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1.0 EXECUTIVE SUMMARY
1.1 THE REMOTE MINEFIELD DETECTION SYSTEM

Millionsof acres of government land are contaminated with unexploded ordnance (UXO), aresult of years
of testing and training inthe armed forces. Aspart of the effort to prepare some of thisland for use other
than astest ranges, programsare underway to devel op methodsto safely and reliably detect UX O so that
the contaminated sites may be cleaned prior to realignment.

Thisreport describesthe REMIDS devel oped by the U.S. Army Engineer Waterways Experiment Station
to detect surface UX O, and reviews the performance of REMIDS in tests at the Y uma Proving Ground
(Arizona) and at Ft. Rucker (Alabama).

The principle behind REMIDS is to enhance the discrimination of surface UXO by relying on multiple
signatures: surface UX O may exhibit aunique combination of reflectance, polarization, temperature, and
footprint (shape), ascompared to natura objectsinthe UXO'ssurroundings. Discrimination based on four
signaturesisin principle greater than that based on fewer signatures.

The REMIDS hardware consists of an airborne line scanner with sensorsthat measure the reflectance,
polarization, and thermal responsein 710 round "spots', each of which subtends 1.25 mrad. (The former
2 sensorsare active and utilizeaNd: Y AG laser; the latter sensor ispassive.) The 710 spots partialy
overlap and are arranged in aline such that the totd field-of-view of one scan lineis 1.25 mrad by 400.
The scan rate of the deviceis 350 lines per second. Thus, when the REMIDS isflown in ahelicopter at
analtitude of 130 ft and aspeed of 32 knots, each of the 3 sensorswill digitizeits own map of theground
level with apixel size of 1.9" by 1.9".

Anaysisof theREMIDSdigitized datais performed in three stages. Inthefirst stage, acomputer isused
to classify each pixel as being from aUXO candidate or from background. (At some Sites, the spectral
return of the background is sufficiently distinct from all UXO that this stage isthe only step required to
achieve satisfactory performance.) Inthe second stage, arequirement onthe size of objects(i.e. onthe
number of contiguous pixels) isimposed. Inthelast stage, an operator viewsall potential candidatesand
determines if they are UXO or background. The operator may also classify the type of UXO.

1.2 SYSTEM PERFORMANCE

The REMIDS system was tested at a 2400 m? test site at Ft. Rucker, Alabama, and at a0.5 kn test site
a YumaProving Groundin Arizona. The performance of this system issite-dependent. Some sitescontain
backgrounds which compromise discrimination based solely on the raw data from the three spectral
sensors. If the backgroundisgrassy, it isquitelikely that a detection probability for surface ordnance of
at least 90% isachievablewith very low falsealarm ratesusing only the spectral information, asisshown
inthe Ft. Rucker performance curve below (Figure 1). On the other hand, at sitessuch as' Y uma, such
performanceis not possible with just the spectral information. However, fair-to-good performance can
be expected once a minimum size requirement is established for potential UXO candidates and a
knowledgeabl e operator isused tofilter through theimages. The probability of detection asafunction of



radiussurrounding thetarget at Y umaisshown in Figure ES-2, where only ordnanceitemsgreater than a
four-pixel size were included in the target baseline. Also shown in Figure ES-2 isthe fraction of the
detected ordnance that was correctly identified.



Percent Detection

Percent Detection

Fig. ES-1: ROC curvefor Ft. Rucker: All Targets

100

80

P

60

40

— All three spectral channels

20

0.81
0.6 |
0.4}

0.2 |

Fig.

5 10 15 20

Number of False Alarms

ES-2: REMIDS Performance at Yuma

25

B

--¢--%1D'd

—m— % Detected

0

1

2 3 4 5 6 7

RCrit (meters)




The position accuracy of the REMIDS system a Y umawas determined to be 1.55 metersin the easting
direction and 2.18 meters in the northing direction, and a false alarm rate of about 33 per km? was
achieved. Thetarget recognition capabilities of the operator played acrucid rolein the performance of this
systemat Y uma, and it isnot known how much the detection probability will vary with operator experience
and training.

For achdlenging stelike' Y uma, theresultant cost rangefor usng REMIDSis$75-225 per acre depending
on the site geometry and chosen flight trgjectory. Costs would be reduced to $70-210 per acrefor an
eader dtelikeFt. Rucker. If alower resolution could provide acceptable target discrimination results, costs
could be further reduced to around $14-15 per acre.

1.3 ADVANTAGES AND LIMITATIONS

The REMIDStechnol ogy possesses both advantages and limitationsinlocating UXO. Asanairborne
system based on current technology, it promises several advantages.

. It will be of minimal risk to the personnel performing the measurements.

. The method may be able to cover large tracts of land in arelatively short time.

. The assessments may possibly be done at a reasonable cost.

. It could be used to locate "potentia hot regions’ for buried UXO in cases when surface

debrisis correlated with buried UXO.
The technology has important limitations, however:

. REMIDSreiesondirect lineof sght for dl threesensors. It would berisky torely onthis
technology inareaswith broad-leaf vegetation or trees. Further, any buried UXO will not
be detected by REMIDS. Evenathick layer of dust could compromise asensor'sreading,
leading to alower detection probability of the UXO.

. A priori knowledge of the ordnance typeisimportant to calibrate REMIDS, as different
types of UXO will have different reflectance, polarization, and thermal signatures. Thus
REMIDS may be unreliable at detecting unexpected or uncharacterized ordnance.

. REMIDS may not be reliable at detecting small ordnance when the background around
the UXO has similar characteristics to the UXO.

. Currently, REMIDSrdiesheavily onan operator to discriminate UX O from background
in challenging environments. This raises questions concerning operator training and
operator-to-operator variability.
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2.0 TECHNICAL DESCRIPTION
2.1 INTRODUCTION

Millions of acres of government land are contaminated with UXO, aresult of years of testing and training
inthearmed forces. Aspart of the effort to prepare some of thisland for use other than astest ranges,
programs are underway to develop methods to safely and reliably detect UX O so that the contaminated
sites may be cleaned prior to realignment.

Thisreport describesthe REMIDS devel oped by the U.S. Army Engineer Waterways Experiment Station
to detect surface UX O, and reviews the performance of REMIDS in tests at the Y uma Proving Ground
(Arizona) and at Ft. Rucker (Alabama). The principlebehind REMIDS isto enhance the discrimination
of surface UXO by relying on multiple signatures: surface UXO may exhibit a unigue combination of
reflectance, polarization, temperature, and footprint (shape), ascompared to natural objectsintheUXO's
surroundings. Discrimination based on four signaturesisin principle greater than that based on fewer
signatures. Analysis of the REMIDS digitized datais performed in three stages. In thefirst stage, a
computer isused to classify each pixe asbeing fromaUXO candidate or from background. In the second
stage, arequirement on thesize of objects(i.e. onthenumber of contiguouspixels) isimposed. Inthelast
stage, an operator views all potential candidates and determinesif they are UXO or background. The
operator may also classify the type of UXO.

2.2 HARDWARE

The REMIDS system consists of an active/passive line scanner, real-time processing and display
eguipment, and navigationa equipment’. The scanner collectsthree channes of opticaly dignedimage data
conssting of two activeNd:Y AG laser channdls, which measurereflectance and polarization, and apassve
thermal infrared channel. Onelineinthe scanner consists of 710 pixes, each of which subtends acone
angleof 1.25 mrad. The 710 pixels partialy overlap such that the totdl field-of-view of onescanlineis
1.25 mrad by 400. The scan rate of the deviceis 350 lines per second. Thus, when the REMIDS isflown
inaheicopter at an dtitude of 130 ft and aspeed of 32 knots, each of the 3 sensorswill digitizeitsown
map of theground level with apixel sizeof 1.9" by 1.9".> Specifications of the sysem are givenin Table
1. Informationispresented in thetablefor three spectral channds. The" P channd" sensesthereflected light
that ispolarized parallel to thetransmitted light, whilethe " C channel” sensesthereflected light that is
polarized perpendicular to the transmitted light. The reflectanceisessentidly the sum of the two channdls,
while the polarization is the normalized difference.

13 H. Balard, R. M. Castellane, B. H. Miles, and K. G. Wesolowicz, The Remote Minefield Detection System
(REMIDS) II Major Components and Operation, Technica Report EL-92-30, U.S. Army Engineer Waterways Experiment
Station, Vicksburg, MS, 1992,

2 The distance between pixel centersis 1.6" for these conditions.
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Table 1. REMIDS Operational Specifications

Digitized Field of View 40 degrees
Digitized Field of View 1.25 mrad
Instantaneous Field of View 350 lines/sec
Scan Rate 29 meters
Scan Width (at an altitude of 130 ft) 710 per channel
Digitized Samples per Scan Line +/- 15 degrees
Roll Correction Nd:YAG
Laser Type 1.064 um
Laser Frequency 1.064 pm
Spectral Channels

P Channel 1.064 pm

C Channel 1.064 pm

Thermal Channel pm

23 PROCESSING REMIDS DATA

The REMIDS surface mine/lUX O detection agorithm comprisesthree sequential steps. Inthefirst step,
the reflectance, polarization, and thermal returns are used to assign aclassification to each pixel. Sucha
classification providesinformation on material type, and allowsfor somereductioninthetotal number of
pixelsthat must beinvestigated. In the second step, pixelsof like classfication arejoined together to form
objects. Each object ischaracterized by itstotal area, boundary, and distance between itstwo furthest
pixels. At the end of the second step, atableis generated that groups the objects together according to
location and gives both the spectral and size/shape information of each object. In the third step, the
operator decides which objects are targets, using the table provided in the second step to guide his
decisions. Inthefollowing, each of these three stagesis discussed in some detail, and a quantitative
estimate is provided of the role of each step in reducing the false alarms.

Stage 1: Spectral Discrimination

Stagelinthedgorithmrdiesonthefact that different materid syield different pol arization, reflectance, and
thermal responses. Metalswill, in generd, have avery high reflectance. The polarization of amaterid is
essentially afunction of its"smoothness' asmeasured on the scale of thewave ength of theincident light
(whichis1.06 umfor REMIDS). The polarization return of amateria cannot be predicted based on how
it looks or feels. Rust, for example, which may seem rough to the touch, has been found to yield a
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significant polarizationreturnat 1.06 um. Thethermal returns of both ordnance and background depend
upontheir thermal properties, aswell ason thetime of day and the weather conditions of the survey. The
discrimination capabilitiesof thethermal channd should bebest soon after sunriseand sunset, when objects
with different thermal diffusivities and surface absorptivities and emissivities heat up and cool down at
different rates. Near mid-day, when therma equilibriumisapproached, thethermal discrimination between
objectsis more difficult.

Completion of Stage 1 of the REMIDS agorithm does not require that the helicopter obtainthe cdibration
data, land, and then obtain the target data. All polarization, reflectance, and thermal data are
post-processed. Thus, the REMIDS approach isto fly over the calibration site and thenfly directly to the
real site. In fact, thisis necessary for thermal channel calibration data to have any applicability.

The completion of Stage 1 resultsin asignificant reduction of thetota number of pixelsthat might contain
targetsof interest. Nonethel ess, Stage 1 cannot always berelied upon to provide sufficient discrimination
from the background to be aviable surface/lUX O mine detection system in and of itself. Thisisparticularly
true at Stes such as'Y uma, wherethe existence of "desert varnish™" (arock with aglass-like sheen) resulted
in many tagged pixels. Other sitesmay fare better; for example sand iseasily distinguishablefrom the
targets. Grass, too, isan "easy" background, aswas seen in the results of the Ft. Rucker test, presented
in the performance assessment section of this report.

Stage 2: Size/Shape Discrimination

Inthe Stage 2 of the REMIDS agorithm, pixelsof like materia classification (asdetermined by Stage 1)
arejoined together to form objects. The operator hasthe option of specifying further requirementson the
objectsformed. For example, an object with avery large areamay be rgjected, as may onethat istoo
small, too thin, or irregularly shaped.

Theleve of discrimination provided by the size/shapefilter greatly affectsthe number of objectsthat are
passed on to the operator: alow leve of pre-screening in Stage 2 may result in too many man-hours spent
inthefina step, but too much pre-screening could result in too many missed targets. The optimal level of
discrimination used in Stage 2 isultimately determined after severd iterationsthroughthedata. At Yuma,
for example, it was decided that aminimum size be set such that any object smaller than four pixelswas
rejected. Thisserved to greatly reducethe number of false alarmsdueto desert varnish, at the expense
of missing targets smaller than four pixels, such as grenades and Vameiramines. On the other hand,
discrimination based on "irregular shape" was found to be unreliable at Y uma because variability in
helicopter air speed caused some targets to appear irregular in shape. Thus, the only discrimination
provided by the size/shapefilter in Stage 2 for the Y umadatawas that of the minimum size requirement.

Stage 3: Operator Discrimination

In Stage 3, the operator chooses aspectral channd (usually the polarization channel) and scrollsthrough
images, using the information from Stages 1 and 2 to hel p decide where to focus attention. Usually, the



man-made ordnance items are easily discernableby eye’. Thus, atrained operator is ableto identify
many of the ordnanceitemsand eiminate many of thefaseaarmsvery quickly, without having to study
eachindividud objectingreat detail. For example, a Y uma, about 95% of theroughly 20,000 fdsedarms
werelocated in the wash areas, which iswhere most of the desert varnish waslocated. After carefully
examining afew of these objects, the operator realized that most of the itemslocated in these areaswere
fasealarms. Thus, the operator was able to scroll through about 19,000 objects fairly quickly, without
havingtofocusonany of themindetail.* Those candidatesthat the operator could not identify or eliminate
quickly werecarefully examined in each of thethree spectral channels. The operator not only determined
whether asuspicious object wasatarget, but also identified the target after deciding that it wasan ordnance
item.

Itisclear that the role of the operator is crucia to the success of this system. The operator isinvolved in
each of thethree stages. Thetotal time required isdictated by operator efficacy and skill. For the data
collected a Y uma, one day was devoted to processing the calibration Ste data. The analysis of the test
Ste datathen took three days, the vast mgjority of which was dueto time spent by the operator. Of those
threedays, roughly 60% of that timewas spent scrolling through images, while the remainder of thetime
was dedi cated to the detailed examination of the roughly one hundred suspicious objectsthat could not be
quickly identified.

Giventhat an areaof only 0.5 km? entailed three man-days of tedious data analysis, an obvious question
to addressis whether the role of the operator can be automated. Clearly, it should be possibleto reduce
the amount of time spent scrolling through images, since that is determined primarily by the level of
pre-screening provided by thesize/shapefilter. AtYuma, thispre-screeningwaslimitedtojust aminimum
sizerequirement. It isbelieved by the devel opers of this system that arobust size/shape filter can be
developed that will alow for extensivefiltering of the objects before they are passed to the operator, but
that has yet to be tested. However, if it is decided to rely heavily on a size/shape filter to screen the
objects, then some degradation in performance over that of the current system should be expected, because
itisunlikely that any computer can providetheleve of discrimination of thehuman eye. Nevertheless, it
seemsimpracticd to rely on the operator to perform the bulk of the discrimination for large areasin future
versions of this technology.

3 While man-made ordnance is fairly easily distinguished from natural backgrounds, it should be noted that
it may not be easily separated from man-made clutter. The test site at Yuma was a fairly "clean" site, with very little
man-made clutter.

4 There were some ordnance items located in the wash area as well. Some of these targets were discernable
based on their size, while others could be distinguished by their spectral signature. Furthermore, the rocks often
possessed irregular shapes compared with the man-made targets. However, some targets were lost; small items made
of iron or covered in olive drab paint would have been particularly difficult to pick out.
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3.0 REMIDS PERFORMANCE

Inthis section, the performance of the REMIDS system at two test sites(Ft. Rucker, AL and Yuma, AZ)
issummarized. It will be seen that the performance at Ft. Rucker was superior due to the fact that the
background wasmainly grass. In essence, Ft. Rucker looked likea™short rough™ on which thetargetswere
easly seen, evenwithjust the polarizationinformation. At Y uma, the existence of desert varnish, withits
high polarization return, made the targets much more difficult to distinguish, and a4-pixe minimum object
gzewasrequired intheanaysis. Thisresulted inalimitation of the Size of the objectsthat could be detected
at Yuma (e.g., grenades fell below this size limit).

3.1 FT. RUCKER RESULTS

The detection probability (Pd) vs. number of false dlarms is presented. Figure I1.1(a) shows the
performance of the individual spectra channels with respect to the detection of duminum items, while
Figurell.1(b) showsthe performance of theindividua spectral channeswith respect to ferrousand painted
surface items. The performance of the combined spectral channelsfor the detection of both duminum and
ferrous/painted targetsisshownin Figurell.1(c). Figurell.1(a) showsthat the polarization channel alone
was sufficient to detect the duminum ordnanceitems. 100% Pd was achieved with only 15 faseaarms
in2400m?. InFigurell.1(b), it isseenthat the performance of the polarization channel in detecting ferrous
or painted objects, while not as remarkable as for auminum, was till quite good, with aPd of about 95%
a 15fasedams. Itisclear from Figurell.1(c) that the combination of the three spectra channelsyielded
excellent performance: greater than 80% Pd was achieved with essentiadly zero falsedarms, while 100%
Pd was possible with only 20 false alarms. Thus, the spectrd filter alone was sufficient at Ft. Rucker; no
size/shape filter was required, and the operator's role was minimized.

3.2 YUMA RESULTS

The effectiveness of REMIDS wastested on targetsthat were larger than the four-pixel threshold, and that
areof interest to the UXO community. Thetargetschosenwere: 500 Ib bombs, 2.75" rockets, 81 mm
mortars, 105-mm projectiles, and 155-mm projectiles. Grenades, Vameramines, gator mines, volcano
mines, and painted mineswere excluded. All but the last of these weretoo small to be detected with the
four-pixel threshold. Dielectric mines, although not of interest to the UX O application, were included
because they were a particularly easy target for REMIDS to detect, and thus provided a means of
estimating the location accuracy of the system.’

Using the position data for the dielectric mines aswell asfrom 500 |b bombs (also an "easy" target), the
location accuracy of the REMIDS system was determined to have astandard deviation of 1.55 metersin
the easting direction and 2.18 metersin the northing direction. In addition, an offset biaswasfound inthe
REMIDS position compared to ground truth, specificaly a1.12m offset in the easting direction and 0.44m
offset in the northing direction. These offsets were left in the data

5 Dielectric mines were easily detected because their polarization return was well separated from backgrounds
and other targets.
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Fig. Il1.1(a): Performance curve for Ft. Rucker: Aluminum Targets
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Fig11.1(b): Performance curve for Ft. Rucker: Ferrous and Painted Targets Only
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Fig. I1.1(c): Performance curve for Ft. Rucker: All targets
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during the anaysisof the probahility of detection outlined below, becausethiswasthe dataasderived from
the test.®

The Pd of the REMIDS system as afunction of radius, R, surrounding the target was then estimated. To
perform this calculation, the dielectric mines, which are not relevant to UX O clearance, were excluded.
Thus, the set of ground truth target data against which REMIDS was graded consisted of 124 ordnance
items (70 81 mm mortars, 24 105 mm shells, 15 155 mm shells, 13 2.75" rockets, and two 500 [b bombs).

Theresults of thisanaysis are summarized in Table 2 and Fig. I1.2. Table 2 givesthe breakdown of
detection probability versus R;; for each ordnancetype. Theseresultsaresummarizedin Fig. 11.2, which
shows Pd as afunction of R;, for the combined set of ordnance items, as well as the fraction of the
detected itemsthat were correctly identified vs. R, . Using Fig. 11.2 and taking an example value of R;
=5m (which ismore than a2 sigma cut according to the estimate of the system's position resolution),
REMIDS detected 76% of thetarget test sample and correctly identified 95% of the ordnance detected.”

¢ Correcti ng for these offsets improves the device's detection efficiency discussed below by only afew percent.
7 The calculation of Pd does not correct for areas that may have inadvertently been missed by the helicopter.

It was estimated that the flight coverage was about 96% at Yuma. Hence if the coverage had been 100%, then the Pd
may have been improved by afew percent over the measured value of 76%.
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Table 2. Probability of Detection by Ordnance Type

Ordnance Type | Pd@R,;=1m Pd@R,,;=3m Pd@R,,;=5m Pd@R,,;=7m
81 mm 14.3% 57.1% 72.9% 78.6%
105 mm 4.1% 45.8% 75.0% 75.0%
155 mm 0.0% 46.7% 86.7% 86.7%
2.75" 0.0% 30.8% 76.9% 92.3%
5001b 0.0% 50.0% 100.0% 100.0%
Fig. 11.2: Detection probability vs. R_ at Yuma
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Toedimatethefasedarmrate (FAR), threeregions of the Sitethat contained no targetswere investigated.
Theareaof thefirst region was 0.073 km?, and the REMIDS system declared atotal of three targetsin that
area, identifying al three as gator mines. Thistrandatesinto aFAR of 41 per km?. The second region was
0.049 knv? in area, and the REMIDS system declared two targets, one agator mine, and the other UXO

Rcrit (meters)

scrap. Thisalso yiddsaFAR of 41 per km?. Thethird region was amuch smaller areaof only 0.028 kn,

andinthisregion, the REMIDS system declared no targets. Based on this subset of the Y umasite, the
REMIDS system, with itsthree-stage analysis, yielded afalse alarm rate of about 33 per kn?. It must be
emphasized, however, that the fase darm rate would have been much higher if only thefirst two andyss
stages had been employed (spectral and size/shape), because the operator played a crucial rolein

recognizing and eliminating false alarms.
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4.0 CONCLUSIONS
4.1 ADVANTAGES AND LIMITATIONS OF REMIDS

The REMIDStechnology has both advantages and limitationsin locating UXO. Asan airborne system
based on current technology, it promisesthree advantages. First, the use of REMIDSwill pose minimal
risk to the survey personnel performing the measurements, asthe personnel are on an airborne platform
and are thus not physicaly disturbing the UXO ste. Second, the method may be able to cover large tracts
of landinarelatively short time because of the relatively high speed of the helicopter platform. Last, the
surveys may possibly be done at areasonable cost, again because of the relatively short time needed to
perform the survey (see the Section IV for more details regarding cost).

Thetechnology hasimportant limitations, however. First, the REMIDSlaser must havealineof sght to
the surface ordnanceitems. Thus, broad-leaf vegetation, trees, understory, snow, and even dust can all
pose a laser penetration problem for surface UXO. Buried UXO cannot be detected by REMIDS.
Second, advance knowledge of ordnancetypeisimportant to calibrate REMIDS, as different types of
UXOwill havedifferent reflectance, polari zation, and therma sgnatures. ThusREMIDS may beunreliable
at detecting unexpected or uncharacterized ordnance. Third, the REMIDS system performanceishighly
site dependent. The grassy background at Ft. Rucker enabled the system to easily pick out the targets
based on their spectra information aone; no size/shapefilter or human scanning was needed. On the other
hand, thedesert varnish at Y umarendered the spectrd information insufficient, and thusthe size/shapefilter
and especidly thetarget recognition capabilities of the operator played acritica roleintheandyss. Hence
in challenging environments, REMIDS may not be reliable at detecting small ordnance items, and its
performance will further depend on well-trained operators.®

4.2 POTENTIAL USES FOR REMIDS

In areas where there is a direct line-of-sight from the air to the ground, REMIDS may be usedin a
large-area search mode of operation to identify potentia regions containing buried UXO in circumstances
when surface debris could be correlated with buried UXO. For example, surface debris at an impact point
of abombing or artillery range may be detected by REMIDS, and this could betray possible buried UXO.
Inthissituation, follow-up detection methods (such as magnetometers, metal detectors, and radar) would
have to be employed to determine the existence and location of any buried UXO. Thisapplicationis
especialy appropriatefor grassy or sandy sites, where the spectra filter and crude size/shapefilter would
perform areliable and fast analysis of the survey data. 1n regions where there are more challenging
backgrounds (such asat Y uma, with itsdesert varnish), either well-trained operators or more sophisticated
size/shape analysisfilters will be needed for large area searches.

8 Though it is not currently part of the data reduction flow, it may be possible to automate the shape
discrimination algorithm in future implementations.
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5.0 COST ASSESSMENT

A REMIDS cost estimate based on the collection of 18 hoursof flight dataat the Y umaProving Ground,
which had a challenging "desert varnish" background, is provided in Table 3.

For achdlenging stelike Y uma, theresultant cost rangefor usng REMIDSis$75-225 per acre depending
on the site geometry and chosen flight trgjectory. Costswould be reduced to $70-210 per acrefor an
eader dtelikeFt. Rucker. If alower resolution could provide acceptable target discrimination results, costs
could be further reduced to around $14-15 per acre.
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Table 3. REMIDS Cost Estimate

Yuma Yuma Easier Site
(Regular DGPS) Flight-Aided DGPS | Flight-Aided DGPS
Cost Category $ $ $
Equipment Installation $50,000 $95,000 $95,000
and Calibration'
Helicopter Support? $120,000 $120,000 $120,000
Ground Equipment $18,000 $18,000 $18,000
Rental, Transportation,
and Setup®
Data collection® $70,000 $48,000 $48,000
Dataanadysis on site® $68,000 $68,000 $34,000
Operator Training® $68,000 $68,000 $68,000
TOTAL $394.000 $417.000 $383,000
Cost per Acre $219 $232 $212
(crosswise)’
Cost per Acre $73 $77 $71
(lengthwise)®
Cost per Acre $15 $15 $14
(low resolution)®

Notes:

The use of regular DGPS rather than the flight-aided DGPS would reduce the install ation cost to $50,000. See also Note
4.

2Includes ferry hours to transport both the helicopter and its crew.
®Includes the cost of transportation of the REMIDS system to and from the site

“Includes the cost of flying the helicopter and the crew for 18 hours. The use of regular DGPS rather than the flight-aided
DGPS would increase the cost of data collection to $70,000. Thelack of flight aided DGPS would limit the ability to cover
areas missed on the initial fly-over, and would also necessitate the use of visual markers on the ground for the desired
flight lines.

Roughly 3 man-months, including per diem and transportation. Estimated costs for an "easy" grassy site like Ft. Rucker
are lower (1.5 man-months) because |ess operator time would be required for data analysis and target discrimination.

*Roughly 3 man-months, including per diem and transportation.

"The areathat can be covered in 18 flight hours depends upon the profile of the data collection flights (i.e., altitude and
forward speed), as well as the chosen flight path. The 0.5 km by 1 km site at Y umawas traversed crosswise (i.e., using
500 m passes), and during one flight hour, only about 15 minutes was dedicated to actual data collection. The rest of the
time was spent making turns and lining up for the next pass. In this case, with a pixel resolution of 1.9" by 1.9", one flight
hour yielded about 100 acres of coverage.

8If a site were traversed lengthwise, the coverage would be much greater; estimates provided by the REMIDS team are
of order 300 acres per flight hour.
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®Decreasing the pixel resolution to 4.5"x 4.5" from aresolution of 1.9" by 1.9", would increase coverage per flight hour
by about afactor of five.

APPENDIX A

Points of Contact

Hollis (Jay) Bennett, Jr.

USACE WES

3909 Halls Ferry Road
CEWES-EE-S

Vicksburg, MS 39180-6199
Telephone: (601) 634-3924

Fax: (601) 634-2732

Email: benneth@mail.wes.army.mil

Dr. Frank Rotondo

IDA

1801 North Beauregard Street
Alexandria, VA 22311-1772
Telephone: (703) 845-6768
Fax: (703) 578-2877

Email: frotondo@ida.org

Dr. Lisa Porter

IDA

1801 North Beauregard Street
Alexandria, VA 22311-1772
Telephone: (703) 578-2896
Fax: (703) 578-2877

Email: Iporter@ida.org

A-1






ESTCP Program Office

901 North Stuart Street
Suite 303
Arlington, Virginia 22203

(703) 696-2117 (Phone)
(703) 696-2114 (Fax)

e-mail: estcp@estcp.org
www.estcp.org




