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ABSTRACT 
 
Hyperspectral imaging is an important technology for the detection of surface and buried land mines from an airborne 
platform.  For this reason, hyperspectral was included with SAR sensors in the two deployments that were executed by 
the CECOM RDEC Night Vision and Electronic Systems Directorate (NVESD) in Fall 2002 and in Spring 2003.  The 
purpose of these deployments was to bring together a wide variety of airborne sensors for the detection of mines, with 
well ground-truthed targets.  The hyperspectral sensors included the Airborne Hyperspectral Imager (AHI), a University 
of Hawaii LWIR HSI sensor and the Compact Airborne Spectral Sensor (COMPASS), an NVESD VNIR/SWIR sensor.  
Both a high frequency SAR and a ground penetrating radar were also flown.  These experiments were carried out at sites 
where an extensive array of buried and surface mines were deployed.  At the first location, on the east coast, the mines 
were deployed against several different backgrounds ranging from bare dirt to long grass.  At the second location in the 
desert southwest, the mines were placed on backgrounds ranging from loose sand to mixed sand and vegetation.  The 
COMPASS and AHI sensors were both placed on the Twin Otter aircraft, and data was collected with the airplane as 
low as 700 ft and as high as 4000 ft.  In this paper, the data collected on surface mines will be reviewed, and specific 
examples from each background type presented.  Spectral detection algorithms will be applied to the data and the results 
of the algorithm processing will be presented. 
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1. INTRODUCTION 
 
Under an NVESD measurement program, data was collected by a reflection band hyperspectral sensor (the NVESD 
COMPASS)1 and by a thermal band hyperspectral sensor (the University of Hawaii AHI)2, an X-band SAR and ground 
penetrating radar for the purpose of investigating methods for the single sensor detection of land mines and the potential 
of detection using the fusion of multiple sensors.  COMPASS is a state of the art VNIR/SWIR hyperspectral sensor that 
provides 256 spectral bands.  AHI collects data in the thermal infrared and as configured for mine detection provided 70 
bands of spectral image data.    Over the past several years, many different techniques for the use of airborne radar, 
electro-optical and infrared sensors to detect surface and buried land mines have been proposed.   Current counter-
mining techniques are manpower intensive and dangerous. A technology is being sought that will allow remote detection 
and possible neutralization of all the mines in a minefield.   In this paper, we will examine the potential use of 
hyperspectral sensors for the detection of surface mines.  This paper will concentrate on approaches using differences in 
the spectral observables in the visible and infrared.  The regions of interest are the visible near infrared (VNIR), 400 - 
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1000 nanometers, the short-wave infrared (SWIR), 1 to 2.5 mm, the thermally dominated mid-wave infrared (MWIR), 3 
to 5 mm, and the long-wave infrared (LWIR), 8 to 12 mm.  The VNIR/SWIR is of particular interest because the sensors 
are becoming available and because of the general richness of spectral features in this region. 
 

2.  HYPERSPECTRAL SENSORS AND DATA 
 
Recently, new hyperspectral sensors have become available which provide both high spatial resolution and high spectral 
resolution.  These characteristics combined with high signal to noise ratio can allow the differentiation of mines from 
other pixels in the scene.  It is most important to acquire a data base of observations under differing conditions and 
against differing backgrounds.  For this reason, the CECOM RDEC Night Vision and Electronic Systems Directorate 
(NVESD) coordinated experiments at an east coast location in October and November 2002 and at a southwestern U.S. 
location in April 2003.  The purpose of these experiments was to bring together a wide variety of airborne sensors for 
the detection of mines, with well ground-truthed targets.  Technical Research Associates, Inc. directed the flights and 
supported the analysis for the Airborne Hyperspectral Imager (AHI), a University of Hawaii LWIR HSI sensor and the 
Compact Airborne Spectral Sensor (COMPASS), an NVESD VNIR/SWIR sensor.   
 
The Compact Airborne Spectral Sensor (COMPASS) (see Figure 1) is a reflection band hyperspectral sensor that differs 
from many current instruments in that it uses one spectrometer with a single HgCdTe focal plane to cover the 400 to 
2350 nm spectral region.  This sensor also utilizes an Offner spectrometer design as well as an electron etched 

lithography curved grating technology pioneered by NASA/JPL.  
This combination of technology elements means that registered high 
quality hyperspectral data will be available for a variety of military 
hyperspectral applications.   Although the COMPASS program is 
actually a technology demonstration, emphasizing high performance 
spectrometer and a unique FPA approach, a significant amount of 
robustness has been added to the system design.  The HSI data from 
COMPASS consists of 256 bands (from 400 to 2350 nm) for 256 
pixels on the ground.  Each detector readout is digitized to 14 bits.  
The focal plane can be operated a wide variety of frame rates.  In 
addition to the hyperspectral imager (HSI), the COMPASS includes 
an 8000 element high-resolution imager (HRI), which is pushbroom 
scanned utilizing the forward motion of the aircraft.  COMPASS 
was configured to acquire data for most of the WAAMD flights in 
pushbroom mode at 250 Hz.  When flying on a Twin Otter aircraft, 
this meant that the footprint of COMPASS was approximately 10 by 
20 cm at 1000 ft. and 20 by 20 cm at 2000 ft.  At both altitudes, the 
footprint in the in-track direction (20 cm) was set by the frame rate 
and the airplane velocity.  At 4000 ft altitude, COMPASS acquired 

data in a whiskbroom mode, which uses a scan mirror to scan the senor perpendicular to the direction of flight.  This 
mode of operation gives significantly greater coverage and 40 by 40 cm spatial resolution.   
 
The AHI (Airborne Hyperspectral Imager) system (see Figure 2) is a moderate resolution long-wave infrared 
hyperspectral imager that collects narrow-band images from 7.5 to 11.5 mm in up to 256 spectral bands.  Initially, AHI 
was designed for aerial detection of land mines as a demonstration sensor for DARPA’s Hyperspectral Mine Detection 
(HMD) program. The AHI optical system was designed and constructed by the University of Hawaii’s Hawaii Institute 
of Geophysics and Planetology. The AHI system consists of an LWIR pushbroom hyperspectral imager and high-
resolution 3-color false color linescan camera. The IR sensor consists of four subsystems: telescope, spectrograph, 
background suppressor and FPA and associated electronics.  The telescope is a two-element diffraction limited 
transmission lens with 111 mm focal length and a 35 mm clear aperture.  The spectrograph is an uncooled commercial 
reflective f/4 imaging spectrograph with gold-coated optics. AHI was able to use an uncooled spectrograph and still 
achieve high performance because of the AHI background suppressor described below. The AHI uses a 256 x 256 

Figure 11  The NVESD COMPASS 
Hyperspectral Sensor 



element Rockwell TCM2250 HgCdTe focal plane array (FPA) mechanically cooled to 56K.  In addition to having high 
quantum efficiency and pixel yields, it has excellent residual nonuniformity after correction (0.08%), crucial to its 
applications.   For mine detection applications, the data was binned to 70 spectral bands.  
 

The mine detection experiments were carried out at sites where an 
extensive array of buried and surface mines were deployed.  The mines 
were deployed against several different backgrounds ranging from bare dirt 
to long grass at the east coast location and several different desert terrains 
at the southwest location.  For the most part, the mines were placed in 
linear patterns to simplify their location in the data for image truth.  The 
mines and image fiducials for both optical and radar sensors were surveyed 
to accurately determine their location.  The mines were separated by 
distances appropriate to the independent detection of each mine by radar 
and hyperspectral algorithms.  At the east coast site, the COMPASS and 
AHI sensors were both placed on the Twin Otter aircraft, and flights were 
made under conditions ranging from rain to clear sky.  Data was collected 
with the airplane as low as 1000 ft and as high as 4000 ft.  The COMPASS 
sensor was unable to participate in the southwestern U.S. experiment, but 
data was collected over desert terrain with AHI at altitudes ranging from 
700 to 2000 ft.  The collection of high quality INS and GPS data during the 

flight was critical to the mine detection experiment.  For this reason, each sensor had its own C-MIGITS II INS/GPS 
unit.  These units provide this critical information at a 100 Hz. rate, which, while slower than the sample rate of the 
sensors, has proven adequate for georectification of the data. 
 

3.  SURFACE MINE DETECTION 
 
The detection of land mines on the surface ranges from the relatively simple, the detection of large anti-vehicle mines on 
bare soil, to the very difficult, the detection of anti-personnel mines in vegetation.  Spatial and spectral approaches can 
be applied to the detection of surface mines.  Spatial-only detection requires very high spatial resolution such that the 
mine is actually imaged and a test is made on the shape.  This method is unreliable in vegetated areas because only part 
of the mine may be exposed, while spectral detection can be done without the mine being resolved.  In the latter case, 
the mine is detected because it is spectrally different from the background.  This problem is directly analogous to the 
problem of detecting a sub-pixel military target using a hyperspectral sensor.  The ability to detect the target is simply 
measured by the spectral angle between the target’s spectral vector and the background spectral vectors.   While it is 
possible to detect surface mines in the LWIR, the color differences between the mine and the environment are more 
robust in the reflection band, allowing the possible operational use of sub-pixel detection.  

Algorithms that had been developed previously for the detection of military vehicles were applied to the surface mine 
data.  There are two approaches to the detection of man-made objects in natural backgrounds: anomaly detection, where 
the spectral signature is considered to be unknown, and signature-based detection, where there exists a library of 
spectral signatures for the possible targets.   Development of both kinds of algorithms is required since anomaly 
detectors are the only way to find unknown mine types.  Anomaly detectors, while useful, can only detect targets if the 
target spectrum is an outlier from the clutter.  There are generally two approaches to finding spectral anomalies: local 
and global.  A local spectral anomaly is defined as an object or feature that has a different spectrum from the clutter 
background in the neighborhood, whereas a global spectral anomaly is an object or feature that is different from the 
other spectra in the whole image.   

The Reed-Xiaoli (RX) algorithm3 is a local spectral anomaly detection algorithm that compares the spectrum of a pixel 
to the spectrum of the local surroundings.  RX and other local spectral anomaly detectors are susceptible to false alarms 
that are isolated spectral anomalies.   An example of the application of the RX algorithm to the surface mine detection 
problem is shown in Figure 3.   An image from the AHI LWIR hyperspectral sensor taken over a minefield at the 
southwestern U. S. site is shown in the top panel, while the RX detection statistic output is shown in the bottom panel.   

Figure 2.  The University of Hawaii 
Airborne Hyperspectral Imager (AHI) 



The surface mines can be seen in the AHI image, because they are slightly colder than the desert surface in this early 
morning infrared image.  However, simple thresholding of the AHI image would fail to detect the mines because of the 
presence of clutter.  The RX algorithm examines each pixel and gives a score (the detection statistic value) based on the 
comparison of that pixel to the local surroundings.  The AHI image has been georectified using the GPS/INS 
information as well as the ground-truthed coordinates of the fiducials.  With the data set georectified, ground truth 
locations of the individual mines can be used to determine if the mines were detected and to produce a Receiver 
Operating Curve (ROC). 

 

 
Figure 3.  Detection of Surface Mines with the AHI LWIR HSI Instrument.  Top panel shows a single band image from 
AHI (after georectification) and the bottom image shows the detection statistic map from RX.  No spatial tests have 
been performed on this output.  The detection statistic map can be thresholded for a detection decision. 
 
A global spectral anomaly detection algorithm offers an alternative method for finding surface mines.  One global 
spectral anomaly detection algorithm is based on linear mixture analysis.  N-FINDR4 is an automated endmember 
determination and unmixing algorithm, based on the assumption of a linear mixture, that the spectrum of each pixel is a 
linear combination of constituent spectra, called “endmembers” .   The endmembers are interpreted from the point of 
view of an N-dimensional scatter plot (where N is the number of bands) of the radiances of each pixel.  If the number of 
image bands is exactly one less than the number of endmembers, the pixels in an image occupy a space formed by a 
simplex.  A simplex is the simplest geometric shape that can enclose a space of a given dimension.  The vertices of this 
simplex are the endmember spectra (one of which is a “shade”  point which specifies the system’s response to a 
completely dark pixel).  Once these endmember spectra have been found, the image cube can be unmixed using a least-
squares approach into a map of fractional abundances of each endmember material in each pixel.   When applied to the 
mine problem, one endmember is likely to be grass, another soil, another rocks, and then one endmember for each 
spectrally different mine type.   
 
N-FINDR offers an advantage for the detection of surface mines, since, when it is used on a hyperspectral data set 
containing multiple identical targets, it will find as an endmember the one target that has best pixel fill.  The pixel with 
this target is the furthest away in spectral angle from the other materials in the scene and will be chosen as an 
endmember.  The other mine targets, which will have the mines split among pixels, will show up on the mine fractional 
abundance planes with lower fractional abundance values.  The target found as an endmember is the target that will be 
most likely detected by any spectral algorithm.    
 
N-FINDR alone cannot perform the target detection function, since the output is a set of fractional abundance planes 
and endmember spectra, not candidate detections.  An anomaly detection algorithm, Stochastic Target Detector5, or 
STD, was developed for the back end of N-FINDR to identify global spectral anomalies based upon the statistics of the 
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fractional abundance planes.  The STD algorithm exploits the fact that the endmembers provide information about the 
materials in the scene and the abundance planes provide information about the fraction of each material within each 
pixel.  The output of the STD algorithm is a detection statistic map that can be thresholded.   With the existence of the 
STD detection back end to the N-FINDR algorithm, the N-FINDR/STD combination becomes an autonomous global 
anomaly detection algorithm. 
 

The N-FINDR/STD algorithm was applied to COMPASS 
data taken at two different altitudes, 1000 and 4000 ft.  
For the data taken at 1000 ft altitude, multiple 10 by 20 
cm pixels will fall on each mine, while for the data taken 
from 4000 ft, the mines will be smaller than the 40 by 40 
cm pixels.  The relationship between an 8-inch diameter 
mine and the pixel grid at the two altitudes is shown in 
Figure 4.  In each case, the best situation is shown.  For 
hyperspectral sensors operating in either pushbroom or 
whiskbroom mode there is degradation of the system mtf 
in the scan direction.  In addition, some mines will fall 
over pixel boundaries.  While it is possible to get nearly a 
full pixel on the mine target in the 1000 ft case, the mine 
will definitely be sub-pixel in the 4000 ft. case.  At best the 
mine will occupy 20% of the area of the pixel.  This means 
that the endmembers formed on the mines will be mixed 
mine and background spectra. 
 
An image formed from the COMPASS 1000 ft data is 
shown on the left of Figure 5, with the thresholded output 
of the N-FINDR/STD anomaly detection algorithm shown 
on the right.  At this altitude, the algorithm worked 
perfectly detecting every one of two different types of 
surface mines with negligible false alarms.  For this test, 
the dirt areas around the buried mines in the grass area 
were classified as background.  This perfect performance 
was not achieved at 4000 ft.  An image formed from the 
COMPASS data is shown on the left of Figure 6 with the 
thresholded output of the N-FINDR/STD algorithm shown 
in the center.  The areas with the two different types of 
detected mines are shown by ovals.  In this case there are 
many background-generated false alarms.  However, 
further processing can be applied to this data.  First of all, 
a simple size test will eliminate the large background 
generated false alarms.  In addition, a spectral test can be 
applied.  This test can range in complexity from tests 
against a library of expected mine signatures to simple test 
to determine if the detection fits the background materials. 

 
 

Figure 4.  Relationship of an 8-inch diameter mine to 
the pixel grid for COMPASS operating in pushbroom 
mode at 1000 ft (left) and in whiskbroom mode at 4000 
ft. (right).   

 

Figure 5.  Low Altitude (1000 ft.) Minefield Data.  
COMPASS Image is on the left, while the threshold 
detections from the N-FINDR/STD algorithms are 
shown on the right 
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4.  CONCLUSIONS 
 
The detection of surface mines with both a reflection band and a LWIR band hyperspectral sensor was investigated.  
Two different algorithm approaches, a local spectral anomaly detector and a global spectral anomaly detector were 
explored.  The detection of the mines as sub-pixel targets, while challenging, can be accomplished with a high quality 
hyperspectral instrument and proper application of the processing algorithms. 
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