


PERSHORE TRIALS REPORT

1 Objectives

The objective of the trial was to investigate the feasibility of operating an Ultra
Wideband Synthetic Aperture Radar (UWB SAR) from an airship for the detection of
mined areas in a humanitarian role.

2 Background

DERA is developing sensors that could be used in the detection of landmines for the
Remote Minefield Detection System (REMIDS) Technology Demonstrator
Programme (TDP). This is a UK MOD programme for the detection of surface laid
scatterable anti-tank mines during conflict. A prototype, ground based Ultra Wide
Band Synthetic Aperture Radar (UWB SAR) has been designed and built by DERA
Malvern. Initial ground based trials indicate that it has significant potential.

The lightship group made available an A60+ airship for the purposes of this joint
evaluation trial.

An initial feasibility study w as undertaken to assess if the UWB SAR sensor could be
fitted to an AG0+ airship. The feasibility report concluded that it was feasible and
recommended that airborne trials of the system should be undertaken.

3 Method

Following design meetings the locations for the antenna assembly and internal
gondola installations w ere agreed and modifications to the ground based UWB SAR
system undertaken to ensure system airw orthiness. Stress analysis of the antenna
assembly and internal gondola installations was undertaken by DERA Boscombe
Dow n.

During the feasibility study the UWB SAR was installed on an A60+ airship. The
A60+ gondola is relatively small (five seats including the pilot) and does not have
seat tracks so mounting the equipment inside the gondola w as not easy.

The installation consisted of two “19 inch” racks, one mounted on the floor and one
mounted on the co-pilots seat. A central electrical distribution rack was mounted
below the co-pilots seat. An external 2.5 kW Auxillary Pow er Unit mounted at the rear
of the gondola generated all the electrical power for the system. The antenna
installation w as mounted on the standard camera mount at the front of the gondola.

Figure 1 show s a picture of the antenna assembly. On top of the assembly is a GPS
antenna, used in differential mode along with a ground station to accurately record
the airship position (a requirement of Synthetic Aperture Radar). To the right of the
antenna is the pulse source in a screened enclosure and a video camera for imaging
the scene.

As metal affects the performance of the radar, metal fixtures on the antenna housing
and mount w ere kept to a minimum. The trans mit antenna w as mounted nearest the
gondola w ith the receive antenna on the other side.

The total w eight of the systemw as 221 kg and the electrical pow er requirement w as
1.9 KW.

Initial EMC trials with the UWB SAR antennas installed on the airship were
undertaken on the 4th November 1998 at DERA Pershore. Electromagnetic
Compatibility (EMC) tests confirmed that this arrangement did not cause any



interference to the airship systems or avionics. The A60+ is a relatively basic design,
with no advanced Flight Control Systems (FCS) or avionics, this made it an ideal
trials vehicle.

Electrical load tests w ere undertaken w ith the full UWB SAR system installed on the
airship at Halfpenny Green (the TLG operating base) on 16th December 1999.

As the airship is US registered and is currently only cleared for camera operations
significant effort has been required to obtain flight certification. The Department of the
Environment, Transport and the Regions (DETR) was required to grant permission
for the trial to be undertaken and the FAA gave verbal confirmation that the system
could be flown under an experimental clearance. D Air Ops was briefed on all of
these issues and w as content that the trials could be undertaken, without his formal
involvement, as they w ere not considered to be 'military trials'. The installation w as
cleared by ABC (American Blimp Company) and was flovn under a FAA
Experimental Register.

Initial measurements were made against marker sets (trihedrals and metallic
spheres) on tarmac. These w ere used as calibration measurements and enabled the
performance of the system to be quantified. Measurements were made at different
heights and speeds until the optimum setup for the ftrial configuration was
established.

Measurements were then made against target sets that consisted of metallic and
plastic mines and mine like targets of varying sizes placed on the grass airfield in
both long and short grass, with and w ithout obscuration. The smallest of the targets
was only 10cm in diameter and entirely plastic.

Figure 1: Antenna Assembly



4 Results
Flight trials w ere conducted at DERA Pershore, Worcestershire, UK during the period

10th — 17th January 2000. During this period the system was flown for 15 hours and
over 35 Gb of dataw ere collected.

A significant degree of capability was demonstrated, validating the airportability and
interoperability of the radar with the airship and investigating the current level of
performance of the prototype UWB SAR. Plastic mine-like targets of 10cm diameter
were detectable during this trial. The mines w ere surface laid in grass approximately
30cm high. The ground w as surveyed at 100 square meters per second during this
trial.

Figure 2: UWB SAR image (metal mine-like target)

Figure 3: UWSAR image (plastic mine-like targets)



Figure 2 shows a focused image of a metal mine-like target. The target is clearly
discernible in the centre of the image. In this case the dominant scatterer is the front
surface of the metal target, the specular reflection.

Figure 3 show s a focused image of four plastic mine-like targets and shows distinct
differences from the metal mine in the last figure. The plastic targets are again clearly
discernible. The earliest returns are at the top of the image with range extending
dow nwards. The radar receives the majority of the energy over an elongated period
of time for this target type. The first return shown is due to the specular reflection
fromthe plastic mine and the largest return, later in time is due to the Glory Wave.

5 Conclusions

These w ere the first airborne trials of this type of UWB SAR in the world. The trials
were very successfulw ith the system performing at least as well as previous ground
based trials; the airship proved to be an excellent platform. A considerable amount of
data was collected w hich is available for further analysis and will be used in the
development of an operational system.

The feasibility of operating an Ultra Wideband Synthetic Aperture Radar (UWB SAR)
from an airship for the detection of mined areas in a humanitarian role has been
demonstrated successfully. Although requiring development it is believed that the
system can be suitably developed to perform well in a humanitarian mined area
detection role.

6 Recommendations
The key results from these initial trials will allow identification of areas of the system
which would benefit from development. Preliminary recommendations are as follows:

1. Development of the digitiser into a ruggedised unit is required.

2. Improved motion compensation, probably utilising differential GPS w ith inertial
navigation, is required for optimum performance.

3. Automated data processing is required.

4. Detection / discrimination algorithms have yet to be applied to the data and
require development.

5. The addition of an HH polarisation antenna pair (currently VV only) to provide a
polarimetric capability may add to system performance.

6. The addition of separated horizontal and vertical antennas will increase the
accuracy and resolution achieved.

Additionally, having established that the tested system has an apparently useable
degree of capability, tests of the operability of both the airship and radar should be
performed in a 'real’ environment if possible.

The limit of capability of the radar system has proven to be beyond that expected.
Further trials are required to fully evaluate the limit of capability of the prototype radar
system, particularly w ith respect to buried mines.
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' TLG is Britains only active airship operating company and, with a fleet of 17 Lightships (out of only 23 airships
operating worldwide) is also the world's leading airship company. Lightships are now flying on 5 continents in the
advertising and aerial filming role for such companies as Anheuser-Busch (Budweiser), Sanyo, Monster.com,
Goodyear, Mazda cars, Virgin Atlantic and Mastercard. In addition to offices in Telford, Shropshire and Orlando,
Florida, The Lights hip Group has recently opened offices in Singapore to manage the expected growth in advertising
airships across the pacific rimin the next few years. The Lightship Group os part of the Virgin Group of Companies,
TLG currently employs 300 staff.

’ DERA is an Agency of the UK Ministry of Defence (MOD) and incorporates the bulk of the MOD's non-nuclear
research, technology and test and evaluation establishments. DERA is one of Europe's largest single research
organisations. Among its 12,000 staff DERA employs many leading scientists and internationally acclaimed experts.
It offers a unique range of services spanning operational studies and analysis, test and evaluation, applied research
and consultancy. DERA's pioneering research and development includes the invention of Liquid Crystal Displays
(LCDs), carbon fibre, the technolog yfor flat panel speakers, infra-red sensors and microwave radar.
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