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ABSTRACT

Many different passive optical techniques have been proposed for the remote detection of buried
land mines from an airborne platform. These techniquesrely on different potential mine
observablesin the visible and infrared portions of the spectrum These observables are based upon
detection of the disturbed soil or vegetation associated with the mine emplacement or upon the
detection of the mine body itself through its thermal signature. Disturbed soil texture is discussed
first followed by approaches that rely on the spectral anomaly associated with the disturbed soil.
The review of the disturbed soil techniquesis followed by an assessment of the potential detection
of long buried mines by their thermal properties. Recently collected field datais used to assess the
potential value of different procedures. The passive optical mine detection techniques using
infrared are then compared.

1.0 INTRODUCTION

Over the past several years, several different techniques for the use of airborne infrared sensors to detect buried land
mines have been proposed. Buried mines are a highly effective military and terrorist weapon, that are very difficult
to detect, accurately locate and remove or destroy. Current countermining techniques are manpower intensive and
dangerous and a technology is being sought that will allow remote detection and possible neutralization of all the
minesin aminefield. The remote detection of buried land mines by ground penetrating radar and optical means has
been extensively investigated as a technique to solve this problem. This paper will concentrate on approaches using
infrared, including the reflection dominated near infrared (NIR), 700 - 1000 nanometers, the short-wave infrared
(SWIR), 1to 2.5 mm, aswell as the thermally dominated mid-wave infrared (MWIR), 3 to 5 mm and long-wave
infrared (LWIR), 8 to12 mm. Techniquesinvestigated have included the use of single band sensors in the reflection
or thermal infrared, dual mid-wave and long-wave infrared systems, and multi/hyperspectral approachesin several
spectral regions. Potential detection approaches are grouped by their principal observable into texture, spectral and
temperature. Infrared mine detection can be based upon the detection of atexture differencein the soil, the
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detection of alocal spectral difference, and the detection of alocal temperature anomaly. It isthe purpose of this
paper to summarize these approaches and assess their relative utility for the detection of buried mines.

2.0 DETECTION TECHNIQUES

All passive optical detection techniques are based upon detection alocalized difference in an observable caused by
the mine. The placement or presence of the buried mine will change the observables of a small area above the mine
(SeeFigure 1). Initially, this observable is principally due to the soil disturbance and may be simple to detect. For
example, immediately after placement there will likely be a texture and/or moisture difference that can be detected
with a broad band infrared instrument or even visible light sensors. Shortly, after drying and some weathering, the
obvious texture and moisture differences will disappear. What remains as an observable are long term effects of the
soil disturbance, which can be detected as a spectral difference, and a difference in the thermal properties of the soil
caused by the presence of the mine.
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Figure 1. lllustration of the Primary Observables Available for Mine Detection

2.1 DETECTION USING TEXTURE

When amineis buried, the soil in the vicinity of the mine will appear different from the surroundings. This
appearance difference is usually directly over the mine and in an area nearby, where the dirt was placed while the
hole was dug. The detection of a buried mine using this localized texture differences can be accomplished visually
in some cases. Local soil texture difference is an observable that a soldier may rely on to clear arecently buried
minefield. Itispossible that an automated buried mine detection system could be built to detect local texture
variations. However, the problem with texture-only detection isthat it is only applicable for a short time because of
weathering. An example can be seen in Figure 2. In the right photograph, the location of a buried mine (inside the
wooden stakes) can be clearly seen immediately after burying the mine. In the second picture, several weeks of
weathering have occurred and the texture difference apparent in the first picture has dissipated. It should be pointed
out that there was till a one percent LWIR spectral signature associated with the buried mine in the second picture
(DePersia 1995b). In addition to the problem of the weathering of the soil texture observable, texture-only detection
will have a problem with false alarms caused by vehicle and/or animal activity.

For both the weathering and false alarm issues, other techniques are being investigated which rely upon other
possible observables. Spectral isa promising approach for the detection of disturbed soil associated with the mine,
while temperature detection relies upon either the thermal signature associated with the disturbed soil or the thermal
signature of the buried mine itself.

2.2 DETECTION USING SPECTRAL
The detection of a buried mine by the spectral signature of the disturbed soil is an approach that offers significant

advantages over simple texture anomaly detection. Two physical mechanisms have been investigated for potential
detection. Oneis based upon the detection of disturbed soil and is applicable to recently buried mines (up to a



period of months) and the second is based upon the detection of vegetation differences and is applicable to the
detection of long-buried mines.

The detection of disturbed soil by spectral means has been investigated in multiple infrared spectral regions. The
physical basis behind the detection is that the surface layer of soils generally has a spectral signature that is different
from the soil immediately below the surface. This difference is generally caused by the weathering of the surface by
wind and rain. This different composition in either mineral content or in grain size provides a spectral observable for
detection of the mine by the localized spectral anomaly resulting from the soil disturbance. Laboratory
measurements on minerals such as quartz with different grain size have shown that the grain size has the greatest
impact on the spectral reflectance in the LWIR. The particle grain size phenomena can lead to a very noticeable
differencein the long wave infrared signature and has been measured extensively in the lab (Salisbury 1991).
Detection in the reflection infrared must then primarily rely upon spectral differences caused by an actual mineral
composition difference such as hydrated mineral, clay content or water content differences between surface and sub-
surface soil. Detection in the LWIR portion of the thermal infrared (8 - 12 nm) can use either differencesin the
actual mineral composition or in the particle grain size between the surface and sub-surface soil.

The actual grain size difference is seen as the presence or absence of clinging fine particles. Sub-surface sail is
found to have small (<50 nm particles) clinging to the surface of the larger soil particles, while soil in the surface
layer has been cleansed of these particles by weathering. Because of the different reflectance of the smaller particles
in the disturbed soil, the mine is seen as alocalized area of lower spectral reflectance in the mineral band (Johnson
1997). Geological field studies have shown that the particle size difference is a more common phenomena, with
actual mineral content differences rarein many soils. Thisfact favors the thermal infrared over the reflection IR
bands for the detection of mines buried for weeks to months. This grain size difference has been shown to persist for
months after the mine has been buried.

Figure 2. Texture Signature in Unweathered and Weathered Mine

For detection in the reflection infrared, the spectral region around 2.2 mm is the most useful region since thisiswhere
both the signature of mineral differences and the signature of the moisture content of soil is particularly strong. If
the spectral anomaly signature is due to true mineral differences, the signature will be long lasting. The signature
due to water content difference may last longer than the broad reflection difference of wet soil, but not last aslong as
the signature due to a true compositional or particle size difference.

Examples of spectral signaturesin three spectral regionsin the infrared are shown in Figure 3.  All measurements
were made on desert soil using point spectrometers. The reflection band measurements were made using a GER
Mark IV spectrometer covering the region from .4 nm to 2.5 mm (400 to 2500 nm), while the thermal infrared



measurements were made with Midac FTIRs. The soil in the case of the reflection band measurement had been very
recently disturbed and there is a broad reflectance difference in the spectrum due to moisture, which was also seenin
thevisible. The reflection band spectral signature seen at 2.2 mm was traced to clay content in the soil. The
dominant signature in both the MWIR spectrum at 4.6 nm and the LWIR at 9.2 mmis due to the quartz reststrahlen
feature. In aseries of spectral measurements on soils made at many locations and under a variety of conditions, the
LWIR 9.2 nm due to quartz is the largest and most pervasive signature, although the signature of other minerals also
provided abasisfor detection. The MWIR signature proved to be unreliable in field measurements. The DARPA
Hyperspectral Mine Detection Program (DePersia 19953, De Persia 1995b) is using the quartz LWIR signature along
with other compositional and particle size related signature differencesin the LWIR to search for buried mines.

There have been some investigations of the spectral signature of vegetation as an indicator of long buried mines.
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Figure 3. Examples of Differential Disturbed Soil Signaturesin Three Spectral Regions

The theory is that buried mines will restrict the growth of vegetation above the mine. Stressed or senescent
vegetation has been shown to exhibit a measurable shift in the red edge of the chlorophyll reflectance spectrum
relative to healthy vegetation. Recent work has investigated measurements of the shift of the “red edge” in the 700 -
750 nanometer spectral region (McFee 1995). M easurements were made using a hyperspectral imager, but the
conclusions are incomplete at thistime.



2.3 DETECTION USING TEMPERATURE

Local temperature variations associated with a buried mineis a potential observable for both the detection of recently
buried mines and long buried mines. Recently buried mines can be seen in the thermal infrared because the
disturbed soil has an apparent temperature difference from the surrounding undisturbed soil. The soil disturbed by
the burying of the mine is often less dense than the soil located away from the mine. The lower density soil reduces
the soil thermal conductivity. Detection of buried mines using this method can be very effective, particularly at
night. The detection of a buried mine by the temperature anomaly associated with the soil disturbance was used in
Somalia (PBS 1996). Mine clearing of roads in Somalia was conducted using a thermal imager by proceeding down
the dirt road and observing these temperature anomalies as bright spots on theroad. The detection of a buried mine
by this method will also be affected by weathering, since rain will cause the soil to compact and the anomaly to
disappear. Mine detection based on this method is also prone to false alarms caused by vegetation or rocks. The
image in Figure 4 shows a day time mosaic of several broad band infrared images of mines buried two days before.
The temperature difference of the lower density soil over the mine is evident in this day thermal image. Two small
registered images are also shown. The day image (top) shows only the mine as a hot spot, while vegetation is also
seen as a bright spots in the night image and is a potential source of false alarms.

Thermal techniques can also be used to detect a mine that has been buried in the ground for along time. Many
mines, particularly anti-personnel mines, are buried very close to the surface. The subsurface mine will have
different thermal properties such as conductivity and mass, which are often combined together into a single term,
thermal inertia. These temperature anomalies are more easily seen at times of day when there is rapid warming or
cooling of the surface layer. Detection of buried mines using the temperature anomaly of the mine itself does not
rely on the properties of the surface. Thus, long after the disturbed soil properties at the surface have weathered due
to rain and wind, the temperature anomaly signature will still be present. There are potential false alarmsinherent in
temperature anomaly detection, since the introduction of vegetation and buried rocks greatly complicates the false
alarm picture.

Detection using the thermal properties of the subterranean mine phenomena has been explored using sensors with
one or more bandsin the thermal infrared. Multiple thermal infrared bands can help reduce the false alarm problem.
With two or more spectral bands, it is possible to attempt to separate temperature and emissivity as observables.
This has the advantage that emissivity is a property of the soil surface, while the temperature is influenced by both
surface and sub-surface properties. Subsurface mines will appear as temperature-only anomalies and not as
emissivity anomalies, while a surface rock will appear as atemperature anomaly and as an emissivity anomaly.

This approach was investigated extensively by Lawrence Livermore National Laboratory (Del Grande 1991 and
Clark 1993). The Livermore group investigated the technique first in a clutter free environment (a prepared plot
with soil and no rocks and vegetation) and at a natural desert location with mines buried with no deliberate alteration
of the native vegetation. Data was taken with two Agema 880 scanners covering 3 - 5 nm (MWIR) and 8 - 12 mm
(LWIR) respectively. These imaging instruments are capable of resolving temperature differences of 0.1 C at high
spatial resolution. Several different detection algorithms were investigated using in one case the amplitude images
fromthe MWIR and LWIR sensors and in a second case using cal culated temperature and emissivity images.
Generally high probabilities of detection and low false alarm rates were found in the clutter-free environment using
either the amplitude or temperature emissivity image sets. Results on the cluttered minefield were disappointing due
to the high level of vegetated clutter. Mines detected were found primarily due to texture detection on the calculated
emissivity image, which isindicative of disturbed soil detection rather than detection of the thermal anomaly.

Further work was conducted in 1995 and 1996 under the sponsorship of the DARPA Hyperspectral Mine Detection
Program (Winter 1996). A more sensitive LWIR hyperspectral sensor had been developed by LLNL. This sensor,
the Livermore Imaging Fourier Transform Infrared Spectrometer (LIFTIRS), provided over thirty bands of high



sengitivity datain the LWIR (Carter 1995). With the thirty bands of datait is possible to much more accurately
calculate apparent temperature and emissivity as a function of wavelength in the LWIR region.

The results of an experiment on one of a series of buried road minesis shown in Figure 5. The mines were buried
approximately aweek before the measurements.  The data were taken from atower at alook angle of approximately
25 degrees above the horizontal. Separate emissivity and temperature images have been calculated for image of the
mine and the surrounding undisturbed soil. The emissivity image for 9.2 mm (the peak of the quartz reststrahlen
spectrum) shows an oval lighter area corresponding to the effect of disturbed soil, while the temperature image
shows asmall dark (cold) area corresponding to the temperature effect of the buried mineitself. Both the disturbed
soil due to the emplacement process and the mine itself were detected in this experiment.

Day Mosaic of Fresh Mine Field Comparison of Day Image
and Night Image (Mine in Center)

Figure 4. Day and Night Broad Band IR images of Mine Field

Figure 5. Emissivity Image (left) and Temperature Image Formed from Hyperspectral Data on Road Mine

In another experiment, atwo year old buried mine was measured during both the mid-afternoon and the early
morning. In the early morning image, alow radiance area at the position of the mine could be seen (See Figure 6).

More importantly, since the data was taken with a hyperspectral sensor, the emissivity spectra on every point can be
calculated (Gillespie 1985). The soil was composed of quartz sand and the dominant quartz reststrahlen feature at
9.2 mm could be seen in the spectra. A scatter plot of the emissivity at the peak of the reststrahlen feature vs. the



apparent temperature is also shown in Figure 6. Each point in this scatter plot is formed by obtaining the spectrum
for apoint in the hyperspectral data cube and calculating the emissivity and apparent temperature for that point.

Note that the position of the low temperature region also corresponds to regions of low emissivity. Thisisindicative
of the fact that in desert areas, the presence of a mine restricts the growth of vegetation over the mine. Buried mines
are indicated by bare patches in the desert ground cover. Most bare patches are not associated with mines, so that
the combination of the sensing of bare patches, through either the 9.2 mm band or directly sensing vegetation in the
near IR, with temperature sensing in the LWIR can reduce the false alarms.
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Figure 6. Early Morning Temperature Image of A Buried Mine and Emissivity/Temperature Scatter Plot

The detection of buried mines by two or more measurements of the same scene at different times has also been
suggested. It istheorized that the surface clutter can be removed from the two scenes and the mine itself will be
detected due to itsthermal inertia. The clutter complexity of the surface along with the problems associated with
registering data from different times make this approach very difficult.

3.0 DISCUSSION AND CONCLUSIONS

The various techniques for the infrared detection of buried land mines are summarized in Table 1. The technique of
texture detection of the thermal signature of the disturbed soil provides a currently operational technique. While this
technique is limited by clutter, it is useful for finding recently buried mineson adirt road. Of the spectral
techniques, the use of multiple bands in the thermal infrared has proven to be useful in finding both recently
disturbed soil and disturbed soil of weeksto monthsin age. The use of multiple spectral bands provides a good
means to discriminate against clutter sources such as vegetation. Thermal detection remains an area requiring further
research. Temperature detection has been proven impractical in a cluttered environment. The combination of
temperature detection along with spectral detection to reduce the false alarm problem is a source of ongoing
investigation.
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Table 1. Comparison of Infrared Mine Detection Techniques

Mine Detection Technique | Spectral | Physical Applicable Problems Status
Region Observable | Time Scale
Texture Detection (Night MWIR Recently Upto Severa | FalseAlarms | Field
IR) /LWIR Disturbed days Dueto Demonstrated
Soil Vegetation in Somalia
Spectral Detection (SWIR) | 2-25 Disturbed Unknown Unreliable Research
mm Soil Minera
Signature
Spectral Detection (Near 700-800 | Stressed Potentially Not Research
IR) nm Vegetation Indefinite Demonstrated
Spectral Detection (MWIR) | 45-5.0 | Disturbed Unknown Unreliable NA
mm Soil Signature
Spectral Detection (LWIR) | 8-12 Disturbed Daysto Sensor and Flight
mm Soil months Processing Demonstration
Complex
Temperature Detection 8-12mm | Thermal Indefinite False Alarms | Requires
Inertia of Dueto Further Work
Buried Mine Vegetation,
Rocks etc.
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