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HAND-HELD METALLIC MINE DETECTOR EXPERIMENTS
Fort A.P Hill,  May- Nov 1998

I. Introduction:

This paper outlines the experimental plan for the conduct of  hand-held metallic mine detector experiments to be
conducted at Fort A.P. Hill  between  May and November 1998.  This plan includes the purpose of the data
collection, a description of the target layout, the delineation of responsibilities, the data collection procedures, and
the general concept for post processing the collected data.

II. Purpose of Experiment:

These experiments are designed to:

1) Baseline the performance of several hand-held metallic mine detectors by establishing receiver operator
characteristic (ROC) curves for these detectors,

2) Evaluate several algorithm approaches to improve upon the “baseline” performance of these detectors, and
3) Obtain mine “signature” data .

III. Discussion:

Since most landmines have at least some metal content, metal detectors are the primary instrument used for
detecting landmines.  Metallic “clutter” causes numerous “false alarms” when using metal detectors.  Metallic
debris, such as barbed wire, spent cartridge cases, bullets, munitions fragments and other man-made objects
constitute “clutter”.  When metallic mine detector operators find these clutter items instead of actual mines, it is
termed a “false alarm”. If searching for mines in a battlefield or former battlefield environment, “false alarms”
compose the vast majority of the “finds” and significantly impact the efficiency of mine clearance operations.  The
obvious goal has long been to improve the capability of detecting mines while at the same time significantly
reducing the number of false alarms.

Prior to any effort to improve the “detection vs false alarm” problem associated with hand held-metallic mine
detectors, a baseline of their detection vs false alarm performance is necessary.   Traditionally, establishment of
baseline performance of a detection system involves creating a Receiver Operating Characteristic (ROC) curve.  A
ROC curve is simply a plot of the relationship between a system’s detection performance and its false alarm
performance.  As would be expected, achieving higher detection performance (i.e. probability of detecting a target
of interest) generally results in an increase in incidents of false alarms.  While this tradeoff is inevitable, determining
the extent of the tradeoff for a given system (i.e. via ROC curves) enables us to effectively explore ways to improve
a system’s performance.

Ideally, the generation of ROC curves for mine detection systems would be accomplished by making successive
collection runs over a known target field, each at a different sensor (receiver) sensitivity or threshold settings.  For
each collection run, the target detection performance of the system as a probability value (i.e. # of correct detections
divided by the number of opportunities for target detections) is plotted against the false alarm performance as a
probability value (number of false alarms divided by the number of opportunities for false alarm).   The resultant
plotted points then form a ROC curve which can be used to predict the probability of false alarm (Pfa) for any
probability of detection (Pd) for that system at that site.

Unfortunately, the very nature of the operation and employment of hand-held metallic mine detection systems
makes the generation of traditional ROC curves difficult.  The first problem is rooted in the equation for Probability
of False Alarm (Pfa).  Pfa is calculated by dividing the number of target declarations that are not truly targets (i.e.
the number of false alarms) by the total number of opportunities for false alarms. Because the search often covers a
relatively large area, it is difficult to determine the number of opportunities for false alarms. The false alarm
opportunities are “synthesized” using different methods (see ref 1 for example). In addition, hand-held metallic
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detectors are employed by a human operator who is presumably making decisions on a continuous basis.  Since
determining the number of opportunities for false alarm is difficult, “ ROC-like” curves are sometimes generated
using a measurement of False Alarm Rate (FAR) in place of the probability of false alarm.  FAR is simply the
number of false alarms for a given collection run divided by the area covered by the sensor.  While the use of a FAR
provides some relative measurement of the false alarm performance for a hand-held system covering a specified area
on a given collection run, it does not provide a very accurate measure of a hand-held systems true performance due
to the inherent inability to rigidly control the actual area covered by the system.  In other words, while an operator
may physically walk over a specified area, it is unlikely that the sensor head is actually covering precisely that
area—it could be less or perhaps even more if there is significant overlapping.

The second problem with developing a ROC curve for hand held mine detection systems is that since an operator is
interpreting the results from the detector system, realistically, only a single point relating Pd and Pfa can be
generated.  This is because there is generally no way of precisely controlling and varying the operator’s threshold for
detection such that a reliable ROC curve can be established.  Single performance points are not a very useful way of
comparing the performance of sensor systems.  For example, three sensor systems may generate very different
Pd/Pfa performances (see Fig.1).  However, with only single performance points, it is impossible to determine if
these three points represent sensors operating on three different ROC curves (Fig  2) or whether the sensors are all
really on the same ROC curve but were each run with different operator “thresholds” (Fig 3.)

The above problems make it extremely difficult to objectively compare the performance of current hand-held,
metallic mine detection systems.

IV. Experimental Objectives:

The experiments outlined in this plan are intended to circumvent some of the problems associated with developing
performance baselines for hand-held metallic mine detectors that are discussed above.

This experimental design endeavors to:

1. Establish “baseline” ROC performance curves for several hand-held, metallic mine detectors through:

i. Digitization of the output and post-processing it at varying thresholds; and,
ii.  Directly calculating  Probability ( percent) of False Alarms (Pfa) rather than False Alarm Rates

(FAR);

2. Evaluate new algorithms for improving upon the baseline performance of the hand held mine detectors, and

3. Obtain mine target “signatures”.

These objectives are discussed below:

   A. Establishment of ROC Curves

1. Digitization of Detector Output:

a. AN/PSS-12.  A key objective is to create a performance “baseline” for the US Army’s standard hand-held
metallic mine detector (AN/PSS-12).  The variation in human operators complicates attempts to create a
baseline in an operational “field-test” environment. On the other hand, “laboratory” tests suffer from the lack of
“realism”offered in a field test. We plan to “instrument” a PSS-12 and operate it in a “field-like”environment.
We plan to digitize, capture, and store the received signal at several points in the instrument as well as at the
audio output to the operator.  The stored data can be analyzed in several ways. At a minimum, we will generate
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a ROC curve by varying the “threshold” at the audio output which will, hopefully, yield the response presented
to a “representative” operator using the standard PSS-12 instrument.

Fig. 1: Separate Performance Points
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Fig. 2: Separate ROC Curves
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b.  Other metal detectors.  There are many high quality metal detecting instruments available in today’s
market. We plan to acquire 3 or 4 of these devices, instrument them, and compare their detection performance
with the PSS-12 at the same site with the same targets. We are considering the following instruments: Minelab
F1A-6, Vallon 1620C, Guartel MD 8, Foerster Minex ( 2FD 4.400.01).  Some of these instruments are
continuos wave (CW) systems while others are “pulse” systems like the PSS-12. The Foerster model instrument
uses two frequencies. We will also use a multi-frequency prototype instrument (GEM 3) built by Geophex.  The
GEM 3 operates in the frequency domain while most of the other systems operate in the time domain.

2. Determination of Probability of False Alarm

In support of ROC curve development for “baselining” the performance of hand-held metallic mine detectors, these
experiments will try to determine an actual probability (percent) of false alarm (Pfa) instead of a false alarm rate
(FAR). To accomplish this, the hand held-mine detectors will only collect data at specific “points” where either
mine targets are buried or no mine targets exist.  Each discrete area or node whereby sensor data is collected will be
considered a “decision opportunity”: Either the system declares a target or it does not.  Since only the “no target”
grid areas can be falsely identified as targets, the total opportunities for false alarms are determined by summing the
number of discrete grid areas where no mine targets exist.   The Pfa is then calculated by dividing the total number
of false alarms which occurred  during a run by the number of opportunities for false alarm for that run. The
conceptual grid layout is shown in Fig 4.

Fig. 3: Same ROC Curve
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B. Algorithm Evaluation   

Professor Leslie Collins and her colleagues from Duke University have developed new algorithms based on classical
signal detection theory ( Ref 2). Their method  recognizes the statistical nature of the problem of detecting signals in
noise and uses statistical techniques to deal with the decision uncertainties. They adopt a Bayesian approach to
hypothesis testing based upon the maximum likelihood ratio statistic. When applied to “large” UXO metal targets,
their work has shown significant reduction in the Pfa, while maintaining the same Pd.. Our intent is to try to extend
these results into the area of “low metal” mines.  Professor Lloyd Riggs and his coworkers at Auburn University
have suggested a similar Bayesian approach (Ref 3). We plan to evaluate these advanced types of algorithms on the
data collected with the instruments described above. Any gains offered by these algorithms will be shown by
improved ROC curves over the “baseline” ROC curve using the presently employed algorithm. The ROC curves for
the advanced algorithms will be generated based upon the same data set but processed using the new algorithm.
These advanced algorithms will require post processing  to implement. Figure 5 illustrates the concept of an
improved ROC curve using advanced algorithm techniques.
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C. Signature and Data Collection

Since the hand held detectors will be instrumented for digital capture of the received signal data, this experiment
serves as an excellent opportunity to collect and to archive mine target “signature” data.  These signatures will be in
the form of spatial sensor output profiles recorded from the hand-held instruments as they are moved across the
targets. Known targets in the calibration plot will be searched by the hand-held detector in a well-defined manner.
Searching in this manner allows a relatively precise, spatially correlated, sensor output to be obtained for each mine.
The signature collection for each target in the calibration plot will consist of two passes over the target area: one
from left to right, and the second from top to bottom.  Each pass would consist of a number of stopping points
(approximately 10 -20) where sensor data would be recorded.  The number of stopping points will depend upon the
instrument’s “footprint” on the ground and will be determined by the experimenter. For example, the GEM 3 system
has a 25-centimeter radius search head. This large search head coupled with the small size of some of the mines
dictates a smaller spacing (~10cm) between measurements to provide better spatial sampling of target signatures.
The collection in the calibration plot will be replicated once to measure each system’s “noise”. This same
measurement procedure will be used for each system in the “blind” test grid.

A 1 meter square Data Collection Template will be constructed for placement over top of the 1 meter grids in both
the calibration lane and the blind test grid to facilitate signature collection in the calibration lane and data collection
in the blind test grid. The 1 meter template will be constructed of light weight plastic or wood and will have a series
of marks denoting the sensor head stopping points from top to bottom and from left to right.  The marks will be
positioned such that the sensor head will incrementally cover an 18” square centered about the mine or opportunity
point. Figure 6 illustrates the template and technique to be used for data collection at the 1 meter grid locations.

Fig. 5: Comparison of Algorithm Performance
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V. Experimental Approach

1. General

a.Test Site and Preparation.  We will conduct the experiments at Range 71A at Ft. A.P. Hill,VA.  This range
serves as a major countermine test area for CECOM, NVESD.  The range has the necessary staff and facilities to
support the experiments. Demolition and explosive testing and troop training have occurred on this range.

 A 50 meter by 20 meter and relatively flat plot of ground at 71A was selected for construction of the hand held test
grid.  Prior to laying out the test grid lines, the VAMDs (Vehicular Array Metal Detector) was used to survey the
area to determine the extent of metallic clutter in the test area. The survey revealed a very high density of metallic
clutter in the chosen site (see figure 7 below). Since this hand held test proposes to baseline the performance of hand
held metal detectors through the surveying of discrete and well characterized points in a test grid (containing known
targets and known opportunities for false alarms), a heavily cluttered site presents significant problems.  Therefore,
it is essential that all the grid points of the test grid be cleared of metallic clutter.  Any collected clutter will be
characterized and then placed back into the test grid at survey points so as to provide representative clutter that can
serve as discrete opportunities or false alarm.

Due to the extensive clutter revealed by the VAMDs survey, it was determined that the most efficient means for
reducing the metallic clutter on the test site was to excavate the top 6 inches of soil.  71A personnel used a
commercial grader and front end loader to perform the grading operation.
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After grading the top layer of soil, the VAMDs was used to determine the amount of clutter reduction.  The top soil
was scraped one additional time and a final VAMDs survey was conducted.  (See fig 8 and 9).  The final survey
revealed that the clutter content was now low enough that hand held metal detectors could be employed to hand
clear the test site after marking the test grid.  The test grid was then laid out into a 49m x 20 meter grid with 1 m by
1m grid squares.  Golf tees and spray paint were used to mark the corners of the 1 m square grids.

After the test grid was marked, personnel used hand held metal detectors to hand clear the grid locations.  The
clutter was collected for examination and potential use as purposefully buried clutter. Figure 10  thru 12 show the
site clearing activities to reduce and collect the metallic clutter and the setup of the test grid.

b. Clutter.   Clutter represents one of the more difficult problems to deal with in mine detection testing. Present
metal detectors have little or no ability to discriminate between the metal in mines and man-made, metallic clutter.
To a metal detector, metal is the target, not mines.  However, when looking for mines, metal clutter constitutes a
“false alarm”.  Clutter is very site dependent and so false alarm rates vary dramatically when using the same
instrument and targets at different sites.

Since the existing clutter had to be removed from our grid areas where we intend to bury mines, the clutter was dug
up, identified and classified (weight, size, etc..).  The clutter found included hundreds of  pieces of metal including
rusted shrapnel, exploded 50mm rounds, 20 mm rounds, rusted nails, small rusted metal fragments and bits,  pieces
of wire, small copper pieces and other unidentifiable metal.  The clutter will be transplanted to some of our
predefined “empty”grid areas to provide discrete opportunities for false alarm.  The complete characterization of the
clutter buried at each grid point will be documented.

It is our intent to bury known metallic clutter at a number of the 880 grid points that do not contain a mine target.
Metallic clutter to be buried will be divided into four categories:  Extremely Low Metal Content (less than 1 g), Low
Metal Content (1 – 5g),  Moderate Metal Content (5-40g) and Large Metal Content (greater than 40g).

c. Test Targets.  “Low metal” mines present the greatest difficulty for metal detecting instruments. Consequently,
the mine targets for these experiments will be predominately “low metal” mines. There is no precise definition of
“low metal”. At one end of the low metal extreme, we have mines containing less than 1 gram of metal, we have
some in the range of 3 to 5 grams, and others as high as 18 grams. A few large, metal cased mines will be included
for completeness.  For the experiments we are conducting, the proposed target list is shown in Table 1. We currently
plan to obtain a mix of the mines in Table 1. The mix will be determined by the availability of mine types.  Each
mine target will be assigned a number. A target folder will be created for each mine. This folder will contain
pictures of the mine and a complete description of its configuration, metal composition, etc.). The mines will be
randomly assigned to a numbered grid area.

d. Target Burial Depths.  “Tactical” burial depths are planned. Tactical depths vary and are somewhat different for
AT and AP mines. We take our definition of tactical depths from FM 20-32 (ref 5).  As indicated in reference 4,
some countries use mechanical mine planting machines. These machines tend to yield a slightly deeper and more
uniform burial depth than hand emplacement. Reference 4 cites a burial range for AT mines of 120 mm to 250 mm
using mechanical planters.  We recognize that in reality mines can “end up” considerably shallower or deeper both
intentionally and unintentionally.  However, in these experiments, our intent is not to explore the extremes of
sensitivity to burial depth but to establish baseline performance at the most common depths.  The burial depth will
be carefully measured to the top of the mine and recorded for each location. The proposed ranges of depths of the
targets for this experiment are delineated in Table 1.  Emplacement will be in accordance with ref 4 and 5 (See App.
A and B for appropriate excerpts) .
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Table 1: Mines To Be Used in AP Hill Hand Held Test

Mine
Name

Type Diam
(cm)

Description &
Composition

Modification for AP
Hill Test

QTY Burial
Depths

TM46 AT
M

30 Soviet metal case AT mine. Empty metal case. Total metal
content: 2406 g.

3 1-5 inches

VAL-69 AP
M

10 Italian plastic case bounding
fragmentation mine.

Boosters and dets removed.
Total  metal: 2800g

5 Surface –2
inches

M19 AT
LM

33 American rectangular plastic
blast mine containing ~ 1 g
metal. Metal components
include Copper detonator tube
and stainless steel firing pin.

Actual metal components
present except dets have been
cleaned out and primary
explosive removed.
Total metal: .94g
Firing pin:.19g; det tube:.75g

5 1- 5 inches

TMA4 AT
LM

28 Former Yugoslavian plastic
cased blast mine with low metal
content. Metal components
include Alum. detonator tubes.

Actual metal components
present except fuses have been
cleaned out.
Total metal: .75g

4 1 –5 inches

VS 2.2 AT
LM

23 Italian plastic blast mine with
low metal content. Metal
components include firing pin
(non-ferrous), aluminum
detonator tube, stainless steel
ball bearing, and a steel spring.

Primary explosive charge
removed except detonator tube
cleaned out.  Total metal:
3.29g. Firing pin:.09g; Det.
tube:  1.18g; Ball: .43g;
Spring: 1.59g

7 1- 5 inches

TS50 AP
LM

9 Italian plastic-cased cylindrical
blast mine with low metal
content. Metal includes Copper
det tube, stainless steel spring,
steel spring, 2 stainless steel ball
bearings, firing pin (non-ferrous)
and a pressure plate (non-
ferrous).

Primary explosive charge
removed except detonator tube
cleaned out.
Total metal: 4.408g
Det tube: .38g; Stainless
spring: .06g; steel spring:
.44g; 2 ball bearings: .1g; pin:
.16g; plate: 3.26g.

35 Surface – 2
inches

VS50 AP
LM

9 Italian round plastic-cased blast
mine.  Metal includes copper det
tube, steel pressure plate, steel
spring, and firing pin (non-
ferrous).

Primary explosive charge
removed except detonator tube
cleaned out.
Total metal: 18.21g
Plate: 17.39g; spring: .43g;
firing pin: .07g; det tube .40g.

10 Surface – 2
inches

PMA3 AP
LM

10 Former Yugoslavian
plastic/rubber cased blast mine
with Chemical fuze. Metal
includes aluminum det tube and
stainless steel striker pin.

Demilled boosters and
detonators.
Total metal: .35g
Tube: .27g; pin: .08g

7 Surface – 2
inches

T 72
(AP)

AP
LM

7.9 Chinese plastic cased AP mine. Demilled boosters and
detonators.Total metal:

6 Surface – 2
inches

TM62P3 AT
LM

32 Former Soviet Union blast mine
with Plastic case; only metal is
in fuze.

Complete with cleaned out
dets or equivalent metal parts.

5 1- 5 inches

M14 AP
LM

5.6 US and Indian manufactured
plastic bodied blast  mine with
low metal content Metal
includes copper det tube and
steel firing pin.

Demilled detonators or
equivalent.
Total metal: .60g
Tube: .41g; pin: .19g.

20 Surface – 2
inches
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e. Test Layout.  As mentioned, Figure 4 illustrates the proposed layout for the experiment. The grid arrangement is
beneficial for several reasons. Firstly, it allows for a simple, direct calculation of the Pd and Pfa estimates. Secondly,
the grid obviates the need to determine when and where the sensor head “encounters” the target. This makes
“scoring” easier as well as determining when the sensor is over the target to capture the sensor “raw data”. The
proposed grid size is 20 x 49 meters which yields 980 grid areas. The approach is to bury mines at approximately
100 of these grid areas.  The Pd calculation is simply N/100. The remaining 880 intersections would be
opportunities for “false alarms”. Therefore, the Pfa estimate is N/880. We recognize that this grid arrangement is
artificial and that it does not represent how an actual area mine search would be conducted.  We also realize that the
sample size for calculating a Pd estimate for an individual type of mine (e.g. M-14) will be small. However, when
we consider the class of mines (i.e. low metal), the sample size will be large.

f. Algorithm Training.   The advanced algorithms require some estimates of the probability density function (pdf)
for both the targets and the background clutter. To facilitate developing these statistics, the calibration area will
contain whatever clutter happens to be present plus a representative sample of clutter removed from the “blind”
grid site. If “new” clutter is introduced to the “blind”grid areas, samples of the same “new” clutter will also be
placed in the calibration area. We feel it is unrealistic to duplicate the exact clutter (size, mass, composition,
orientation, etc.) in the calibration lanes that is present in the “blind” grid areas. The purpose here is to measure
how well the new algorithms can separate mines from the representative clutter one finds in an area.

g. Instrumentation of Detectors.

AN/PSS-12

The AN/PSS-12 consists of a transmit and receive coil. A linearly increasing current is driven into the transmit coil
and after a few tens of microseconds this current is rapidly extinguished (turned off).  The magnetic field radiated by
this linearly increasing current induces a voltage directly into the receive coil of AN/PSS-12 and also causes eddy
currents to flow in any nearby metallic object.  These induced eddy currents in turn radiate a scattered magnetic field
which also induces a voltage into the receive coil of the AN/PSS-12.  The signal (voltage as a function of time) at
the output of the receive coil therefore is composed of the sum of two parts -- the direct coupled voltage from the
transmit coil pulse and the voltage induced by eddy currents which flow in a nearby metallic object.  This combined
voltage will decay exponentially; with the direct coupled voltage generally decaying at a different rate than the
object coupled voltage.  As is often the case, especially for low-metal mines, the direct coupled voltage is large
whereas the object coupled voltage is small. For detection (not identification) purposes all one need be concerned
with is determining any change  in the decay rate of the received voltage due to the presence of an object.

Processing carried out in the AN/PSS-12 generates an audio tone whose frequency is roughly proportional to the
amount of change in the received waveform caused by the metallic object. For identification (not detection)
purposes, and for reasons beyond the scope of this brief discussion, it is important to capture as much of the
decaying exponential associated with the object as possible.  Capturing a high fidelity representation of the object’s
response presents instrumentation challenges.  The voltage at the output of the receive coil can approach 100 volts in
early time. Without the proper protection a voltage of this amplitude can destroy
sensitive data acquisition circuitry.  Later in time, when the object response may dominate, voltage levels can be
very low - on the order of microvolts, requiring large amplification, especially when digital-to-analogue converters
(DAC) with limited resolution are employed.

With the above discussion as background, we intend to use a National Instruments DAQCard-5102   (PCMCIA)
plugged into a laptop computer as our data collection device.  The 5102 provides two channels of analogue input, a
trigger input, and two digital trigger input/outputs.  We envision using channel one of the 5102, with the
proper attenuation, to capture the early part of the response directly at the output of the receive coil.  As this voltage
decays, we intend to switch to channel two of the 5102 and apply amplification, dynamically as needed, to obtain a
high fidelity of the late time response of the receive voltage.  Data collected will be stored in the lap top's memory
for subsequent analysis.  We are using the software program LabVIEW (a defacto industry standard)  to control the
5102.
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GEM-3

Unlike the PSS-12, the GEM-3 already has digital signal output capability.  As such, the GEM-3 will be hooked to a
laptop for digital storage. The GEM-3 can be programmed to measure responses at different discrete frequencies.
Every time a response is measured by the GEM-3, the in-phase and quadrature responses are stored in an ASCI file
on the hard disk of the laptop with a measurement number. A separate log file will be maintained to tie the
measurement number to a specific site location. For example, 1=A1#1, would mean grid location A1 first of n
measurements. A consistent method of taking the individual measurements over the grid areas will be followed to
ensure compatible data collection.  All data will periodically be backed up to a floppy disk.

h. Meteorological/Atmospheric/Geologic Monitoring:

Standard Meteorological Data (MET) will be collected during all phases of the experiment when sensor data is
actually being collected.  The following MET parameters will be collected at 15 minute intervals during collections:

Air temperature
Humidity
Barometric pressure
Rain rate

Additionally, the following continuos soil measurements will be taken:

Soil Temperature at 1, 2 and 4 inches
Soil Moisture/conductivity at 2 inches

Additionally, we are considering procuring a device to measure magnetic permeability of the soil.

A comprehensive soil analysis will also be performed on several soil samples across the test grid and calibration
lanes.  The soil analysis will be performed by the Waterways Experiment Station (WES).  WES previously
characterized two sites at Fort A.P. Hill for the DARPA clutter experiments.  This characterization involved
extensive measurements of the soil parameters.  These measurements were made at a site a mile or so from our
proposed site.

i. Calibration Plot . A calibration area will be established with known targets and known clutter, at known locations
to assist in developing mine and clutter signatures and checking out sensors and instrumentation. This area will be
adjacent or near the “blind” grid site.  The calibration area will be consist of 5 lanes, each 25 meters long and 1
meter wide.   The calibration area will contain at least one of each mine contained in the “blind” grid. The exact
locations of the mines will be marked and the mine particulars indicated. We will take “signature data” on these
mines as discussed previously. The metal detecting instruments will be able to use this calibration area to “measure”
target signatures and to otherwise calibrate the instruments.

The calibration plot will also include known pieces of clutter obtained from the hand clearing of the blind test grid
and calibration plot.  Clutter pieces that have been characterized will be placed in the calibration plot at documented
locations and depths and will be available for sensor/algorithm calibration.

In addition to the calibration plot, an additional larger area, near the test grid will be marked to allow collection of
additional background clutter statistics to be used for development of the improve discrimination algorithms to be
employed in this experiment.

2. SCHEDULE AND EXPERIMENT FLOW:
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Site Preparation:

The first task is site preparation. The site will “surveyed” to obtain a qualitative indication of the clutter levels using
the Schiebel Vehicle-Mounted Metallic Mine Detection (VAMIDS) system. The site will then be evaluated using a
PSS-12 detector to establish the grid areas or nodes.  Nodes  selected for burying mine targets will be “cleaned” of
metallic clutter. Removed clutter will be collected and identified as far as possible. The clutter will be separated into
three categories (Large, medium, and small metal) to roughly correspond to the metal content of the mine targets to
buried in the test grid. Selected clutter will then be buried at all of the “non-mine” nodes. The clutter will be
photographed weighed and its location identified. Soil samples will be collected and provided to WES for
comparison with their earlier data taken at A.P. Hill.

Schedule:

a. Calibration Area Set Up. First priority will be given to completing the calibration area. This is because the test
instruments will first use the calibration area to take target “signatures”, gather clutter statistics, and checkout
instrumentation and data collection procedures. The calibration area will be adjacent to or at least very near the
experiment grid. The calibration area will contain at least one of each mine target that will be used in the
“blind” experiment grid. The mines will be buried at several burial depths. A representative sample of clutter
from the “blind” grid will be added to the “existing” clutter in the calibration area. The calibration area will be
completed by 14 May 1998. The calibration area will be a lane, 1 meter wide by 50 meters long.  It is
envisioned that the instruments will run in the calibration area for 3-4 days gathering data. Several visits to the
calibration area separated by several week intervals are planned. These intervals will allow for data analysis
and adjusting of the advanced algorithms prior to running in the “blind” experiment grid area.

b. Calibration Lane Data Collection and Signature Collection.  After the calibration area has been established, the
instrumented hand held detectors will be run over the calibration lane to collection data for adjusting the
detectors and for confirming that the burial depths for the mine targets in the test grid are reasonable.
Additionally, signatures of the mines buried in the calibration lane will be collected in accordance with the
signature collection technique described earlier.  The calibration data and signature collection is expected to
last approximately one week.

c. Calibration Data Analysis.  After the calibration data is collected, it is expected that analysis of the data will
take approximately three weeks.  During this period, Duke and Auburn participants will be optimizing their
systems and preparing for signature collection and blind test runs.

d. Additional Calibration Data.  Analysis of the calibration data may reveal a need to perform additional
calibration collections.  Two weeks are anticipated for additional collection of data on the calibration lane.

e. Test Grid Setup.  While the calibration data is being processed, the test grid containing the buried mine targets
and clutter will be completed.  The test grid is expected to be completely laid out and ready for testing by June
30, 1998.

f. Test Grid Runs.  Upon completion of signature data collection, each instrumented sensor will collect data over
the 980 grid locations of the blind test grid.  A total of five runs will be performed for each sensor.  Data will
be collected in accordance with the signature collection protocol using the 1 meter template as described
earlier.  Each run is expected to take 1 to 2 days per sensor.  Approximately 8 weeks is allotted for completion
of all 5 runs for each sensor.

g. Data Processing and Analysis.  After completion of all the data runs, the data will be post processed by
Professor Riggs and Collins.  The post processing will include:

1. Compiling the Target Signature Data collected from the calibration plot into spatially correlated target
signature profiles.
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2. Providing “target/no target” declarations over a range of  “threshold” settings for each of the 980 grid
points surveyed, for each sensor, and for all runs.  There should be at least 10 threshold settings used to
ensure a reasonable number of points to establish a ROC curve.  This data will serve as the data for
constructing the baseline ROC curves for each sensor.

3. Providing the same declarations for each sensor and for all runs, but after employment of new algorithms
as discussed earlier.

h. ROC Curve Development.  During this period, the government will develop ROC Curves for:

1. Each sensor in an as built/as operated condition (i.e. baseline ROC Curve).
2. Each sensor after improved algorithm techniques have been employed.

i. Review of Results.  After completion of all ROC Curves and receipt of all target signature data, all participants
will meet to review the results from the collection experiment.

j. Written Report. A written reports will be provided which contain the ROC curves for all sensors and the
results of any algorithm improvements to the baseline ROC curves obtained.

k. Data Dissemination.  Upon completion of the written report, all target signatures will be made available to the
UXO community via the UXOCOE ATR Database website.

RESPONSIBILITIES:

Target Inventory/Modifications:  Countermine –71A
Site Construction and Target Emplacement:  E-OIR Measurements/Countermine – 71A
Site Surveys (as necessary):  TBD
Meteorological Monitoring (as necessary): TBD
Site Logistics/Operation During Testing:  E-OIR Measurements
Power  to Site:  71A
Sensor Modifications/Digital Interface Setup:  Duke & Auburn
Raw Data Collection/Storage:  Duke & Auburn
Data Post Processing/Analysis:  Duke & Auburn/E-OIR Measurements
Post Experiment Report/Documentation:  E-OIR Measurements, Duke, & Auburn
Data Dissemination and Formatting for ATR Database Web Site:  E-OIR Measurements
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Appendix A: Excerpt from FM 20-32
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Appendix B: Excerpt From

The Vehicular Mine Threat”, Hambric, Harry N, &
Schneck, William C., Proceedings of the Sixth Annual
TARDEC Combat Vehicle Survivability Symposium,

Mar 28, 1995.
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