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Explosives Detection With Applications to Landmines

Landmines, originally developed as military weapons now create most of their casualties
among the civilian populations, especially children. Although the mines were originally laid
during military conflicts, their effects persist long after the military conflict has ended. The
estimates of the numbers of mines range up to 150,000,000 and the number of casualties at
25,000 per year. Mining not only kills and maims people, but their use effectively closes off
usable farm land, creating further economic and social problems.

Modern mines are particularly difficult because many of them have been made difficult to
detect by conventional means such as magnetic detection. The problem is not only that there
is often only a small amount of metal in the mine but that the war zone may contain an
enormous amount of metal pieces from other weapons. Thus the problem is not just one of
detection, but of developing methods to discriminate between the many kinds of background
and clutter that are present.

The problem of demining in this case is only superficially similar to the military counter-mine
problem. In the military case speed is paramount and cost and high efficiency in detection are
secondary. The military problem is to detect and destroy enough mines so that the dangers
from mines are comparable to the other hazards of military operations. For humanitarian
demining, we have the requirement of very high detection probability and low cost as major
factors. Fortunately, the luxury of having long times for demining makes the first two
requirements a possibility.

Terrorism and the problem of discovering explosives for aircraft security have led to many
developments in explosive detection which may have applicability to landmine detection.
Unfortunately, the aircraft security problem shares many problems of both the military and
humanitarian demining. It requires high detection probability, fast detection times and can
tolerate high costs. We may look at these techniques as examples of a technical approach
which can be modified to accommodate the problems of humanitarian demining.

An example of this is the use of fast neutrons to probe material. Fast neutrons, especially
those with energies above a few MeV, are capable of penetrating materials to a depth
sufficient for the examination of large objects such as luggage or cargo containers. We have
devised an new method for the aircraft problem which may have application to landmines.
The method, Coded Aperture Fast Neutron Analysis (CAFNA®), uses those gamma rays



which are produced by "inelastic" neutron interactions where the reaction produces a gamma
ray whose energy is determined by the element in which the incident neutron interacted.
Thus, measuring the energy and origin point of the gamma ray determines the element present
and its location within the volume being examined.

In this method, the object being inspected is flooded with 14 MeV neutrons. The CAFNA
technique images the three-dimensional source distribution of the resulting gamma rays,
separating out the gamma rays from each element. Unlike the usual fast neutron techniques,
the neutron beams are not used to obtain either spatial resolution or energy resolution. Thus,
the source is far less complex and expensive and is not the limiting factor in system
performance. The new technique not only improves the sensitivity of detection by a factor of
as much as thirty or more as compared to previous techniques and accomplishes this with
improved spatial resolution. Further, it is possible to obtain three dimensional information
about the location of the contraband. As a consequence of this, the cost of the required
neutron source is reduced by a large factor, and small sealed tube neutron sources developed
and produced for the oil exploration industry can be used rather than large expensive
accelerators. Thus a relatively inexpensive and mobile unit may be produced for field use.

In coded aperture imaging, the object to be imaged emits gamma rays which then pass
through an aperture, casting a shadow on the radiation detector. From knowledge of the
pattern of the aperture and of the detected pattern, the distribution of the source can be
reconstructed. Thus, the system functions as an imaging device whose spatial resolution is
determined by the spatial resolution of the detector and the relative spacing of the source,
aperture and detector. The aperture acts only to block radiation or to pass it through. It is
applicable to any radiation source for which an aperture can be constructed and is especially
useful for radiation for which conventional lenses are not possible such as high energy
gamma rays. This alternative class of imaging techniques employs straight-line ray optics that
offer the opportunity to image at higher photon energies and over larger fields of view. These
techniques have one common signature: the direction of the incoming rays is, before
detection, encoded; the image of the object has to be reconstructed by decoding the
observation afterwards. This method of producing images is a two-step procedure, in contrast
to the direct or one-step imaging procedure of focusing techniques. The choice of pattern is
critical to the performance of the system but we have devised patterns such that the
reconstruction of point like objects is clean and rapid with no spurious ("sidelobe") response.

This method even in a scaled down version may still be too expensive and complicated to use
in the most likely demining scenarios. We and colleagues at other institutions have looked at
several other techniques which are potentially less expensive.

Infrared techniques have long been recognized as promising in certain circumstances. IUN
particular, there is a large thermal contrast between mines and soil just after dawn and after
dusk. One approach, originated by Roder, essentially used a large heater to heat the soil
followed by an infrared imaging camera to detect mines. For this to be more practical, better
methods of heating the ground and cheaper infrared imaging techniques must be developed.

Nuclear Quadrapole Resonance (NQR) uses the quadrapole moment of nitrogen to detect the
presence of compounds such as TNT. The advantage of this method is that there are
essentially no false positives. The problem however is that it cannot detect explosives within
conductive materials and thus will be useless against metal mines. Further, the sensitivity is
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limited for TNT and in particular, it is necessary to use a non optimum probe coil
arrangement to detect mines from the surface. Recent work at Quantum Magnetics has
shown that the method works even if the mine is surrounded by materials found in soil.

Wolff and Horowitz at Harvard have approached the problem in a different way. They have
essentially constructed smart sticks for manual probing of the ground. By using an acoustic
transducer and simple electronics, they can sense the presence of an underground object
before contacting and by examining the acoustic response, they can distinguish between e.g.
rocks and mines. Though this method is slow, its very low cost and ease of use may make it a
very useful approach to demining.

Finally, we can consider simple mechanical mowers such as one designed by Dobbs of
Analogic. The idea is to make a very simple welded steel wagon with steel wheels that
traverses over a farm field. The machine is powered by a small gasoline engine and
controlled by a simple laser postioner. The operator sits inside a hardened area made from
dirt and wood. As the machine hits mines, especially anti-personnel mines, they are
detonated by the pressure of the overlapping wheel pattern. Damaged machines can be
repaired in the field.

Summarizing, we can see the possibility of progress in this area. It is important to note that
no single device will solve the problems, since there are so many different situations.
Therefore it will be more effective to build devices specific to problem. Simultaneously, it is
always necessary to emphasize ease of operation and construction. As with the aircraft
security problem, the use of multiple simple devices with "orthogonal" operating principles
will enhance the likelihood of success. Finally, the designer should place a very great
premium on keeping designs simple.
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