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UWB SARSENSOR

1 History of the DERA UWB SAR Programme

DERA development of Ultra Wideband (UWB) radar systems was initiated in the
early 1980s with the exploitation of fast switches originally designed for the nuclear
fusion industry, called Pockels Cells, for UWVB radar design.

Although fast switches existed at this time they w ere not capable of performing this
fast switching action repetitively — for radar operation these devices are required to
switch on and off (pulse repetition frequency) 1000 times a second, or faster.

At this time DERA w as also working with Dundee University performing much of the
early work on designing the special antennas required to radiate these very fast
pulses.

These tw o key areas of research led on to a new research programme in the early
1990s to assess the capability of using UWB radar to produce images of scenes —
rather that just looking for the presence of an object that reflects radio energy.
Imaging radars themselves w ere not new — Synthetic Aperture Radar (SARs) existed
operating at low er bandw idths, w ith consequently low er resolution.

This new research programme saw further advances in fast switching through the
pioneering w ork of DERA’s colleagues at Kentech Instruments Ltd w ho were able to
manufacture semiconductor based sw itching units (pulse generators).

Also key to this research programme was signal processing and real time data
digitisation. The groundbreaking signal processing work was led by Applied
Electromagnetics Ltd who have worked with the DERA team for many years to
design and implement improved signal processing solutions for UWB radar
applications. The DERA team working with Kentech Instruments Ltd have also
produced a world beating real time digitisation system — capable of capturing ten
thousand million samples per second of the data received by the radar system. This
allows a very accurate record of the radar data to be collected and stored for
subsequent signal processing.

The output from the programme was a lab based UWB SAR system that was
demonstrated able to image both small metal and plastic targets at a very high
resolution. This ‘impulse’ radar systemw as, and still is, believed to be the highest
bandw idth, highest resolution radar of its type.

Also during this period DERA began developing a unique understanding of the
physics and mathematics behind the complicated mechanisms involved in UWB
radar pulse interaction w ith targets in different environments and of the mechanics of
launching UWB radar pulses into free space from novel antennas.

This new imaging radar system attracted much attention and resulted in new applied
research programmes for the Ministry of Defence involving the detection of Anti-Tank
and Anti-Personnel mines in military roles. These programmes are on going.



2 Radar Background

Radar sensors detect targets by means of their radio frequency reflectivity. A radio
frequency transmitter illuminates the scene of interest and a receiver is used to
detect the reflected radio signals. In the simplest of terms, receiving reflected radio
energy back at the radar some short time after transmission indicates the presence
of a target.

The time taken for the signal from the trans mitter to reach the target and return to the
receiver provides target range information, and for real aperture radars, the
beamw idth of the receive antenna provides directional information.

The range resolution is limited by the transmitter bandw idth thus, for conventional
radars, it is generally beneficial to operate at high frequencies where the high
bandw idth needed for good range resolution is easily achieved.

The azimuth (or 'cross track') resolution is governed by the beamwidth of the
antennas and again, for conventional radars, it is generally beneficial to operate at
high frequencies w here the beamw idths are small for a given physical antenna size.

3 Synthetic Aperture Radar (SAR)

To obtain fine azimuth resolution, a physically large antenna is needed to focus the
transmitted and received energy into a sharp beam. The sharpness of the beam
defines the azimuth resolution. Even moderate resolutions require an antenna
physically larger than can be practically carried by an airborne platform: antenna
lengths several hundred meters long are often required. How ever, an airborne radar
could collect data w hile flying this distance and then process the data as if it came
from a physically long antenna. The distance the aircraft flies in synthesizing the
antenna is know n as the synthetic aperture. A narrow synthetic beamw idth results
from the relatively long synthetic aperture, which yields finer resolution than is
possible from a smaller physical antenna.

4 Ultra Wideband (UWB) Radar

The fact that the Radar Cross Section (RCS) of dielectric targets (i.e. plastic mines)
increases rapidly with frequency and that low frequency energy is needed for good
ground and foliage penetration make it unlikely that narrow band systems could be
used for reliable detection of landmines.

The desire to use a high bandw idth (to achieve high range resolution) together with a
low mean operating frequency leads directly to the concept of UWB radar. When
combined with synthetic aperture techniques (UWB SAR), a very high range and
azimuth resolution is achievable. For a given mean frequency, the resolution
achievable by UWB radar is significantly greater than that of narrow band radar.

UWB radar uses w aveforms w hose frequency spectrum extends from near d.c. up to
a maximum w hich is determined by the required resolution. A simple implementation
of this concept is achieved by using impulse waveforms which may be readily
generated w ith durations dow n to 100ps at amplitudes of many kilovolts. Such pulses
gives a theoretical range resolution of approximately 1.5cm (range resolution is
comparable to pulse w idth), with a frequency spectrum extending froma few hundred
MHz to several GHz.



The ultra-w ideband pulse (impulse) is of very short duration and high intensity. This
provides higher resolution than is provided by conventional radars, together with the
ability to couple energy into the ground. Thus an ultra-w ideband pulse can be used to
detect buried mines.

Metal mines are impenetrable to radar w aves so that the signal detected by the radar
depends primarily on the target geometry and the properties of any surrounding soil.
For plastic mines the situation is different and a substantial proportion of the incident
radar energy can be transmitted into the mine. Some energy is reflected directly back
to the radar by the outer surface of the mine and some of the transmitted energy is
reflected later in time. This results in a complex signature of relatively long duration.
The detailed structure of such signatures may be used to identify the nature of the
target.

5 Mine Signatures

Figure 1 show s real data collected for a metal mine-like target during the first airship-
borne trials in January 2000. The metal mine-like target is clearly discernible in the
centre of this image. As the airship travels forward, each pulse emitted by the radar
results in a single range profile being recorded, this represents the energy scattered
fromthe scene. The closer the scatterer is to the radar, the earlier in time the energy
it scatters arrives at the receiver. In this case the dominant scatterer is the outer
surface of the metal mine — the specular reflection.

Figure 2 show s real data for a set of four plastic mine-like targets and shows distinct
differences between the metal mine in the last figure and the plastic mines shown
here. The plastic mine-like targets are again clearly discernible and the characteristic
signatures of plastic mines are visible. It is seen that energy is received by the radar
over an elongated period of time for each target detected. The first blob (top-most) is
due to the specular reflection from the front of the plastic mine case and the largest
blob, later in time is due to the reflection of energy coupled into the mine body and

reflected at the rear surface.
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Figure 1: UWB SAR image (metal mine-like target)
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Figure 2: UWSAR image (plastic mine-like targets)

6 Buried Mine Detection

Buried targets are difficult to detect for several reasons. Not all of the energy incident
on the ground surface is transmitted into the ground and, dependent on the ground
conditions, much of the energy may be lost because of attenuation as the pulse
travels through the soil. Also the scattering strength of buried targets is generally less
than that of the corresponding target placed on the ground surface. These effects
have been studied in detail and it has been show n that plastic mines are generally
detectable even w hen surrounded by unfavorable soil types because their internal air
voids are detectable.

7 UWB SAR Experimental Work

An initial DERA feasibility study suggested that a resolution of 5cm in range and
0.5m in azimuth w ould be required to adequately detect mines. To achieve this range
resolution the system would need an instantaneous bandw idth of approximately 3
GHz, extending from 200MHz to over 3GHz. Preliminary imagery was produced by
using an UWB Inverse Synthetic Aperture Radar (ISAR) facility which had been
developed at DERA Pershore. These trials proved that both metal and plastic mines
could be detected and that the scattered energy contained information w hich w as
unique to the target.

In order to provide further confidence in the ability of UWB SAR to detect mines in
real backgrounds a ground based UWB SAR system w as constructed. The prototype
radar w as mounted 7m above the ground on a supporting tow er attached to the flat
bed of a British Army "DROPS" vehicle. A series of experiments w ere conducted in
which surrogate mine targets and test targets w ere measured against concrete and
grass clutter backgrounds. The test target measurements showed that the radar
resolution w as better than 0.3m in cross-range. The SAR imagery produced by the
system is thought to be a ‘World First’ in terms of bandw idth and resolution. The
signatures of targets in these images are spread in the range direction due to



complex target scattering mechanisms w hich result in multiple reflections separated
in time. This effect produces a signature a large proportion of w hich is unique to the
target and consequently knowledge of the signature can be used to aid target
detection in cluttered backgrounds.

The applied research programmes resulted in several ground based prototype UWB
radar systems. One of these systems was tested on an airship platform in January
2000 to asses it's potential for the humanitarian mine detection role.

The UWB radar system has since been subject to further trials in Kosovo and
development continues.

The results of the Pershore and Kosovo trials can be found atwww.mineseeker.org.
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