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Abstract: This report documents efforts to develop a common processing
and interpretation platform for UXO survey data, hereinafter referred to
as the UXODAS. Development of the common software platform assumes
(1) that the data will be accessible in readable formats, and (2) that the
data result from the most commonly used geophysical sensor types,
specifically total field magnetometers (TFM), frequency-domain electro-
magnetic induction (FDEM) systems, and time-domain electromagnetic
induction (TDEM) systems. The common platform will enable inter-
operability and incorporate in a readily available software package the
capability and tools to import, process, interpret, and visualize the results
of UXO geophysical surveys. The software platform will be a continuing
work in progress, with the capability to easily incorporate new processing
and interpretation tools (modules) as they become available. The
immediate goal is to make available to the user community the processing
and interpretation tools developed under the Army Environmental Quality
Technology UXO Research and Development Program by the US Army
Engineer Research and Development Center (ERDC).

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Preface

This report describes efforts conducted under the sponsorship of the
Environmental Quality Technology (EQT) Program A (1.6.a), Unexploded
Ordnance (UXO) Screening, Detection, and Discrimination Management
Plan. Work was conducted under BA2/3 Major Thrust Area I11, “Sensor
Design and Enhancement” and BA4 Major Thrust Area 11, “Hardware/
Software Integration.” The work documented in this report was performed
during the period 01 October 2002 through 30 September 2006. Dr. M.
John Cullinane, U.S. Army Engineer Research and Development Center
(ERDC), was Technical Director, Military Environmental Engineering and
Sciences, Environmental Laboratory (EL).

John H. Ballard, ERDC, was the program manager for research and
development of the Environmental Quality Technology (EQT) Program A
(1.6.a) UXO Screening, Detection, and Discrimination Management Plan
during the execution of this project. George Robitaille, U.S. Army Environ-
mental Center (USAEC), was program manager for technology demon-
strations of EQT UXO program technologies. Ricky A. Goodson was
principal investigator for this work. Software development and testing
were performed by Goodson and John Cliff Morgan. Data analysis was
performed by Goodson, Morgan, Morris P. Fields, Hollis “Jay” Bennett,
and Tere A. DeMoss.

This project was performed under the general supervision of Dr. Ed Russo,
ERDC, Chief, Ecosystems Evaluation and Engineering Division.

At the time of publication of this report, EL Director was Dr. Elizabeth C.
Fleming, ERDC Director was Dr. James R. Houston, and ERDC
Commander was COL Gary E. Johnston.
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Unit Conversion Factors

Multiply By To Obtain
acres 4,046.873 square meters
feet 0.3048 meters
gallons (U.S. liquid) 3.785412 E-03 cubic meters
inches 0.0254 meters

miles (U.S. statute) 1,609.347 meters
pounds (mass) 0.45359237 kilograms
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1 Introduction

This report documents the Unexploded Ordnance (UXO) Data Analysis
System (DAS). The development effort was conducted under the Depart-
ment of Army Research and Development DOE4 (BA4) Technology
Demonstration Program. Data analysis was conducted under the Depart-
ment of Army Research and Development DOE3 (BA3) Program. Post-
demonstration analysis focused on the functionality of sensor systems, the
evaluation of the noise level of the data collected, ability of the systems to
detect and discriminate, and positioning accuracy of the systems. The
stability of the system was evaluated through histograms and statistical
measurements of data collected during the technology demonstration.
Based on the characteristics and initial analysis of the collected data,
target detection/discrimination (Miller et al. 2001) techniques were
applied and evaluated.

This project addressed the Environmental Quality Technology (EQT)
Program thrust area entitled “UXO Technology Demonstration, Work Unit
“UXO Detection Design Demonstration and Validation.” The immediate
goal is to make available to the user community the processing and inter-
pretation tools developed under the Army EQT UXO Research and
Development Program.

Background

UXO cleanup (environmental remediation) requires location of surface
and buried ordnance items. Location of subsurface UXO requires surveys
with geophysical sensor systems. At a minimum, the data acquired with
the geophysical systems are analyzed to give horizontal positions of
potential UXO (detection). The data can also be interpreted to establish
depth estimates for the targets. Further interpretation of the data was
done to classify the targets. The simplest level of classification would be a
UXO or non-UXO designation (discrimination) with the highest level
being a designation of a specific type of UXO (identification). Clearly,
target detection is important, because of the serious consequences of
missing potentially live UXQO'’s. The targets detected in geophysical surveys
include both UXO and non-UXO. The discrimination step is critical for
reducing environmental remediation costs. Approximately 75 percent of
overall UXO site cleanup costs are expended excavating and disposing of
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non-UXO. The components required for UXO geophysical surveys and
interpretation include the geophysical sensor system, survey navigation
and measurement positioning capability, data storage capability, and data
processing/interpretation software.

Historically, considerable effort has been expended in developing data
formatting standards for geophysical survey systems (e.g., the Society of
Exploration Geophysicists data formats for seismic, gravity, magnetic,
electromagnetic induction, and ground penetrating radar data), with the
objective of allowing data sharing and interoperability of processing
algorithms. Efforts to establish data standards have continued in UXO
applications of geophysical systems, such as the DARPA UXO Back-
grounds Program (e.g., George et al. 1998) and through technology
workshops conducted by the Joint UXO Coordinating Office (e.g., Office of
the Under Secretary of Defense (Acquisition and Technology) 1997).
Unfortunately, recent efforts have not always exploited the considerable
prior investment in data file format specification. Fortunately, however,
modern geophysical systems manufacturers either (1) store data files in
formats readily “readable” by most software programs (e.g., ASCII), or
(2) provide translation software to convert the data from the stored data
format (e.g., binary) to a “higher level” format (e.g., ASCII); data file
headers are generally flexible enough to specify requisite survey details
and instrument settings. Also, most geophysical survey systems currently
in use and contemplated for use for UXO survey application have
positioning/navigation recording capabilities, such as integrated time- or
distance-cued measurements or GPS data stream input.

This report documents a common processing and interpretation platform
for UXO survey data, hereinafter referred to as the UXODAS. Develop-
ment of the common software platform assumes (1) that the data would be
accessible in readable formats, and (2) the data were collected using the
most commonly used geophysical sensor types, specifically total field
magnetometers (TFM), frequency-domain electromagnetic induction
(FDEM) systems, and time-domain electromagnetic induction (TDEM)
systems. The common platform enables interoperability and data
incorporation into a single software package, providing the capability and
tools to import, process, interpret, and visualize the results of UXO
geophysical surveys from a variety of sensors. Developmental plans
include adding new processing and interpretation tools (modules) to the
UXODAS as they become available. An immediate goal is to make
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available to the user community the processing and interpretation tools
developed under the Army EQT UXO Research and Development Program
by ERDC.

Data processing overview and requirements

The basic steps in UXO environmental remediation are illustrated in
Figure 1. The ERDC UXODAS plays a role in all aspects of the process
shown in Figure 1, except the excavation and disposal steps.

The UXOQO Environmental
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= i ' | v Y
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Figure 1. Key steps in the UXO environmental remediation process.

The preliminary step in the process involves identification of potentially
UXO-contaminated sites, through research activities such as archival
search, footprint reduction, and/or wide area assessment. For the acqui-
sition of geophysical survey data over sites of interest associated with
Step 1, the role of UXODAS is limited in its ability to read, display, and
import surveys for recognizable data formats, and to check the quality of
the data to assure the UXODAS algorithms will be able to process the
survey data.

The primary functions of UXODAS in Step 1 are for data corrections and
visualization in quality analysis/quality control (QA/QC). Target picking
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(Step 2) is a non-trivial step in the process, since detection of a target in
the presence of noise involves empirical judgment, even for approaches
that involve automated target picking algorithms. For example, using a
target-picking threshold that is too low, relative to background/noise, will
result in an untenable number of targets for analysis; this concept is
illustrated by Figure 2, which illustrates the ubiquitous “exponential”
increase in number of targets with decreasing threshold. Target analysis,
in most cases, requires “extraction” or specification of the target signature
(Step 3), which includes an area of data surrounding the target location.
The size of the extracted data area depends on the sensor type and the
processing algorithm to be utilized. Once targets have been identified and
the target signatures extracted, the signatures are analyzed. The formal
process of analyzing target signatures to match to a library of signatures or
to fit to a geometrical/parametrical model (geophysical inversion, Step 4)
results in information or parameters that can be used in a formal discrim-
ination/classification process (e.g., Butler et al. 2003). Finally, the process
must result in a dig list (Step 5). Optimally, the dig list should be prior-
itized, based on a goodness-of-fit or -classification criterion. One approach
suggested by Billings (Billings et al. 2002a) produces a prioritized dig list
based on a discriminant value. In the Billings et al. approach, digging
continues until (1) no UXQO'’s are found in the last 50 holes, or (2) a
predefined discriminant value is reached, and (3) until all the seeded
items have been found.

300 U2

Legend
U1, U2 — Unknown Sites
I K2 K1, K2 -- Known Sites

n
[=3
o

T

Number of Targets

=
o
o

T

0

0 2 4 6
Detection Threshold, mV

Figure 2. Example: Fort Ord, CA, ODDS UXO Test
Sites—lllustrating the ubiquitous increase in number of
targets with decreasing target declaration threshold—
TDEM survey data.
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There are special and general-purpose software programs and platforms
that can be used for geophysical data processing and analysis. Special-
purpose programs are generally directed to visualization and interpret-
tation of data from a specific class of geophysical systems/methods (e.qg.,
electrical resistivity or time-domain electromagnetic induction). These
special-purpose programs are developed and distributed by both the
equipment manufacturers themselves and by companies whose sole
business is geophysical software development (e.g., Interpex Ltd.1).
General-purpose programs/platforms include two- and three-dimensional
data visualization programs (solely for data plotting and display), geo-
graphic information systems (GIS; map-based and relational database
manaGEMent, map layer queries, and map display products), general-
purpose geophysical data processing and analysis platforms (with
relational database capabilities; e.g., Geosoft’s Oasis Montaj?), high-level
mathematical/technical programming platforms (e.g., MATLAB®?3), and
general-purpose high-level programming languages (e.g., C++ or Visual
Basic4).

MATLAB® and Oasis Montaj (Geosoft) are the platforms used extensively
by the ERDC in the EQT UXO Program. MATLAB® has been used as the
development platform for the forward and inverse modeling and algorithm
development for TFM, FDEM, and TDEM applications. While MATLAB®
can handle large datasets, it is not efficient for production data processing
and analysis; the software’s strengths lie in sophisticated mathematical
programming and matrix-based operations capability. Also, MATLAB®
has extremely easy and versatile graphical output capabilities that can
expedite the development process. Geosoft, however, was specifically
designed to import, process, and analyze the large datasets produced
during geophysical surveys. Many routine geophysical data processing
functions are built into Geosoft. Oasis Montaj is built around a versatile
relational database structure, and it is simple to add processing function-
ality with GX’s (Geosoft executables) and DLL’s (dynamic linked libraries).
Geosoft has become, virtually, the de facto data processing and analysis
platform for geophysical data associated with UXO environmental resto-
ration efforts; many requests for proposals and resulting contracts for

1 Interpex Ltd., Golden, Colorado 80402 8040280402P.0. Box 839 * Golden ¢ ado * 80402  USA
2 Geosoft Inc., Toronto, Ontario, Canada M5H 2C9

3 The MathWorks, Inc., Natick, MA 01760-2098

4 Microsoft Corporation, Redmond, WA 98052-6399
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UXO geophysical surveys include specifications for use of the Geosoft
software.

Selection of the ERDC UXODAS base platform

One of the prime developers of forward and inverse modeling capability
for the ERDC is the Geophysical Inversion Facility of the University of
British Columbia (UBC). Like in-house development efforts at the ERDC
and other collaborators, UBC uses MATLAB® as the primary development
platform. UBC has packaged their developments into a user-friendly
MATLAB®-based program called UXOLAB that they will distribute and
maintain. Due the wide usage and production processing capability, the
ERDC selected Geosoft as the platform for incorporation of in-house and
collaborator-developed (primarily UBC, Duke University, and AETC Inc.)
processing and analysis tools. The ERDC UXODAS will have import
capability for data from a variety of geophysical systems, pre-processing
capability, anomaly (target) selection, signature analysis, signature
matching, parameter extraction, including forward and inverse modeling,
cooperative inversion of multi-sensor datasets, discrimination and class-
ification algorithms, prioritized target list output capability, and visual-
ization tools. Initially, the ERDC will maintain UXODAS, until potential
commercialization by collaborators.

Scope of report

The concept of UXODAS is illustrated in Figure 3. Many of the concepts
and modules that form UXODAS are previously documented (e.g., Billings
et al. 2002b; Butler et al. 1998; Pasion and Oldenburg 2001; Goodson

et al. 2002; Simms et al. 2004). Chapter 2 presents the data acquisition
capabilities and requirements, including brief descriptions of the geo-
physical systems. Pre-processing steps and capabilities are discussed in
Chapter 3, and anomaly (target) selection approaches are presented in
Chapter 4. The important discrimination and classification capabilities
and approaches are discussed in Chapter 5, including forward and inverse
modeling, cooperative inversion algorithms, signature matching, and dig
sheet preparation and output. System performance is discussed in
Chapter 6. Finally, a summary and conclusions are contained in Chapter 7.
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Figure 3. The ERDC UXODAS concept of operations.
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2 Sensor Systems

Sensor systems

This section gives a brief overview of the types of sensors used for data
collection. The sensors are grouped into the following system types: time
domain, frequency domain, passive, and other sensors. Each section
includes a general description of the sensor, the data collected, and how
the data are reformatted for import into DAQ/DAS.

Time domain electromagnetic induction (EMI) systems
EM61-MK2 EMI system

The EM61-MK2, an enhanced version of the patented EM®61, is a time
domain metal detector, which detects both ferrous and non-ferrous objects
with excellent spatial resolution (Figure 4). Target response is a single,
sharply defined peak, facilitating quick and accurate location. A single
200-L (55-gal) drum can be detected at depths greater than 3 m.

Data from multiple time gates (three or four, user-selectable) are recorded
to provide a more complete measurement of the response decay rate for
improved target characterization (and discrimination). Early time gates
increase the maximum depth of detection for all targets; a mid-range time
gate, equivalent in position to the original EM61, offers comparison with,
and continuation of, original EM61 data sets.

The Allegro CX field computer supports the acquisition of data. Important
features include real-time graphic display of data for review and quality
control; high-capacity data storage (min. 330,000 data points) for
extended survey time; increased rate of data collection; and additional
input connections for simultaneous collection of both EM and GPS data.

The EM61-MK2 is GPS compatible; a fully integrated Trimble Ag132 - with
no requirement for a separate GPS receiver console. The system can be
pulled as a trailer, in single or multiple unit configurations, or carried by
an operator with a belt harness. Table 1 lists system specifications.
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High power (HP) modification

To increase the depth at which any target is detectable, the high power
(HP) modification provides an eight-fold increase in the amount of signal
received from a standard transmitter coil resulting in significant improve-
ments in the signal-to-noise ratio. Relative to the standard EM61-MK2 (or
EMG61), the depth of detection for any target will increase between

45 percent and 80 percent, depending on target characteristics.

Figure 4. The EM61-MK2

Table 1. Specifications for the EM61-MK2

MEASURED QUANTITIES Four time gates of secondary response in mV
EM SOURCE Air-cored coil, 1- x 0.5-m size
CURRENT WAVEFORM Unipolar rectangular current with 25% duty cycle
1. Main: Air-cored coil, 1- x 0.5-m in size, coincident
with EM source
2. Focusing: Air-cored coil, 1- x 0.5-m in size, 30 cm
EM SENSORS above main coil
MEASURING RANGES 10,000 mV
DYNAMIC RANGE 18 bits

Color TFT active matrix LCD 320x240 pixels, and audio

OUTPUT MONITORS tone
DATA STORAGE Over 1,000,000 data sets
12 V rechargeable battery
POWER SUPPLY (approx. 4 hr continuous)
Backpack: 60 x 30 x 20 cm; 8 kg
OPERATING WEIGHTS Coil Assembly: 100 x 50 x 5 cm (bottom), 100 x 50 x 2
& DIMENSIONS cm (top); 14 kg (23 kg in trailer mode)
POSITIONING Wheel triggered and GPS
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Geonics EM-63 EMI system

The EM63 Metal Detector advances the application of time domain
electromagnetic (TDEM) methods to the detection of unexploded
ordnance (see Figure 5). Measurement of the full transient electro-
magnetic response with the EM63 offers improved detection capability
and information on target characteristics.

Rl

Figure 5. Geonics EM-63 on
the ERDC UXO/CM test stand.

Comparable to the EM-61 MK2, the EM-63 generates a pulsed primary
magnetic field that induces eddy currents in nearby metallic objects. The
decay rate of these eddy currents with time generates a secondary
magnetic field with a specific rate of decay that is intrinsic to the size,
shape, orientation, and metal composition of the object itself. Measure-
ment of the secondary magnetic field decay (the transient response),
therefore, will provide important information toward: a more complete
characterization and classification of the target; identification and
rejection of the characteristic response from certain geologic materials
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(e.g. magnetite); and consequently, a reduction in target selection error
(the "false-positive rate").

The EM-63 accurately measures the complete transient response over a
wide dynamic range of time: measurements are recorded at 26-time

spaced gates, covering a time range from 180 pus to 25 ms. Data acquisition

is supported by the PRO4000 field computer, with 16 MB data storage
capacity, which is able to simultaneously receive GPS data for location
control. Table 2 lists system specifications.

Table 2. Geonics EM-63 Specifications

Measured 26 time gates of secondary response in mV covering range from 180 us
Quantities to 25 ms
EM Source Air-cored coil, 1- x 1-m size
Current
Waveform Bipolar rectangular current
a) Main: Air-cored coil, 0.5 x 0.5 m in size, coincident with EM source
EM Sensors b) Focusing;: Air-cored coil, 0.5 x 0.5 m in size, 60 cm above main coil
Measuring
Ranges 10,000 mV
Dynamic Range | 18 bits
Output
Monitors 16-line graphic LCD with 24 characters per line
Power Supply 12-V rechargeable battery for 8 hr continuous use
Data Output RS232 serial port
Data Storage Solid state memory with capacity of 31,000 data sets
Operating Sensor: 100 x 100 x 60 cm : 32 kg
Weight & Console: 38 x 19 x6cm: 4.5 kg
Dimensions Battery: 23 x 21 x 14 cm : 10 kg
Shipping
Weight & 104 x 104 x 22 cm (box 1): 60 kg
Dimensions 58 x 48 x 47 cm (box 2): 46 kg
POSITIONING Wheel triggered & GPS post-processed

Frequency domain EMI systems

GEM-3-E EMI system

The GEM-3-E is a broadband, programmable EMI System (Figure 6). The
GEM-3-E consists of a circular sensor head assembly, a three-button user
interface or Personal Data Assistant graphical interface, the electronics
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console, and the WinGEM software. The sensor head is available in three
different sizes. The 40- and 64-cm sensor heads come mounted on a boom
for handheld operation; whereas the 96-cm sensor head is usually
mounted on a cart. The sensor head assembly consists of (1) the primary
transmitter (Tx) coil, (2) a bucking Tx coil, and (3) a receiver (Rx) coil. The
bucking Tx creates a magnetic cavity (null-field region), where the Rx coll
is placed. Table 3 lists system specifications.

e " J i .. Sl L

Figure 6. The GEM-3-E during survey.

Table 3. Specifications for the GEM-3-E

Multiple-frequency operation Up to 15 frequencies
Frequency band 30 to 47970 Hz
Horizontal coplanar; 40-, 60-, 96-cm
Coil configurations diameter sensor heads
Standard 12-V notebook computer battery
Battery (B9O5S)
Battery life ~4 hrs
Weight 91b (4 kg)
Inphase and quadrature response in parts
Basic output per million (ppm)
PC software WiIinGEM2k
Positioning Utilizing GPS data

System configuration GEM-3-E

The GEM-3-E, used at the ERDC, consisted of the 96-cm head with the
data acquisition box, a laptop computer for the controller unit, and a
NavCom GPS rover. The GPS rover was secured to the mast of the GPS
antenna and the controller was in the data acquisition box. The controller
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for the GEM-3-E generates a digital composite current waveform,
consisting of a user-selectable number of frequencies, to the primary and
bucking Tx coils. The frequencies chosen for the ERDC data acquisition
were 90, 210, 390, 750, 1470, 2910, 5850, 11430, 21690, and 41010 Hz.

Passive systems
Geometrics 823A cesium vapor total field magnetometer (TFM) description

The Geometrics 823A cesium vapor TFM (see Figure 7) is designed for
mobile or base station applications, where high sensitivity and rapid
sampling and recording of the earth's magnetic field are required. The
system consists of a cesium sensor, with associated cables and driver
electronic package, and a separate high-resolution counter. The G-823A
operates on 24-32 VDC power. Tuning through the earth's magnetic field
range is fully automatic, including automatic hemisphere switching. The
sensor/electronics package is watertight and temperature controlled. The
G-823A was set to collect at 10 samples per second. The G-823A system
specifications are shown in Table 4.

Figure 7. G-823A magnetometer
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Table 4. Specifications for the G-823A

Operating Principle Self-oscillating split-beam Cesium Vapor (non-radioactive Cs-133)
The earth’s field should be at an angle greater than 10° from the
sensor’s equator and at 10° away from the sensor’s long axis.

Operating Zones Automatic hemisphere switching.

Operating Range 20,000nT to 100,00nT

Power 24 to 32 VDC, 0.75 amp at turn-on and 0.5 amp thereafter

Heading Error

+/- 0.15 nT throughout polar and equatorial spins, 360°.

Absolute Accuracy

>5nT throughout range.

Typically 0.003nT P-P at a 0.1-sec sample rate (90% of all readings

Sensitivity falling within the P-P envelope).
One cycle of Lamour frequency = 3.49nT, 2 V P-P coupled through
Data Output the sensor power input.
Altitude Up to 300,00 ft (9,000 m).
Water Tight Sealed for up to 2 ft (0.9 m).

Sample Interval

0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, and 10 seconds, or by
external cycle command.

Positioning

Post Processing

Other systems

Geonics EM-61HH hand-held EMI sensor

The EM61HH (Figure 8) is a "hand-held" complement to the EM-61 MK2
(Figure 4), providing greater sensitivity to smaller targets at shallow
depths. A single 20-mm projectile can be detected to a depth of greater
than 0.5 m. Comparatively, a single 200-1 (55-gal.) drum can be detected
to depths of greater than 2 m.

Data are collected from a single receiver at four time gates after
transmitter turn-off. Information from four gates provides for the
discrimination of targets based on the response decay rate; the early time
data will detect both small and large targets with short and long decay
rates respectively, while the late time data will detect only larger targets
with relatively long response discrimination.

With a narrower spatial focus than the standard EM-61 MK2, the
EM-61HH MK2 is a relatively less sensitive footprint to sources of pot-
ential interference. As a result, data can be collected in closer proximity to
cultural features such as fences and buildings. Additionally, the narrower
focus provides enhanced target resolution, and consequently improves
discrimination of multiple targets.
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The EM-61HH MK2 can be operated either with or without wheels
(Figure 8). In either configuration, the smaller, more portable design
offers improved access to areas of difficult terrain and dense vegetation.
Table 5 lists system specifications.

Figure 8. The Geonics EM-61HH on data collection pass.

Table 5. Specifications for the EM-61HH

Measured Quantities

Four time gates of secondary response in mV

EM Source Air-cored coil, 17 cm diameter

Current Waveform Uni-polar rectangular current with 25% duty cycle
EM Sensor Air-cored coil, 17 cm diameter

Measuring Ranges 10,000 mV

Dynamic Range 18 bits

16-line graphic LCD with 24 characters per line,

Output Monitors and audio tone

Power Supply 12-V rechargeable battery for 4-hr continuous use
Data Output RS232 serial port

Data Storage 330,000 data sets

Operating Weight & Dimensions Back pack: 60 x 30 x 20 cm; 8 kg

Sensor Assembly 33 x20 cm; 2.8 kg (7.5 kg with wheels)

Shipping Weight & Dimensions 50kg, 117 x 50 x 54 cm

Positioning

Wheel logged & GPS post processing
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The ERDC Hand-held Dual TFM/EMI Sensor

The ERDC Hand-held Dual TFM/EMI Sensor hardware (Figures 9 and 10)
is comprised of an EMI sensor, cesium (Cs) vapor magnetometer, fluxgate
magnetometer, hand-held data acquisition computer, integrated power
supply, interconnection cables, and deployment hardware (backpack,
mounting pole, etc.). The EMI system is the Geophex GEM-3; the
magnetic system is the Geometrics model 823A Cs vapor magnetometer.
The fluxgate magnetometer is a Bartington model Mag-3MRNG6O, three-
axis fluxgate magnetometer. The system weighs approximately 46 Ib, when
the ArcSecond positioning system (described next) is attached and is
completely man portable (no wheels).

Figure 9. The ERDC hand-held Dual TFM/EMI with ArcSecond positioning system.

During standard usage, the fluxgate magnetometer is used to provide the
instrument attitude relative to the Earth’s magnetic field. The data from
the fluxgate was routed through the secondary pre-amp in the magneto-
meter and incorporated into the magnetometer data stream. This com-
bined data stream, along with the positioning data stream, is then put into
the GEM-3, which was modified to have an extra serial input. All data
streams are combined into a single binary data file on the GEM-3. This
binary file is decoded into three separate files containing the standard
GEM-3 data, “GPS” position file, and magnetometer/fluxgate file.
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Figure 10. Components of the ERDC hand-held Dual TFM/EMI

ArcSecond LASER positioning system

The positioning system used in tests at the ERDC was the ArcSecond
positioning system. The ArcSecond system (Figure 9) configured for this
application is comprised of four remote beacons and an array of four
sensors that are mounted on the structure that is being positioned. The
beacons transmit a timing pulse and two crossed rotating lasers. Upon
detection of these lasers, each sensor is provided with a measurement of
the vertical and horizontal angle of the sensor position relative to the
transmitting beacon. Given precise knowledge of each beacon’s position
and orientation, these angles are used to triangulate the sensor positions
in three dimensions. Given the exact positions of each of the three sensors
in the array, the position and orientation of the geophysical sensors can be
determined, assuming that the positioning sensor array is fixed rigidly to a
non-flexing geophysical sensor carry assembly.

Because the ArcSecond system uses angular measurements from the
beacons rather than distance measurements, the setup and calibration of
the beacon positions are more complex than other systems. The position
and orientation of each beacon must be accurate and stable. Each deploy-
ment must be initialized by calibrating the system (Figure 11). A minimum
of six measurements are taken so that the beacon locations and
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orientations can be determined relative to each other. The sensors are
positioned during the course of the geophysical survey relative to the
beacon network frame of reference. These positions are then translated to
a local or standard coordinate system.

In the integration of the ArcSecond positioning system with the dual
sensor, the problem of time latency is corrected by using a time alignment
scheme similar to that used for GPS systems. The ArcSecond system was
modified to emulate GPS systems by providing a PPS trigger pulse and
‘standard’ NMEA data strings via an RS232 data link. This provides for
ease of integration of the ArcSecond system with any geophysical systems
that are currently capable of integration with GPS systems.
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Figure 11. Setup and calibration using light bar for the ArcSecond LASER
position system (Phasell).

G-tek5 SAM system

Sub Audio Magnetics (SAM) is a method by which a total field magneto-
meter sampling at a very high rate may be used to simultaneously acquire
both Total Magnetic Intensity (TMI) and Total Field Electromagnetic
Induction (TFEMI) data (Figure 12). The SAM system consists of the
following components: (1) single TFM or array of TFM’s, (2) a large
transmitter loop (EM source), and (3) data acquisition and display
(Output Monitors) (see Table 6).

5 G-tek Australia Pty Ltd. (now Gap Geophysics Australia Pty Ltd., South Brisbane, Queensland, Australia).
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Magnetometer array

The SAM-capable TM-6 magnetometer array was developed and built by
G-tek. The TM-6 magnetometer system has been designed to interface
with a variety of positioning devices, as different application localities have
different characteristics and requirements. When using the magnetometer
for SAM applications, GPS time must be accessible at least once every 30
minutes in order to maintain precise clock synchronization. However, this
time signal may be unobtainable in conditions such as wooded areas
where DGPS positional accuracy is not satisfactory. In such situations, a
cotton-thread-based odometer system developed by G-tek and used for
over 25 years provides a good alternative. However, emerging new
technologies such as the robotic total station (RTS) are also compatible
with the magnetometer array. At the Aberdeen Proving Ground site, both
the odometer and RTS will be used in the forested area to evaluate their
relative performance. System specifications are listed in Table 6.
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Table 6. Specifications for the G-tek SAM System

Measured Quantities Sample Rates 1200, 2400, or 4800 per second
EM Source Wire Loop (typically 33m x 33m)

Current Waveform Bipolar rectangular current

EM / TFM Sensor Cesium Vapor Magnetometer

Output Monitors Screen of PDA 320x240 pixels

Positioning GPS real time processing

Additional features of the SAM include:

~

Accepts Larmor signal input from a hand-held array of four optically
pumped magnetic sensors;

Simultaneously acquires magnetic field measurements from each sensor at
selectable rates up to 4,800 per second;

Measurements are acquired at precisely equal time intervals that are
synchronized to GPS time;

The RMS noise floor for each measurement sample rate typically lies
between 1 nT at 10,000 per second to 1 pT at 100 per second when plotted
on a logarithmic abscissa. (This program proposes sampling at 4,800 per
second at which the noise is approximately 0.2 nT, reducible in late-time
by the averaging of consecutive samples);

Accepts position and time information, including 1 pps strobe from DGPS;
Magnetometer, DGPS, and batteries to power a quad-sensor array for
typically 2.5 hr are carried in a backpack weighing approximately 8 kg;
Graphic user interface implemented on a Pocket PC;

Electromagnetic Transmitter: An 8-turn wire loop is laid out along a
meandering path surrounding the grid area to be surveyed (typically

33 m x 33 m). A Zonge GGT-10 current transmitter energizes this loop
with a bi-polar, 12 — 20 Amp square wave current of typically 50 percent
duty cycle and 15 Hz frequency. The transmitter and receiving
magnetometer are precisely synchronized using GPS time.

Data processing description

Raw TM-6 data are processed using a proprietary software package
referred to as ‘MagPi,” which performs all preprocessing procedures
including separation of the magnetic (TMI) and electromagnetic data
(TFEMI) sets, waveform stacking, removal of unwanted frequency
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components such as 60-Hz noise, EM decay curve integration, decimation,
and merging of DGPS time/position and low-pass filtering. The MagPi
output is usually in the form of Excel style (*.csv files) (time decays) or
Geosoft XYZ files. The Geosoft Mapping Package is used for data
manaGEMent, gridding, map creation and display, and other specialized
filtering. Two software products, MagSys (G-tek) and UXOLAB (UBC), are
used for additional interpretation of the gridded data, in order to provide
automatic anomaly picking, calculation of certain anomaly parameters,
forward modeling, and inversion. The SAM method provides two comple-
mentary data sets (TMI and TFEMI) that are perfectly geo-referenced
because the same sensor is used to acquire both data types simultaneously.
For these technology demonstrations, the individual data sets will be
processed separately to the point of producing the XYZ files, but the
results will be presented as a single joint interpretation, combining
selected information from each data set in a logical manner that optimizes
target detect/discrimination. In the specific case of small ordnance items
such as grenades and submunitions, the TFEMI response is likely to be
below the noise floor with the TFEMI, in which case the interpretation will
be based on the TMI alone.
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3 Data Import and Processing Procedures

As data are acquired in the field, the field team must display the data and
check for any serious sensor or other problems that would make the data
unsuitable and indicate the need to reacquire data in an area. Several
guality control procedures and standard data correction methods are used
to ensure the quality of the data collected during the field investigation.
These include displaying line path and coverage maps to verify that the
area was adequately covered, correcting positioning errors due to time lag
between the data acquisition and the reporting of sensor position, and
correcting sensor drift.

Import into Oasis Montaj

All of the previously discussed sensor systems have the ability to output
data in an ASCII format. Oasis Montaj has a general-purpose import
procedure for bringing ASCII data into a database that allows the user to
select channels to import and specify names and formats for them. In
order to simplify the import procedures, GXs to import data from specific
sensors have been developed and placed in the UXO-DAS menu. Links to
the Oasis Montaj functions to import ASCII and Geosoft XYZ data are also
included on the UXO-DAS menu for convenience. Data in a different
format than expected or from an unsupported sensor can still be imported
using the built-in Oasis Montaj import procedure.

The UXO-DAS import menu is shown in Figure 13 and selection of the
GEM-3 menu item results in the dialog shown in Figure 14. Figure 15
shows the imported GEM-3 data in an Oasis Montaj database. The inphase
and quadrature data for all frequencies are stored in the array channels IP
and Q, respectively. Array channels provide a quick graphical look at the
nature of the inphase and quadrature frequency curves and simplify some
processing steps. However, it may also be desirable to look at individual
channels. A single channel of data can be extracted from an array channel
selecting the Extract Channel item from the UXO-DAS menu. The dialog
shown in Figure 16 will be displayed. The user selects the array channel,
names the output channel, and specifies the (zero-relative) number of the
channel to extract.
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Figure 13. UXO-DAS import menu
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Figure 14. GEM-3 import dialog box

The import dialog box for the EM-63 is shown in Figure 17 and the
resulting database is shown in Figure 18. The 26 time channels of the EM-
63 are stored in the array channel Z1. As for the GEM-3 data, a single
channel can be extracted from the array channel using the Extract Channel
function.

Area coverage

The first QA/QC task is to examine the spatial distribution of the acquired
data to ensure that the survey area is adequately covered. After each data
acquisition, a line path plot should be generated. This data visualization
tool will verify that no significant gaps are present in the newly acquired
data or between the new data and the previously acquired data. It will also
show irregularities in the positioning data, such as a temporary loss of GPS
signal. If a loss of positioning data is of short duration, the missing
positions can be interpolated from known positions without the need to
reacquire data. A line path plot is shown in Figure 19. When all the data for
an area are collected, a coverage map of the area should be generated

using Geosoft’'s UX-Detect software module. A coverage map, such as that
shown in Figure 20, will quickly show any gaps in coverage of an area
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based on a user-defined grid size. Grid cells with a value of zero (0), which

is displayed in white, indicate gaps in the area coverage at the resolution

being displayed. The percentage of grids that are covered can also be

calculated.
gf, <Cz\DemoUxo’, YPG"Blind', Gem-3'\BlindGrid.gdb>: - Compressed for Speed __JEILI
viLB:a H ¥ 1P 1] Sample pouwerln Nsum rherptat|
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Figure 15. GEM-3 database.

Figure 16. Dialog box for extracting a single channel from an array channel.
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Figure 17. EM-63 import dialog box.
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Figure 18. EM-63 database.
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Figure 20. Coverage map.
Time synch

Another common data collection issue is time lag between the collection of
sensor data and the reporting of sensor position from GPS or other
positioning system. To determine the amount of time lag, a calibration
procedure is performed which consists of passing over a target multiple
times in opposite directions. From this data, the amount of shift to locate
the peak sensor response in both directions at the same xy location can be
calculated. The data can then be shifted to correct the time lag using the
UX-Process latency correction function as shown in Figure 21. Here, the
fiducial channel is used as a reference to shift the data an integral number
of data collection points relative to the position data. The sign of the delay
indicates the direction of the shift. Using the fiducial channel as reference
makes sense as long as the data are collected at regular intervals. However,
if the rate of data collection varies, a time channel should be used. Also,
the delay that is specified does not have to be an integer. If a decimal delay
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is specified, the new positions will be linearly interpolated from the
original positions.

Apply instrument latency correction...
Reference latency channel |Fi|:|ucial :J
Delay |-12

Lines to correct |SEIE|:.'tE|:| lines ﬂ

Raw X backup channel |}{_Raw

Raw ¥ backup channel |Y_Raw

Ok | Cann::ell HEIpI

Figure 21. Dialog for latency correction.

Figure 22 dramatically illustrates the effect of time lag on the gridded
image of an anomaly. The anomaly in the lower middle section of the
image shows up as three separate anomalies corresponding to the three
passes of the sensor near it. After the correction, the seemingly multiple
targets converge to a single anomaly as shown in Figure 23. Plotting the
data in this manner allows the user to verify the accuracy of the time lag
correction.

\

Figure 22. Gridded image of an anomaly before lag correction.
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Figure 23. Gridded image of the same anomaly after lag correction.

Drift correction

Another common problem encountered when collecting geophysical data
is instrument drift (Figure 24). Sensor signal level varies with time during
a data collection due to factors such as changes in temperature and power
output from the batteries. Sensor drift can be seen in the color gradations
from top to bottom in the gridded image in Figure 24. Figure 25 shows the
same data after application of the Geosoft UX-Detect drift correction
algorithm. This algorithm calculates the average value for each block of
data of a user-specified size and subtracts the average from all the points
in the block. A user-specified percentage of points at the high and/or low
end of the range of values are excluded from the calculation of the average
so that the presence of targets in the data block does not skew the average.
Ideally, only background points will be included in the average calculation;
however, this can be difficult to achieve in areas of dense target pop-
ulation. The overlapping nature of high frequency target signal responses
obscures signals of “pure” background points, making localized averaging
more difficult.
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Figure 24. Gridded image of EM-63 data showing instrument drift.
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Figure 25. Gridded image of EM-63 data after drift correction.

Drift correction is performed on each data channel independently. For
data from sensors, such as the EM-63 and GEM-3, that are stored as array
channels, a function is provided in the UXO-DAS menu to perform drift
corrections for all the channels in an array. The dialog box for this function
is shown in Figure 26. In this example, the maximum number of values
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per block is left unspecified, which results in the correction being applied
to an entire survey line at a time. The percentage of lowest values to ignore
is set much higher than the percentage of highest values to ignore in this
case, because the sensor responses of targets are typically negative for the
GEM-3 in-phase channel which is being corrected here. Figure 27 shows
the percentage to ignore parameters reversed for the quadrature channels
because sensor response to targets is typically higher than the background
for this channel.

Perform drift correction on array channel E‘
Input Array channel |IP :_]
Cutput Array channel ]ip_dn:n:urr LJ
% of lowest values to ignore IEIII LJ
% of highest values to ignore LJ

Max. number of values per block ]

Lines to correct ]Selected lines L]

0K Cancel | Help |

Figure 26. Dialog box for drift correction of GEM-3 In-phase channel.

Perform drift correction on array channel [')_(
Input Array channel |[8 -
Cutput Array channel Jq_dn::n:lrr LJ
% of lowest values to ignore |1.III :_]
% of highest values to ignore JEIII lJ

Max. number of values per block J

Lines to correct |Selected lines L]

QK Cancel | Help |

Figure 27. Dialog box for drift correction of GEM-3 Quadrature channel.
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4 Anomaly Selection

UX-Detect

Once sensor corrections have been performed and measurement locations
have been determined as accurately as possible, the next major step is to
select possible target locations. The UX-Detect menu in Oasis Montaj
provides the capability to select anomalies in an automated fashion for
single-channel sensors or for a single channel of data from a multi-channel
sensor. The UX-Detect anomaly-picking algorithms work with regularly
gridded data, not the original sensor data. Oasis Montaj provides a
number of gridding techniques, but the ones that seem most useful for
UXO data are Minimum Curvature and Bi-directional gridding. UX-Detect
provides two methods to locate anomalies in a data set: Blakely Test and
Peakedness Test. These two algorithms are somewhat similar methods for
finding local peaks in regularly spaced gridded data. They tend to produce
similar results in most cases, but may vary significantly for some data sets.

As stated earlier, the Blakely or Peakedness Test must be run on gridded
data produced from a single data channel. In the case of the EM-63, a
logical channel to use is the first time channel since it should have the
strongest signal. However, any individual channel or the sum of all the
channels can be used. Figure 28 shows a target anomaly map created from
a single channel of EM-63 data using the Blakely test. For the GEM-3,
selecting targets from a single frequency channel is not a good choice
because the strength of response for a given frequency will vary greatly
depending on the size and construction material of the targets. Using one
frequency would likely result in missing targets that are clearly visible in
other frequency channels. Normally, a summary channel is used to locate
targets in GEM-3 data. The sensor outputs a Qsum channel, which is the
sum of the quadrature responses for all frequencies. As an alternative, a
function is provided in UXO-DAS to calculate the sum of the magnitudes
of all the frequencies. The magnitude of each frequency is the square root
of the sum of the squares of the quadrature and inphase responses at that
frequency. The next section describes a different method for selecting
anomalies in multi-channel data sets such as the GEM-3 and EM-63.
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Figure 28. Target anomaly map created with UX-Detect

Selecting anomalies from a single raw channel or summary channel grid
works well for EM data. However, anomalies in magnetometer data
typically have a bipolar response with a positive peak and a negative peak,
as can be seen in Figure 29. For magnetometer data, anomalies are
selected in UX-Detect using an analytic signal grid. The analytic signal is
the square root of the sum of the squares of the derivatives in the x, y, and
z directions. The local peaks in the analytic signal grid should correspond
approximately to the centers of magnetic target anomalies. The analytic
signal grid can be created from the magnetometer data in UX-Detect using
either a step-by-step or an automated procedure. Figure 30 shows the
analytic signal grid calculated from the magnetometer data shown in
Figure 29. Figure 30 also shows the targets selected from the analytic
signal grid using UX-Detect.
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Figure 30. Analytic signal grid calculated from the magnetometer data shown in
Figure 29. Anomalies selected by UX-Detect are marked with + (units = nT).
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Histogram-based algorithm

The histogram-based anomaly-picking algorithm has not yet been added
to the UXODAS package. It is presented here as a new processing and
interpretation tool. This algorithm works across all the dimensions of data
unlike the Blakely or Peakedness Test, which works only on gridded data
produced from a single data channel. The histogram-based method
produces background-leveled target selections from multidimensional
data.

Figures 31-33 show data taken at the Yuma standardized test area with the
GEM-3. The bottom of each figure shows the logarithmic histogram
generated for each of three frequencies. At a given frequency, the histo-
gram is a plot of in-phase amplitude versus the number of occurrences in
the survey area. The code searches each dimension of the histogram to
determine the Pn, which is the peak of the distribution for the nth dimen-
sion of this data. The histograms at the bottoms of Figures 31-32 are
different, because the variation in the background is different for each
frequency.

Visual inspection of Figures 31-32 shows the anomalies in this track data,
but may not be immediately obvious to casual inspection. The area
represented by background far exceeds the area designated for the
anomalies (“targets™); therefore, it is easier to identify background.
Previously, this was done by iterating different threshold levels for the
background values until a value was found to represent the background
noise. Figure 34 is the result of processing the data in Figure 33 by
selecting the “Redraw map with peak exclusion” option. This operation
excludes the peak histogram bin and a number of other bins on either side
of the peak (Valentine and Rana 1996). The algorithm removes the
number of bins (entered in the text box) around the peak until the
operator determines that most of the background is removed. The exact
number of bins excluded is entered in a text box located directly below the
“redraw” option button on the screen (Figure 34). Now, the peak of the
histogram has been removed from the display color pallette. Therefore,
when the background surface is subtracted from the original data, the
targets or other anomalies are displayed.

A broader implementation of the histogram-based method would charac-
terize the properties of the background distribution. A bimodal peak would
indicate the presence of two separate background distributions. In this
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case, the operator would subdivide the area until each area showed a
single peak. This algorithm determines groups of anomalous points and
their centers, and compares the results across all dimensions of the data.
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Figure 31. Grid and histogram (at bottom) of GEM-3 in-phase anomaly data
for frequency = 1 (90Hz).

Figure 32. Grid and histogram (at bottom) of GEM-3 in-phase anomaly data
for frequency = 3 (390Hz).
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Figure 33. Grid and histogram (at bottom) of GEM-3 in-phase anomaly data

for frequency = 5 (1290Hz).
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Figure 34. Grid and log histogram (at bottom) of GEM-3 in-phase anomaly
data for frequency = 5 (1290Hz) with background peak excluded.
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Extraction of anomaly data

Once potential target locations are identified, data are extracted around
each anomaly for further analysis. Figure 35 shows the dialog box for
extraction of GEM-3 anomaly data. This function extracts all the data
points within a square window centered on each anomaly and places them
in a single line in a new database. The input target list is the line in the
target database containing the list of targets for which to extract data. The
in-phase and quadrature channels must be array channels. The summary
data channel, which will be used for display purposes when analyzing the
data later, will usually be either the gsum or total magnitude channel. The
size of the target window is specified in the dialog box. The distance
channel is used internally and will be calculated if it does not already exist.

Figure 35. Extraction of GEM-3 anomaly data dialog box.

Similarly, Figure 36 shows the dialog box for extraction of EM-63 anomaly
data, and Figure 37 shows the dialog box for extraction of magnetometer
anomaly data.
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Figure 36. Extraction of EM-63 anomaly data dialog box.

Figure 37. Extraction of magnetometer anomaly data dialog box.
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5 Discrimination

Discrimination is the process of separating geophysical anomalies into
UXO and non-UXO. If this can be successfully accomplished, then the cost
of removal of the UXO can be greatly reduced because only the UXO items
need to be excavated for removal. One method of discrimination is to fit
measured magnetic, TDEM, or FDEM data to a parametric model and
then use the recovered model parameters to classify the anomaly as UXO
or non-UXO. Another method of discrimination is to match measured data
to signatures of known UXO items and possibly clutter items as well.

Modeling/Inversion

Magnetic dipole model and inversion. Magnetic dipole models and
inversion methodologies have been developed and implemented in
MATLAB® (Zhang et al. 2003, Billings et al. 2002b). Figure 38 shows a
measured anomaly and the model fit to the data by the MATLAB®
inversion code. The MATLAB® inversion code can be executed from the
UXO-DAS menu in Oasis Montaj and results saved into the Oasis Montaj
database. Figure 39 shows the dialog box used to perform inversion on all
anomalies in the current database at once. After the inversions are
completed, the results for each anomaly can be viewed as shown in
Figure 40 to assess the fit quality. In some cases, either the inversion fails
or the results are unsatisfactory when reviewed. A common reason for this
is the inclusion of data from multiple anomalies in the rectangular area
extracted for inversion. An example of an anomaly for which inversion
failed is shown in Figure 41. When this occurs, a polygon mask can be
drawn around the part of the rectangular region that is considered to be
the primary anomaly. The inversion can then be repeated using only the
points inside the polygon mask. Figures 42 and 43 show the dialog box to
perform inversion on a single anomaly and the results of the inversion of
the anomaly using the polygon mask, respectively. Magnetic dipole inver-
sion is also included as part of UX-Analyze, a Geosoft-based software
module being developed under ESTCP funding, that will be included in the
commercial version of Oasis Monaj.
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Figure 38. MATLAB® inversion of magnetometer data. Top shows a
scatter plot and gridded plot of measured data. Bottom shows

corresponding plots of model data. (Units = nT).

Mag Inversion E|
Target ID Channel v]
Target List Mask Channel ]Masl-c LJ
Mag channel |21 LJ
Target Data Mask Channel ]Masl-c L]
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Figure 39. Magnetometer inversion dialog box.
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Figure 41. Magnetometer anomaly for which inversion failed due to the presence of
another anomaly nearby (units = nT).
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Figure 42. Magnetometer inversion dialog box for a
single target.
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Figure 43. Measured (left) and modeled (right) magnetometer data after re-inversion
with polygon mask (units = nT).

EM-61 model and inversion methods. EM-61 model and inversion
methodologies have been developed and implemented in MATLAB®.
Figure 44 shows a measured anomaly and the model fit to the data by the
MATLAB® inversion code. EM-61 inversion is included as part of UX-

Analyze.
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Figure 44. MATLAB® inversion of EM-61 data. Top shows a scatter plot and gridded
plot of measured data. Bottom shows corresponding plots of model data
(Units = mV).

GEM-3

The GEM-3 FDEM model represents the EMI response as a frequency-
dependent magnetic dipole. It was implemented in MATLAB® and then
translated to C code for integration with Oasis Montaj. The Geosoft-
compatible version uses the Levenberg-Marquadt optimization algorithm
to perform the inversion. Figure 45 shows a gridded map of an anomaly
and its model fit for a single frequency. The complete frequency curve for
the anomaly and the model fit for a single spatial point are shown in
Figure 46.



ERDC/EL TR-09-16

a4

Q=15 |

cell 3

Figure 45. Gridded map of measured anomaly and model fit for GEM-3 (units

I
T
T

=

. Multiple Array Channel Yiewer - = 0| x

2000 2000

1800 e 1800
F‘.ﬂ

1800 1600

1400 f‘ 1400
1200 1200

i == nPhaze
1000 1000

{ = Cuadrature
e00 ‘ o0 == IrPhase Mol

-\ == Model Quadrsture
B00 BO0

2 N
400 400

r / f \\
200 —j 200
an 150 330 810 2ran 8190 20010 46050
Frequency (Hz)

|

i

Target#| 17 Point| 31 of[ &5 oK

Figure 46. Measured and model frequency curves.
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EM-63

The Pasion-Oldenberg EM-63 forward-modeling algorithm is a
13-parameter model (Pasion and Oldenberg 2001). This algorithm and
inversion code were initially implemented in MATLAB® and later
included in the MATLAB®-based UXOLAB. Figure 47 shows the output of
the MATLAB® inversion of a target.

Figure 47. Gridded map of measured anomaly and model fit produced by MATLAB® inversion
code for EM-63 data (units = mV).

The EM-63 model, combined with a constrained least-squares
optimization algorithm, was packaged into a Geosoft-compatible DLL and
a Geosoft GX was developed to execute it. This DLL was later integrated
into the UX-Analyze environment. The images in this section of the report
were created using a Beta release of Oasis Montaj Version 6.3.

UX-Analyze allows batch fitting of all anomalies in a target list as well as
an Add/Review module that lets the user work with individual anomalies.
Whichever mode is selected, the dialog shown in Figure 48 lets the user
specify the database to process, the sensor type, and other basic
parameters.

Once the required data are entered here, with EM-63 as the selected
sensor type, clicking the <Next> button will bring up the EM-63 inversion
parameters dialog shown in Figure 49. Parameters are described in

Table 7.
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Figure 48. UX-Analyze target-fitting dialog box.
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Figure 49. EM-63 inversion parameters dialog box.

Table 7. Advanced parameters that control the EM-63 inversion

Parameter Description

Number of starting models Number of different starting rod-like models

Maximum number of iterations for determining the
Makx. iterations for starting models rod-like model

Maximum number of iterations for the refinement
of the best fit rod-like model, where the model is not
Max. iterations for final models constrained to be a rod

Differentiation method for numerical calculation of
Numerical differentiation method gradients

Amount of deviation from zero of the 11-norm of the
constraint violation. See comments in DONLP
Allowable bounds violation documentation.

k1/k2 ratio for starting rod models (must be > 1) The minimum k1/k2 ratio for the starting models

The percentage error (of the amplitude) to assign to
Percentage error (O to 100%) each data-point
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If batch fitting was selected when the <Next> button is clicked on this
dialog, fits are calculated for all anomalies. If Add/Review was selected,
the dialog shown in Figure 50 appears along with the complete anomaly
map shown in Figure 51. The shaded area on the complete map cor-
responds to the section of the map displayed in the Add/Review window.
It can be moved around to select any portion of the map for review. Inside
the Add/Review window (Figure 50), the user can manually add additional
targets and review or modify inversion parameters for individual targets.
Selecting an anomaly to add or refit will cause the fit to be recalculated for
that anomaly and the fit results dialog, shown in Figure 52, to be dis-
played. Gridded maps of the anomaly and the model fit are also displayed,
as shown in Figure 53.

Cooperative inversion

Joint inversion refers to the process of recovering anomaly parameters by
simultaneously inverting measured data from two different sensors, such
as Magnetometer and TDEM or Magnetometer and FDEM. Joint inversion
of Magnetometer and TDEM (EM-63) data, while possible, has not proven
to be practical with non-co-located data sets and is generally not feasible
with “real” datasets (Butler et al. 2003, Pasion et al. 2003). Cooperative, or
constrained, inversion refers to using data from one type of sensor to
constrain the inversion of data from another type. The advantage of
cooperative inversion is that it reduces the number of local minima that
may be selected by the parameter search. The general cooperative inver-
sion concept is shown in the flowchart in Figure 54. When performing
cooperative inversion, anomaly detection is first performed on the data
from each sensor individually. This may result in some targets only being
detected by one of the sensors or, if detected by both sensors, the location
calculated for the target for each sensor will likely be slightly different due
to different sensor characteristics and data collection parameters. The
anomaly lists will need to be merged prior to performing cooperative
inversion. UXO-DAS provides a utility to merge anomaly lists from two
sensors. Anomalies that appear in the list for both sensors (within a user-
specified tolerance) are placed in an output anomaly list, which is used in
the cooperative inversion. Anomalies that were detected by only one of the
sensors are placed in separate output anomaly lists corresponding to the
sensor that detected them. Cooperative inversion is implemented in
UXOLAB using the location and depth from magnetic inversion to
constrain the inversion of EM-63 data. Magnetic parameters can also be
used to constrain inversion of data from FDEM sensors such as the
GEM-3.
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Figure 50. UX-Analyze Add/Review window. This dialog can be used to add new targets and review/modify
inversion parameters.
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Figure 53. Gridded map of measured anomaly and model fit for EM-63.

Figure 54. Cooperative inversion flowchart.
Parameter classification

After model parameters are recovered by inversion of measured data, the
next step in the process is to classify the anomaly as UXO/non-UXO based
on its parameters. The support vector machine algorithm (SVM) has been
used in a wide variety of classification applications with success. The algo-
rithm must be trained to classify data by supplying it with the model para-
meters for known UXO and known non-UXO. From the training data, the
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algorithm constructs a decision boundary in parameter space that is
applied to model parameters from anomalies of unknown type. The con-
cept of SVM is illustrated in Figure 55, where a decision boundary has
been calculated between two classes. In this simple example only two
parameters represent the items being classified. In the case of UXO dis-
crimination, there are often many more parameters involved. The SVM
concept works in multi-dimensional space, although graphically displaying
the results becomes impossible with more than three dimensions. The
SVM algorithm was implemented in MATLAB® and is being included in

UX-Analyze.
_io/x
File Edit View Insert Tools ‘Window Help
DEeda/ A2/ 2P
25 _I T T T T :" -I.. . I_
O class one O ‘
class two
28 + support vector ]
— class one margin
— decision boundary
class two margin
15| *  |o-o error |
1r Oooo m &
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D - -
1 1 | 1 1
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Figure 55. SVM concept in MATLAB®. Two classes of objects are separated using two
parameters. The SVM algorithm can be used to separate multiple target classes
defined by many parameters.

One major difficulty with classification algorithms is getting adequate
training data to allow them to work properly. While obtaining training
data for UXO is often possible, it can be particularly difficult to get data for
representative non-UXO items at a site.
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Signature matching

Another method for discrimination is comparing the sensor response to an
anomaly with a library of target signatures. A signature-matching algo-
rithm similar to the one in Goodson et al. (2002) for the GEM-3 is
included in UXO-DAS. When this item is selected from the menu, as
shown in Figure 56, the data for the anomalies that have been previously
extracted are passed to the signature-matching module, where the user

can interactively view the error in fit for each measurement point with its

closest matching library signature. The user interface for this module is
shown in Figure 56.
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Figure 56. Signature-matching module. The measured signature curve (in blue) of a target is
compared with a library signature curve (in red) of a 2.75-in rocket.
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When comparing a data point to a calibration signature, the frequency
measurements for the data point are normalized to make the total in-
phase and quadrature responses for the data point equal to the total in-
phase and quadrature responses, respectively, of the calibration signature.
Once the magnitudes were equalized, the error in fit E was calculated by:

Ji(mk _PI)? \/E(CQK ~PQ, )2
E — k=1 — + k=1 —
kZ:;|C'k| ;ICQKI

where:
Clk = the calibration in-phase response
Pl = the data point in-phase response at frequency k.

CQxk and PQx are the calibration and data point quadrature responses,
respectively, at frequency k.

The text box at the top of the screen shown in Figure 56 displays the target
IDs of the anomalies. When an item is selected in this box, it makes that
item the active anomaly and will cause the other text boxes and graphics
windows to be updated, reflecting the selection. The center textbox,
labeled “Best Matches to Calibration Data,” consists of one line for each
data point near the selected object that lists the ID, the total magnitude,
the distance from the center of the anomaly, and information about the
three closest matches of the point with calibration data. The information
for each match consists of the ordnance type and inclination and the error
between the data point and the calibration signature. The left graphics
window shows the in-phase and quadrature data for the selected data
point and for the calibration data. The right graphics box shows the
positions of the data points around the center of the anomaly, shown at the
origin in red. Points with match errors greater than the current ordnance/
non-ordnance threshold are shown in black. Points with errors less than
the threshold, but greater than two-thirds of the threshold, are shown in
dark blue. Points with errors between one-third and two-thirds of the
threshold are shown in cyan. Points with errors below one-third of the
threshold are displayed in yellow. The currently displayed data point is
shown as a diamond rather than a plus. Clicking on a point in this graphics
box will display the signature comparison for the selected point in the left
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graphics box. A row of check boxes at the bottom of the screen allows
individual frequencies to be excluded from calculations. Clicking the
Classify button will result in all the anomalies being classified using the
current settings for the following parameters: Frequencies Selected,

Response Threshold, Ordnance/Non-Ordnance Threshold, and Distance
Threshold.
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6 Results/Performance

Test site description

This chapter presents the results from two test sites: Aberdeen Proving
Ground (APG) Standardized UXO Technology Demonstration Site and the
Yuma Proving Ground (YPG) Standardized UXO Technology Demon-
stration Site. APG is located within a secured range area of the U.S. Army
Aberdeen Proving Ground, Aberdeen, MD. The APG is located approx-
imately 30 miles northeast of Baltimore, Maryland, at the northern end of
the Chesapeake Bay. The Standardized UXO Demonstration Site encom-
passes 17 acres and is comprised of upland and lowland flats, woods, and
wetlands (see Figure 57). The layout descriptions are as follows:

Calibration Lanes (http://aec.army.mil/usaec/technology/ux003c01b.html) 0.30 acre
Blind Test Grid (http://aec.army.mil/usaec/technology/uxo03c01a.html) 0.48 acre
Open Field (http://aec.amy.mil/usaec/technology/uxo03c01c.html) 13.68 acres
Scenario 1. Moguls (http://aec.army.mil/usaec/technology/uxo03c01d.html) 1.30 acres
Scenario 2. Wooded Area (hitp://aec.army.mil/usaec/technology/uxo03c01e.htmi)
1.35 acres

a ks own=

YPG is located within a secured range area of the U.S. Army Yuma Proving
Grounds (see Figure 58). The YPG is located adjacent to the Colorado
River in the Sonoran Desert. The UXO Standardized Technology Demon-
stration Site is located south of Pole Line Road, and east of the Counter-
mine Testing and Training Range. The open field range, calibration grid,
blind test grid, mogul area, and desert extreme area comprise the 350-m
by 500-m general test site area. The open field site is the largest of the test
sites and measures approximately 200 m by 350 m. To the east of the open
field range are the Calibration Lanes and Blind Test Grids (BTG) that
measure 30 m by 40 m and 40 m by 40 m, respectively. South of the open
field is the 135-m by 80-m mogul area consisting of a sequence of man-
made depressions. The desert extreme area is located southeast of the
open field site and has dimensions of 50 m by 100 m. The desert extreme
area, covered with desert-type vegetation, is used to test the performance
of various sensor platforms in more severe desert conditions/environ-
ment.
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The Layout description includes:

1. Blind Test Grid (http://www.aec.army.mil/usaec/technology/uxo03c02a.html)

0.17 ha (0.43 acre)
2. Calibration Lanes (http://www.aec.army.mil/usaec/technology/uxo03c02b.html)
0.11 ha (0.27 acre)
3. Open Field (http://www.aec.army.mil/usaec/technology/uxo03c02c.html)
6.22 ha (15.38 acres)
4. Scenario 1. Moguls (http://www.aec.army.mil/usaec/technology/ux003¢02d.html)
1.07 ha (2.64 acres)
5. Scenario 2. Desert Extreme (http://www.aec.army.mil/usaec/technology/ux003c02e.html)
0.50 ha (1.23 acres).

Figure 57. Aerial views with layout of the APG Standardized
UXO Technology Demonstration Site.
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o

map of Standardized UXO Technology Demonstration Site.

Standardized test site scoring procedure

The algorithms and procedures developed as part of the EQT program
were tested on data acquired at the Standardized UXO Test Sites at
Aberdeen Proving Ground and Yuma Proving Ground. The following
variable definitions were obtained from the Aberdeen Test Center (ATC)
website (see Appendix A):

Pdetdsc

Pd ot'€S

prres

Emplaced Ordnance

Emplaced Clutter

Discrimination Stage

(# of discrimination-stage detections)/(# of emplaced ordnance
in the test site).

(# of response-stage detections)/(# of emplaced ordance in the
test site).

(# of response-stage false positives)/(# of emplace clutter
items).

An inert ordnance item buried by the government at a specified
location in the test site.

A clutter item (i.e., nonordance item) buried by the government
at a specified location in the test site.

The ability to correctly identify ordnance as such, and to reject
clutter. For the same locations as in the RESPONSE STAGE
anomaly column, the DISCRIMINATION STAGE column contains
the output of the algorithms applied in the discrimination-stage
processing. This column is prioritized based on the confidence
that an ordnance item is present at the specified location. For
electronic signal processing, priority ranking is based on
algorithm output. For other systems, priority ranking is based on
human judgment. The demonstrator also selects the threshold
that provides optimum system performance (i.e., that retains all
the detected ordnance and rejects the maximum amount of
clutter).
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Response Stage The ability of the demonstrator’s system to detect emplaced
targets without regard to ability to discriminate ordnance from
other anomalies. The RESPONSE STAGE provides the location
and signal strength of all anomalies deemed sufficient to
warrant further investigation and /or processing as potential
emplaced ordnance items. This list is generated with minimal
processing (e.g., this list will include all signals above the system
noise threshold). As such, it represents the most inclusive list of
anomalies.

Results for the Blind Grid test, broken out by size, depth, and standard
and nonstandard ordnance are presented in Tables 8-13. The “Standard”
column of Tables 8-13 represents the following ordnances: 20mm, 40mm,
M42, BLU-26, BDU-28, 57mm, MK118, 60mm, 8lmm, M230, 105mm,
and 155mm. The “Nonstandard” column represents other ordnances
buried at the APG test site. Results by size and depth include both stan-
dard and nonstandard ordnance. The results by size show how well the
demonstrator did at detecting/discriminating ordnance of a certain caliber
range. Size categories are as follows:

Small Ordnance Caliber of ordnance less than or equal to 40mm (includes 20mm
projectile, 40mm projectile, submunitions BLU-26, BLU-63, and M42);

Medium Ordnance Caliber of ordnance greater than 40mm and less than or equal to 81mm
(includes 57mm projectile, 60mm mortar, 2.75-inch rocket, MK118
Rockeye, 81mm mortar);

Large Ordnance Caliber of ordnance greater than 81mm (includes 105mm HEAT, 105mm
projectile, 155mm projectile, 500-pound bomb).

The results are relative to the number of ordnances emplaced. Depth is
measured from the closest point of anomaly to the ground surface.

RESPONSE STAGE results are derived from the list of anomalies above
the demonstrator-provided noise level. Results for the DISCRIMINATION
STAGE are derived from the demonstrator’s recommended threshold for
optimizing UXO field cleanup by minimizing false digs and maximizing
ordnance recovery. The lower 90-percent confidence limit (Cl) on
probability of detection and probability of false positive was calculated
assuming that the number of detections and false positives are binomially
distributed random variables. All results in Tables 8-13 have been rounded
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to protect the ground truth. However, lower confidence limits were

calculated using actual results.

TM-4 magnetometer

Data were acquired with a TM-4 magnetometer at the Yuma Proving
Ground test site in May 2003. Blind Grid scoring results from ATC are
shown in Tables 8 and 9 (Standardized UXO Technology Demonstration
Site (SUTDS) 2004). Because magnetometers cannot detect non-ferrous
materials, the results are tabulated for all items (Table 8) and ferrous-only
items (Table 9). Response Stage and Discrimination Stage results are
identical because no discrimination processing was performed.

Table 8. Summary of YPG Blind Grid Results (Full Ground Truth)

By Size By Depth, m
Metric Overall Standard Non-standard | Small | Medium Large | <0.3 ‘ 0.3<1 ‘ >=1
RESPONSE STAGE
Pq 0.65 0.60 0.70 0.50 0.80 0.80 0.60 | 0.75 0.45
Pa L90%CI 0.55 0.49 0.55 0.37 0.63 0.58 0.50 | 0.60 0.17
Pro 0.85 0.85 | 0.90
Pro L90%CI 0.82 0.80 | 0.78
Pba 0.00
DISCRIMINATION STAGE
Pad 0.65 0.60 0.70 0.50 0.80 0.80 0.60 | 0.75 0.45
Pa L90%CI 0.55 0.49 0.55 0.37 0.63 0.58 0.50 | 0.60 0.17
Pro 0.85 0.85 | 0.90
Pt L90%CI 0.82 0.80 | 0.78
Pba 0.00

EM-63 EMI system

Data were acquired with an EM-63 at the Yuma Proving Ground test site
in May 2003. Blind Grid scoring results from ATC are shown in Table 10
(SUTDS 2005). Response Stage and Discrimination Stage results are

identical because no discrimination processing was performed.
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Table 9. Summary of YPG Blind Grid Results (Ferrous Only)
Non- By Size By Depth, m
Metric Overall Standard | standard | Small | Medium | Large | <03 |03<1 |>=1
RESPONSE STAGE
Pa 0.70 0.70 0.70 0.60 0.80 0.80 0.70 | 0.80 0.45
Pa L90%CI 0.62 0.60 0.56 0.47 0.63 0.58 0.58 | 0.67 0.17
Pro 0.85 0.85 | 0.90
Pro L90%CI 0.82 0.80 | 0.78
Poa 0.00
DISCRIMINATION STAGE
Pad 0.70 0.70 0.70 0.60 0.80 0.80 0.70 | 0.80 0.45
Pa L90%CI 0.62 0.60 0.56 0.47 0.63 0.58 0.58 | 0.67 0.17
Pro 0.85 0.85 | 0.90
P L90O%CI 0.82 0.80 | 0.78
Poa 0.00
Table 10. Summary of YPG Blind Grid Results (for EM63)
Non- By Size By Depth, m
Metric Overall Standard standard | Small | Medium | Large | <03 [ 0.3<1 | >=1
RESPONSE STAGE
Pa 0.80 0.80 0.80 0.80 0.75 0.95 0.90 | 0.80 0.30
Pa L90%CI 0.74 0.73 0.67 0.70 0.59 0.75 0.82 | 0.65 0.08
Pro 0.95 0.95 | 0.95 0.00
Pro L90%CI 0.90 0.89 | 0.82
Pba 0.00
DISCRIMINATION STAGE
Pad 0.80 0.80 0.80 0.80 0.75 0.95 0.90 | 0.80 0.30
Pa L90%CI 0.74 0.73 0.67 0.70 0.59 0.75 0.82 | 0.65 0.08
Pro 0.95 095 | 0.95 0.00
P L90O%CI 0.90 0.89 | 0.82
Poa 0.00

GEM-3-E EMI system

Data were acquired with the GEM-3-E over the Calibration Lanes and
Blind Grid at the Aberdeen Proving Ground Test Site in September 2003.
Scoring results obtained from the ATC for the GEM-3-E on the Blind Grid
at Aberdeen Proving Ground are provided in Tables 11-13 (unpublished).
Table 11 shows the results using all eight frequencies acquired with the
sensor. Discrimination was performed using signature matching to a
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library consisting of signatures of the standard ordnances acquired in a
test pit on-site. The discrimination processing removed virtually all back-
ground alarms, but resulted in the P4 being reduced from 0.85 to 0.60.
The reduction in Pq is probably the result of two main factors. The first one
is the lack of signature data for non-standard ordnance items. The Pqfor
standard items did not drop as much as the Pq4 for non-standard items. The
second major factor is depth of ordnance. The table shows that the deepest
ordnance did not pass the discrimination process. Most likely, the deeper
items of any given type were the ones not determined to be ordnance by
the discrimination process. Discrimination requires a much higher signal-
to-noise ratio than detection. Reporting results by the product of depth
and size would have been very helpful in analyzing results.

Signature matching was also applied to the data excluding frequencies that
have higher noise levels than the others. Table 12 shows the results of
signature matching, excluding the 90-Hz data. The results obtained when
excluding both the 90-Hz and 150-Hz data are shown in Table 13. Overall,
the results are very similar regardless of the frequencies used. Excluding
the lowest frequencies results in detecting fewer of the deepest targets, but
has little effect on the overall detection rate.

UXO0-DAS and UXO lab workshops

Two UXO software training/demonstration workshops were conducted in
the summer of 2006. The first, on UXOLAB, was held June 27-29 at UBC
in Vancouver, Canada. The second, on UXO-DAS, was held July 25-26 at
the ERDC in Vicksburg, Mississippi. Attendees included ERDC personnel
and representatives from AEC and private industry. The tutorials that
were demonstrated at the UXO-DAS workshop are included in

Appendix B.
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Table 11. Summary of APG Blind Grid Results Using Signature Matching (All Frequencies)

Non- By Size By Depth, m

Metric Overall | Standard | standard | Small | Medium | large | <0.3 |03<1 | >=1
RESPONSE STAGE

P 0.85 0.95 0.75 090 | 0.80 090 |100 |085 |o055
Pa L9O%CI 0.81 0.87 0.63 082 | 0.68 066 | 094 | 070 |037
Pio 0.85 085 | 090 | 1.00
Pio LOO%CI 0.82 076 | 079 | 063
Poa 0.55

DISCRIMINATION STAGE

P 0.60 0.75 0.40 0.65 | 0.50 070 |080 | 065 |005
Pa LOO%CI 0.54 0.65 0.29 056 | 0.39 045 |067 | 052 |o0o01
Po 0.65 065 | 0.65 | 1.00
Pio LOO%CI 0.59 053 | 053 | 063
Poa 0.05

Response Stage Noise Level: 37.00
Recommended Discrimination Stage Threshold: 0.00

Table 12. Summary of APG Blind Grid Results Using Signature Matching
(Excluding 90-Hz Data)

Non- By Size By Depth, m
Metric Overall Standard standard Small ‘ Medium ‘ Large <0.3 ‘ 0.3<1 ‘ >=1
RESPONSE STAGE
Pad 0.85 0.90 0.75 0.95 0.70 0.80 1.00 | 0.90 0.30
Pa L90%CI 0.77 0.80 0.63 0.85 0.58 0.55 091 | 0.78 0.13
Prp 0.85 0.85 | 0.96 0.80
Pro LOO%CI 0.79 0.76 | 0.76 0.42
Poa 0.50
DISCRIMINATION STAGE
Pq 0.65 0.75 0.45 0.70 0.50 0.70 0.80 | 0.70 0.05
Pa L90%CI 0.56 0.65 0.34 0.61 0.39 0.45 0.70 | 0.55 0.01
Pro 0.71 0.88 | 0.80 0.80
Pt L90%CI 0.57 0.53 | 0.51 0.42
Pba 0.05

Response Stage Noise Level: 32.00
Recommended Discrimination Stage Threshold: 0.00
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Table 13. Summary of APG Blind Grid Results Using Signature Matching
(Excluding 90-Hz and 150-Hz Data)

Non- By Size By Depth, m

Metric Overall | Standard | standard | Small | Medium | large [ <03 |03<1|>=1
RESPONSE STAGE

P 0.80 0.85 0.70 090 | 0.70 080 | 100 | 085 |o015
Pa L9O%CI 0.73 0.76 0.59 079 | 055 055 |091 |074 | 004
Pio 0.85 080 | 0.80 | 0.80
Pio LOO%CI 0.75 071 | 071 | 042
Poa 0.40

DISCRIMINATION STAGE

P 0.60 0.70 0.45 0.65 | 0.50 070 |075 |065 | 005
Pa LOO%CI 053 0.61 0.32 053 | 0.39 045 |064 | 052 |o0o01
Po 0.65 065 | 0.60 | 0.60
Pio LOO%CI 0.57 056 | 051 | 025
Poa 0.05

Response Stage Noise Level: 27.00
Recommended Discrimination Stage Threshold: 0.00
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7 Conclusions & Recommendations

Conclusions

The obijective of this work was to develop software tools to allow
importation, processing, visualization, and execution of advanced discrim-
ination algorithms for data from magnetometer, time domain, and
frequency domain electromagnetic geophysical sensors. Geosoft Oasis
Montaj, a commercial mapping software package, was chosen as the base
platform because of its rich set of available mapping tools, its extensibility,
and its acceptance in the geophysical community. Oasis Montaj also serves
as the target platform for UXO software development in several SERDP/
ESTCP projects including the development of a QA/QC-tools module and
the UX-Analyze module for UXO discrimination. These efforts have been
coordinated and leveraged with the EQT work.

At this time, the interface for the importation of data from the current
standard and significant next generation devices is mature and in place. In
addition, the current interface is flexible enough with a wizard type inter-
face to allow for the creation of import templates for virtually any multi-
dimensional sequential data.

Significant effort has been spent to develop the tools necessary for
addressing quality assurance and control procedures in a standardized
manner. Automated procedures have been implemented to perform a
variety of data corrections for systematic sensor problems such as time lag
between sensor measurement and positioning data and instrument drift.
The performance of these routines has been proven and the imple-
mentation is intuitive and user friendly.

Existing automated anomaly-picking algorithms in Geosoft UX-Detect
were tested with data from a variety of sensor types. A new anomaly-
picking algorithm based on histogram analysis was developed for multi-
channel data and initial testing was performed. This routine is currently a
stand-alone program, but its results can be imported into Oasis Montaj.
Routines were developed and tested to extract data around each selected
anomaly to use for further analysis.
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Advanced modeling and inversion methodologies for Magnetic and TDEM
data were developed and packaged into a MATLAB®-based program
called UXOLAB. Data can be pre-processed in Oasis Montaj and then
exported to UXOLAB to use its inversion and discrimination routines. The
procedure for inversion of EM-63 data using the Pasion-Oldenburg algo-
rithm has been implemented in C/Fortran code that can be executed
directly from the UXO-DAS menu within Oasis Montaj. This code has also
been integrated into UX-Analyze.

Advanced modeling and inversion methodologies for Magnetic and FDEM
data, as well as classification algorithms, were developed in MATLAB®.
Procedures were developed to execute the MATLAB® versions of the
algorithms from Oasis Montaj, allowing the more extensive database and
visualization tools available in Oasis Montaj to be used in conjunction with
the advanced algorithms. The FDEM inversion algorithm was imple-
mented in C code and integrated into UXO-DAS. Magnetometer and
EM-61 inversion capabilities are included in UX-Analyze.

A signature-matching algorithm for classification of FDEM data was
developed and integrated into UXO-DAS. This algorithm has proven
successful in classifying ordnance when the signal-to-noise ratio is high.

Recommendations

The signature-matching algorithm should be modified to operate on
TDEM data in addition to FDEM. In addition, it needs to be extended to
perform signature matching in three dimensions. To support this
approach, it is recommended that test stand data be collected for sensors
of interest.

Procedures to effectively discriminate UXO from non-UXO items using the
recovered model parameters from inversion are still being developed.
Determining the combination of parameters and classification algorithms
that will work best under the specific circumstances at a given site is a
complex issue that needs further study. One major issue is that the fun-
damental question of the uniqueness of the measured signal from
ordnance types has not been completely defined. The question of the
orthogonality of the experimental signatures for even the ATC test set for a
limited number of orientations and depths has not been analyzed and the
variation quantified. Analysis of complete experimental datasets for
orthogonality should be performed and documented to determine the
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degree of identification that is possible. Models that transform data into
other parameter spaces for comparison should be similarly investigated
for orthogonality to determine uniqueness for solutions. In addition,
methods that perform transformations into other spaces for comparison
should be analyzed for error propagation by the transform method.
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Appendix A

Anomaly

Detection

Emplaced Ordnance

Emplaced Clutter

Rhalo

Small Ordnance

Medium Ordnance

Large Ordnance

Shallow

Medium

Deep

Response Stage Noise Level

Definitions from ATC website

Location of a system response deemed to warrant further
investigation by the demonstrator for consideration as an emplaced
ordnance item.

An anomaly location that is within Rhalo of an emplaced ordnance
item.

An ordnance item buried by the government at a specified location
in the test site.

A clutter item (i.e., non-ordnance item) buried by the government at
a specified location in the test site.

A pre-determined radius about the periphery of an emplaced item
(clutter or ordnance) within which a location identified by the
demonstrator as being of interest is considered to be a response
from that item. If multiple declarations lie within Rhalo of any item
(clutter or ordnance), the declaration with the highest signal output
within the Rhalo will be utilized. For the purpose of this program, a
circular halo 0.5 m in radius will be placed around the center of the
object for all clutter and ordnance items less than 0.6 m in length.
When ordnance items are longer than 0.6 m, the halo becomes an
ellipse where the minor axis remains 0.5 m and the major axis is
equal to the half length of the ordnance plus 0.5 m.

Caliber of ordnance less than or equal to 40 mm (includes 20-mm
projectile, 40-mm projectile, submunitions BLU-26, BLU-63, and
M42).

Caliber of ordnance greater than 40 mm and less than or equal to
81 mm (includes 57-mm projectile, 60-mm mortar, 2.75-in. rocket,
MK118 Rockeye, 81-mm mortar).

Caliber of ordnance greater than 81 mm (includes 105-mm HEAT,
105-mm projectile, 155-mm projectile, 500-Ib bomb).

Iltems buried less than 0.3 m below ground surface.

Iltems buried greater than or equal to 0.3 m and less than 1 m
below ground surface.

Iltems buried greater than or equal to 1 m below ground surface.

The level that represents the point below which anomalies are not
considered detectable. Demonstrators are required to provide the
recommended noise level for the Blind Grid Test Area.
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Discrimination Stage The demonstrator-selected threshold level believed to provide

Threshold optimum performance of the system by retaining all detectable
ordnance and rejecting the maximum amount of clutter. This level
defines the subset of anomalies the demonstrator would
recommend digging based on discrimination.

Binomially Distributed A random variable of the type which has only two possible

Random Variable outcomes, say success and failure, is repeated for n independent
trials with the probability p of success and the probability 1-p of
failure being the same for each trial. The number of successes x
observed in the n trials is an estimate of p and is considered to be a
binomially distributed random variable.

Response and discrimination stage data

The scoring of the demonstrator’s performance is conducted in two stages.
These two stages are termed the RESPONSE STAGE and DISCRIM-
INATION STAGE. For both stages, the probability of detection (Pd) and
the false alarms are reported as receiver operating characteristic (ROC)
curves. False alarms are divided into those anomalies that correspond to
emplaced clutter items, measuring the probability of false positive (Pfp)
and those that do not correspond to any known item, termed background
alarms.

The RESPONSE STAGE scoring evaluates the ability of the system to
detect emplaced targets without regard to ability to discriminate ordnance
from other anomalies. For the RESPONSE STAGE, the demonstrator
provides the scoring committee with the location and signal strength of all
anomalies that the demonstrator has deemed sufficient to warrant further
investigation and/or processing as potential emplaced ordnance items.
This list is generated with minimal processing (e.g., this list will include all
signals above the system noise threshold). As such, it represents the most
inclusive list of anomalies.

The DISCRIMINATION STAGE evaluates the demonstrator’s ability to
correctly identify ordnance as such and to reject clutter. For the same
locations as in the RESPONSE STAGE anomaly list, the DISCRIM-
INATION STAGE list contains the output of the algorithms applied in the
discrimination-stage processing. This list is prioritized based on the
demonstrator’s determination that an anomaly location is likely to contain
ordnance. Thus, higher output values are indicative of higher confidence
that an ordnance item is present at the specified location. For electronic
signal processing, priority ranking is based on algorithm output. For other
systems, priority ranking is based on human judgment. The demonstrator
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also selects the threshold that the demonstrator believes will provide
“optimum” system performance (i.e., that retains all the detected ordnance
and rejects the maximum amount of clutter).

Note: The two lists provided by the demonstrator contain identical
numbers of potential target locations. They differ only in the priority
ranking of the declarations.

Response Stage Definitions

Response Stage Probability of
Detection (Pdres)

Pdres = (No. of response-stage detections)/(No. of emplaced
ordnance in the test site).

Response Stage False Positive
(fpres)

An anomaly location that is within Rhalo of an emplaced clutter
item.

Response Stage Probability of
False Positive (Pfpres)

Pfpres = (No. of response-stage false positives)/(No. of
emplaced clutter items).

Response Stage Background
Alarm (bares)

An anomaly in a blind grid cell that contains neither emplaced
ordnance nor an emplaced clutter item. An anomaly location in
the open field or scenarios that is outside Rhalo of any
emplaced ordnance or emplaced clutter item.

Response Stage Probability of
Background Alarm (Pbares)

Blind Grid only: Pbares = (No. of response-stage background
alarms)/(No. of empty grid locations).

Response Stage Background
Alarm Rate (BARes)

Open Field only: BAR™s = (No. of response-stage background
alarms)/(arbitrary constant).

Note that the quantities Pdres, Pfpres,

Pbares, and BARes are functions of tres, the threshold applied to

the response-stage signal strength. These quantities can therefore be written as Pdres(tres),
prres(tres)' Pbares(tres)' and BARres (tres)_

Discrimination Stage Definitions

Discrimination

The application of a signal processing algorithm or human
judgment to response-stage data that discriminates
ordnance from clutter. Discrimination should identify
anomalies that the demonstrator has high confidence
correspond to ordnance, as well as those that the
demonstrator has high confidence correspond to
nonordnance or background returns. The former should be
ranked with highest priority and the latter with lowest.

Discrimination Stage Probability of
Detection (Pddsc)

Pddisc = (No. of discrimination-stage detections)/(No. of
emplaced ordnance in the test site).

Discrimination Stage False Positive
(fpdisc)

An anomaly location that is within Rhalo of an emplaced
clutter item.
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Discrimination Stage Definitions

Discrimination Stage Probability of | Pfpdisc = (No. of discrimination stage false positives)/(No. of
False Positive (Pfpdisc) emplaced clutter items).

An anomaly in a blind grid cell that contains neither
emplaced ordnance nor an emplaced clutter item. An
Discrimination Stage Background anomaly location in the open field or scenario that is outside
Alarm (badisc) Rhalo of any emplaced ordnance or emplaced clutter item.

Discrimination Stage Probability of | Pbadsc = (No. of discrimination stage background
Background Alarm (Pbadisc) alarms)/(No. of empty grid locations).

Discrimination Stage Background BARdisc = (No. of discrimination-stage background
Alarm Rate (BARdisc) alarms)/(arbitrary constant).

Note that the quantities Pddisc, Pfpdisc, Pbadisc, and BARdsc are functions of tdisc, the threshold applied
to the discrimination-stage signal strength. These quantities can therefore be written as Pddisc (tdisc),
prdisc(tdisc)’ Pbadisc(tdisc)’ and BARdisc (tdisc).

Metrics to characterize the discrimination stage

The demonstrator is also scored on efficiency and rejection ratio, which
measure the effectiveness of the discrimination stage processing. The goal
of discrimination is to retain the greatest number of ordnance detections
from the anomaly list, while rejecting the maximum number of anomalies
arising from non-ordnance items. Efficiency measures the amount of
detected ordnance retained by the discrimination, while the rejection ratio
measures the fraction of false alarms rejected. Both measures are defined
relative to the entire response list, i.e., the maximum ordnance detectable
by the sensor and its accompanying false positive rate or background
alarm rate.

Efficiency (E)

E = Pddisc(tdisc) /Pdres(tminres); Measures (at a threshold of interest) the degree
to which the maximum theoretical detection performance of the sensor
system (as determined by the response stage tmin) is preserved after
application of discrimination techniques. Efficiency is a number between O
and 1. An efficiency of 1 implies that all of the ordnance initially detected
in the response stage was retained at the specified threshold in the
discrimination stage, tdisc.
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False Positive Rejection Rate (Rfp)

Rfp = 1 - [Pfpdisc(tdisc)/Pfpres(tminres)]; Measures (at a threshold of interest)
the degree to which the sensor system's false positive performance is
improved over the maximum false positive performance (as determined by
the response stage tmin). The rejection rate is a number between O and 1. A
rejection rate of 1 implies that all emplaced clutter initially detected in the
response stage were correctly rejected at the specified threshold in the
discrimination stage.

Background Alarm Rejection Rate (Rba)

BLIND GRID Rba = 1 - [Pbadis(tis)/Pbares(tminres)]
OPEN FIELD Rba = 1 - [BARds(teis5) /BARres(tmines)]).

Measures the degree to which the discrimination stage correctly rejects
background alarms initially detected in the response stage. The rejection
rate is a number between O and 1. A rejection rate of 1 implies that all
background alarms initially detected in the response stage were rejected at
the specified threshold in the discrimination stage.
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Appendix B

Tutorial 1

This tutorial was distributed during the Workshop held at ERDC on
July 25 — 26, 2006. It is a PowerPoint display illustrating the use of UXO-
DAS within the Oasis Martaj software, which is a part of Geosoft software.

Tutorial 1
UXO-DAS
Mag data

Start Oasis Marta;

If you haven't started GEOSOFT yet, do so by selecting

START =>  All Programs

Geosoft => Oasis Mortaj => Oasis Morta;
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Start a new Project

« Select File =>  Project => New
Save in C:Tutorial Directory

]
e
My Computer
‘- Fia name: |tutorin| :‘ Save: i
MyNstwak  Save as type [ Gegeoft Proetz I-.gei] B Carcel
Pracss

Open Existing Project

« |f you want to work on an existing Project
click yes.

» Otherwise click no and start a new project

b

_:/ Do you want to open project: oijuxaltestl.gpf

I
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Load UXO-DAS Menu

* From the menu bar: GX => Load Menu

» Choose UXO-DAS from the list of files:

Lok in r_} o Z] - B o EB-
] 1d_fFe ! eulerad |'4] pdepth
o li#] 30 |11 ] geochemistry |'*] potent
Recent | 4] sirborne_geophysics ] gmsys |19] predictive_targ
>3 | 4] airborre_survey_gc |14 g ad |#] radiometric_pre
t' _;,} | #] sirgrav |1 ) gradztmi | 4] seript
4] coremenus | gravity — [Msed
Desklop | 4] dapprep [ ]igrF [ 4] semplot
|'#] debug Lo ]ip [ ] spi
|14] dmpaly *]isastatic ] target
. |4 DeD_gc_oa |11 kimberite | uxa
Mg Documents (7 4 ope1D | ] leveling_system | ux-detect
. | 4] drapezm |* ] magmap
' B | drilhcle [[#] micte
My Computer < >
L File name: |u=o-Das =1 [geen 1]
— 1
My Metwork Files of type: | Dasiz Manus [".omn) | Cance| |
Flaces
Help J'

Load UX-Detect Menu

* From the menu bar: GX => Load Menu
» Choose UX-Detect from the list of files:

« The menu bar will now have two additional
options and you can start working on the
new project

f’ Dasis montaj - c:\uxoltest1.gpf |
Fite Edit GX Data Profle Map Coordinates Utility X-Utility Grid Voxel Mapping DAP UHO-DAS Ux-Detect Window Help

5 Cex B = - T

&

G T eE .S
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*» Type in New database name as Tutoriall

l Create New Database

New database name ]tutnria\l.gdh I;l

Maximum lines/groups ]200

Cormpression ]Compress for SPEED _v_j

oK ‘ Cance| 1 Advanced Help |

Importing Mag Data

+» UXO-DAS => Import sensor data == Geosoft XY

Maximum channels/fields JSU Select bOX data file name

ul=[a]

H¥YZ data file ‘tutnriall_mag.XYZ

| tmport template |

Impart mode [Replace -
0K 1 Cancel J Help | Template]
&1l >
H Line m

Mag Data

g ]
v L141:80 b ¥ 21
0.8 757693.24 3638333 .35 -6.82
1.8 757693.09 3638333.3Y4 =7.61
2.8 757692.953638333.3Y4 -8.39
3.8 757692.80 3638333.3Y4 -9.24
4.8 757692.65 3638333.3Y4 -9.79
5.8 757692.50 3638333.3Y -16.59
6.8 757692.353638333.3Y4 —11.17
7.8 757692.21) 3638333.33 -11.73
ol
Chan IH

 The final window will show the database.
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Mapping

+ Select:Mapping => New Map => New Map from XYZ
« Type: Tutorial1 for Map Name
* Select Next button

Data range to map

Minirmurn % | SR

 [3638517.93

Maximum % |757693.24

. [3636333.64

_ tance unit ‘metre _vJ

Create @ new map

Next> J Scan datai Sean grid ] PrUjEct\Un| Help ‘

Map narng ITutoria\l

i)
@ Maptemplate |Iandscape letter ﬂ Select Finish button

Map scale |

Distance unit |mstre

<Back | Finish Scale TemplatesJ Help |

A blank screen will appear

Basemap

* Mapping => Basemap => Draw basemap
» Select Next key for each window

Figure style base map @
Basemap layout @

Narth direction (dea. Azimuth fram ) | [T
.. s
Heastyle = Reference grid |solid lines -

M le 1: ] y §
ap scale 1315745 Reference arid spacing
(0] i .) bott i i
ap rmargins (cm.) bottom |4 Add compass direction to annotations |Mo LJ

ht
o #75 Ling thickness (ricrans) (100
f
el |

left |5, 5 : 3
=50 add lonaitude, |atitude annotations? Mo -
de dat i .
(DEEEee S macting) 1 Longitude increment (deg.mmss)
Posit lot directi ht
N R T = Latitude increment (deg.mmss)

Wertical ref [ E g 7 Y
R Bt B s |67 5 Ling thickness {microns) (100
Next> l Cancel1 Help | Line calour _

<E\ack| Nex‘t)l Cancel| Help I
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* Type Tutorial1 for the Title
» Select the Finish key to produce this map

_ > = ;
Figure titles Eq _-H Tutoriall.map

Title [Tutorial1]
Sub-Title |
Sub-Title |

<Backl Finish| cCaneel Help

Select Finish button

Gridding

o Select:

« Grid => Gridding => Minimum Curvature
=> Dialog Controls____

Minimum Curvature Gridding

Channel to grid JZI _vj
Narne of new grid file [Mag __]
Grid cell size [0.1]

0K | Advanced>| Cancel j Help I

Select z1 for channel;

Select mag for new file;

i}

stoseMag grd

Select 0.1 for cell size; | ‘ ‘ V_N_indow 00

Select the ok button
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Display Grid

« Select:
Grid => Display Grld => Single grid

Place a grid on a map

'II Tutoriall.map
Grid narne | EEERae0E ey
Colour methad |Mormal distribution Lj
—
Colour table |:n|nur.th| J o
Brightniess |Norma| _] a
Contour interval _ﬁ
Location |default registratio ~|
New Map J Current Map ‘ Cancel J Help § r‘-)

Select the Grid nhame above

Select colour method

Select the option Current Map

Create Analytic Signal Grid

» Ux-Detect => Total field magnetic data =>
Calculate and display analytic signal grid

Select channel 21

bagiehendabodis =l Select current map for display grids
Output total field grid {tf.ard s
Output ®-derivative grid WJ Se|eCt Ok button
output (-derivative grid [fdy.ard > :
Output Z-derivative grid [ideard | Next screen will be this map

Z-derivative method Jh

Mo, of passes of smoothing filter ’07

Qutput analytic signal grid W J O -
Display grids in new map ? ’W O

Colour table |calour thl _J

0K Caontrals ‘ Cancel | Help J o
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&1 Tutoriall.map

« UXO-DAS => Model inversion => Mag

(GX Authorization

An attempt has been made ko Fun 3 G that was not signed by Geosoft,
Since Gx's of this type may contain viruses and may damage your system we
recommend you ensure the source of this G and only authorize this Gy iF
you are sure it is safe.

File: Mame: [C:Program Filss| Geosaft|Ossis monkajigxisubsetdatamag, g«

% Mame SUbsefDatatan

G Varsion Quly 08

Run Run Always I Canca I

» (If the program is not Geosoft this box will
appear) Enter Run Always
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« UX-Detect => Total Field magnetic data
=> Locate targets => Peakedness

Select the target database X |
MR EECLLE Rk toriali_Targets odbl o
OK | cancel| Help |

» Seiedlard coun ROy

» Select window size=20 G te pik targets [FEUEIERE <]
Target list ’Tarqetsi
» Select Cutoff rate = 20 Channel to save grid values |Grid_value
z ) 5 Mask channel IMa.sk—j
» Name grid to be “peak Distance unit [meve <]

No: of passes of smocthing filter [3

. Select ok button Scan window size (Radius) |20
PercentLesser [100.0

Peakedness Grid |peak.grd(GRD) il

s

l

4

Peakedness value cutoff level |zo

oK | Syrmbol Tarqets‘ Cancel Help ]

Ux-Detect

» Result of Peakedness Grid and locate
targets
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« Ux-Detect => Target map == Create target map
« Blank out the target depth and weight options
« Change text size = 3 e &)

L+

Mew rmap 7 ,W
Select Symbol button o
Mask channel W‘

4 4 4

Target symbol definition £ Annotation:  target ID channel |Target ID
target depth channel -
Symbol to plot targets 1 - —‘J
3 S —— = target weight channel -
Symbaol size (mm) |4 e 1
; text size (mm) |3|.D
Symbol outline weight |normal -
h w /Yy offset from targets {mm) |1.0
Symbol outline colour _
Symbol fill colour Mane OK | Symbal | Targets | Cancel | Help I
OK | Canel | Help I

. Select size=4 (Ok twice)

» Select ok button Lotz epend
. 5 5 i Locate the center of the legend...
» Click outside of grid N g

* The grid is now
numbered with database legend with + symbol

®
i)
@ \ Minimize this map and
e click on the original
database to make it the
@ active database.

D
. %@ - SAVE Changes
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Subset data around tarpets

Size of subset window 1'4

Mask channel IMask

+ UXO-DAS => Extracted Anomalies => Mag
+ Select by down arrow:
+ Type Size =4 and Name =dist

Input target list |Targets

Mag Data Channel |Zl

Target 1D channel ITarget_ID

il 53

Distarice channel |dist

0K | Cancel|

Help |

L]

757685,

i

3638321

- 83

2.

» Click Mag Final => Show Profile

0.0 1 T

1.8 757684.85/3638321.03 -8.18 1 -8.18 8. 88

2.8 757684.70 3638321.03 -2.94 g -2.94 8.23

3.8 757684.55/3638321.03 —6 .85 1 —6 .85 8.38

4.8 757684.39 3638321.03 —18. 86 1 —-18.86 8.54

5.8 757684.24 3638321.03 -11.79) 1 -11.79 8.69)

6.0 757684.08 3638321.03 -13.62 1 -13.62 §.85

7.8 757683.92/3638321.02 —14. 83 1 -14.83 9.m

8.8 757683.77 3638321.02 —14. 1Yy 1 —14. 14 916

9.8 757683.61/3638321.02 —14.89) 1 -14.89 9.32 w

£ ?

—18.23

11244
47.11

]\J\/ \\/\‘\A\/\ﬂw;

Mag Final

\EFFJ\v/‘mHfUF“H¢/4ﬂ\wf//\br

198.5

{Fid)

Chan

[Mag_Final
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 Min Anomaly database
» Make the target database active
« UXO-DAS => Model Inversion => Mag

Mag Inversion

Select by down arrow

Target ID Channel |Target_ID

=
Target List Mask Channel [Mask LJ Select the ok button
=

Mag channel |Z1
Target Data Mask Channel

0K | Cance|| Help |

» Right click on any block => display all
* To show additional variables

|

v Targets | Hask Target ID id value| Fit Incl Fit pzim ||~
A.883.1 3638319.9 n 388.49 B.66 4.15
1.089.6 3638320.0 12 6G7908.0 1.55] 3.198
2.®87.3 3638320.1 13 G543 .0 1.45 3. 85
3089 .4 3638322 .1 |4 6072 .08 1.508 3.20
4.®83.2 3638326.0 15 30834.0 B.62 1.17
5.889.4 3638328.2 16 394.0 1.95 1.76
6.0B81.4 3638329.9 17 27810.8 2.69) 2.27
7.389.3 3638330.2 18 1341.9 1.86 4.62
B.3%91.2 3638331.9 19 4a8. 8 1.38] 5.108
9.087.2 3638332.0 e 31913.8 0. 08 .84
108.589.0 3638332 .1 11 390906 008 a.04

« UXO-DAS => display target grid
» Select by arrow key
* Grid cell=0.1 &

Target ID Channel |Target ID

» Select ok button  |eim 2

Madel Channel |Mag_Maod

Target # [1—

L

Lol Laf Lo

Grid cell size |o,1
window SizeR,REAL, |4

Zalor method |Histugram equalization ﬂ
Colar table [calour thi ol

0K | Gridding Setup Cancel I Help




ERDC/EL TR-09-16

[Arrange two maps and database |n this format]

=} Sensor_Data.map = D|X| " i Model_Data.map

F1 (utorjall_Targets.gdb

Target_ID
1
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Tutorial 2
Tutorial 2
UXO-DAS
GEM-3 data
Start a new Project
» Select File =>

Save in C:Tutorial2 Directory

Project => New

Savein | L Waonall =] & of B
S tukoriall

Recent

Diaskton

L

My Documents:

<
\y Computer

\:g fame: [rutons] | Save
(y Ntk ave at lype: |Geos 1ol) Carcel
Places

Help |
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Open Existing Project

* If you want to work on an existing project
click yes.

» Otherwise click no and start a new project

Dpen last project

__?r,( Do you want Eo open project: ci\uxoltestl.opf

e

Load UXO-DAS Menu

* From the menu bar: GX => Load Menu

* Choose UXO-DAS from the list of files:

Look irc | 3 omn 71] - = EB-
L) 1d_FrE ) eulersd 4] pdepth
..—-j [4]30 1] geochemistry 4] potent
Recent | ] sirborne_geophysics L4 ] gmsys |4 ] predictive_targ
=, 4] airborne_survey_gc | #]gmsys-3d |4] radicmetric_pre
d .:'} 4] airgrav |4 ] gradztmi | 4] script
|11 coremenus L] gravity T HYzed i
Dahion |1]) dapprep L ) i |4 ] semplot
4] debug [*)ip ] spi
[14] dmpel |1 1] isostat 4] target
4] DoD_Qc_QA | ) Kimberlite e
Wy Bactmerss [ drap=1D (1] leveling_system (4] c-detect
z [9] drapezo [#]magmap [LilLino-Das |
- | [#) drillhole [ it | varyrtp
My Compuiter < -
D [GooAs |
My Metwark Files of type: [Dasiz Menus (. omn) - Cancel |
Places
Help |




ERDC/EL TR-09-16

89

Load other Menus

From the menu bar: GX => Load Menu
Choose UX-Detect from the list of files:

From the menu bar. GX => Load Menu
Choose Dod_QC_QA from the list of files:

The menu bar will now have three additional options.
The last option will appear as UX-Process on the menu
bar.

¥ Dasis montaj - ciYtutorial2Mutorial2.gpf
File Edt &% Dats Profile Map Coordinates LUklity  ¥-Utility Grid Voxel Mapping DAP  UXO-DAS UH-Detect UX-Frocess Window Help
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Mapping

« Select: Mapping => New Map => New Map from XYZ
* Type: Tutorial2 for Map Name
o Select Next button Data range to map

Minirmuarm % |

T |3638317.93

Maximum # [757693.24

¥ |3636333.64

TSR m] tance unit *metre _v_]

= Next> I Scan data{ Scan grid | Prnjectinn] Help |

Map name |Tutorisli

@ Map template 1Iandscapa letter _-_J Select Flnlsh button

Map scale |

Distance unit |mstre

<Back J Finish Seals Templates ‘ Help I

A blank screen will appear

Basemap

 Mapping => Basemap => Draw basemap
» Select Next key for each window

Figure style base map @
Basemap layout @

Maorth direction {deq. &zimuth fram ¥) |
Map style -

Reference grid |salid lines LJ
M le1: i . -
SR I Reference grid spacing
M i . bott z = 3
ap margins (cm.) bottom |4 Add compass direction to annotations |No LJ

right |58 Line thickness (microns) (100
tap 117 Line colour _
left |55 Add longitude, latitude annotations? |No -
inside data margin |1 Longitude increment (deg.mmssy [
Positive plat direction m Latitude increrment (deg.mmss) ,7
vertical reference angle (75 Line thickness (micrans) [100

Next> j Can:ell Help ] Ling colour _

=Back Nex‘t)J Cancel| Help J
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» Type Tutorial2 for the Title
» Select the Finish key to produce this map
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Lag Correction

UX-PROCESS => Grid => Gridding
Select Display Grid => Colorshade
Select down arrow ref channel

Change delay = -12
Select ok button

Apply instrument latency correction... @

Reference latency channel m
Delay ﬁ

Lines to correct W

Raw X backup channel W—
Raw ¥ backup chanpel W

oK | CancelJ Help ‘

Remove Background

UXO-DAS => Drift Correction

Inphase and quadrature channels

Select by down arrow
Change lowest values to 60
Blank the max. number
Select ok button

Perform drift correction on array channel @

Input Array channel m

Output Array channel m
% of lowest values to ignore m
% of highest values to ignore
Max. number of values per slock ﬁ
Lines to ccrrect W

0K ‘ Cancel | Heipl
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* The drift correction is next done to

quadrature

* The lowest and highest values are
reversed

. Se'ect Ok button Perform drift correction on array channel E]

Input Array channel |& -
Output Array channel [q_dcorr -

% of lowest values to ignore |10 |
% of highest values to ignore |60 Ll

Max, number of values per block |

Lines tc correct |Selected lines vi

0OK | CanceIJ Help ‘

Calculate Magnitude

« UXO-DAS ==> Calculate Magnitude
« Name inphase, quad and output channel
» Select ok button

Calculate Magnitude ﬁ]

—

InPhase Channel |ip_dcorr vi
Quadrature Channel |q_dcorr vl
Output Channe| |EE vl

DK ] Cancel] Help]
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Map Display

> Grid Display => Color Shaded

 Grid
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Extract Anomalies

UXO-DAS => Extract Anomalies => GEM-3

Use active original database
Select all drop arrows as shown.
Select ok button
Input target list [Targets

Subset data around targets

£

Close original database R —

Quadrature Channel |q_:|corr

K8 (ERIEHIER

Summary Data Channel |trniu

Target ID channel |Target_ID

4

Mask channel [Mask

‘

Size of subset window [2

Distance channel ’E
oK | Cancel |

Help

[+
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Inversion
« UXO-DAS => Model Inversion => GEM-3
« Use target list made in Anomaly.
« Select all drop arrows as shown.

SRl O bution

Target ID Channel

Target List Mask Channel |Mask l
InPhase channel [Hc?r—_l
Quadrature Channel |q_dcorr l
Target Data Mask Channel Wssﬁ

0K | Cance|| Help ’

LI ENIEN A

4

UXO-DAS => display target grid

1 gal_Targets, gl

—313.91
r
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UXO-DAS => classification => GEM-3

library matching

Detectad Objects

gest Matches to Calibration Data

tect Ezzcs Bust Ha tazi Iz iz

aed ea
—N i
e -
00 s sl 53 + *
.y = - *
i - - :
+
200 200 %' % 3
- :
[} t] L] »
+ . 4
o I b
o =0 14 - =3 - %
4 3 s
A0 4% * * :
' * *|
a0 200 T -1 3 -] £
ozl s lae Vol el mr Vs
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Tutorial 3

» Select

Start a new Project

File => Project =>

Save in C:Tutorial3 Directory

New

MWy Documents:
s
My Compute:
",‘j e name [rutanan]
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UX-Analyze

« UX-Analyze => Settings

UX Analyze settings @
Target database name | ERERRCEEEREE -
Distance unit Imetre _v_]

Add/Review window size |15

Anomaly window size [3

Display Explorer pane? |n0 _vj

0K | Cannell Help l

Change window size=15 and anomaly=3; arbitrary to area of map highlighted

« UX-Analyze = Add/Review targets

Input infarmation

Sltedatahasename:]C:\tutoriaB'{tutorialﬂ.gdb _j Data type! |Chronological  w | Sensor bype: |EM&L-Markll  w

Qutput barget Instance Specification

Group name; | Targets 1D channel; | t2rget_id Start ;| 1 Instance: |1 :]'

hlexct > | Cancel ‘ Help ‘
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B

EM&1 Sensor Definitions

1~ Input information

| Site database name; | e bl puteal3 o Sensor bype: 1 fo

Inskrurment geometry -

|
Coil sized 131 m vi # Caili| Coil separation: | 0.3 Coil height: | 0.4

T Mode 4 ¥ Mode D Fit " Pravide orientation infarmation
Upper channel: [zt - v | =]
Lower channel: | | | =]
Lawer channel 2 | = T et | =]
Lower channel 3: | =
el | [ 7 Alitude channel: | -

Mext = I <Previous ‘ PopulateHeading Canicel ! Help ‘

Change cell height =0.5
Select upper channel = Z1
Check Fit box

Create S5ite Map

Sensor channel to display _ﬂ

Grid cell size 10.2343?5

Syrobal size (mrm) ]2
Color table Icalaur.thl __._J
Coloring method 4NDFI‘I‘|E|| distribution __v_]

Contour interval |

Calor minirnurm 1

Color maximum ]

Color mean |

Color standard deviation l

Ok I Specify@verla}.rsJ Cancel Help
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Based Analysis Module  Group:Targets torial3\tutorial3

— Input information

Site database name; | 1 Sensor type;

i— Operations F‘- —

& add " Review »

Refreshiap I Help l
Cancel |

Done l

4369590

N6S62EF
T

402780E

[a ]

Cursor location

¥ position: I
W position: |

Go Ta I

? L L
Cursor |ocation:  402767.45,4369586,29 Sl fo 4 » | e 2ol

CLGE9EY
T

_final.map

Display Chan: [21 =] Targerm: i ~[ <] r Depth: Coherence: I"J 933
T~ Display residual field Commerbel | e R S | BALE
7 Mulfiple tardets | | 1 S IH_

Add!l Comments: Incn,dam: | s Chisqrs |
& Maskautside © Inside
Palygon TngiPixel Calor | Reefic I Reset Remave Pricritize Grid Paramsl R Trend-l Display Dane I c

“ar Help, press F1 Data Punknown  [(402783.4,43696200m |1:32,9090632
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Masked Display

icplay Chan: [z1 -|  Targetio: |3 'I 1 £| ><:| ] Depth: |‘ 5 Coherence:
T Display resicual field | bbb | & Siee:
T i L l Bi 7179
Add'l Comments: | Incn, Azmm: Chisqgr: I
% Mask outside ¢ Inside |
Polygan ImgiPixel Color i Refit Reset Remove Prioritize Grid Params_l R Trend ! Display Dane I Cancsl
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