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Executive Summary

Purpose

This report describes the findings of five studies conductedptonize the clutter rejection
performance of the AN/PSH#.

Introduction

Fielding of the AN/PS44 dual sensor mine detector to the US Army and Marine Corps is on
going. The AN/PS146s manufactures, Cy Terr a, I's wor ki
Manager to upgrade the systemdéds software as i

In 2005, Lincoln University embarked on a research program focused on optimizing the
performance of the AN/PS8! through research. The research has proceeded along two primary
axis, training enhancement and robotic coupling. This report describes the findings of five
independent research studies destjo assess training methods and robotic coupling.

Findings

In the first study, the duration ttieprogram ofin s t r u (POIjeffectrs clutter rejection
training was assessed. The primary improvement the ANIR38ings to mine detection is its
groundpenetrating radar (GPR). The GPR allows trained operatatistinguish between mines
and normine (clutter) targets. In this study, false alarm rates (FAR) were looked at. Clutter
rejection performance was compared between adayeand fowday progranof instruction.
Clutter rejection significantly increasesid FAR significantly decreased with the falary POI.

Study 2 focused on developing AN/R$& operational expertise and training development
support.This will be accomplishedhtough the study of the kinematics of an AN/PBIS

operat or 6 s noondeting anGPR sharhseiaep over a target. Technological
limitations in a key measurement instrument limited the intended level of assessment, however a
re-designed study illustrated that the patterns of GPR response were highly dependent upon
individual targets.

Study 3 was a task to construct a research robot capable of mounting and remotely operating an
AN/PSS14 during a robotic lane sweep. The robot was constructed and successfully trialed in
navigating a mine lane using a Minelab F3 metal detector.

Study 4 was designed to investigate the reliability of GPR alerts over mine stimulants at various
detector head heights and target burial depths. The results proved to be extremely variable across
a range of conditions.

Lately, Study 5 investigated meti®of skill sustainment training, comparing no practice and
practice to a computaxided instruction (CAI) system. Interestingly, as a group the research



participants receiving the CAIl as their sustainment training performed the lowest on target
detectiorwhen sweeping the test mine lane following sustainment training. A rationale for why
the CAI group performed the least effectively is discussed.

Conclusions/Recommendations

e GPRresponse to mine stimulants is variable.

e GPR variability appears to be influesttby a number of factors, although predictability
of when GPR response is likely to be varied remains elusive.

¢ Recommend continued research into the factors that result in variability of GPR alerts.
e A four-day POl is effective in teaching AN/PS3 opeator skills.
e Recommend a largescale study to validate research results.

e Computeraided instruction was not an effective sustainment tool for the conditions used
in this study.

¢ Recommend the computaided instruction research be conducted again wiftferent
studyconditions-- more delayetween training and testing.

e Recommend the computarded instruction seip change from a table, chair, and mouse
setup to a virtual mine lane and areplicaofan AN/AS& as t he fAmousedo.
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Study 1
Effect of Program of Instruction Length
on Clutter Rejection
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Introduction

Background

The AN/PSS14 dual sensor mine detectaras designed to produce significant advance in
countermine capalty over the currenthfielded AN/PSS12 metal detector (Santiagogcke &
Reidy, 2004). The AN/PSS14 combines both a highly s@tive metal detector (MDpand
ground penetrating radar (GPR) in a single unit thaictions as amine detector. In a
compasionwith the AN/PSS12, theAN/PSS14 exhibited superior mine detection capabilities
in environmental conditions that make tA®&/PSS12 ineffective, particularly environments
with conductive soil. In addtion, the AN/PSSL14 was desiged toallow a traned operator to
discriminate detector signals orginating from land mifggdand mine simulanjdrom detector
signasor i gi nating from clutter, i.e, metal debri
clutter o ( Cltteerejadan,capabilitiesoreduce the false alarm rate (FAR) thereby
reducing mine clearance tim# a demonstation of the mine detection and clutter rejection
capabilitiesof the AN/PSS14, expert humaninatrian deminers had 100% probabilitjand
mine detectionand rejected 94% of clutter (United Nations Mine Action Service, 2006)
Cambodian mine clearance operation

Theory of Operation of AN/PSS14

The AN/PSS14 is a handheld, stanebff mine detector that can detect both high metal and low
metal mnes Gee Figurel-1) in mineralized soils The Sensor Head contains both a metal
detector (MD) and gund penetrating radar (GPRpignals produced by the MD and GRRe

analyzed by the Electronics UEU) which in turn produces auditory signals in #egpece

and an external speaker mounted inEuk Auditory tones that can differ in loudness and pitch
are generated by the MD in response to met al
loudness and readily distinguishable from MD toiseprodiced by the EUn response to GPR
signalsonly when detectable metal is also presentajdvicomponentsf the AN/PSS14 are its

battery case and cable (mounted on a belt worn by the operator), the electronics unit, earpiece
and cable, control grip, wandsesnbly, and sensor head.

12



3% "~ Battery Case
2 and Cable

‘—Earpiece
and Cable

Control Grip

Figure 1-1 AN/PSS14.

Detection ofmines requires threskills or techniquecompleted sequentially (1) lane sveep

technique (2) MD investigationtechnique and(3) GPR investigatiortechnique. Thestree

skills allow the perator to complete three tasks: detection, location, and identification of targets

in mine lanes.Lane sveep technique detectargets for invesiation. MDtechnique locates the

metallic center of detected target&PR techrque properly executed over the center of a target

allows the operator to identify the target as a mine (in training, a mine simulant) or dBathr.

theMD and GPR require Atrainingo or cal i brat:i
successful opet@n. The calibration process requires a number of ordered steps (see Hancock,
2006, for a more complete description). GPR calibraiiopart,is activated by a button on the

Control Grip. Calibration is continuous until this button is released e/

Sweep Techniqué Target Detecion

Proper sveep techniquensures that every square inch of a lane is correctly investigated for
mines. The operatordos movement must allow him to
requires that: (1) the Sendaead be parallel to the ground as closely as possibéad height

should never exceed 2 inches; (2) the Sensor head must be moved across the lane in a straight
line; (3) the Sensor Head must traverse the lane at a constant speed between 1.0€0; 34 ft/s

the Sweep must extend laterally emedf of the sensor head width outside the lane; and (5) the
Sweep must advance forward ethéd of the sensor head width to begin the return sweape

sweep is terminated wita n i a | errauditqry sgnaltbata, taar get i s present
canbe either avariabletone outpuffrequency and volume of tone varfypm the MD unit or a

GPR alert tone (standard tone with no frequency or volume variation)

13



MD Techniquei Target Location

Once a target has been detected MD footprint must be developedThe MD fooprint is
developed so that the centrthe target can be locatefollowing an MD alert, the operator
pushed the detector head into the MD halo to get a clearer MD signal with whickéotinis
frequency discrimination. Once the frequency discrimination was made, the operator returned to
the point at which the MD alert was found and completed the appropriate MD techiliqee.

MD techniques are described belowJpon location of the taet center by either of the
techniques described below, ttesearch participants (RRjere trained to place a white chip at

the target center. Folving the completion of Target Identification or GPR Technique, this
white chipwas replaced bg chip ofthe color appropriate to the Target Identification.

The MD footprintis the entire area in which a continuous MD signal is being generateel.
spiral techmjue is summarized in figute?2.

Mine body

(GP )\\\

~

(MD sig MD Alerts ™.

9 o6bc @ +«—3 o006¢cl
approach approach
i
6 odbcl
approach

Figure 1-2 M D investigationof a target with spiral technique. Used for all targets in 2005; used for high
metal targets, only, in 2006.(Not drawn to scale.)

The operator must move the detector head in a-sealar fashion around the target,
establishing a smadipiral pattern to find the outer boundaries of the signal or haédoRgurel-

2) of the target or targets. This boundary can be established most easily by the onset (presence
vs. absence) of the MD signal. Toperatorplaceswhite poker chips at th8 , 6, 9 o006cloc
other boundary positions of the target signal to help him visualize the target metal footprint.
Once the footprint is built, either by chips or through a mental image, the operator lays a single

chip (white for clutter, red for a mingndorangefor inconclusive)to declare the center of the

target based on its metal signature.

Please notethath e fhi gh o MD s i tgenmené simukntahdnenespmtholadige c t o f
amounts of metal, wbh is usually ferrous, in theompositionof the mine or mine simulantin

addition, because most clutter iIs ferrous, c |
conducted here, the material composition of a

14



MD signal is the product of me simulants and minegtv very small amounts of metal,
primarily an aluminum tube[There are two differentnetal componestfor the mine simulants

employedby the U.S. Army and thisstudf he A KO i nsert, which consi
inside ofasmall alumirum tube(0.50 inch length x ¥4 inch O.D x 0.015 inch wall thickneiss
used inanti-tank low metal mineATLM)s i mul ant s . The Al 0 insert,

aluminum tube@.5 inch length x 0.187 inch O.D x 0.015 inch wall thickpessised inanti
personnel low metal mineAPLM) simulants. Thealuminum tube produces a reliably different
frequencyor pitchthan the ferrous cluttetOnly low metal targets, all of which were mine
simulants, were investigated with the cros®er technige.

Thecrossovertechnique is summarized in Figure3. (Please note that, as is typical with low
metal mines and mine simulants, the mine body in yellow is larger than the MD halo rhed.
brightness of the red indicates the amplitude of the Mbasiy

Mine body Step 6
Cross- Step 2
Over 15t
Halo Alert Cross-
MD ﬂ Over
signal Alert
®
MD
Alerts
Step 4
Lateral . Step 3
Alert —>® <— Lateral
Alert
°
_—
ﬂ Stept) 1
18
Step 5 A’\IADt
MD Alert er
That Bisects
Steps 3& 4

Figure 1-3 MD investigationof a low metal target with the crossover technique (Not drawn to scale.)

The crossover technique begins with the point at which theMBtalertis heardalong the line

of advance (Stepib the figurg. Either a poker chip is placed at this spot or a mental image is
made of this point on the ground, a reference point for further action. The operator then picks up
the detector head well off the ground, extends the detector head directly e dine of

advance, lowers the detector head-®ifiches off the ground, draws the detector head back
towards the spot of the MD alert of Step 1 until a second MD alert is found (Step 2). Steps 3 and
4 in the diagram can be done in either orderSteps 3 and 4, the operator identifies an

imaginary lateral line running parallel to the line of advance that runs at right angles and bisects
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an imaginary line between Steps 1 and 2. The operator then finds the two points upon the
imaginary lateral linet which an MD signal first appears moving the detector head from the
right (Step 3) and left (Step 4) as shown in the figure. In Steps 5 #nel dperator bisects the
imaginaryline running between the MD alert points of Steps 3 adtalvn in the fgure) with a
verticalimaginary line(drawn in the figurejvhose end points are at the MD alert pooftghis
vertical line. Where these imaginary lines cross is the target center.

GPR Techniquei Target Identification

Once a proper target center ha&ei established, tharget is identied with the GPR. Proper

GPR technique, called GPR fAshort sweepo, ut i

speed and position, but is travaetsenly within the targéts MD f olrotheptiheory af .
operaton of the AN/PSSl4, theGPR is used tadentify the targein the ground Mines and

mine simulants pr oduc.eOn@Pk &hefihbnamam sanmdnkty found t he E
metal objectse.g.,such amails or other metal fragmest are in theory small enough tat the

GPR will not detect them, thudlowing an operator tdiscriminate land mines (or land mine
simulants) frontlutterb ased upon GPR fAbeepso from the EU
The criteria for identifying targetwith the GPRwere as follows.If a targetprodued no GPR
beepsthenthe target was clutterlf a target produced GPR beeps, the operator had¢ondiee

i f the GPR osnisginsatle ntados ofr Ai ntermittento. ACort
mine simulant). A | nunertaimy oftthee ntdarget a@PwRs markedi ¢ at e
separately the target was recorded as being found, but not identifradrmittent GPR may be

the result of poor operator GPR short sweep technique (poor technique can induce a GPR alert)

or other physical and emainmental factors notfully nt egr at ed i nto the EUG6s

Target Identification: GPR Technique & Decision Making

Proper GPR technique is required for correct indentification of detected emchiaty located
targets. Execution of the proper GPR technique is simultaneous with the execution of a decision
by the AN/PSSL4 operator of classifying targets into different types. Changes in the POI
between 2005 and 2006 produced significant inceegisthe complexity of the decision making
process for the AN/PS$4 operator. Instead of the much easier binary, @GP PR, decision

of 2005, the operator had to discriminate
Aconsi stent 0 GRP Rhisfdecsion pmcess all@wed thehoparator to complete the
two tasks required of the AN/PSIR operator: identify detected mine simulants or mines as
mines and identify detected clutter as clutter. The costs of false negatives, i.e., calling mines
clutter, is considerably higher than false positives, i.e., calling clutter mines (aka False Alarm
Rate (FAR)). However, the higher acquisition and training costs of the ANIR$Ser metal
detectors are justified by the clutter rejection capabilities efAN/PSS14. Therefore, one
should expect the properly trained AN/R$& operator to do an excellent job of mine
identification and clutter rejection.

Method
Research Question

16
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The current AN/PS84 certification Training Progm of Instruction (POI) is a fortljour POI
requiring five days to comple{@able 11). Can AN/PSS14 training be condensed without
sacrificing operator performance? Can AN/PBXertification be achieved using a falay
POI(Table 12)?

Research Desig

The study was conducted over two years and the reselts compared within and between
years. Policies forthe protection of human subjects as prescribedrimyRegulation70-25 and

the Department of Health and Hum&ervices were adhered to in the research protocol and
conduct of this research.

Research Participants/Trainees

Twelve male high school graduates between the ages1 Weére used in the 2006 trialv@
day POI).Eighteen maldigh schooktudentdetween the ages of 1P were used ithe 2007
trial (four-day POI).

Research Apparatusand Training Site

Training was conducted at the training facility of the Lincoln University Land Mine Detection
Reseech Center. Thigdraining facilty has three components classroom complex, a detector
sweep training area adjacent to the classroom complex, and a tactical training area. The
classroom complex and the adjacent sweep training area were on loan fenrLiotoln
University units. The Tactical Training Area is dedicated to thaedLMine Detection Research
Center See Hancock (2006) for a more complete description of the Tactical Training Area.

The Tactical Training Areaonsisted ohineteenl.5 M x 19 M tactical training &nes andix 2
M x 5 M sterile sand pits.Eighteen of these training lanes had been eygal by Hancock
(2006) fortraining Hancock rotated RPs across ttfetraining lanes in a manner thatiseired
that no RP encadered his ExitTest lam during training. The 18 lanes cosisted of 9 low
clutter lanesnd 9 high clutter lanessed fortraining

A specifiedhigh cluttertraining lane wasised for exit testing onlyAlthough constructed in a
manner similar to other high clutt&nes, he specifiedexit test lanewas both flatter and less
grass covered thaany ofthe high cluttertraining lanesThe same test lane was used during
both years of the study.

Tactical lanes were 1.5 M wide by 19 M long. Each lane end consisted bf long sterile area
in which the AN/PSSl4 could be ground balanced atm# GPR trained. The middle 1.5 M
wide x 15 M long section waswlded into 10 cells. Each.5 M x 1.5 M cell was mapped to a
15cm?2grid using string lines attached to a 5diameterPVC pipeframe designed to fit over cell
stakes. The stakes reduced variability by squaring the grid frame on thkdhtrgets, both
mine simulants ahclutter, were placed in cellgich that their centers wereaatrossing of two
lines of the gridat grid coordinatesnly.

All lanes had 9 mine simulants (SIMs): two Siig 6ne SIM 9, SIM 12SIM 20, SIM 25, SIM
30, M15 simulantard M16 simulant SIMs were arranged with no more than one SIM per cell

17



leaving one of the 10 tactical cells iaut a SIM. In each lane, four or five psuedandomly
selected simulants were placed in proximity to a single piece of clutter such that the MD halos
overlapped or adjoined one another.

Low Clutter Lanesand High Clutter Lanebad 15 and 30pieces of altter, respectively, placed
at specific locationsClutter consisted of the follawg items: M16 brass (i.e, an expended M16
round) M-60 link, 4 inch @0 cm) barbwire segmenplaced in a horizontal alignmentith a
barb in the middle, 2 D nail, and refing tack. The lanes are periodically checked with a metal
detecter for the appearance of natural cltet if found, natural clutter is removed

All targets were carefully buried precisely at grid coordinates at fixed disthet®v the lane
surface All clutter was buriedl inch (2.5 cm)belowthe soilsurface. The SIM 6s, 9, and 12
were buried linch (2.5 cm)(to top of target) below surfacerhe SIM 20, 25,and 25 wer&.5
inches(6.25 cm)to top of target below surface. TML6 SIM was 2 inbesand the M5 SIM

was 3 incheq7.62 cm)to top of target below surfacé grass cover was established and
maintained above the lanes. Prior to training/testing, lanes are mowed to a grass height of
approximately2 inches (5 cm)

Table 1-1
AN/PSS 14 Catification Training Program of Instruction (POI) (Five-day POI)

Activity Location & Notes

Day 1 Training

Theory of Operation for the AN/PSB! Class Room Instruction

AN/PSS14 StartUp & Mine Sweeping Technique Training Area
Mine/Clutter Footprint®emonstration Demonstration in Training Area
Mine/Clutter MD & GPR Footprint Practice Selected Cells of Training Lanes

Day 2 Training

Review of AN/PSSL4 StartUp & Calibration Training Area

Mine Sweeping Practice 2 Participants to 1 AN/PS$4

) ObserverChipping For Operator
Completion of Two Low Clutter Lanes

Day 3 Training

Mine Sweeping Practice Training Area

. Operator Chippin
Completion of Two Low Clutter Lanes P Pping

Day 4 Training

18



Mine Sweeping Practice

Completion of Two High Clutter Lanes

Training Area

OperatorChipping

Day 5 Certification Testing

Mine Sweeping Exit Test

Classroom & Training Area

Participantdndividually Scheduled

Table 1-2 AN/PSS14 Certification Training Program of Instruction (four -day POI)

Activity

Location & Notes

Day 1 Training
Theory of Operation for the AN/PSB!
AN/PSS14 StartUp & Mine Sweeping Technique

Mine/Clutter Footprints Demonstration

Mine/Clutter MD & GPR Footprint Practice

Class Room Instruction
Training Area

Demonstration in Training Area

Selecte Cells of Training Lanes

Day 2 Training
Review of AN/PS&14 StartUp & Calibration
Mine Sweeping Practice

Completion of Two Low Clutter Lanes

Training Area
2 Participants to 1 AN/PS#$4

ObserverChipping For Operator

Day 3 Training
Mine Sweeping Pice

Completion of Two Low Clutter Lanes

Training Area

Operator Chipping

Day 4 Training

Mine Sweeping Exit Test

19
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Results
Data Collected

RPswere scored on ¢hnumber of targets found out of forty possible tar¢ftaine simulants

and 31 clutter targetsthe number of mine targets correctly identified, and the number of clutter
targets correctly identified (clutter rejectiomargets marked dsavingfi i n t € t @RRiveave
included in the scoringn 2006, 473 of 480 possible targets were detected, in 2007, 711 of 720
possible targets were detected.

The results were strongly influenced by intermittant GPR alerts. When targets marked as
producing intermittanGPR alerts are included in the analysis there is no statistically significant
difference between the two POI lengths for total targets found, total targets correctly identified,
mine targets correctly identified, clutter targets correctly identifiecaleefalarm rate (Table 1

3). Trendsin the means for each of the experimental variables tend to favor traafveOl

when intermittant targets are includ&dhenthe intermittant GPR targetgere excluded from

the analysis, the results warempletely diferent. In 2006, 279 of 473 (59%) identified targets
were marked as intermittant. In 2007, 346 of 711 (49%) identified targets were marked as
intermittent. Theadjustedmean results for total targets correctly identified, clutter targets
correctly idetified, and false alarm rate are all hightly significant and favor thedayrPOI

(Table 14).

Discussion

The study was conducted over a tyaar period; the fivelay POI was applied in 2006 and the
four-day POI in 2007. Twelve research participants)(®€re included in the 2006 interation
and eight e n \RelReihduded in the 2007%ération. The fiveday POI used closely resembled
the standard fivelay AN/PSS14 POl in use by the U.S. Army.

The AN/PSS1 4 6s ground penetr at anragdio alard ahen itisswedte s i g n e
over a mine target. The binary decision mine versus no mine is meant to reduce the time required

to clear minefields by distinguishing mines from the other metallic artifacts (clutter). As the

operator moves the detector Heaver the target in the GPR mode in a-tefht-left sweeping

action (known as the AGPR Short Sweepo), repe
a mine, andhoalerts s houl d sound i f the target i ® not a
is not emitted from a target. This condition is know as intermittant and aygy &mitting

intermittant GPR (IGPR) must be considered a mine. Thus, IGPR increases the false alarm rate

when clutter targets are marked as a mine due to their GPR response.

The causes of IGPR can vary and not all causes are fully understood. Operator error is a potential
cause of IGPR; Operator induced GPR has been demonstrated to occur when operators do not
use proper GPR short sweep technique. Other potential contribit@BR are soil type (soll
classification), soil moisture, and possibly an interaction of these factors. The salinity,ahsoils

an interaction with soil moisturejay also cause IGPR. As noted in studies 2 and 4 of this
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report, position ofthe detecte headandtarget depth can influence GPR response, thus making
IGPR potentially more likely.

RPs marked IGPR targets usingaxangepoker chip to distinguish them from clutter (white

chip) or mines (red chipDrangechips were recorded as clutter omes based on the respective
target they marked and the data analyzed (Taf3e dlutter identification was not significantly
different when the two POI lengths are compared. However, treatiatpatjechips as mines

and analyzing the data revealed it fourday POI group had a significantly higher mean

value for correctly identifying targets and a higher rate of clutter identification and a significantly
lower false alarm rate thahe fiveday POI group (Table4). This suggests that individuals in

the fourday POI group were better able to perform the GPR short sweep to reduce IGPR
occurences, or that environmental conditions were such that conditions favoring IGPR were
greater in 2006 than 2007. Lately, it cannot be overlooked that RPs may bavadre
descerning in 2007 regarding dedéttheperoegtage | GPR
of targets marked as IGPR is cause for concern. Operationally, IGPR declarations should be
treated as mine targets; however IGPR increases the falserate (FAR) and increases the
duration of mine clearance operations.

While it is encouraging to see the significance of the IGPR adjusted results favoring ttayfour
POI, caution must be exercised. The small sample sizes (12 and 18, for 2006 and 2007,
respectively) make proclamations of the effectiveness of thedy POl on clutter rejection
overly aggressive. It does appear that the-ttay POI did not advsly dfect total targets found
correct identification of targets, olutter rejection, regrdless of the inclusion or exclusion of
IGPR data. The results do highlight the effect of IGPR on operator deaisikimg and on the
FAR. Clearly, focusing GPR training on the operatevelopinga good consistent GPR short
sweeptechniquds a key factoin reducing the potential faperator inducetiGPR.

Changes in AN/PS&4 training and operatiathoctrinemay be needed to reduce IGPR and FAR
incidence Retrainingthe detectoperiodicallymay be an optioto reduce IGPRf

environmental conditionshange as the lane sweeping progress®sdio footprinting of targets
could potentially aid in operator decision making and reduce FAR. Lastly, focusing on the
development of excellent GPR sheweep technique could reduce IGPR decisions and thus the
FAR.

More research is needed in the area of IGPR incidence reduction texhribgt operator
awarenesand reactiorio changes in the environmestil moisture, soil testure, temperature, or
vegetatiorconditionsandretrainingthe detector to the changeav&@onment may result in lower
IGPR incedence.

In conclusion, the effects of POI on clutter rejection observed in this study suggests that
statistifactory target detection and clutter rejection can be achieved through a modifiddyfour
POI versus the ahdard fiveday POI. Further, IGPR exerted a considerable influence on the
results of the study. The causes of IGPR must be further studied and an understanding of their
effest on GPR must be developed. A larger scale study, in excess of 100 RPs peupOl gr
should be conducted to validate the results of this study.
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Table 1-3 Mean values of targets found, by targets correctly identified, and false alarm rate
by POI length when intermittent GPR targetsincluded

Five-day POI Fourday POI

Total Targes Found 39.421 39.50
Total Targets Correctly 33.58 30.44
Identified
Mine Targets Correctly
Identified (out of 9 possible) 7.67 7.39
Clutter Targets Correctly 25.92 23.06
Identified (out of 31 possible)
False Alarm Rate

.1505 .2509

1 Data were analyzkusing a twetailed ttest. Means shown are not significantly different for POI length at a 0.05
probability of error.

Table 1-4 Mean values of targets found, targets correctly identified, and false alarm rate by
POI length when intermittent GPR targets excluded

Five-day POI Fourday POI Significance
Total Targets Correctly 16.176% 2 20.28a 0.011
Identified
Clutter Targets 8.50b 12.89a 0.013
Correctly Identified
(out of 31 possible)
Adjusted False Alarn 0.7124b 0.5789a 0.017
Rate

1 Data were @alyzed using a twaailed ttest.
2 Means with different letters are signigicantly different.
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Study 2

Studies of AN/PS$14 Operational
Expertise and Training Development
Support
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Introduction
Problem Statement

Gaps in understanding critioaperational factors that affect AN/PS8 performance impede

efforts to maximize the effectiveness and efficiency of training for operators of this

equi pment and thus maxitmi ke Ahmgdsysoemdser mion
capability.

A more detaiéd understanding of the most successful operation of the system is needed to
provide training designers, trainers, and trainees with needed knowledge about operational
requirements that produce the highest performance levels. Understanding the AM/PSS
GPR signals and how operators should interpret them are particularly important needs
because these signals are the basis for making mine/no mine decisions.

Objectives

The prime objectives of the proposed researefe to develop knowledge and understandihg o
expert operation of the AN/PSI!, apply this understanding to modify new operator training to
improve its efficacy, and support empirical assessment of the proposed changes to the AN/PSS
14 training program.

Achieving the first of these objectives ilves a description of the thought processes, strategies,
and system operations employed by the most proficient operators of the ANMRB& enable

them to achieve the highest known levels of land mine detection performance and clutter
discrimination. D achieve these ends, observational field studies were planned to describe the
manipulations of the AN/PS$4 and the knowledge, perceptual information, and cognitive
strategies that enable the best operators to detect buried landmines, especiallythirsigaaki
evoking material and debris (aka, clutter) adjacent to them, and discriminate mines from non
targeted clutter with maximal accuracy. A key resource in executing this work was the Super
SMS, which was developed to precisely measure movements sétisor head and their

relation to fixed target locations under field testing conditions.

Initial efforts were to focus on identifying the factors that yield the most reliable, valid, and

useful information from the SyGRROSh GPIR TWaa|
The latter function, when properly executed, contributes heavily to accurate decisions about

the nature and location of buried objectboth mine targets and clutter. Detailed

investigation of how experts execute this function imesldocumenting the range of values

on specific kinematic parameters of system operation shown by thpdr&siming

AN/PSS14 operators and inferring the strategic thinking that guides their operation of the

system as well as how the resulting respon$éise AN/PSS14 are interpreted.

The goal was to identify valid and objective information about the proper technique for this
important function that can be given to trainers and trainees for thei infgrmation that is
currently lacking. This infonation should include the ranges on operational dimensions such
as sensor head velocity, head height above the ground saridtesad orientation (roll and
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pitch) whose violation produces degradation in system performance. Both trainers and
trainees needuch wellspecified training goals, which constitute critical reference points for
assessing operatorsodé6 |l earning and perfor mance

Because the GPR signal processing algorithms incorporate a learning component and
incorporate input from the metal detectgubsystem, understanding how experts manipulate
the AN/PSS14 to produce the responses they get in GPR short sweep involves examining
their use of the system in executing tasks prior to execution of short sweep over specific
targets.

This broadens the olgBve to investigating expert technique on functions such as sensor
calibration operations, search sweep, and investigation of targets with the metal detection
subsystem.

A second related initiative is to compare and contrast the findings of the abave effo
describing expert techniques to similar findings produced by investigation of the techniques
employed by expert operators when engaged in using the ANIR &Sdetect demilitarized
(demilled) mines, as opposed to the simulated mine targets usedrfimgtraew operators.
Reported differences in the AN/P88 response to demilled and simulated mine targets and
the likelihood of corresponding adaptation to such differences by experts raises questions
about the generality of the techniques they applyetealion of simulants in training
environments.

The second main objective was to compare and contrast the findings of the above effort to
similar findings produced by a detailed investigation of the performance and techniques
applied by new trainees.

Thethird objective was to interpret the results of the preceding efforts and applying them to
training design. This will involve determining (1) components of current AN/BSBaining
whose modification is likely to improve and facilitate operator learaimg)(2) determine

how best to modify these components.

The final objective is to support evaluation of the training program modified as anticipated

above. Support will involve establishing how specific elements of training should be

changed, how they shiobe communicated to trainees, procedures for training trainers to
deliver new material, and procedures for eval
in operator training.

Background

Several studies show that the technologically revolutiopestotype handheld staraff

mine detection systems (HSTAMIDS) prototype and its modified descendant, the now

fielded AN/PSS14, perform at desirably high levels (Maurer, 2003; Santiago, Locke, &

Reidy, 2004; Staszewski, 2001), provided that its operptssess necessary levels of

operational skill. Thus, the best possible training is needed to maximize the detection
capability of this system, the US Armyés coun
considerable investment in the development and atquisf this system. Improved training
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will also minimize the hazards operators encounter in using the system in countermine
operations.

Motivation for this effort stems from a field assessment of AN/R&Berformance

conducted in Afghanistan in thpring of 2003 to address issues that arose about its
capabilities and use in the operational environment (Maurer, 2003). Findings showed that the
AN/PSS14 was performing up to it high expectations under operational conditions, subject
to the caveat giveabove-- "provided welttrained soldiers.” Two observations supported

this qualification. First, irtheater testing showed that the majority of operators' techniques
were deficient, resulting in dangerously low detection rates (73.6%) following at least a
month without system use. Second, refresher training delivered immediately afterward
restored performance to outstanding levels (98.6%)edl as increased the operators'
confidence in their detection capabilities with the AN/PISSThe implication wasat
operators' skills had deteriorated in the interval between NET and operational use of the
AN/PSS14.

A subsequent Htountry assessment of operator skills conducted by USAES personnel also
showed that sol dierso6 deybelawtthe standardéot es had f al
successful completion of AN/PSB! training (Mincey, personal communication, 2005). This
decrement was also attributed to the indeterm
initial training and subsequenttheater evalation.

Two subsequent studies were conducted at the request of the USAES to investigate the
origins of the problem. One examined the adequacy of the New Equipment Training given to
operators at the USAES. A second ongoing study examined the effectsratexkinterval
between AN/PS84 training and operational use during which no task practice occurred.
Findings from both converged to identify training deficiencies, whose origins can be
attributed to the absence of information about system operatiop higtdight the need to

identify specific kinematic parameters and thresholds related to system operation. Key
information is needed by training designers,
effective and efficient learning. The information pertaio specific operational functions

and need to specify (1) highly effective (contrasted with less effective) movements of the
system, (2) the strategic thinking and goals that these movements serve, and (3) the
interpretation given to the output signtiat these movements produce, both in the presence

of mine targets and clutter.

AN/PSS 14 Performance and Training: Research Issues and Investigation Scope

A chronic gap in understanding the performance ofthe AN/PES | i mi t s USAES® ab
train oper#ors to the level of proficiency desired and needed. In particular, specification of the

Aki nematic enveloped for movements of the sys
information via the GPR sensor and algorithms has been lackiagisTthe rangover which

system movement parameters such as sensor head velocity, head height, orientation to the

ground surface (i.e., pitch, roll), spatial extent, and position/trajectory of the sensor head relative

to a targetds body,bleamwalid/GPR gutpat sighalsshasinévér been e | d
specified. As a result, trainers cannot give trainees clear movement goals, nor can they diagnose
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and remediate traineesdO operation of the syst
the best possie mine declaration decisions.

Our strategy for obtaining this information starts with documenting in detail the kinematic

parameters that the best performing AN/PI@Sperator produces and characterizing the quality

and quantity of reliable and valid &Fsignals obtained from the range of targets planned for
study. Because the experts typicall-y execute
unidentified source of MD signals to obtain GPR responses, and some degree of variation is
expected for eaclihe kinematics of swing that produce the expected system response to given
targets wil/ be contrasted with those that do
define the dimensional thresholds that distinguish good GPR short sweeps from bad ones

The functional features of the AN/P88 that are related to its generation of GPR signals extend

and complicate the search for factors that either constitute effective GPR short sweep or else
compromi se it. Because 0l efidberambiengtéraim!| gor i t hms
irregularities and GPR signal output is conditioned upon the detection of conductive material

with the MD sensor field, factors that affect these functions can be expected to influence GPR
output. Examples of such factors are theiguaf the initial calibration of the MD and GPR

sensors and the kinematics of the sensor head inlamssearch sweep (durindhieh terrain

learning occurs). Thus, a comprehensive and detailed examination of all detection activities prior
to a particlar target encounter has to be conducted to explain system behavior in that encounter.

Anot her signifi cant -1teaningthataffests thelbSpeOSnMuinAiN/ PSS
the targets used for training. Because the use of actual mine targetspsohibitive and also

constrained by the limited availability of an adequate supply of safe and realistic mine

facsimiles, that is, demilitarized mines, mine simulants are used as targets for operator training.
Because of physical differences betweenearsimulants and anecdotal evidence for differential
AN/PSS14 responses to demilled mine and simulants, it is imperative that results obtained from
simulants be compared to observations of the behaviors and thinking (esp. signal interpretation)
thatcharat eri ze the expertodés encounters with the
environments in which they are located.

Results

This project failed largely to achieve the above objectiViisen it was evident that the original
objectives could notbeachied , al t ernati ve plans for --wor king
albeit reduced in scopavere formulated and executed. Results yielded new and somewhat

surprising information about the performance of the ANAR83 he following two sections

describe (a)he efforts made to achieve project goals and their results and (b) an alternative study
aimed at addressing the stated research problem and a summary of its findings.

Development and Testing of Supporting InstrumentationThis project's investigations

depended crucially on equipment for data collection that was to be developed and furnished
under a separate contract between Lincoln Uni
Robotics Engineering Consortium (NREC). This equipment was to be ancedhaarsion of the

Sweep Monitoring System (Herm@&ninglesias, 1999HermanMcMabhill & Kantor, 2000)

developed as a training technology for AN/PBETraining. The SMS uses compubased
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optical tracking of the AN/PS$4 sensor head as it is moved akinutaining or performance

testing exercises. The enhanced version was designed specifically for research purposes and was
to have hardware and software that extended the functionality of the SMS to yield precise
measures of sensor head movements in fleeees and relative to fixed locations of known

buried target items during exercises in the field. This functionality was never achieved, despite
efforts to carry out multiple field tests of theSSMS 6 measur ement capabil it
showed thathis equipment never achieved acceptable levels of reliability and validity, even

under favorably restricted conditions of observation. These circumstances denied this project the
measurement tool on which it depended despite efforts of the Pl andfhte support and

facilitate the development of this equipment by designing and executing multiple field tests of

the equipment aimed at empirically assessing it measurement performance.

GPR Response as a Function of GPR Short Sweep Accuralyhat is thedegree of spatial
precision required of operators to use the Army/Navy Portable Special Sdat@imaximally
exploit its landmine detection and discrimination capabilities and to accomplish countermine
missions safely and effectively with this equipmeft@wers to this question hold implications
not only for the efficacy, efficiency, safety of countermine operations and the missions they
support, but also for training operators of this device and assessing their proficiencies. In the
context of operataraining, training effectiveness benefits when operators and trainers have
clear goals and performance standards with which to assess learning and skill.

The successful development and deployment of the man portable ANI/PI&8dmine detection
system repesents a significant technological advance as well as leap forward in mine detection
capability. It is the first device to successfully employ two distinct sensor systems,
electromagnetic induction (EMI or MD), growpenetrating radar (GPR), and signedgessing
algorithms that fuse the information these sensors provide. Test results (Santiago, Locke, &
Reidy, 2004) show impressive detection performance, especially for landmines with low metallic
content, and often referred to as undetectable. Favdiaelleeports of AN/PSS. 4 6 s

capabilities followed use of the system in live military operations (82nd Airborne PR) and the
striking test results produced by investigations of its capability as a tool for humanitarian
demining (HD AN/PSS14 test, SPIE 2007

Contribution of Operator Training and Skill . The capability that the technological

sophisticated AN/PS34 offers, however, come at the price of operational complexity. This
complexity is reflected as a manifold increase in operator training timeveetatthe time

allottedfor training Army operators of the legacy equipment, the AN/RS3Svhich the

AN/PSS14 replaced. Programmatic testing of the AN/A2%rototype, the Handheld Staaoft

Mine Detection System (HSTAMIDS), showed the significant ¢bution that operator training

and skill made to system performance (Guckert, 2001; Staszewski & Davison, 2002).
Accordingly, the Ar myos p ol4mangated tbat equpmentbei but i
distributed as a package with its training program

As effective as current AN/PSB! operator trainings, gaps in knowledge about system
performance in the hands of its users exist (Schweitzer, et al., 2006). One is related to relatively
large expernovice differences observed in mine cluitigscrimination performance.
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A pilot study examining both detection and discrimination of training targets at a site containing
AN/PSS14 training targets and known buried clutter objects (M16 brass, barb wire, barbs, tacks,
nails, and M60 chain clips) showed tlae most expert user of the ARSS14 achieved 100%
detection rate and near perfect targetter discrimination. Although current AN/PS4

training produces operators capable of similarly high detection performance, highldaise

rates, that isnstances in which clutter objects are identifiednasesare much higher.

One plausible reason for this expeavice difference in discrimination capability may be the
spatial precision with which expert and relatively inexperienced operators penfegstigations

of potential targets, particularly the phase
and interpretation of GPR sensor responses. Here, investigations refer to the procedures
operators use once they have encountered an alsriing n a | in the course of

for targets. The following section provides background on trained investigation procedures for
eachofthe ANNPS3406s sensors and relates their outcon
targetclutter decisins.

Target Investigation and Mine/No mine Decisiondnvestigations are performed in two

phases. The first phase involves an operatoré
has occurred. The operator moves the sensor head over the regisansith head using

motions intended to define the perimeter of a region where the EMI sensor responds
continuously. This region is referenced as th
locations where onsets or offsefdVID response signhals occur torm a continuous contour

defines its perimeter.

I n the second phase of investigation the oper
system obtained within the MD halo at the point presumed to be the target center. So, in the first
stepoftht phase the operator identifies the point
should be i f a mine is present. Trainees are
geometry using the primary axes (sideways and forward) of halo symmiegiy.pbint of

intersection identifies this location. A heuristic procedure for validating this inference involves
listening to the MD output that results from motions of the detector head about that point and
assessing whether the peak MD response octtiatgpoint.

The key operation involves accurately locating the MD halo center and performiftg-side

movements over it, ensuring that the region of the detector head where GPR sensitivity is

ma x i mal (the GPR fASweet 3yoverthe hplacerdee Shebac k and
consi stency of the GPR produced by the AGPR sh
make a decision that either infers the presence of a mine target or else the presence-of clutter

any object or material that is not anm, but produces GPR signals. Operators decide whether the
signals produced in a particular position are those of a mine or clutter based on these signals. The
decision rule given to trainees for identifying mines states that if short sweeps of therdetect

head made over the center of a region defined a by preceding investigation with the EMI
produced fAconsistento GPR outputs, the operat

The above min@o mine decision rule assumes that operators accurately dezénecenter of
the MD halo and accurately sweep the GPR Sweet Spot over this point in executing short
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sweeps. An i mportant question to answer i s AW
et ?

assumptions ar e not m

What factors could contribute to inaccuwyae locating the correct location for GPR Short

Sweep? First, the process of defining the con
primary axes of symmetry (if it is symmetric), and finding the intersection point of those axes is
notdonewi t h vi sion of the physical world, but in

substantial differences in spatial ability and imagery ability are well documented, individuals at
the lower portions of these ability dimensions are likely to expegidificulty in executing

these cognitive operationsven under relatively benign, clutt@bsent conditions. Accurately
locating the center point becomes more challenging at all ability levels under conditions in which
metallic clutter is adjacent becausitersection of the MD halos for the potential target and an
adjacent produce asymmetrical MD halos. This overlap of halosralkes the using the

auditory backup heuristic more difficult in the investigation of-metal mines due to overlap of
regionswhere the auditory MD signals occur. Because the physical size of large (e-tanknti
mines should minimize the effects of inaccuracy on GPR response, inaccuracy could have dire
consequences in the case of the smallesfp@nsionnel targstwith lowmetallic content

(APLM).

Considering the potential challenges to accurately executing GPR Short Sweep, the
consequences of inaccuracy merit systematic study. Accordingly, this research investigates the
effects of inaccuracy in the location of GPR shortepvigajectories upon GPR output st
produced by the smallest AN training targets, SIM6s.

Factors Affecting GPR Response in GPR Short Sweepnvestigation of GPR response as a

function of short sweep accuracy requires controlling other confoundfiysBort sweep

dynamics that influence GPR response. One is the height of the sensor head above the ground
surface (Rotondo & Ayers, 2003Anotherinferred from informal observations and training

material is maintenance of a GPR short sweep that kkegdane of the sensor head parallel to

the ground surface over sweep trajectory. Stiththerinferred from both training materials and

informal observation is the length of short sweep; if the trajectory of the search head carries it
beyond the bounda&is of a candi date targetodos MD halo, G
velocity, state of system memory, and the ope
aspects of AN/PS34 operation that affect GPR response and controlled as described in the

Method section that follows.

An additional factor whose potential influence on GPR response was examined is detector units.
Anecdotal reports from operators have suggested differences between units. This source of
variability in response was tested by cdileg data from two units.

Method

Design A factorial design was used. The factors and the number of levels within each were:

Targets (4) x Distance (11) x Detectors (2) x Replications (2) x Heights (3) x Number of Short
Sweeps (5) x Sweep Direction (2)hé& design produced a total of 5280 individe:akeps. e

distance variable reflected short sweeps performed at either proper position (distance=0) with the
center of the GPR Sweet Spot passing over a t
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the direction of operator heading were selected and listed in Zdbénd illustrated in Figures
2-11 2-6. Measurements were also taken at the same offsets past the target.

Table 2-1 Sweet Spot Offset

Offset
Position  Distance (cm.) Measurement Points
0 0.0 Sweet Spot center over target center
1 0.81 Sweet Spot edge over target cente
2 3.81 Sweet Spot tangential to target edge
3 6.35 Sweet Spot edge 2.5cm from target edge
4 10.64 Edge of sensor head over target center
5 13.64 Edge of sensor head tangential to target edge

The three sensor head gleis, measured as the distance from the bottom surface of the sensor
head to the top surface of the grass covering the targets, were 0, 0.635, and 1.27 cm.

Each measurement trial consisted of a total of 10 GPR short sweeps in alternating direction. Each
trial was performed twice at each distance and height with each detector unit.

Operator. An experienced AN/PS3$4 operator performed all activities involving use of the
detector units. The operator had successfully completed an identical version of USAESSAN/
14 training in 2005 and had met operator certification requirements (not only in testing
immediately following training, but also again after several months without further pjactice
Intermittent use following the latter test maintained his operdtskilis.

Apparatus. TWo AN/PSS1 4s, one | oaned to the Lincoln Uni
Center by the manufacturer and ondaman to University of Missouffior Science and
Technology were usedhe detectors used bore serial numbers 4100039 #8890

A detector unit harness was designed and fabricated for this experiment to counter the threat of
confounds that could influence GPR response and to maximize the spatial precision of short

sweep trajectories. The twmece harness, consistingarfadjustable frame or track that could

be fixed at differat distance positionsonabagea s made of 1JO0O acrylic anct
Figure2-7 along with its dimensions. The track supported the AN/P&Sensor head during

sweeps to ensure, precisely lochtajectories, constant height, and proper sensor surface

orientation. The open regions of the base and track allowed for unimpeded GPR transmission

and reception over short sweep trajectories. Testing was conducted prior to data collection both
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overtargt s and over fAclearo ground to ensure that
caused by the harness nor did the harness dilute GPR response over targets representative of
those used in this study. The harness is illustrated in Fydre

A digital canera mounted on a tripod was used to record video of each trial. Its audio recording
capability was used to record GPR outputs during trials via an open audio microphone attached
to the speaker of the AN/PSI4 in use.

Target Materials. Four SIM6 targets loated in the training test lanes at the Lincoln University
Landmine Detection Center Training Faciktiere usedScreening procedures were performed

prior to target selection to ensure that (a) GPR response in short sweeps produced highly

consi stoémtdooIGPRs responses, (b)) GPR response a
equivalent when collected both using the brace and without it and (c) that the area adjacent to
targets where data collection would occur were free of either metallic or GPR clutter.

ProceduresAfter positioning the sweep harness above each target so that it was centered in the
middle of the brace at the 0 position, one of the two detectors was selected according to a

prescribed order and prepared for operation according to manufaédwse pr ocedur es. T|
started with the detector unit on the left hand side of the harness and with the firsireweep

it to the right. The movement direction was then reversed with thelefjtaiternation repeated

a total of 5 sweeps in each diiect Prior to the next trial, the operator performed a noise

cancel, metal detector ground balance, retrained the system in a clear area immediately adjacent

to the target for 12 sweeps at approximately the velocity used for short sweeps, performed
anothemoisecancel, and then proceeded with the next trial.

Each trial was videotaped and the detector un
unitdés audio track for | ater scoring.

Scoring Three scorers independently reviewed all videotaped trsatg wideo analysis

software. For each sweep of the detector head, each scored the GPR signals that occurred by
listing either a 0, 1, or 2 for each sweep, with 0 signifying no outputs, 1 signifying a single
output signal, and 2 a double output signal.

Scaing was reliable. The mean product moment correlation between the scores for each pair of
scorers was 0.94, with individual coefficients for each pair of scorers differing by no more than
0.01. Mean trial score agreement was 0.95% with 1% variation athertigree pairs of

consistency measures.

Results

Figures2-2 show the proportion of individual sweeps on which either one or two GPR outputs
occur as a function of Sweet Spidrget offset, head height, and sweep directions separately for
each of the fouSIM6 targets.

Exploratory analyses were conducted to estimate the relative contribution of variables
manipulated in this study to explaining the complex pattern of GPR responses. A modeling
approach was employed and limited to the positions approachaitpp O, or the position in
which the most sensitive region of the GPR sensor passes directly over the center of a target.
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A stepwise logistic regression was first run using only the variables manipulated in this study to
(a) assess relative predictivalwes of these variables and (b) to assess how well main effects
attributable to these variables fit the data to establish a baseline level of prediction. In this model,
the four targets are dummy coded creating three dummy variables TargetD1, TargdtD2, an
TargetD3. Results are shown in Tagig.

Table 2-2 Main Effects Model
Testing Global Null Hypothesis: BETA=0

Test Chi-Square DFE Pr > ChiSq

Likelihood Ratio 1850.5614 7 <.0001

Score 1553.3449 7 <.0001

Wald 1232.8568 7 <.0001

Percent Concordant 78.8 Percent Discordant 21.0 ¢ 0.789

Summaryof Stepwise Selection

Variable Entry Wald
Step Entered DE  Order ChBquare Pr > ChiSq
1 Offset Distance 1 1 1051.9684 .000%
2 TargetD2 1 2 349.2794 <.0001
3 TargetD1 1 3 68.4984 <.0001
4 TargetD3 1 4 78.9580 <.0001
5 Sweep Direction 1 5 56.7350 <.0001
6 Head Height 1 6 11.2254 0.0008
7 Detector Unit 1 7 7.3441 0.0067
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Classification Table

Prob

Level

Correct Incorrect Percentages
Non Non Sensi Spect False False

Event Event Event Event Correct tivity ficity POS NEG

0.300
0.320
0.340
0.360
0.380
0.400
0.420
0.440
0.460
0.480
0.500
0.520
0.540
0.560
0.580
0.600
0.620
0.640
0.660
0.680

0.700

6517 0 2123 0 75.4 100.0 0.0 24.6
6514 27 2096 3 75.7 100.01.3 24.3 10.0
6507 80 2043 10 76.2 998 3.8 239 111
6464 105 2018 53 76.0 99.2 49 23.8 33.5
6425 148 1975 92 76.1 98.6 7.0 23,5 383
6410 253 1870 107 77.1 984 119 22.6 29.7
6349 282 1841 168 76.7 974 13.3 225 37.3
6262 405 1718 255 77.2 96.1 19.1 215 38.6
6132 455 1668 385 76.2 941 214 214 458
6049 558 1565 468 76.5 92.8 26.3 20.6 45.6
5966 679 1444 551 769 915 32.0 195 4438
5821 774 1349 696 76.3 89.3 36.5 18.8 47.3
5703 820 1303 814 755 875 38.6 1816.8

5617 930 1193 900 75.8 86.2 43.8 175 49.2
5473 993 1130 1044 748 840 46.8 17.1 51.3
5378 1051 1072 1139 74.4 82.5495 16.6 52.0
5181 1124 999 1336 73.0 795 529 16.2 54.3
5045 1156 967 1472 71.8 77.4 545 16.1 56.0
4951 1284 839 1566 72.2 76.0 60.5 145 54.9
4779 1361 762 1738 711 73.3 64.1 13.8 56.1
46951418 705 1822 708 72.0 66.8 13.1 56.2
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0.720
0.740
0.760
0.78
0.800
0.820
0.840
0.860
0.880
0.900
0.920
0.940
0.960
0.980

1.000

A second stepwise logistic regression was run entering the variables above and all possible
interactions among them. Talde8 shows the first seven predictor variablesriter the model
and the fit the model produced. As comparisotheée modelfits shows, the latter model,
which includes multiple complex interactions, better explains the observed pattern of GPR
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responses than the main effects model using coider \ariables as predictors.



Table 2-3 Interactions Model

Testing Global Null Hypothesis: BETA=0

Test CHbquare DF Pr > ChiSq

Likelihood Ratio 2695.3326 7 <.0001

Score 2126.8359 7 <.0001

Wald 1452.3951 7 <.0001
Percent Concordant 82.5 Percent Discordant 14.8 ¢ 0.839

Summary of Stepwise Selection

Variable Entry Wald

Step Entered DE  Order ChBquare Pr > ChiSq

1 Offset Distance 1 1 1051.9684 <.0001

2 Distance x HeightTargetD3x Unit 1 2 618.7339 <.0001

3 TgtDuml 1 3 366.6641 <.0001

4 DistancexHeightxTargetD1xUnit 1 4 213.7485<.0001

5 DistancexTargetD2xSweep Direction 1 5 176.0137 <.0001
6 DistancexHeightxTargetD1xSweep Direction 1 6 74.0546 <.0001
7 DistancexHeightxTargetD3xReplication 1 7 52.9758 <.0001

Classification Table

Correct Incorrect Percentages
Prob Non Non- Sensi Spect Fdse False

Level Event Event Event Event Correct tivity ficity POS NEG

0.100 6517 0 2123 0O 754 1000 0.0 246

0.120 6511 24 2099 6 7589 11 244 200
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0.140
0.160
0.180
0.200
0.220
0.240
0.260
0.280
0.300
0.320
0.340
0.360
0.380
0.400
0.420
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6
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76.0
75.

99.9
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761 99.5

25 241 10.0

3.2 240 256

41 239 26.7

77.7 99.2 11.7 225 17.3

78.2 98.8 14.8 219 19.2

78.2 98.8 148 219 19.2
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78.2
79.8
79.7
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80.0
80.1
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18.1
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17.5
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26.8
27.8
27.8
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82.8 61.7 13.1 46.1



0.640 5317 1350 773 1200 77.2 68163.6 12.7 47.1
0.660 5294 1357 766 1223 77.0 81.2 639 126 474
0.680 5240 1363 760 1277 76.4 80.4 64.2 12.7 48.4
0.700 5155 1398 725 1362 7/58.1 65.9 12.3 49.3
0.720 4669 1602 521 1848 72.6 71.6 755 10.0 53.6
0.740 4268 1861 262 2249 709 655 87.7 5.8 54.7
0.760 4268 1861 262 2249/0.9 65.5 87.7 5.8 54.7
0.780 4218 1871 252 2299 705 64.7 88.1 5.6 551
0.800 4146 1889 234 2371 69.8 63.6 89.0 5.3 557
0.820 4146 1889 234321 69.8 63.6 89.0 5.3 557
0.840 4092 1916 207 2425 695 628 90.2 4.8 559
0.860 3960 1973 150 2557 68.7 60.8 929 3.6 56.4
0.880 3306 2009 114 3211 615 50.7 946 3.3 615
0.900 3231 2024 99 3286 60.8 496 953 3.0 61.9
0.920 2897 2080 43 3620 57.6 445 980 15 635
0.940 27862086 37 3731 56.4 427 983 13 64.1
0.960 2327 2110 13 4190 514 357 994 0.6 66.5
0.980 1466 2119 4 5051 415 225 998 03 704

1.000 0 2123 0 6517 246 0.0 100.0 . 754

Discussion

Figures2-1 to 27 generally show decrements in GPR response consistency with increasing
inaccuracy in the positioning of GPR Short Sweep. Both modeling efforfisrmadhis showing

that the distance is the best predictor of consistent GPR response of all the variables measured.
This placesa premium on instructing operators on the importance of maximizing the precision of
their Short Sweep targeting. This, in tusaggests the importance of sound technique for

spatially distributed investigation of alerting signals with the metal detecting sensor, whose
results are used to determine the target point for GPR Short Sweep.
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A surprising finding is that decrements asdraordinarily inconsistent as a function of the

direction in which the sensor head deviates from being swept top dead center over the targets.
The physical symmetry of the sensor head may predispose operators, as it had this investigator,
to expect symmtric sensitivity within its field. The data show that this is clearly not the case,

with the rearward portion of the detector being less sensitive to Short Sweep inaccurdiog tha
leading half. It is unknown why the rearward portion of the sensor Ineagsgreater sensitivity

than the leading half. This differential is unfortunate because exploiting this relative advantage in
an operational environment would require the operator to work in closer proximity to the mine
threats sought.

The pattern of GPResponse observed, particularly that approaching the target is explained
reasonably well by the models developed, however both the unexplained variation in the data
and the variation explained by the béting model beg important questions.

Starting wth the latter, target variability accounts substantially for variation in GPR response

after the variability related to Short Sweep inaccuracy is accounted for. It is unclear what

underlies these differences, noting that candidates include unmeasuneshdédéebetween the
target simulantsd components as wel|l as possi
vegetation surrounding the targets.

Five of the predictors in the better fitting regression model areviayrinteractions.

The implication is thathe explanation of GPR Response that the model produces is an extremely
complicated one, involving many conditionals. In other words, predicting GPR response as a
function of Short Sweep inaccuracy is highly dependent on the context or circumstances. This
complexity poses problems for easy and quick understanding as well as communication, which
are important instructional considerations.

Some consistency can be found in these complex predictor interactions, however.

All five of the interactive predictonsiclude the distance variable, underscoring the role this
variable play in explaining GPR response variation. Four predictors incorporate both distance
and height in interactive relations, along with one of the dummy target variables. The consistent
appeaance of these variables suggehktt they should be focal points in further investigations

of GPR response.

Understanding the observed pattern of GPR responses is limited by the absence of potentially
measurable variables. Considering that GPR outpqtsreethe detection of conductive material
by the metal detector and that its presence can be at a level below piratifation of a metal
output signal, such sttibreshold metal signals may be influencing GPR response. Such effects
offer aplausible, f speculative, account for GPR response measures at position 5 (Distance =
13.64 cm) in Figures A . Only instrumentation that allows for such measurement would allow
this speculative, but reasonable hypothesis to be tested.

Still another unmeasured varla with potential explanatory value is the internal state of the
software at the time metal and radar returns register. Because the ANIR8®&pensates for
relatively |l ocal, but consistent soil and ter
tracni ng, 0 these adaptations to | ocal condi tion
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variability. Only a detailed characterization of what these adaptations involve and how such

algorithmic adaptation affect processing of inputs of both sensors camolleaén explaining
GPR variability be assessed.

In conclusion, this exploration of the impact of the accuracy of GPR short sweep upon GPR
responses has raised far more questions than it answers. In as much as safe and effective
operation of the AN/PS%$4 involves understanding its behavior and thorough understarsding

critical for effective operator instruction, further investigation of the issues raised by this work is
warranted and needed.

Figure 2-1

Position 0: Center of Sweep Spot over center of target

40



Figure 2-2

Position -1: Center of Sweet Spot over edge of target

0.81 cm

Al

Offset = -0.81 ¢cm/.32 in

Figure 2-3

Position -2: Edge of Sweet Spot over edge of target

—r’ 3.81 cm }1—

Offset = -3.81 em/1.5in
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Figure 2-4

Position -3: Edge of Sweet Spot 1” from edge of target

Offset = -6.35 cm/2.5 in
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Figure 2-5

Position -4: Edge of sensor head over center of mine

e

Offset = -10.64 cm/4.19 in

Figure 2-6

Position -5: Edge of sensor head over edge of target

}¢713.64 cm —v’

Offset = -13.64 cm/5.37 in
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Figure 2-7 Detector Unit Harness

Figure 2-8 GPR Response Curves for Target A

Target A

Binary Scoring for GPR Response; 1 of 2 GPR Hits Scored as 1

o o

Proportion Sweeps with GPR Response

—#— 0.0Left
—o— 0.0 Right
—y— D64 Let
—a— 064 Right
—a— 1.27Lstt
—o— 1.27 Right

0.00 T T —— T T T
=13.6 -10.6 -B.4 -3.8 0.80.00.8 8 B4 10.6 12.6

Target-GPR Max Sensitivity Region Offset {cm)
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Figure 2-9 GPR Response Curves for Target B

Figure 2-10 GPR Response Curves for Target C
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