in the right half of the image.

5 CONCLUSIONS

This paper has demonstrated the results of an ini-
tial study into the RFI environment encountered by
the SASAR system in South Africa. The SASAR sys-
tem has recorded data with the blanking switch de-
liberately switched on, so that no pulses were trans-
mitted. This permitted the background interference
to be recorded and investigated. RFI characteristics
such as the identity (type) of the interference emitters,
the number and density of emitters, their effective ra-
diated power and their bandwidths were discussed. It
was found that about 60 % of RFI emitters investigated
have a bandwidth less than 10 kHz, which validates the
application of RFI suppression algorithms that model
the RFT as sinusoidal tones, such as the LMS adaptive
filter. A VHF-band image generated by the SASAR
system, which was heavily contaminated with RFI,
was subsequently cleaned with an LMS adaptive fil-
ter. Many faint features of the image became visible
after RFI suppression.
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