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ABSTRACT

The UK Defence Science and Technology Laboratory (Dstl) has proven the utility of its Infrared Polarisation Sensor for
forward-looking detection of flush and surface laid landmines. The system utilises a spinning polariser to analyse the
polarisation content of a scene and detection is based on this analysis. This paper is based on work carried out by Dsll
under the UK Applied Research Programme and focuses on an investigation into the effectiveness of applying the IPSto
the detection of tripwires. The investigation and its initia results are detailed and image-processing techniques are
discussed.
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1. INTRODUCTION

The UK Defence Science and Technology Laboratory conducts UK government funded research into countermine
activities. One of the aspects of this work, technologies for tripwire detection, is now being further investigated.

Under the MINDER (Mine Detection Neutralisation and Route Marking) project an Infra Red Polarisation Sensor (1PS)
was developed for the forward-looking detection of landmines. The sensor was attached to the roof of the MINDER
demonstrator vehicle and was responsible for the detection of surface and flush laid mines.

Presently the Tl camera has proven its ability for the detection of surface and flush laid Anti-Tank (AT) and Anti-
Personnel (AP) mines; its effectiveness in the detection of tripwires is being investigated and it is the progress with this
work that is detailed here.

A common method of tripwire detection is atripwire feeler. Thisisalength of medium gauge wire or athin stick that is
held lightly in the fingers and swung to and fro ahead of the de-miner. The de-miner senses detection by the bouncing of
the feeler on the tripwire. Any significant amount of vegetation renders this method practically useless.

The tripwire material can be practically anything that is to hand, this ranges from cotton thread or fishing line to metal
wire, although there are standard issue versions.

The usual deployment of tripwires is parallel with the ground at a height of about 30cm. This scenario is a generalised
one and a tripwire may be deployed in a wide range of manners, heights, lengths, orientations, high/low vegetation and
urban areas depending on the situation.

Dstl have carried out research with ERA Technology Ltd, UK to investigate a different optical approach to tripwire
detection to the one outlined in this paper. The ERA system uses monochrome visible cameras that are filtered to look at
the NIR. The system has a large illuminator that is also filtered to illuminate in the NIR and has a piece of horizontally
orientated Polaroid fitted (3). This system has also given results that are comparable with our own and has been tested in
a wider range of scenarios than the IPS system. Greater analysis of the ERA results and more testing of our IPS
equipment is ongoing.
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2. BACKGROUND THEORY

Ordinary Infrared (IR) images alow the observation of the thermal intensity of a scene. To make these images more
useful for mine detection some standard image processing techniques can be used to extract features that resemble the
target. Thiskind of processing can fail when the objects are partially obscured, making the target indistinguishable from
the background clutter. Algorithms for extracting targets from a source aso fail when the shape, outline or features that
are present differ from the pre-defined model representing a valid target.

Traditional image processing using Tl data relies on the thermal contrast between the target and the background (2).
This contrast is not always distinct as wet, damp, or overcast weather conditions can affect it.(1) There are also periods
of thermal crossover at the beginning and end of the day when there would be little or no thermal contrast between a
target and background. Low thermal contrast in IR has an effect analogous to camouflage in the visible waveband.

If an image is collected in such away as to analyse the polarisation content of a scene, this allows the extraction of more
information than simply the intensity of the IR scene.

The current Tl camera used in this work by Dstl uses a Focal Plane Array (FPA) in the 3-5 um waveband. The MWIR
band was chosen as most of the radiation is made up of reflected solar radiation. Although there is a significantly larger
amount of radiation in the LWIR, making detection easier, improvements in recent years in detector technology made
using a foca plane array in the MWIR an acceptable option. This, combined with the greater interest in analysis of
reflected solar radiation, as opposed to the thermal properties of objects meant that a FPA for MWIR was implemented.

2.1 Target detection

The sensor’s success at detecting mines was due to the predominantly flat top of the mine casing creating a dominant
source of linearly polarised light; this allowed the distinction between the man-made mine and the natural surroundings.
The detection of tripwires still depends on reflection and predominantly sky reflection.

Trip wires adapt to temperature changes faster than mines due to their smaller thermal inertia. Wires not in contact with
the ground or foliage may be more easily detected as they will have a certain amount of thermal contrast with respect to
the ground (4). If awireisin contact with the ground or foliage the thermal contrast with the background is lowered as
the wire adapts quickly to the ambient temperatures. This creates thermal contrast issues, reinforcing the idea that passive
detection would probably rely on sky glint.

Problems are encountered when the target-to-sensor distance becomes large, making the angle of incidence between the
target and sensor very shallow for mines and the target sub-pixel for tripwires. The target occupies fewer pixelsin the
image, providing less data, and making the target harder to discriminate from the background clutter. Thisis particularly
true with tripwire detection, at a certain range from the detector the tripwire image on the focal plane is going to cover a
sub-pixel area.

Thermal contrast between the target and the background combined with the image displacement caused by the rotary
motion of the polariser causes an ‘edge detection’ effect seen in the processed data. False polarisation data is produced
at the target edges and thermal boundaries.

2.2 Thepolariser

A polariser system needed to be added to the IR camerato acquire the initial polarisation data to be processed. (5) In the
Dstl IPS system alinear polariser, which rotates about its optical axis, is mounted in front of the camera (Fig.1).
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Fig.1 The IR camerawith polariser (bottom |eft of picture) attached to the front.

Detection using the polarisation sensor works on two levels, on the first level, objects can be seen to pulse as the
polariser rotates. The modulation depth of this pulsation indicates the degree of polarisation of the radiation from the
target. On the second level, a more in-depth analysis of the data can be performed by computer control of the polariser.
The degree and orientation of the polarisation are calculated from processed combinations of four images acquired at 45-
degree intervals.

The polarisation state of radiation can be completely described by the Stokes vector:

s=[s,.8.S,.S)]

The first term of this, § (Fig.2), is a measure of the total intensity. S and S, represent the tendency towards linear
polarisation in the horizontal direction and 45° to the horizontal direction respectively. The fourth term, S;, is associated
with circular polarisation, being a measure of not only the degree to which the radiation is circularly polarised, but also
indicating the handedness of the polarisation, i.e. left-handed or right-handed. Using only alinear polariser it is possible
in four measurements to determine the relative magnitude of the first three terms of the Stokes vector. It is assumed that
the contribution to the Stokes vector from circularly polarised light is negligible.
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