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Executive Summary 

Purpose 

 

This report describes the findings of five studies conducted to optimize the clutter rejection 

performance of the AN/PSS-14.  

 

Introduction 

 

Fielding of the AN/PSS-14 dual sensor mine detector to the US Army and Marine Corps is on-

going. The AN/PSS-14ôs manufactures, Cy Terra, is working closely with the systemôs Program 

Manager to upgrade the systemôs software as issues are identified.  

In 2005, Lincoln University embarked on a research program focused on optimizing the 

performance of the AN/PSS-14 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 designed to assess training methods and robotic coupling.  

Findings 

In the first study, the duration of the program of instructionôs (POI) effect on clutter rejection 

training was assessed. The primary improvement the AN/PSS-14 brings to mine detection is its 

ground-penetrating radar (GPR). The GPR allows trained operators to distinguish between mines 

and non-mine (clutter) targets. In this study, false alarm rates (FAR) were looked at. Clutter 

rejection performance was compared between a five-day and four-day program of instruction. 

Clutter rejection significantly increased and FAR significantly decreased with the four-day POI.  

Study 2 focused on developing AN/PSS-14 operational expertise and training development 

support. This will be accomplished through the study of the kinematics of an AN/PSS-14 

operatorôs movements when conducting a GPR short sweep 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/PSS-14 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 methods of skill sustainment training, comparing no practice and 

practice to a computer-aided instruction (CAI) system. Interestingly, as a group the research 
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participants receiving the CAI as their sustainment training performed the lowest on target 

detection when sweeping the test mine lane following sustainment training. A rationale for why 

the CAI group performed the least effectively is discussed. 

Conclusions/Recommendations 

 GPR response to mine stimulants is variable. 

 GPR variability appears to be influenced by 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.  

 A four-day POI is effective in teaching AN/PSS-14 operator skills.  

 Recommend a larger-scale study to validate research results.  

 Computer-aided instruction was not an effective sustainment tool for the conditions used 

in this study.  

 Recommend the computer-aided instruction research be conducted again under different 

study conditions -- more delay between training and testing. 

 Recommend the computer-aided instruction set-up change from a table, chair, and mouse 

set-up to a virtual mine lane and a replica of an AN/PSS-14 as the ñmouseò.  
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Introduction  

Background 

 

The AN/PSS-14 dual sensor mine detector was designed to produce a significant advance in 

countermine capability over the currently-fielded AN/PSS-12 metal detector (Santiago, Locke & 

Reidy, 2004).  The AN/PSS-14 combines both a highly sensitive metal detector (MD) and 

ground penetrating radar (GPR) in a single unit that functions as a mine detector.  In a 

comparsion with the AN/PSS-12, the AN/PSS-14 exhibited superior mine detection capabilities 

in environmental conditions that make the AN/PSS-12 ineffective, particularly environments 

with conductive soil.  In addition, the AN/PSS-14 was designed to allow a trained operator to 

discriminate detector signals orginating from land mines (or land mine simulants) from detector 

signals originating from clutter, i.e, metal debris, as indicted by the slogan ñfind the mine, not the 

clutterò (Cyterra, 2006).  Clutter rejection capabilities reduce the false alarm rate (FAR) thereby 

reducing mine clearance time. In a demonstration of the mine detection and clutter rejection 

capabilities of the AN/PSS-14, expert humaninatrian deminers had 100% probability of land 

mine detection and rejected 94% of clutter (United Nations Mine Action Service, 2006) in a 

Cambodian mine clearance operation. 

 

 

Theory of Operation of AN/PSS-14 

 

The AN/PSS-14 is a hand-held, stand-off mine detector that can detect both high metal and low 

metal mines (see Figure 1-1) in mineralized soils.  The Sensor Head contains both a metal 

detector (MD) and ground penetrating radar (GPR).  Signals produced by the MD and GPR are 

analyzed by the Electronics Unit (EU) which in turn produces auditory signals in the earpiece 

and an external speaker mounted in the EU.  Auditory tones that can differ in loudness and pitch 

are generated by the MD in response to metal objects.  A ñbeepò which is constant in pitch and 

loudness and readily distinguishable from MD tones is produced by the EU in response to GPR 

signals only when detectable metal is also present.  Major components of the AN/PSS-14 are its 

battery case and cable (mounted on a belt worn by the operator), the electronics unit, earpiece 

and cable, control grip, wand assembly, and sensor head. 
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Figure 1-1 AN/PSS-14. 

 

Detection of mines requires three skills or techniques completed sequentially:  (1) lane sweep 

technique, (2) MD investigation technique, and (3) GPR investigation technique.  These three 

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

in mine lanes.  Lane sweep technique detects targets for investigation.  MD technique locates the 

metallic center of detected targets.  GPR technique properly executed over the center of a target 

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

the MD and GPR require ñtrainingò or calibration to the environmental conditions before 

successful operation.  The calibration process requires a number of ordered steps (see Hancock, 

2006, for a more complete description).  GPR calibration, in part, is activated by a button on the 

Control Grip.  Calibration is continuous until this button is released (see below). 

Sweep Technique ï Target Detection 

 

Proper sweep technique ensures that every square inch of a lane is correctly investigated for 

mines.  The operatorôs movement must allow him to cover the whole lane.  Proper technique 

requires that:  (1) the Sensor head be parallel to the ground as closely as possible ï head 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 to 3.6 ft/sec; (4) 

the Sweep must extend laterally one-half of the sensor head width outside the lane; and (5) the 

Sweep must advance forward one-third of the sensor head width to begin the return sweep.  Lane 

sweep is terminated with an ñalertò, i.e., an auditory signal that a target is present.  This ñalertò 

can be either a variable tone output (frequency and volume of tone vary) from the MD unit or a 

GPR alert tone (standard tone with no frequency or volume variation). 
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MD Technique ï Target Location 

 

Once a target has been detected, a MD footprint must be developed.  The MD footprint is 

developed so that the center of the target can be located. Following an MD alert, the operator 

pushed the detector head into the MD halo to get a clearer MD signal with which to make this 

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 technique.  The 

MD techniques are described below.  Upon location of the target center by either of the 

techniques described below, the research participants (RP) were trained to place a white chip at 

the target center.  Following the completion of Target Identification or GPR Technique, this 

white chip was replaced by a chip of the color appropriate to the Target Identification. 

The MD footprint is the entire area in which a continuous MD signal is being generated.  The 

spiral technique is summarized in figure 1-2. 

 

Figure 1-2 MD investigation of 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 semi-circular fashion around the target, 

establishing a small spiral pattern to find the outer boundaries of the signal or halo (see Figure 1-

2) of the target or targets.  This boundary can be established most easily by the onset (presence 

vs. absence) of the MD signal.  The operator places white poker chips at the 3, 6, 9 oôclock and 

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 mine, and orange for inconclusive) to declare the center of the 

target based on its metal signature. 

Please note that the ñhighò MD signal is the product of the mine simulants and mines with large 

amounts of metal, which is usually ferrous, in the composition of the mine or mine simulant.  In 

addition, because most clutter is ferrous, clutter also produces a ñhighò MD signal.  In the study 

conducted here, the material composition of all clutter was known and was ferrous.  The ñlowò 

Halo 

(MD signal) MD Alerts 

3 oôclock 
approach 

Mine body 
(GPR signal) 

6 oôclock 
approach 

9 oôclock 
approach 
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MD signal is the product of mine simulants and mines with very small amounts of metal, 

primarily an aluminum tube.  [There are two different metal components for the mine simulants 

employed by the U.S. Army and this study.  The ñKò insert, which consists of a 0.100g steel pin 

inside of a small aluminum tube (0.50 inch length x ¼ inch O.D x 0.015 inch wall thickness), is 

used in anti-tank low metal mine (ATLM ) simulants.  The ñIò insert, which consists of an 

aluminum tube (0.5 inch length x 0.187 inch O.D x 0.015 inch wall thickness), is used in anti-

personnel low metal mines (APLM) simulants.  The aluminum tube produces a reliably different 

frequency or pitch than the ferrous clutter.  Only low metal targets, all of which were mine 

simulants, were investigated with the cross-over technique. 

The cross-over technique is summarized in Figure 1-3.  (Please note that, as is typical with low 

metal mines and mine simulants, the mine body in yellow is larger than the MD halo in red.  The 

brightness of the red indicates the amplitude of the MD signal.) 

 

Figure 1-3 MD i nvestigation of a low metal target with the cross-over technique.  (Not drawn to scale.) 

The cross-over technique begins with the point at which the 1st MD alert is heard along the line 

of advance (Step 1 in the figure).  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 across the line of 

advance, lowers the detector head to 1-2 inches 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 order.  In Steps 3 and 4, the operator identifies an 

imaginary lateral line running parallel to the line of advance that runs at right angles and bisects 

Halo 
MD 

signal 

MD 
Alerts 
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Alert 

Mine body 
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1

st   
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an imaginary line between Steps 1 and 2.  The operator then finds the two points upon the 

imaginary lateral line at 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 and 6, the operator bisects the 

imaginary line running between the MD alert points of Steps 3 and 4 (drawn in the figure) with a 

vertical imaginary line (drawn in the figure) whose end points are at the MD alert points of this 

vertical line.  Where these imaginary lines cross is the target center. 

 

GPR Technique ï Target Identification  

 

Once a proper target center has been established, the target is identified with the GPR.  Proper 

GPR technique, called GPR ñshort sweepò, utilizes a normal sweeping motion with respect to 

speed and position, but is traversed only within the targetôs MD footprint.  In the theory of 

operation of the AN/PSS-14, the GPR is used to identify the target in the ground.  Mines and 

mine simulants produce GPR ñbeepsò from the EU.  On the other hand, many commonly found 

metal objects, e.g., such as nails or other metal fragments, are, in theory, small enough that the 

GPR will not detect them, thus allowing an operator to discriminate land mines (or land mine 

simulants) from clutter based upon GPR ñbeepsò from the EU. 

The criteria for identifying targets with the GPR were as follows.  If a target produced no GPR 

beeps, then the target was clutter.  If a target produced GPR beeps, the operator had to determine 

if the GPR signal was ñconsistentò or ñintermittentò.  ñConsistentò GPR indicated a mine (i.e., a 

mine simulant).  ñIntermittentò GPR indicated uncertainty of the target and was marked 

separately ï the target was recorded as being found, but not identified.  Intermittent GPR may be 

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

or other physical and environmental factors not fully integrated into the EUôs algorithms.   

Target Identification:  GPR Technique & Decision Making 

 

Proper GPR technique is required for correct indentification of detected and accurately located 

targets.  Execution of the proper GPR technique is simultaneous with the execution of a decision 

by the AN/PSS-14 operator of classifying targets into different types.  Changes in the POI 

between 2005 and 2006 produced significant increases in the complexity of the decision making 

process for the AN/PSS-14 operator.  Instead of the much easier binary, GPR-no GPR, decision 

of 2005, the operator had to discriminate three states no GPR, ñintermittentò GPR, and 

ñconsistentò GPR from one another.  This decision process allowed the operator to complete the 

two tasks required of the AN/PSS-14 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 AN/PSS-14 over metal 

detectors are justified by the clutter rejection capabilities of the AN/PSS-14.  Therefore, one 

should expect the properly trained AN/PSS-14 operator to do an excellent job of mine 

identification and clutter rejection. 

 

Method 

 

Research Question 
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The current AN/PSS-14 certification Training Program of Instruction (POI) is a forty-hour POI 

requiring five days to complete (Table 1-1). Can AN/PSS-14 training be condensed without 

sacrificing operator performance? Can AN/PSS-14 certification be achieved using a four-day 

POI (Table 1-2)? 

 

Research Design 

The study was conducted over two years and the results were compared within and between 

years.  Policies for the protection of human subjects as prescribed in Army Regulation 70-25 and 

the Department of Health and Human Services were adhered to in the research protocol and 

conduct of this research. 

 

Research Participants/Trainees 

Twelve male high school graduates between the ages of 17-19 were used in the 2006 trial (five-

day POI). Eighteen male high school students between the ages of 17-19 were used in the 2007 

trial (four-day POI).  

Research Apparatus
 
and Training Site 

 

Training was conducted at the training facility of the Lincoln University Land Mine Detection 

Research Center.  This training facilty has three components:  a 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 from other Lincoln 

University units.  The Tactical Training Area is dedicated to the Land Mine Detection Research 

Center.  See Hancock (2006) for a more complete description of the Tactical Training Area. 

 

The Tactical Training Area consisted of nineteen 1.5 M x 19 M tactical training lanes and six 2 

M x 5 M sterile sand pits.  Eighteen of these training lanes had been employed by Hancock 

(2006) for training.  Hancock rotated RPs across the 18 training lanes in a manner that ensured 

that no RP encountered his Exit Test lane during training.  The 18 lanes consisted of 9 low 

clutter lanes and 9 high clutter lanes, used for training.   

 

A specified high clutter training lane was used for exit testing only.  Although constructed in a 

manner similar to other high clutter lanes, the specified exit test lane was both flatter and less 

grass covered than any of the high clutter, training lanes. The 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 of a 2 M long sterile area 

in which the AN/PSS-14 could be ground balanced and the GPR trained.  The middle 1.5 M 

wide x 15 M long section was divided into 10 cells.  Each 1.5 M x 1.5 M cell was mapped to a  

15cm² grid using string lines attached to a 5cm diameter PVC pipe frame designed to fit over cell 

stakes. The stakes reduced variability by squaring the grid frame on the cell.  All targets, both 

mine simulants and clutter, were placed in cells such that their centers were at a crossing of two 

lines of the grid at grid coordinates only. 

 

All lanes had 9 mine simulants (SIMs): two SIM 6s, one SIM 9, SIM 12, SIM 20, SIM 25, SIM 

30, M15 simulant, and M16 simulant.  SIMs were arranged with no more than one SIM per cell, 
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leaving one of the 10 tactical cells without a SIM.  In each lane, four or five psuedo-randomly 

selected simulants were placed in proximity to a single piece of clutter such that the MD halos 

overlapped or adjoined one another. 

 

Low Clutter Lanes and High Clutter Lanes had 15 and 30 pieces of clutter, respectively, placed 

at specific locations.  Clutter consisted of the following items:  M16 brass (i.e, an expended M16 

round), M-60 link, 4 inch (10 cm) barb-wire segment placed in a horizontal alignment with a 

barb in the middle, 12 D nail, and roofing tack. The lanes are periodically checked with a metal 

detecter for the appearance of natural clutter and if found, natural clutter is removed.  

 

All targets were carefully buried precisely at grid coordinates at fixed distances below the lane 

surface.  All clutter was buried 1 inch (2.5 cm) below the soil surface.  The SIM 6s, 9, and 12 

were buried 1 inch (2.5 cm) (to top of target) below surface.  The SIM 20, 25, and 25 were 2.5  

inches (6.25 cm) to top of target below surface.  The M16 SIM was 2 inches and the M15 SIM 

was 3 inches (7.62 cm) to top of target below surface. A grass cover was established and 

maintained above the lanes. Prior to training/testing, lanes are mowed to a grass height of 

approximately 2 inches (5 cm).  

 

Table 1-1 

AN/PSS-14 Certification Training Program of Instruction (POI)  (Five-day POI) 

Activity  Location & Notes 

Day 1 Training   

Theory of Operation for the AN/PSS-14 
Class Room Instruction 

AN/PSS-14 Start-Up & Mine Sweeping Technique Training Area 

Mine/Clutter Footprints Demonstration Demonstration in Training Area 

Mine/Clutter MD & GPR Footprint Practice Selected Cells of Training Lanes 

Day 2 Training  

Review of AN/PSS-14 Start-Up & Calibration 

Mine Sweeping Practice 

Completion of Two Low Clutter Lanes 

Training Area 

2 Participants to 1 AN/PSS-14 

Observer Chipping For Operator 

Day 3 Training  

Mine Sweeping Practice 

Completion of Two Low Clutter Lanes 

Training Area 

Operator Chipping 

Day 4 Training  
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Mine Sweeping Practice 

Completion of Two High Clutter Lanes 

Training Area 

Operator Chipping 

 

 

Day 5 Certification Testing 

  

Mine Sweeping Exit Test 

Classroom & Training Area 

Participants Individually Scheduled  

 

 

Table 1-2 AN/PSS-14 Certification Training Program of Instruction (four -day POI) 
Activity  Location & Notes 

Day 1 Training   

Theory of Operation for the AN/PSS-14 
Class Room Instruction 

AN/PSS-14 Start-Up & Mine Sweeping Technique Training Area 

Mine/Clutter Footprints Demonstration Demonstration in Training Area 

Mine/Clutter MD & GPR Footprint Practice Selected Cells of Training Lanes 

Day 2 Training  

Review of AN/PSS-14 Start-Up & Calibration 

Mine Sweeping Practice 

Completion of Two Low Clutter Lanes 

Training Area 

2 Participants to 1 AN/PSS-14 

Observer Chipping For Operator 

Day 3 Training  

Mine Sweeping Practice 

Completion of Two Low Clutter Lanes 

Training Area 

Operator Chipping 

Day 4 Training  

Mine Sweeping Exit Test 

Classroom & Training Area 

Participants Individually Scheduled  
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Results 

Data Collected 

RPs were scored on the number of targets found out of forty possible targets (9 mine simulants 

and 31 clutter targets), the number of mine targets correctly identified, and the number of clutter 

targets correctly identified (clutter rejection). Targets marked as having ñintermittantò GPR were 

included in the scoring. In 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 intermittant GPR 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 identified, or false alarm rate (Table 1-

3). Trends in the means for each of the experimental variables tend to favor the five-day POI 

when intermittant targets are included. When the intermittant GPR targets were excluded from 

the analysis, the results were completely different.   In 2006, 279 of 473 (59%) identified targets 

were marked as intermittant. In 2007, 346 of 711 (49%) identified targets were marked as 

intermittent.  The adjusted mean results for total targets correctly identified, clutter targets 

correctly identified, and false alarm rate are all hightly significant and favor the four-day POI 

(Table 1-4).  

Discussion 

The study was conducted over a two-year period; the five-day POI was applied in 2006 and the 

four-day POI in 2007. Twelve research participants (RP) were included in the 2006 interation 

and eighteen RPôs were included in the 2007 iteration. The five-day POI used closely resembled 

the standard five-day AN/PSS-14 POI in use by the U.S. Army. 

The AN/PSS-14ôs ground penetrating radar is designed to emit an audio alarm when it is swept 

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 head over the target in the GPR mode in a left-right-left sweeping 

action (known as the ñGPR Short Sweepò), repeated GPR alerts should be emitted if the target is 

a mine, and no alerts should sound if the target is not a mine. Occasionally, solid or ñgoodò GPR 

is not emitted from a target. This condition is know as intermittant and any target emitting 

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 contributors to IGPR are soil type (soil 

classification), soil moisture, and possibly an interaction of these factors. The salinity of soils, in 

an interaction with soil moisture, may also cause IGPR. As noted in studies 2 and 4 of this 
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report, position of the detector head and target depth can influence GPR response, thus making 

IGPR potentially more likely.  

RPs marked IGPR targets using an orange poker chip to distinguish them from clutter (white 

chip) or mines (red chip). Orange chips were recorded as clutter or mines based on the respective 

target they marked and the data analyzed (Table 1-3), clutter identification was not significantly 

different when the two POI lengths are compared. However, treating all orange chips as mines 

and analyzing the data revealed that the four-day 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 than the five-day POI group (Table1-4). This suggests that individuals in 

the four-day 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 have been more 

descerning in 2007 regarding declaring a IGPR target than were 2006ôs RPs.  Yet the percentage 

of targets marked as IGPR is cause for concern.  Operationally, IGPR declarations should be 

treated as mine targets; however IGPR increases the false alarm rate (FAR) and increases the 

duration of mine clearance operations. 

While it is encouraging to see the significance of the IGPR adjusted results favoring the four-day 

POI, caution must be exercised. The small sample sizes (12 and 18, for 2006 and 2007, 

respectively) make proclamations of the effectiveness of the four-day POI on clutter rejection 

overly aggressive. It does appear that the four-day POI did not adversly affect total targets found, 

correct identification of targets, or clutter rejection, regardless of the inclusion or exclusion of 

IGPR data. The results do highlight the effect of IGPR on operator decision-making and on the 

FAR. Clearly, focusing GPR training on the operator developing a good consistent GPR short 

sweep technique is a key factor in reducing the potential for operator induced IGPR.  

Changes in AN/PSS-14 training and operation doctrine may be needed to reduce IGPR and FAR 

incidence. Retraining the detector periodically may be an option to reduce IGPR  if 

environmental conditions change as the lane sweeping progresses.   Audio footprinting of targets 

could potentially aid in operator decision making and reduce FAR.  Lastly, focusing on the 

development of excellent GPR short-sweep technique could reduce IGPR decisions and thus the 

FAR. 

More research is needed in the area of IGPR incidence reduction techniques, but operator 

awareness and reaction to changes in the environment-soil moisture, soil testure, temperature, or 

vegetation conditions and retraining the detector to the changed environment 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 modified four-day 

POI versus the standard five-day 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 per POI group, 

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 targets included. 

 Five-day POI Four-day POI 

Total Targets Found 

Total Targets Correctly 

Identified 

Mine Targets Correctly 

Identified (out of 9 possible) 

Clutter Targets Correctly 

Identified (out of 31 possible) 

False Alarm Rate 

39.42¹ 

33.58 

 

7.67 

25.92 

 

.1505 

 

39.50 

30.44 

 

7.39 

23.06 

 

.2509 

¹ Data were analyzed using a two-tailed t-test. 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 Four-day POI Significance 

Total Targets Correctly 

Identified 

Clutter Targets 

Correctly Identified 

(out of 31 possible) 

Adjusted False Alarm 

Rate 

16.176¹ ² 

 

8.50b 

 

0.7124b 

20.28a 

 

12.89a 

 

0.5789a 

0.011 

 

0.013 

 

0.017 

¹ Data were analyzed using a two-tailed t-test.  

² Means with different letters are signigicantly different.  
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Introduction  

Problem Statement   

Gaps in understanding critical operational factors that affect AN/PSS-14 performance impede 

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

equipment and thus maximize this systemôs contribution to the Armyôs countermine 

capability. 

A more detailed 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 AN/PSS-14 

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 research were to develop knowledge and understanding of 

expert operation of the AN/PSS-14, 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 involves a description of the thought processes, strategies, 

and system operations employed by the most proficient operators of the AN/PSS-14 that enable 

them to achieve the highest known levels of land mine detection performance and clutter 

discrimination.  To achieve these ends, observational field studies were planned to describe the 

manipulations of the AN/PSS-14 and the knowledge, perceptual information, and cognitive 

strategies that enable the best operators to detect buried landmines, especially those with signal-

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 of the sensor 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 systemôs GPR channel in the execution of ñGPR short sweep.ò 

The latter function, when properly executed, contributes heavily to accurate decisions about 

the nature and location of buried objects -- both mine targets and clutter.  Detailed 

investigation of how experts execute this function involves documenting the range of values 

on specific kinematic parameters of system operation shown by the best-performing 

AN/PSS-14 operators and inferring the strategic thinking that guides their operation of the 

system as well as how the resulting responses of the AN/PSS-14 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 their use -- information that is 

currently lacking. This information should include the ranges on operational dimensions such 

as sensor head velocity, head height above the ground surface, and head orientation (roll and 
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pitch) whose violation produces degradation in system performance. Both trainers and 

trainees need such well-specified training goals, which constitute critical reference points for 

assessing operatorsô learning and performance. 

Because the GPR signal processing algorithms incorporate a learning component and 

incorporate input from the metal detection subsystem, understanding how experts manipulate 

the AN/PSS-14 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 objective 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 above effort 

describing expert techniques to similar findings produced by investigation of the techniques 

employed by expert operators when engaged in using the AN/PSS-14 to detect demilitarized 

(demilled) mines, as opposed to the simulated mine targets used for training new operators. 

Reported differences in the AN/PSS-14 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 apply to detection 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.  

The third 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/PSS-14 training 

whose modification is likely to improve and facilitate operator learning and (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 should be communicated to trainees, procedures for training trainers to 

deliver new material, and procedures for evaluating trainersô delivery of the new material(s) 

in operator training.  

Background 

Several studies show that the technologically revolutionary prototype handheld stand-off 

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

fielded AN/PSS-14, perform at desirably high levels (Maurer, 2003; Santiago, Locke, & 

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

operational skill. Thus, the best possible training is needed to maximize the detection 

capability of this system, the US Armyôs countermine capability, and the return on the 

considerable investment in the development and acquisition of 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/PSS-14 performance 

conducted in Afghanistan in the spring of 2003 to address issues that arose about its 

capabilities and use in the operational environment (Maurer, 2003). Findings showed that the 

AN/PSS-14 was performing up to it high expectations under operational conditions, subject 

to the caveat given above -- "provided well-trained soldiers." Two observations supported 

this qualification. First, in-theater 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%) as well as increased the operators' 

confidence in their detection capabilities with the AN/PSS-14. The implication was that 

operators' skills had deteriorated in the interval between NET and operational use of the 

AN/PSS-14. 

  

A subsequent in-country assessment of operator skills conducted by USAES personnel also 

showed that soldiersô detection rates had fallen substantially below the standard for 

successful completion of AN/PSS-14 training (Mincey, personal communication, 2005). This 

decrement was also attributed to the indeterminate interval without practice between soldiersô 

initial training and subsequent in-theater evaluation. 

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 effects of extended interval 

between AN/PSS-14 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 operation. They highlight the need to 

identify specific kinematic parameters and thresholds related to system operation. Key 

information is needed by training designers, trainers, and trainees to support traineesô 

effective and efficient learning. The information pertains to 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 signals that 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 of the AN/PSS-14 limits USAESô ability to 

train operators to the level of proficiency desired and needed. In particular, specification of the 

ñkinematic envelopeò for movements of the system performed with the goal of gathering 

information via the GPR sensor and algorithms has been lacking. That is, the range over 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 targetôs body, can vary and still yield reliable and valid GPR output signals has never been 

specified.  As a result, trainers cannot give trainees clear movement goals, nor can they diagnose 
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and remediate traineesô operation of the system to make it produce the information needed for 

the best possible mine declaration decisions.  

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

parameters that the best performing AN/PSS-14 operator produces and characterizing the quality 

and quantity of reliable and valid GPR signals obtained from the range of targets planned for 

study.  Because the experts typically executes multiple óswingsô of the system over a yet-

unidentified source of MD signals to obtain GPR responses, and some degree of variation is 

expected for each, the kinematics of swing that produce the expected system response to given 

targets will be contrasted with those that donôt obtain the expected responses to empirically 

define the dimensional thresholds that distinguish good GPR short sweeps from bad ones. 

The functional features of the AN/PSS-14 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 

compromise it. Because ñlearningò algorithms are employed to filter ambient terrain 

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 the quality of the initial calibration of the MD and GPR 

sensors and the kinematics of the sensor head in cross-lane search sweep (during which terrain 

learning occurs). Thus, a comprehensive and detailed examination of all detection activities prior 

to a particular target encounter has to be conducted to explain system behavior in that encounter. 

Another significant feature of USAESô AN/PSS-14 training that affects the scope of inquiry is 

the targets used for training.  Because the use of actual mine targets is cost prohibitive 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 between mine simulants and anecdotal evidence for differential 

AN/PSS-14 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) 

that characterize the expertôs encounters with the more realistic, demilled targets and 

environments in which they are located.  

Results 

This project failed largely to achieve the above objectives. When it was evident that the original 

objectives could not be achieved, alternative plans for working toward the projectôs objective--

albeit reduced in scope--were formulated and executed. Results yielded new and somewhat 

surprising information about the performance of the AN/PSS-14.The following two sections 

describe (a) the 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 Instrumentation. This project's investigations 

depended crucially on equipment for data collection that was to be developed and furnished 

under a separate contract between Lincoln University and Carnegie Mellon Universityôs National 

Robotics Engineering Consortium (NREC). This equipment was to be an enhanced version of the 

Sweep Monitoring System (Herman & Inglesias, 1999; Herman McMahill & Kantor, 2000) 

developed as a training technology for AN/PSS-14 Training.  The SMS uses computer-based 
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optical tracking of the AN/PSS-14 sensor head as it is moved about in training 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 three planes 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 the S-SMSô measurement capabilities. Results repeated 

showed that this 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 PI and his staff to 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 Accuracy. What is the degree of spatial 

precision required of operators to use the Army/Navy Portable Special Search-14 to maximally 

exploit its landmine detection and discrimination capabilities and to accomplish countermine 

missions safely and effectively with this equipment? Answers 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 operator training, 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 AN/PSS-14 landmine detection 

system represents 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), ground-penetrating radar (GPR), and signal processing 

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. Favorable field reports of AN/PSS-14ôs 

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/PSS-14 test, SPIE 2007). 

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

sophisticated AN/PSS-14 offers, however, come at the price of operational complexity. This 

complexity is reflected as a manifold increase in operator training time relative to the time 

allotted for training Army operators of the legacy equipment, the AN/PSS-12, which the 

AN/PSS-14 replaced. Programmatic testing of the AN/PSS-14 prototype, the Handheld Stand-off 

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

and skill made to system performance (Guckert, 2001; Staszewski & Davison, 2002).  

Accordingly, the Armyôs policy for distribution of the AN/PSS-14 mandated that equipment be 

distributed as a package with its training program.  

As effective as current AN/PSS-14 operator training is, gaps in knowledge about system 

performance in the hands of its users exist (Schweitzer, et al., 2006). One is related to relatively 

large expert-novice differences observed in mine clutter-discrimination performance.   
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A pilot study examining both detection and discrimination of training targets at a site containing 

AN/PSS-14 training targets and known buried clutter objects (M16 brass, barb wire, barbs, tacks, 

nails, and M60 chain clips) showed that the most expert user of the AN-PSS-14 achieved a 100% 

detection rate and near perfect target-clutter discrimination. Although current AN/PSS-14 

training produces operators capable of similarly high detection performance, high false-alarm 

rates, that is, instances in which clutter objects are identified as mines are much higher.  

One plausible reason for this expert-novice difference in discrimination capability may be the 

spatial precision with which expert and relatively inexperienced operators perform investigations 

of potential targets, particularly the phase of investigation that involves an operatorsô generation 

and interpretation of GPR sensor responses. Here, investigations refer to the procedures 

operators use once they have encountered an alerting signal in the course of ñsweepingò a lane 

for targets. The following section provides background on trained investigation procedures for 

each of the AN/PSS-14ôs sensors and relates their outcomes to the issues of spatial accuracy and 

target-clutter decisions. 

Target Investigation and Mine/No mine Decisions. Investigations are performed in two 

phases. The first phase involves an operatorôs interrogation of the region where an alert signal 

has occurred. The operator moves the sensor head over the region with sensor head using 

motions intended to define the perimeter of a region where the EMI sensor responds 

continuously. This region is referenced as the ñMD (Metal Detector) Halo.ò The linkage of 

locations where onsets or offsets of MD response signals occur to form a continuous contour 

defines its perimeter. 

In the second phase of investigation the operatorôs attention focuses on the output of the GPR 

system obtained within the MD halo at the point presumed to be the target center. So, in the first 

step of this phase the operator identifies the point within the MD halo where the targetôs center 

should be if a mine is present. Trainees are instructed to infer this point from the MD haloôs 

geometry using the primary axes (sideways and forward) of halo symmetry. Their point 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 occurs at that point.  

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

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

maximal (the GPR ñSweet Spotò passes back and forth directly over the halo center. The 

consistency of the GPR produced by the ñGPR short sweepsò is monitored and interpreted to 

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 a mine, 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 the detector 

head made over the center of a region defined a by preceding investigation with the EMI 

produced ñconsistentò GPR outputs, the operator should infer the presence of a mine.   

The above mine-no mine decision rule assumes that operators accurately determine the center of 

the MD halo and accurately sweep the GPR Sweet Spot over this point in executing short 
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sweeps. An important question to answer is ñWhat happens to GPR response when these 

assumptions are not met?ò 

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

Sweep? First, the process of defining the contours of a potential targetôs MD halo, identifying its 

primary axes of symmetry (if it is symmetric), and finding the intersection point of those axes is 

not done with vision of the physical world, but in the mindôs eye with visual imagery. Because 

substantial differences in spatial ability and imagery ability are well documented, individuals at 

the lower portions of these ability dimensions are likely to experience difficulty in executing 

these cognitive operations--even under relatively benign, clutter-absent conditions. Accurately 

locating the center point becomes more challenging at all ability levels under conditions in which 

metallic clutter is adjacent because intersection of the MD halos for the potential target and an 

adjacent produce asymmetrical MD halos. This overlap of halos also makes the using the 

auditory backup heuristic more difficult in the investigation of low-metal mines due to overlap of 

regions where the auditory MD signals occur. Because the physical size of large (e.g., anti-tank) 

mines should minimize the effects of inaccuracy on GPR response, inaccuracy could have dire 

consequences in the case of the smallest anti-personnel targets with low metallic 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 short sweep trajectories upon GPR output signals 

produced by the smallest APLM training targets, SIM6s.  

Factors Affecting GPR Response in GPR Short Sweep.  Investigation of GPR response as a 

function of short sweep accuracy requires controlling other confounding GPR short sweep 

dynamics that influence GPR response.  One is the height of the sensor head above the ground 

surface (Rotondo & Ayers, 2003).  Another inferred from informal observations and training 

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

the ground surface over sweep trajectory. Still another inferred from both training materials and 

informal observation is the length of short sweep; if the trajectory of the search head carries it 

beyond the boundaries of a candidate targetôs MD halo, GPR response is affected. Sweep 

velocity, state of system memory, and the operatorôs setting of GPR sensitivity are additional 

aspects of AN/PSS-14 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 collecting 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).  The design produced a total of 5280 individual sweeps. The 

distance variable reflected short sweeps performed at either proper position (distance=0) with the 

center of the GPR Sweet Spot passing over a targetôs center. Five offsets ahead of the target in 
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the direction of operator heading were selected and listed in Table 2-1 and illustrated in Figures 

2-1 ï 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 center 

 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 heights, 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/PSS-14 operator performed all activities involving use of the 

detector units. The operator had successfully completed an identical version of USAES AN/PSS-

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 practice). 

Intermittent use following the latter test maintained his operational skills. 

Apparatus.  Two AN/PSS-14s, one loaned to the Lincoln Universityôs Landmine Detection 

Center by the manufacturer and one on loan to University of Missouri for Science and 

Technology were used. The detectors used bore serial numbers 4100039 and 90083. 

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 two-piece harness, consisting of an adjustable frame or track that could 

be fixed at different distance positions on a base, was made of Ĳò acrylic and is illustrated in 

Figure 2-7 along with its dimensions. The track supported the AN/PSS-14 sensor head during 

sweeps to ensure, precisely located trajectories, 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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over targets and over ñclearò ground to ensure that neither artifactual GPR responses were 

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 Figure 2-7. 

A digital camera 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/PSS-14 in use. 

Target Materials. Four SIM6 targets located in the training test lanes at the Lincoln University 

Landmine Detection Center Training Facility were used. Screening procedures were performed 

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

consistent or ñsolidò GPR responses, (b) GPR response at position 0 over each target was 

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. 

Procedures After 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 manufacturerôs procedures. Trials 

started with the detector unit on the left hand side of the harness and with the first sweep moving 

it to the right. The movement direction was then reversed with the right-left alternation repeated 

a total of 5 sweeps in each direction. 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 

another noise-cancel, and then proceeded with the next trial. 

Each trial was videotaped and the detector unitôs outputs were captured on the video recording 

unitôs audio track for later scoring. 

Scoring Three scorers independently reviewed all videotaped trials using video 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. 

Scoring 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 among the three pairs of 

consistency measures. 

Results 

Figures 2-2  show the proportion of individual sweeps on which either one or two GPR outputs 

occur as a function of Sweet Spot-Target offset, head height, and sweep directions separately for 

each of the four SIM6 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 approaching position 0, 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 predictive values 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, TargetD2, and 

TargetD3. Results are shown in Table 2-2. 

Table 2-2 Main Effects Model 

Testing Global Null Hypothesis: BETA=0 

                      Test                   Chi-Square       DF     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     c    0.789 

 

Summary of Stepwise Selection 

 

                  Variable             Entry         Wald 

       Step    Entered                     DF     Order    Chi-Square       Pr > ChiSq 

 

          1    Offset  Distance                1           1     1051.9684            <.0001 

          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 

                                         Correct           Incorrect                 Percentages 

              Prob                Non-             Non-                Sensi-  Speci-  False  False 

             Level   Event     Event  Event  Event  Correct    tivity    ficity    POS    NEG 

   0.300   6517          0    2123       0      75.4   100.0       0.0   24.6       . 

             0.320   6514       27   2096        3      75.7   100.0      1.3   24.3   10.0 

             0.340   6507      80   2043       10     76.2     99.8      3.8   23.9   11.1 

             0.360   6464     105   2018       53     76.0     99.2       4.9   23.8   33.5 

             0.380   6425     148   1975       92     76.1     98.6       7.0   23.5   38.3 

             0.400   6410    253   1870     107     77.1     98.4     11.9   22.6   29.7 

             0.420   6349      282   1841     168     76.7     97.4     13.3   22.5   37.3 

             0.440   6262     405   1718     255     77.2     96.1     19.1   21.5   38.6 

             0.460   6132     455   1668     385     76.2     94.1     21.4   21.4   45.8 

             0.480   6049    558   1565     468     76.5     92.8     26.3   20.6   45.6 

             0.500   5966    679   1444     551     76.9     91.5     32.0   19.5   44.8 

             0.520   5821     774   1349     696     76.3     89.3     36.5   18.8   47.3 

             0.540   5703    820   1303     814     75.5     87.5     38.6   18.6   49.8 

             0.560   5617     930   1193     900     75.8     86.2     43.8   17.5   49.2 

             0.580   5473     993   1130   1044     74.8     84.0     46.8   17.1   51.3 

             0.600   5378    1051   1072   1139     74.4     82.5     49.5   16.6   52.0 

             0.620   5181    1124     999   1336     73.0     79.5     52.9   16.2   54.3 

             0.640   5045    1156     967   1472     71.8     77.4     54.5   16.1   56.0 

             0.660   4951    1284     839   1566     72.2     76.0     60.5   14.5   54.9 

             0.680   4779    1361     762   1738     71.1     73.3     64.1   13.8   56.1 

             0.700   4695   1418      705   1822    70.8     72.0     66.8   13.1   56.2 
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             0.720   4579  1503     620   1938     70.4     70.3     70.8   11.9   56.3 

             0.740   4476    1589     534   2041     70.2     68.7     74.8   10.7   56.2 

             0.760   4322    1705     418   2195     69.8     66.3     80.3     8.8   56.3 

             0.780   4221    1784     339   2296     69.5     64.8     84.0     7.4   56.3 

             0.800   4036    1839     284   2481     68.0     61.9     86.6     6.6   57.4 

             0.820   3831     1874     249   2686     66.0     58.8     88.3     6.1   58.9 

             0.840   3651  1934     189   2866     64.6     56.0     91.1     4.9   59.7 

             0.860   3414    1937     186   3103     61.9     52.4     91.2     5.2   61.6 

             0.880   3108    1961     162   3409     58.7     47.7     92.4     5.0   63.5 

             0.900   2762     1975     148   3755     54.8     42.4     93.0     5.1   65.5 

             0.920   2422     2055       68   4095     51.8     37.2     96.8     2.7   66.6 

             0.940   1840     2103       20   4677     45.6     28.2     99.1     1.1   69.0 

             0.960   1230     2123         0   5287     38.8     18.9   100.0     0.0   71.3 

             0.980     600     2123         0   5917     31.5       9.2   100.0     0.0   73.6 

             1.000         0     2123         0   6517     24.6       0.0   100.0       .     75.4 

 

A second stepwise logistic regression was run entering the variables above and all possible 

interactions among them.  Table 2-3 shows the first seven predictor variables to enter the model 

and the fit the model produced. As comparison of these models fits shows, the latter model, 

which includes multiple complex interactions, better explains the observed pattern of GPR 

responses than the main effects model using only 0-order variables as predictors.  
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Table 2-3 Interactions Model 

Testing Global Null Hypothesis: BETA=0 

 

                      Test                 Chi-Square       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     c    0.839 

Summary of Stepwise Selection 

         Variable                                                Entry         Wald 

Step  Entered                   DF      Order    Chi-Square    Pr > ChiSq 

 

 1    Offset Distance             1           1     1051.9684           <.0001 

 2    Distance x Height xTargetD3x Unit                   1           2       618.7339           <.0001 

 3    TgtDum1                       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- Speci- False  False 

             Level    Event  Event  Event     Event  Correct  tivity  ficity   POS    NEG 

             0.100   6517        0    2123         0     75.4  100.0      0.0   24.6     . 

             0.120   6511       24   2099         6     75.6    99.9      1.1   24.4   20.0 
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             0.140   6511       54   2069         6     76.0    99.9      2.5   24.1   10.0 

             0.160   6494       67   2056       23     75.      99.6      3.2   24.0   25.6 

             0.180   6485       88   2035       32     761     99.5      4.1   23.9   26.7 

             0.200   6465     248   1875       52     77.7    99.2    11.7   22.5   17.3 

             0.220   6442     315   1808       75     78.2    98.8    14.8   21.9   19.2 

             0.240   6442     315   1808       75     78.2    98.8    14.8   21.9   19.2 

             0.260   6442     315   1808       75     78.2    98.8    14.8   21.9   19.2 

             0.280   6442     315   1808       75     78.2    98.8    14.8   21.9   19.2 

             0.300   6332     565   1558     185     79.8    97.2    26.6   19.7   24.7 

             0.320   6302     587   1536     215     79.7    96.7    27.6   19.6   26.8 

             0.340   6302     625   1498     215     80.2    96.7    29.4   19.2   25.6 

             0.360   6284     625   1498     233     80.0    96.4    29.4   19.2   27.2 

             0.380   6284     637   1486     233     80.1    96.4    30.0   19.1   26.8 

             0.400   6258     671   1452     259     80.2    96.0    31.6   18.8   27.8 

             0.420   6233     736   1387     284     80.7    95.6    34.7   18.2   27.8 

             0.440   6214     747   1376     303     80.6    95.4    35.2   18.1   28.9 

             0.460   6196     771   1352     321     80.6    95.1    36.3   17.9   29.4 

             0.480   6161     814   1309     356     80.7    94.5    38.3   17.5   30.4 

             0.500   6108     821   1302     409     80.2    93.7    38.7   17.6   33.3 

             0.520   5941     924   1199     576     79.5    91.2    43.5   16.8   38.4 

             0.540   5928     941   1182     589     79.5    91.0    44.3   16.6   38.5 

             0.560   5913     941   1182     604     79.3    90.7    44.3   16.7   39.1 

             0.580   5868   1001   1122     649     79.5    90.0    47.2   16.1   39.3 

             0.600   5859   1022   1101     658     79.6    89.9    48.1   15.8   39.2 

             0.620   5397   1310     813   1120     77.6    82.8    61.7   13.1   46.1 
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             0.640   5317   1350     773   1200     77.2    81.6    63.6   12.7   47.1 

             0.660   5294   1357     766   1223     77.0    81.2    63.9   12.6   47.4 

             0.680   5240   1363     760   1277     76.4    80.4    64.2   12.7   48.4 

             0.700   5155   1398     725   1362     75.8    79.1    65.9   12.3   49.3 

             0.720   4669   1602     521   1848     72.6    71.6    75.5   10.0   53.6 

             0.740   4268   1861     262   2249     70.9    65.5    87.7     5.8   54.7 

             0.760   4268   1861     262   2249     70.9    65.5    87.7     5.8   54.7 

             0.780   4218   1871     252   2299     70.5    64.7    88.1     5.6   55.1 

             0.800   4146   1889     234   2371     69.8    63.6    89.0     5.3   55.7 

             0.820   4146   1889     234   2371     69.8    63.6    89.0     5.3   55.7 

             0.840   4092   1916     207   2425     69.5    62.8    90.2     4.8   55.9 

             0.860   3960   1973     150   2557     68.7    60.8    92.9     3.6   56.4 

             0.880   3306   2009     114   3211     61.5    50.7    94.6     3.3   61.5 

             0.900   3231   2024       99   3286     60.8    49.6    95.3     3.0   61.9 

             0.920   2897   2080       43   3620     57.6    44.5    98.0     1.5   63.5 

             0.940   2786   2086       37   3731     56.4    42.7    98.3     1.3   64.1 

             0.960   2327   2110       13   4190     51.4    35.7    99.4     0.6   66.5 

             0.980   1466   2119         4   5051     41.5    22.5    99.8     0.3   70.4 

             1.000         0   2123         0   6517     24.6      0.0  100.0       .     75.4 

Discussion 

Figures 2-1 to 2-7 generally show decrements in GPR response consistency with increasing 

inaccuracy in the positioning of GPR Short Sweep.  Both modeling efforts confirm this showing 

that the distance is the best predictor of consistent GPR response of all the variables measured. 

This places a premium on instructing operators on the importance of maximizing the precision of 

their Short Sweep targeting.  This, in turn, suggests 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 are extraordinarily 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 symmetric 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 inaccuracy than the 

leading half. It is unknown why the rearward portion of the sensor head shows greater 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 GPR response 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 best-fitting model beg important questions.  

Starting with 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 unmeasured differences between the 

target simulantsô components as well as possible unmeasured differences in the soil and 

vegetation surrounding the targets.  

Five of the predictors in the better fitting regression model are four-way interactions. 

The implication is that the 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 predictors include 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 

appearance of these variables suggests that 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 outputs require the detection of conductive material 

by the metal detector and that its presence can be at a level below that for production of a metal 

output signal, such sub-threshold metal signals may be influencing GPR response. Such effects 

offer a plausible, if speculative, account for GPR response measures at position 5 (Distance = -

13.64 cm) in Figures A-C. Only instrumentation that allows for such measurement would allow 

this speculative, but reasonable hypothesis to be tested. 

Still another unmeasured variable with potential explanatory value is the internal state of the 

software at the time metal and radar returns register. Because the AN/PSS-14 compensates for 

relatively local, but consistent soil and terrain variability via ñground balancingò and ñGPR 

training,ò these adaptations to local conditions may represent another source of response 
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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 can their role in 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/PSS-14 involves understanding its behavior and thorough understanding is 

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

warranted and needed. 

Figure 2-1 
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Figure 2-2 

 

Figure 2-3 

 



42 

Figure 2-4 
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Figure 2-5 

 

Figure 2-6 
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Figure 2-7 Detector Unit Harness 

 

Figure 2-8 GPR Response Curves for Target A 
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Figure 2-9 GPR Response Curves for Target B 

 

Figure 2-10 GPR Response Curves for Target C 

 


