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ABSTRACT 
 
Previous modeling studies and experimental work have demonstrated that soil physical properties have a significant 
effect on most sensors for the detection of buried land mines. While a modeling approach allows for testing of the 
effects of a wide range of soil variables, most experimental work is limited to (field) soils with poorly known or 
controlled properties. With this in mind, we constructed a new outdoor test site with full control of soil water content 
and continuous monitoring of important soil properties and environmental conditions. In three wooden frames of 
2 × 2 × 1 meter, filled with different soil types (sand, loam, and clay), we buried low-metal anti-tank and anti-personnel 
land mine simulants. We installed time domain reflectometry (for measurement of soil water content) and temperature 
probes at different depths above and below the land mines as well as in homogeneous soil away from the land mines. In 
this paper we document the features of this new test site and present results from the monitoring equipment.  
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1. INTRODUCTION 
 
Land mines are one of the cheapest weapons used in armed conflicts, and remain lethal for years after the ending of a 
war. Currently land mines pose a threat to civilians in many tens of countries around the world. In recent years, the 
efforts to reduce negative effects of land mines have grown. Many non-governmental and governmental organizations 
have developed programs to raise mine awareness, to support victims medically, and to identify and clear mine fields 1. 
Nevertheless, the rate at which land mines get cleared is probably slower than the rate at which others get placed. One 
part of the problem is the price of land mines, just a few dollars, which makes it a popular tool in (guerilla) conflicts. 
The other side of the problem is that the detection and removal of buried land mines is a laborious and thus expensive 
process. Most programs use dogs and metal detectors for finding land mines, while prodding is used for exact 
localization and subsequent removal of the mines. Apart from logistical problems such as dense vegetation and 
topography, the limited speed of the current approach is a drawback 2. 
 
Many programs are ongoing to develop new methodologies for efficient detection of buried land mines. These 
methodologies can be grouped in 3 main categories:  

(1) Sensors that detect anomalies in the subsurface through scattering or transformation of transmitted energy. 
Sensors in this category include metal detectors and active microwave techniques, such as ground penetrating 
radar (GPR). 

(2) Sensors that detect surface anomalies, caused by buried objects. Passive thermal infrared is the primary 
technique in this group. 

(3) Sensors that detect the land mine explosives or chemicals that are associated with the explosives. In this group 
fall chemical sniffers (artificial dogs), biological detectors (animals and genetically altered plants), molecular 
radio frequency resonance absorption spectroscopy, and nuclear radiation methods. 

                                                           
∗ rvd@nmt.edu; phone (+1) 505 835-6960; fax (+1) 505 835-6436; http://www.ees.nmt.edu/hydro/landmine 



Most of these technologies, apart from the metal detector, are not in widespread use. Even though GPR seems to be 
making a careful entrance in the humanitarian demining user community 3, all sensors (including GPR and metal 
detectors) experience difficulties reducing their false alarm rates while maintaining a large probability of detection 
under all conditions. Spatial and temporal variability in soil conditions are among the primary causes for non-optimal 
performance of sensors, discrimination algorithms, and sensor fusion algorithms 4,5,6,7,8,9,10,11. 
 
Soil moisture content is one of the most important soil parameters to consider because it controls or influences many 
other soil properties such as the dielectric constant, electrical conductivity, thermal conductivity, heat capacity, and 
vapor diffusion rates. The natural variability in water content around land mines can be extreme 12,13. As a result, many 
sensors from GPR 14, to infrared 15, and chemical sniffers 16,17 are affected by changes in water content. Recent 
modeling studies and field experiments at New Mexico Tech have predicted and shown these effects for ground 
penetrating radar and thermal infrared 18,19,20,21,22. The soil texture and environmental conditions (precipitation, 
evapotranspiration, radiation, and temperature) are other important factors in explaining the variability in soil 
conditions. To get a better understanding of these effects on land mine detections sensors it is necessary to be able to 
accurately monitor, or in some cases control, these conditions. For this reason we have decided to build an outdoor test 
site focusing on monitoring the soil and environmental variability. 
 
 

2. RATIONALE 
 
The land mine detection community already has a large number of and variety in available test facilities. For example 
the U.S. Army Night Vision and Electronic Sensors Directorate (NVESD) at Fort Belvoir, VA, have a recently 
renovated facility equipped with lanes of different soil types 23. The Physics and Electronic Laboratory (FEL-TNO) in 
The Netherlands has a test facility equipped with 6 outdoor lanes and a weather station 24. Many army bases in the 
United States, including Jefferson Proving Grounds, Yuma Proving Grounds, and Shofield Barracks have extensive 
testing lanes. Also, Defense Research and Development Canada has a set of test lanes with different soil types. In many 
countries contaminated with buried land mines, local organizations and NGO’s have developed land mine sensor test 
facilities to address the specific problems occurring in these countries. Thus, the question may be asked why another 
test facility is needed. There are a few key points that may answer this:  

(1) accessibility. Many test facilities have restricted accessibility because of the presence of explosives. We have 
decided to use only land mine simulants for out site, which is gated but has unrestricted accessibility. 

(2) climate. As stated above, environmental and soil moisture conditions are of great importance for understanding 
the behavior of many sensors. The New Mexico climate is very steady with little precipitation and sunshine 
year round. This allows for naturally dry soils that can be modified using a sprinkler system. 

(3) environmental monitoring. An indoor site has the advantage of perfect control of the conditions; however, 
these conditions are unnatural. To study the effects of natural variability an outdoor site is desirable. 
Equipment to monitor this variability, both in the atmosphere and in the subsurface is essential. 

(4) material. We believe it is important to study the effects for a set of natural, but characteristic soil types. For this 
reason we chose grain sizes that represent extremes in the textural triangle, sand and clay and an intermediate 
soil type, loam 25.  

Few, if any of the existing test facilities comply with all of our preferences for the ideal test site to study the effect of 
environmental conditions on land mine detection sensors. 
 
 
 
 
 
 
 



a)                 b) 

    
Fig. 1. a) The NMT outdoor land mine detection test facility at the foot of “M-mountain”. b) The setup in detail with datalogger and 
sensor control in the white boxes in the foreground and the field office in the background. 
 
 

3. DESIGN AND FACILITIES 

3.1 The general setup and material 
We have set up three test boxes of 2 × 2 × 1 meter dimensions (Fig. 1). The boxes have been filled with well-sorted 
sand, a typical loam soil with some (<5%) larger gravel, and a clay soil (~70% clay-size fraction). In each of the three 
wooden boxes 2 anti-tank (AT) mine simulants and 4 plastic anti-personnel (AP) mine simulants have been buried. The 
AT mine simulants were buried with their tops at 0.05 meters depth in the north-east and south-east quadrants of the 
boxes. The AP mine simulants were buried in the north-west quadrants of the boxes, at the surface, and at 0.02, 0.04, 
and 0.06 meters depth (Fig. 2). Each box is equipped with 8 sensors for soil moisture content and 8 soil temperature 
sensors, and were all placed in the southern half of the boxes (Fig. 2). Five sensors of each are placed above and below 
the buried AT mine simulant; at 0.02, 0.2, 0.3, 0.4, and 0.5 meters depth. In the undisturbed soil in the south-western 
quadrant 3 probes of each were installed at 0.02, 0.2, and 0.5 meters depth. The boxes are equipped with a PVC tube in 
which a metal rod can be placed (for GPR time-depth conversion). The tubes run north-south at 0.5 meter depth (Fig. 2). 
 
Sprinkler system – In order to control the soil moisture content we use a 3 × 3× 1 meter sprinkler system, constructed 
using PVC plastic tubing. The steel center pipe has Rain Bird XS-360TS-1032 sprinkler nozzles attached to it. The 
system has been tested successfully to distribute moisture homogeneously over a 2 × 2 meter area 26. 
 
Land mines – The AT land mine simulants used are completely inert and composed of Dow Corning 3110 RTV silicon 
rubber. They have been designed to simulate a Netherlands land mine of type NR26, which is a nonmetallic land mine 
and measures 0.3 meter in diameter and 0.12 meter in height (Figs. 3a&b). The TNO Physics and Electronics 
Laboratory in the Netherlands manufactured these land mines. The anti-personnel land mine simulants have been 
manufactured by New Mexico Tech using silicon rubber and a plastic casing. The mines have an air gap on top of the 
rubber (Figs. 3c&d).  
 
 
 
 
 
 



 
Fig. 2. Layout of the test plots at the NMT land mine detection test facility. In the side view, the open circle marks the location of the 
PVC tube. The black circles mark the locations of the temperature and soil moisture sensors. 
 
 
a)   b)        c)          d) 

 
Fig. 3. Pictures and schematic diagrams with dimensions of buried land mines. Picture (a) and dimensions (b) of the NR26 simulant 
AT land mine. Picture (c) and dimensions (d) of NMT fabricated simulant AP land mine. 
 
 

3.2 Sensors  

3.2.1. Weather station 
The site has a fully equipped weather station for continuous monitoring of all relevant atmospheric conditions (Fig. 4). 
The weather station is equipped with a net radiometer, a sonic anemometer, a rain gauge, a thermocouple, an 
hygrometer, and a scintillometer (see Table 1). The net radiometer measures the difference between incoming and 
outgoing short-wave and long-wave radiation. The incoming radiation consists of direct and diffuse solar radiation plus 
long-wave irradiance from the sky. The outgoing radiation consists of reflected solar radiation plus the long-wave 
radiance from the soil. The anemometer measures turbulent fluctuations of wind speed and speed of sound on three 
nonorthogonal axes. The wind speeds are transformed into the orthogonal wind components (i.e., horizontal wind speed 
and direction) while the speed of sound is used to determine the ambient air temperature. The thermocouple measures 
air temperature at a height of two meters above the ground. The sensitive hygrometer measures rapid fluctuations in 
atmospheric water vapor. The combination of data from the sonic anemometer, the hygrometer, the thermocouple, and 
the net radiation, plus an estimate of the soil heat flux is used to calculate the evapotranspiration (ET). The tipping 
bucket rain gauge measures precipitation at 0.01 inch increments. The large aperture scintillometer measures 
atmospheric turbulence, heat flux and crosswind over a large distance of several kilometers. 



Table 1. Summary of equipment installed at NMT land mine detection test facility. 
Description Product name Amount Manufacturer 
Net radiometer  Q7_1 1 Campbell scientific 
3-D sonic anemometer CSAT3 1 Campbell scientific 
Tipping bucket rain gauge TE525WS 1 Campbell scientific 
Fine wire thermocouple FW05 1 Campbell scientific 
Krypton hygrometer KH20 1 Campbell scientific 
Large aperture scintillometer  1 Kipp & zonen 
Thermocouple 107 24 Campbell scientific 
Time domain reflectometry probes - 24 New Mexico Tech 
Datalogger CR23X 2 Campbell scientific 

 
 

3.2.2. Soil sensors 
It is essential to be able to continuously measure soil moisture conditions and soil temperatures above and below the 
land mines and away from them in homogeneous soil. For this we installed time domain reflectometry (TDR) probes 
and temperature sensors at different depths and locations in the test boxes (Fig. 2), and connected them to a datalogger 
for continuous monitoring (Table 1).  

3.2.3. Geophysical sensors 
Infrared camera – We use a ThermaCAM SC3000 infrared (IR) camera manufactured by FLIR Systems Inc., Sweden, 
for measurement of the apparent temperature of the soil surface above and away from the buried land mines (Fig. 5). 
This IR camera has a spectral range from 8 to 9 µm with thermal sensitivity of 0.03 °C at +30 °C. It uses a quantum 
well infrared photon detector. The raw thermal IR images are analyzed using the software provided by FLIR, and using 
standard spreadsheet programs. 
 
Ground penetrating radar – For ground penetrating radar (GPR) measurements we use a pulseEKKO1000 system 
manufactured by Sensors&Software, Canada (Fig. 6). The system is equipped with 450, 900 and 1200 MHz antennae. 
To accurately guide the GPR system over the land mine plots, we use a wooden positioning frame (Fig. 6). Mounted in 
this frame, the transmitting and receiving antennae are elevated about 4 cm above the surface. 
 
 

 
Fig. 4. Picture of the weather station. 



        
Fig. 5. Picture of FLIR thermal infrared camera. 

 
 
 
 

        
Fig. 6. Picture of pulseEKKO 900 MHz ground penetrating radar antennae and mounting frame. 



4. EXAMPLE DATA 
 
In Fig. 7 data series of temperature at different depths in the three soil pits are presented. These data clearly show the 
strong decrease in the diurnal temperature amplitude with depth. Also, the phase shift of the temperature cycle going 
from 0.02 m depth to 0.2 m depth is obvious for all soil types. Figure 8 shows soil temperatures at 0.5 meters depth in 
three soil types for an eight-day period. The diurnal cycle is superimposed on a trend that shows a sharp decrease in 
temperatures around halfway in the measurement period and a subsequent increase. This trend is caused by larger time 
scale (on the order of days) variation in atmospheric conditions. Both the amplitudes of the diurnal cycle and the height 
of the mean temperatures are related to the soil type and are highest for the sand soil and lowest for the clay soil. Also 
the clay and the loam soil experience a phase shift relative to the sand soil. These characteristics are the result of the 
different thermal properties for each soil type 18. Figure 9 is a late-afternoon sample image from the thermal camera 
over the loam plot. In the image several of the land mines are clearly visible. The buried AT mine simulant is visible as 
a warmer spot in the lower left of the plot. In the lower right of the image, several of the AP land mine simulants are 
visible as colder spots. The strengths of the thermal signatures of the AP mines clearly decrease with burial depth. 
 
a)                b) 
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e)                f) 
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Fig. 7. Time series showing temperature distribution for different soils and at different depths. a) Sand soil, above and below land 
mines; b) homogeneous sand soil; c) Loam soil, above and below land mines; d) homogeneous loam soil; e) Clay soil, above and 
below land mines; f) homogeneous clay soil. The numbers in the legends refer to the depths of the temperature probes, 0.02, 0.2 and 
0.5 meters.  
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Fig. 8. Plot of soil temperatures for an eight-day period in February 2004 at 0.5 meters depth in three soil types. “lm” stands for a 
temperature measurement under an AT land mine simulant. “no lm” stands for a temperature measurement in homogeneous soil. 
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Fig. 9. Thermal infrared image of the loam test plot at 6:40 PM on January 28, 2004. The surface temperature differs 5.5 °C between 
the area above the AT mine simulant (warm) and the AP mine simulant at the surface (cold). 
 



5. CONCLUSIONS 
 
The New Mexico Tech land mine detection facility is especially designed to study the effects of spatial and temporal 
variability in environmental conditions and soil properties on land mine detection sensors. For this we have constructed 
an outdoor site at which land mine simulants have been buried in characteristic soil types: sand, loam, and clay. At the 
site climatic conditions are continuously monitored using a fully equipped weather station. Important soil properties 
such as moisture content and temperature are monitored using probes buried at different depths around and away from 
buried land mine simulants. The site is easily accessible and anyone interested is welcome to use it for testing their 
equipment. 
 
 

ACKNOWLEDGEMENTS 
 
The work at New Mexico Tech was funded by a grant from the Army Research Office (DAAD19-02-1-027). During the 
construction of the site the staff of the Physical Plant was always available for digging holes, moving dirt around, and 
providing general assistance. In particular we appreciate the help of Jim Shaffner, who was very cooperative during 
many stages of the project. We would like to acknowledge the work of Andy Tuebesing who was of great help installing 
the electricity at the site and of Shirley Kurc, now at the Colorado School of Mines, who helped out with the datalogger 
setup.  
 
 

REFERENCES 
 
 
 
 
[1] GICHD, A guide to mine action, Geneva International Centre for Humanitarian Demining, 2003. 
[2] MacDonald, J., Lockwood, J.R., McFee, J.E., Altshuler, T., Broach, J.T., Carin, L., Harmon, R.S., Rappaport, C., 
Scott, W.R., and Weaver, R., Alternatives for Landmine Detection, RAND, 2003. 
[3] McFee, J.E., Das, Y., and Faust, A.A., "Defence R&D Canada research on nuclear methods of landmine detection," 
in Detection and Remediation Technologies for Mines and Minelike Targets VIII, R.S. Harmon, J.H. Holloway, and J.T. 
Broach, eds., 767-782, 2003. 
[4] Das, Y., McFee, J.E., and Cross, G., "Soil properties database for humanitarian demining: a proposed initiative," in 
17th World Congress of Soil Science2002. 
[5] Das, Y., McFee, J.E., Russell, K., Cross, G., and Katsube, T.J., "Soil information requirements for humanitarian 
demining: the case for a soil properties database," in Detection and Remediation Technologies for Mines and Minelike 
Targets VIII, R.S. Harmon, J.H. Holloway, and J.T. Broach, eds., 5089, pp. 1146-1157, 2003. 
[6] Hendrickx, J.M.H., Van Dam, R.L., Borchers, B., Curtis, J.O., Lensen, H.A., and Harmon, R.S., "Worldwide 
distribution of soil dielectric and thermal properties," in Detection and Remediation Technologies for Mines and 
Minelike Targets VIII, R.S. Harmon, J.H. Holloway, and J.T. Broach, eds., 2003. 
[7] Rosen, E.M., "Investigation into the sources of persistent ground-penetrating radar false alarms: data collection, 
excavation, and analysis," in Detection and Remediation Technologies for Mines and Minelike Targets VIII, R.S. 
Harmon, J.H. Holloway, and J.T. Broach, eds., 2003. 
[8] Webb, S.W. and Phelan, J.M., "Effect of weath on landmine chemical signatures for different climates," in Detection 
and Remediation Technologies for Mines and Minelike Targets VIII, R. Harmon, J.H. Holloway, Jr., and J.T. Broach, 
eds., Proceedings of the SPIE, Volume 5089, pp. 970-982, 2003. 
[9] Webb, S.W. and Phelan, J.M., "Effect of diurnal and seasonal weather variations on the chemical signatures from 
buried landmines/UXO," in Detection and Remediation Technologies for Mines and Minelike Targets V, A.C. Dubey, 
J.F. Harvey, J.T. Broach, and R.E. Dugan, eds., Proceedings of the SPIE, Volume 4038, pp. 474-488, 2000. 
[10] Van Dam, R.L., Borchers, B., and Hendrickx, J.M.H., "Strength of landmine signatures under different soil 
conditions: implications for sensor fusion," International Journal of Systems Science, Accepted. 
[11] Van Dam, R.L., Borchers, B., Hendrickx, J.M.H., and Harmon, R.S., "Effects of soil water content and texture on 
radar and infrared landmine sensors: implications for sensor fusion," in EUDEM2-SCOT2003. 



[12] Hendrickx, J.M.H., Das, B.S., and Borchers, B., "Modeling distributions of water and dielectric constants around 
landmines in homogeneous soils," in Detection and Remediation Technologies for Mines and Minelike Targets IV, A.C. 
Dubey, J.F. Harvey, J.T. Broach, and R.E. Dugan, eds., Proceedings of the SPIE, Volume 3710, pp. 728-738, 1999. 
[13] Das, B.S., Borchers, B., and Hendrickx, J.M.H., "Modeling transient water distributions around landmines in bare 
soils," Soil Science, Vol. 166, pp. 163-173, 2001. 
[14] Borchers, B., Hendrickx, J.M.H., Das, B.S., and Hong, S., "Enhancing dielectric contrast between land mines and 
the soil environment by watering: modeling, design, and experimental results," in Detection and Remediation 
Technologies for Mines and Minelike Targets V, A.C. Dubey, J.F. Harvey, J.T. Broach, and R.E. Dugan, eds., 
Proceedings of the SPIE, Volume 4038, pp. 993-1000, 2000. 
[15] Simunek, J., Hendrickx, J.M.H., and Borchers, B., "Modeling transient temperature distributions around landmines 
in homogenous bare soils," in Detection and Remediation Technologies for Mines and Minelike Targets VI, A.C. 
Dubey, J.F. Harvey, J.T. Broach, and V. George, eds., Proceedings of the SPIE, Volume 4394, pp. 387-397, 2001. 
[16] Phelan, J.M., Gozdor, M., Webb, S.W., and Cal, M.P., "Laboratory data and model comparisons of the transport of 
chemical signatures from buried landmines/UXOs," in Detection and Remediation Technologies for Mines and Minelike 
Targets V, A.C. Dubey, J.F. Harvey, J.T. Broach, and R.E. Dugan, eds., Proceedings of the SPIE, Volume 4038, pp. 
462-473, 2000. 
[17] Phelan, J.M., Webb, S.W., Gozdor, M., Cal, M.P., and Barnett, J.L., "Effect of soil wetting and drying on DNT 
vapor flux - laboratory data and T2TNT model comparisons," in Detection and Remediation Technologies for Mines 
and Minelike Targets VI, A.C. Dubey, J.F. Harvey, J.T. Broach, and V. George, eds., Proceedings of the SPIE, Volume 
4394, pp. 868-878, 2001. 
[18] Van Dam, R.L., Borchers, B., Hendrickx, J.M.H., and Hong, S., "Soil effects on thermal signatures of buried 
nonmetallic landmines," in Detection and Remediation Technologies for Mines and Minelike Targets VIII, R.S. 
Harmon, J.H. Holloway, and J.T. Broach, eds., 2003. 
[19] Hendrickx, J.M.H., Hong, S., Miller, T., Borchers, B., and Tobin, H., "Soil effects on ground penetrating radar 
detection of buried nonmetallic mines," in Ground Penetrating Radar in Sediments, C.S. Bristow and H.M. Jol, eds., 
pp., 2003. 
[20] Hong, S., Miller, T.W., Borchers, B., Hendrickx, J.M.H., Lensen, H.A., Schwering, P.B.W., and Van Den Broek, 
S.P., "Land mine detection in bare soils using thermal infrared sensors," in Detection and Remediation Technologies for 
Mines and Minelike Targets VII, J.T. Broach, R.S. Harmon, and G.J. Dobeck, eds., Proceedings of the SPIE, Volume 
4742, pp. 43-50, 2002. 
[21] Miller, T.W., Borchers, B., Hendrickx, J.M.H., Hong, S., Lensen, H.A., Schwering, P.B.W., and Rhebergen, J.B., 
"Effect of soil moisture on landmine detection using ground penetrating radar," in Detection and Remediation 
Technologies for Mines and Minelike Targets VII, J.T. Broach, R.S. Harmon, and G.J. Dobeck, eds., Proceedings of the 
SPIE, Volume 4742, pp. 281-290, 2002. 
[22] Hong, S., Miller, T.W., Tobin, H., Borchers, B., Hendrickx, J.M.H., Lensen, H.A., Schwering, P.B.W., and 
Baertlein, B.A., "Impact of soil water content on landmine detection using radar and thermal infrared sensors," in 
Detection and Remediation Technologies for Mines and Minelike Targets VI, A.C. Dubey, J.F. Harvey, J.T. Broach, and 
V. George, eds., Proceedings of the SPIE, Volume 4394, pp. 409-416, 2001. 
[23] Habersat, J., Marshall, C., and Maksymonko, G., "NVESD mine lane facility," in Detection and Remediation 
Technologies for Mines and Minelike Targets VIII, R.S. Harmon, J.H. Holloway, and J.T. Broach, eds., 2003. 
[24] De Jong, W., Lensen, H.A., and Janssen, Y.H.L., "Sophisticated test facility to detect land mines," in Detection and 
Remediation Technologies for Mines and Minelike Targets IV, A.C. Dubey, J.F. Harvey, J.T. Broach, and R.E. Dugan, 
eds., Proceedings of the SPIE, Volume 3710, pp. 1409-1418, 1999. 
[25] Hillel, D., Environmental Soil Physics, Academic Press, 1998. 
[26] Miller, T.W., "Radar detection of buried landmines in field soils," in Hydrology. New Mexico tech,  pp. 124, 2002. 
 


