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BATTERY SAFETY 
 

WARNING- Do not damage the rechargeable Lithium Iron Phosphate batteries.  A damaged 

battery can cause an explosion or fire, and can result in injury or property damage.   

 Do not use or charge the batteries if they appear to be damaged.  Signs of damage may 

include punctures, leaks, or warping.  

 Do not expose batteries to fire or prolonged high temperatures. 

 Do not immerse the batteries in water.  

 Do not drop or puncture the batteries. 

 Do not open the batteries or short-circuit the contacts.  

 Discontinue using or charging the batteries if they give off strong odor or extreme heat. 

 Charge the batteries only with approved chargers.  

 See Chapter 10 of this manual for Shipping Information.  
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1.   Introduction 
This manual is a User’s Guide for the Geometrics MetalMapper 2x2 geophysical instrument 

used for the detection and characterization of Unexploded Ordnance (UXO).   This instrument is 

based on the Naval Research Laboratory TEMTADS MP 2x2 Cart system developed over the past 

several years.       

The system uses time domain electromagnetic (TDEM) principles to induce electrical currents in 

buried metallic objects and then measures the effects of those currents in receivers on the 

surface. It has four (4) co-planar transmitter coils placed in a 2 by 2 square. Each transmitter 

coil is approximately 35 cm x 35 cm in size. Located in the center of each transmitter coil is a 10 

cm x 10 cm x 10 cm receiver cube, each one containing three (3) orthogonal coils to measure 

the fields resulting in 12 different receiver coils. The receiver coils are oriented in 3-dimensions. 

The transmitter coils are powered using a bi-polar half duty cycle and the time decay of the 

subsurface currents (transients) are measured during time off of the transmitter coils.   

The MetalMapper 2x2 can be used in two collection modes, dynamic or static.  Dynamic mode 

is collected by pushing the cart over targets in a series of closely spaced parallel lines.  

Navigation features in the software direct the user to stay on the correct path.   Static mode is 

collected by moving the instrument over predefined targets from an anomaly list.   This 

anomaly list can be derived from the results of a dynamic survey, or from another previous 

geophysical survey (EM61-MK2 for example).   

Data is collected and stored in a HDF5 file format.  This format is self-describing and easy to 

read and edit with many available free software packages.  This manual does not cover any 

post-processing of the HDF5 files to invert the data and identify the buried metallic objects. 
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2. System Overview 
The MetalMapper 2x2 is comprised of four transmitter coils approximately 35 cm x 35 cm in 

size. Located in the center of each transmitter coil is a 10 cm x 10 cm x 10 cm receiver cube, 

each one containing three (3) orthogonal coils to measure the fields resulting in 12 different 

receiver coils. The receiver coils are oriented in 3-dimensions.  The center-to-center distance of 

each receiver cube is approximately 40 cm.  The sensors are mounted on a platform that is 

typically 26 cm above the ground surface.  A GPS and IMU (inertial measurement unit) are 

mounted on a tower centered above the sensor platform. The transmitter electronics and 

batteries are mounted on a backpack carried by the operator.   The system is operated from a 

tablet computer running the MetalMapper software.  

 

Figure 2.1: Cart layout showing naming convention of A, B, C, D transmitter coils and receiver 

cubes. X, Y, and Z coordinates are positive in the directions shown. 
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Figure 2.2:  Sensor platform with top cover removed.   Sensor platform fully assembled. 

2.1 Data Acquisition Electronics and Software 

The data acquisition electronics and batteries are mounted on a backpack worn by one of the 

operators.  The electronics are connected to the cart by 3 cables: Tx Cable, Rx Cable, and 

GPS/IMU Cable.  The second operator controls the system from a tablet computer running the 

MetalMapper software and connected to the electronics via an Ethernet cable. Navigation is 

directed by the software.    
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3. System Setup 
The MetalMapper 2x2 system is packed and shipped in a collapsible plastic crate (P/N MM2x2 

Crate) secured with banding.   The crate dimensions are 48 in x 44 in x 36 in with a packed 

weight of approx. 350 lbs. (shipping weights and dimensions may vary). Foam inserts are cut to 

protect and secure the instrument during shipment. See Chapter 10 for more information on 

packing and unpacking the system from the shipping crate.  

3.1 Cart Assembly 

The 4 transmitter coils (Tx) and 4 receiver cubes (Rx) are attached to the sensor platform with 

plastic bolts.  These items should not be removed or replaced unless instructed to do so by the 

project geophysicist.  The Rx cubes and Tx coils are covered by a piece of plastic attached to the 

sensor platform. The cover should remain attached under most conditions.  There is a cable 

connection facing the rear of the sensor platform.  The sensor platform cover should not be 

removed without consulting Geometrics for instructions on how to remove it without damaging 

the cable connection.   

The axles are attached to the sensor platform with the axle mounting brackets.  Slide the axles 

through the brackets.  Attach the wheels and spacers to the axles as shown below.  There are 3 

plastic spacers and 1 washer placed on the axle between the wheel and the hub.  The wheel can 

be secured to the axle on the outside with the small nut and bolt included, or with an optional 

zip-tie.  
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Figure 3.1: Axles with wheels and spacers installed.  Note optional zip ties to secure wheels.  

Take care to avoid getting debris inside the wheel hubs and axles. Wheels and axles should be 

periodically checked for debris and cleaned to prolong the life.  The wheels do not need 

lubrication during normal operation.  

The cart handle will ship preassembled and only needs to be attached to the cart.  The 

mounting brackets have different mounting holes depending on the desired height of the 

handle 

.  

Figure 3.2: Handle attachment 
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3.2 GPS/IMU Tower 

The GPS and IMU are installed on a 4-legged tower which is centered above the middle of the 

sensor platform.  Assemble each leg of the tower as shown below: 

 

Figure 3.3: GPS tower legs 

The GPS sits on the mounting bolt which is standard 5/8”-11 threaded nylon rod.  The numbers 

on the GPS tower legs must be installed so the number is right-side up.  The legs are 

interchangeable so the number positions do not matter. The height of the GPS above the 

sensors is set using the GPS thread sheath attachment as shown below.  It is helpful to use 2 

nuts on the underside of the GPS tower rod and sheath to prevent the tower from loosening 

during operation. The default height is set in the applications.property file. If this height is 

changed from factory default see Chapter 7 on how to adjust the applications.properties file.  
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Figure 3.4: GPS Platform Installed. Note the tapered corners point in the direction of travel. 

The IMU is mounted in a weather-resistant housing. It sits on the underside of the platform 

below the GPS and is centered above the sensor cart.  The IMU is designed to only be installed 

with the correct orientation. The 3 bolts are in a triangular arrangement which secures the IMU 

to the platform ensure that the IMU is oriented correctly.  The IMU box is secured to the shelf 

with small plastic nuts that screw into the permanent bolts on the IMU box. The tapered edge 

of the GPS platform must face in the direction of travel.  
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Figure 3.5: IMU Installation.  The IMU is mounted on the underside of the GPS platform. 

3.3 Data Acquisition Electronics Backpack 

The electronics which control the data acquisition are housed in a weather-resistant orange 

Pelican case.  The electronics housing box has 5 external connections- Rx cable, Tx cable, 

GPS/IMU cable, power, and Ethernet. The housing and cable connectors are designed to be 

water resistant.  The electronics are cooled by the external heat sink fins.  This heat sink needs 

to be exposed to the air and not covered by clothing or other equipment. 

 

Figure 3.6: Backpack with Electronics and Batteries Mounted 
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Figure 3.7: Electronics box mounting brackets 

3.4 Cable connections 

The MetalMapper 2x2 is typically supplied with 2 complete sets of different length cables.  The 

shorter (9 foot) set is used with the system in walking mode, while the longer set (20 foot) is 

used with the instrument in skid-steer mode and as spares. The Tx and Rx cables connect to the 

cable junction housing on the rear of the cart.  The cables are not reversible. Ensure that the 

notches on the connectors are aligned before trying to tighten the connections.  

 

Figure 3.8: Transmitter Tx and Receiver Rx Cable Connections 

The electronics box is mounted to the backpack 

with top and bottom mounting brackets. The 

brackets are designed to hold the box so the 

handle is down and heat sinks are facing both 

up and outwards.   These brackets can be left 

on for storage and shipment, but if the box 

needs to be removed see below: 
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The GPS serial output connects to the IMU box.   Use the GPS system’s own serial cable to 

connect the GPS to the DB-9 serial port on the IMU box.  On the other side of the IMU box, 

connect the IMU cable to the round connector.  The IMU cable is reversible so it does not 

matter which side is connected to the electronics box and which side is connected to the IMU 

box.  The dust cap is used to protect the connectors during shipment and storage, but please 

remove these and place them away from the sensors during operation.  

     

Figure 3.9: GPS cables input on IMU box.  IMU cable output on opposite side. 

The electronics box is connected to the field tablet computer via the ruggedized Ethernet cable. 

The Ethernet cable plugs into the top of the field tablet and the side of the electronics box.  In 

the event the cable is damaged, any Cat 6A or Cat 7 Ethernet cable with RJ45 connectors can be 

used as a replacement.  Note that Cat5e or lower will not work with the instrument as the 

throughput is not high enough. 

 

Figure 3.10: Side of electronics box showing Battery cable, Ethernet cable and GPS/IMU cable 
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3.5 Batteries 

The system is powered by an assembly of two Li-FePO (Lithium-Iron Phosphate) batteries.  The 

batteries are connected in via a custom cable which allows for easy swapping and charging of 

the batteries.  The system is available with a large battery pack (22Ah) or an optional small 

battery pack (10Ah).    

Battery Rate of Discharge (hours) # of static 

measurements 

Battery pack dimensions 

Dynamic Static Weight LxWxH 

Small (10Ah) 3.0 6.0 175 6.0 lbs. 6.3”x5.3”x4.5” 

Large (22Ah) 7.5 12.5 360 16.0 lbs. 8.5”x7.0”x8.5” 

 

The battery pack is housed in the pouch on the backpack.  The battery cable connects to the 

electronics box via the power cable.  The fuses are standard 20A automotive fuses.  If the 

batteries will not charge or will not power the electronics box, check for blown fuses. Fuses are 

20A automotive fuses.  In the case that fuses continue to be burned out repeatedly please 

discontinue use of the battery pack and contact the factory for further instructions.  For 

shipping instructions please refer to Chapter 10. For battery MSDS please see the appendix. 

Figure 3.11: Battery pack and cable 
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To charge the batteries please use the charger supplied.  It will need 2 power outlets as each 

battery is charged separately.  Total charging time is approx. 4 hours. See instructions on 

charger for indicator lights explanation.  

 

 

Figure 3.12: Battery Chargers 

3.6 Skid steer mode 

The MetalMapper 2x2 can also be deployed via a vehicle-mounted skid-steer.  Customers will 

need to design or build their own skid steer as Geometrics no longer offers this option  To use 

the MetalMapper 2x2 with the skid-steer attachment, remove the wheels and axles from the 

sensor platform.  Foam may need to be added to the instrument bucket to achieve a ~ 20 cm 

sensor height off the ground.  
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Figure 3.13: Example Skid Steer Attachment 
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4. Quick Start Guide 
Assemble the sensor cart, electronics box, and GPS/IMU as described in Chapter 3. The 

electronics box will start-up upon connecting the power.  Connect the field tablet computer via 

the Ethernet and launch the MetalMapper 2x2 software.  The software is on the desktop as 

MetalMapper with a Geometrics logo icon.  Launch by double clicking the icon.  The software 

will prompt the user to accept the EULA and confirm the Instrument Serial Number.  Note that 

many of the settings can only be changed by editing the application.properties file. More 

information on that is given in Chapter 7. 

4.1 System connection 

The software will connect to the electronics via Ethernet in about 45 seconds.  During this time 

the software will display “Waiting” in the status window in pink. There will be no position 

indicated nor coils displayed in the other status windows.  

 

Once the hardware and software are successfully communicating, the status window will 

display “Ready” in blue.  
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The status window is always shown in the software.   From left to right it indicates: date and 

time from the computer’s clock, event log, GPS fix quality indicator, and position and IMU 

information.  

 

GPS fix information is parsed out of the NMEA string.  The first number displayed is the GPS 

quality. Status of 2 indicates GPS position without RTK correction.  Status of 4 indicates GPS 

position with RTK correction.  When GPS status 4 (RTK) is being collected a picture of a satellite 

will appear. The second number is the number of satellites used.  Clicking on the GPS status 

window will display the entire NMEA string that is being read by the software. 

 

(Example of GPS information with no RTK information.) 
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YPR indicates Yaw (magnetic heading), Pitch, and Roll, in degrees, from the IMU.  The Yaw is 

corrected for magnetic declination. The magnetic declination is automatically calculated once 

the GPS is connected to the software through a magnetic declination look-up table.    

 

 

4.2 System Configuration 

When the software is successfully communicating with the electronics, navigate to the Project 

Settings tab in the Control window.   

Host Software: Displays the acquisition software version.  

Ambient AC Frequency: Select Powerline Frequency for noise cancellation (60 Hz in US or 50 Hz 

in Europe and China). 

Swath width:  Width of dynamic swath displayed on the navigation window display.   

Data directory: Indicates where the collected data will be stored on the computer.  Note that 

each Project will create a new directory under the main directory, and each GeoID will have its 

own directory within the project directory.  This default data directory can be edited in the 

application.properties file.  

GPS: Ensure the GPS string type and baud rate is correct in the application.properties file. 

GPGGA is the default.  
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IMU: Ensure the IMU information is correct in the application.properties including baud rate.  

The system ships standard with a Microstrain 3DM-GX4-25 or 3DM-GX5-25 which updates at 

9600 baud. 

 

4.3 Parameter Setup 
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This window selects the measurement type under “Survey Mode”. Dynamic and Static 

selections will have default Parameters that cannot be changed by the operator.   

N Repeats:  Number of repeated measurements stacked during each acquisition. This can be 

changed in the application.properties file.  

Tx On Time: Time in microseconds current is sent through the transmitter. This is fixed for 

either 8332 for static or 2777 for dynamic measurement modes.  
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4.4 QC Settings 

 

Transmit current lower threshold (A): Transmit current level where the operator will be warned 

about low batteries.  Lithium batteries will display the same voltage throughout their discharge 

cycle, so this is the way to monitor the batteries before they are fully discharged.  This can be 

changed in the application.properties file.   

Time Window for QC: Time window in microseconds used to compare amplitudes (Z-

component) during the instrument function tests. 

Background Drift Window: Time window in microseconds used to compare amplitudes (Z-

component) for drift from reference background measurement. Ratio is the change in 

backgrounds allowed before the system displays a warning.  

Background acquisition reminder interval:  Time in minutes which the software will remind the 

operator to make a background measurement.  

Select Reference SFT/SBG: See Chapter 5 for more details.  

4.5 Survey Window 

To begin a survey, load the Project File using the “Load” button and selecting the .csv Project 

File.  This will display the targets in the navigation window.  Select the target by clicking on it.  

To select Static measurement targets, ensure that “Static Mode” is selected in the “Parameter 
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Setup” window.  To select Dynamic lines, ensure that “Dynamic Mode” is selected in the 

“Parameter Setup” window.   

 

Select the type of measurement from the drop-down menu.  The zoom can be changed by using 

the buttons under “Center At”.  The buttons under “Orientation” change the way the map is 

displayed.  The cart is denoted on the map by the white square. The yellow lines display cart 

heading and velocity (speed plus direction).  Speed is given in the bottom left.  Note that it is 

recommended to survey below 0.7m/s during dynamic surveys.    

The type of target is given by its shape and color.  The targets will change color once selected 

for measurement.  The Target ID of the selected target is displayed in the lower left of the map.  

Once the targets have been acquired, they will either be crossed off with a red X or change to a 

different color.   

Once the cart is navigated to the correct position, hit the button marked “Acquire” to collect 

data.  The data file will be named automatically based on the project file description and 

measurement type.  See Chapter 8 for more information on file naming.  During acquisition, the 

Transmitted Current will be displayed for each Tx coil.   Additionally, the relative magnitude of 

the signal measured in each Rx cube will be displayed in real time.  Larger circles in this window 

indicate larger amplitudes measured in that Rx cube.  The top left circle is Rx A, top right Rx B, 

bottom right Rx C, and bottom left Rx D (same orientation the operator sees).  
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Static Measurement data can be viewed in the Acquired Data window.  Replot will also plot old 

acquired Static measurements.  Dynamic measurements cannot be replotted in this mode as 

there can be hundreds or thousands of plots per dynamic file.  

 

All measured components of the data can be displayed in the plot.  The naming convention is 

<TxCoil><Direction><RxCube>.    
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4.6 Measurement Types 

 

Code Measurement type Description 

SAM 
Static Anomaly 

Measurement 

Static measurements over an identified location with 

an unknown anomaly source 

DAM 
Dynamic Anomaly 

Measurements 

Dynamic survey for detection and classification of 

potential MEC 

SBG 
Static Background 

Measurement 
Static measurement over a  non-anomalous location 

SBR 
Static Background 

Reconnaissance 

Static measurement made to confirm SBG location is 

valid 

SQC 
Quality Control (static 

IVS) 
Static survey of emplaced IVS targets for QC purposes 

DQC Dynamic QC (IVS line) Dynamic survey of an IVS used for QC purposes 

SFT Static Function Test 

A direct test of all sensor component responses to a 

standard object placed at a precisely know location 

(relative to the sensor). 

SXM Miscellaneous Static all other 

DXM Miscellaneous Dynamic all other 

 

4.7 Sample Project File 

 

A project file is a .csv file with columns shown below.  This will allow the Survey window to 

display the measurement locations for static and dynamic locations.  

#any line beginning with # or / is ignored 
     

#first good line must be the project name 
     

FortuneDr20160419 
     

#UTM coordinates are meters, Zone is number and hemisphere (N or S) 
  

#GeoID  DataType  TargetID easting  northing  zone 

G000 SBG AaBBBB0 598256 4139854 10N 

G000 SAM Aa000000 598256 4139852 10N 

G000 SAM Aa000001 598256 4139850 10N 
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G000 SFT Aa000002 598256 4139848 10N 

G000 SBR Aa000003 598256 4139846 10N 

H000 SBG AaBBBB1 598254 4139852 10N 

#  currently only dynamic lines are #supported  they must appear as a pair of points: 
 

I000 DAM I001 598250.1 4139850 10N 

I000 DAM I001 598251.7 4139824 10N 

I000 DQC I002 598250.5 4139850 10N 

I000 DQC I002 598252.1 4139850 10N 

 

GeoID is defined by the project and can be an alphanumeric string up to 8 characters long.  

TargetID can be an alphanumeric string up to 8 characters long.  

Any measurement type with the exception of SXM and DXM must be listed in the project file to 

be displayed on the navigation window.  For a file to be named properly, it must be displayed 

and selected on the navigation window prior to collection.    
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5. Sensor QC Features 

5.1 Static Function Test (SFT) 

Before starting data acquisition, a Static Function Test (SFT) must be performed and the results 

verified to ensure proper data collection. The SFT should be performed in an area without 

known metallic objects nearby.  The SFT directly compares the amplitudes of the measured 

data to a known reference measurement. This known reference measurement is performed at 

the factory under controlled conditions and represents the ideal instrument response. This 

measurement is stored in the master SFT file which is used as the comparison.  The master SFT 

is stored on the computer in the directory: 

/var/lib/MetalMapperII/InstrumentFunctionTest/ 

With the naming convention: 

<FunctionTest>_<CartSerialNumber>_<SFT>_<ISOSerialNumber>_<YYYYDDD>_00.h5 

Where <CartSerialNumber> is the Serial Number printed on the outside of the sensor platform 

and referenced in the application.properties file and <ISOSerialNumber> is the serial number 

printed on the ISO unit.  

The “Time Window for QC” setting in the QC tab displays the time gates for the collected 

measurements that will be compared to the known reference measurement.  The default 

values for this gate are 104, 302 microseconds and cannot be changed.  These time gates match 

the time gates used in most SFT processing workflows in the data processing software.  The 

acquisition software will automatically compare the amplitude of the signals on each channel 

within the selected time gates.  If the measured amplitudes are within 20% of known reference 

amplitudes for each channel, the instrument will pass the function test.  Values greater than 

20% difference will cause the sensor function test to fail.  
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Load the master Reference SFT file in the QC Settings window.  This is the file that future SFT 

measurements in the field are compared to.  Select “Static Mode” in the Parameter Setup and 

open the Survey window.  Perform a background measurement (SBG) in a known clean (free of 

metal) location. The SFT measurement requires a SBG measurement immediately prior.   

Place the serialized ISO test object in its holder centered directly above the sensor platform. It 

is important the serialized ISO is well seated in the holder.  A tilted or misplaced ISO will cause 

the measurement to fail.  The ISO is designed to be placed so the etched Geometrics logo is up 

and forward as in the photo below.  

 

Select “Functional Test” as the measurement type.   Acquire a measurement.  The software will 

display a warning if the known reference file has not been loaded in the QC tab. 
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After the Functional Test has been collected, the software will automatically compare the 

measured data to the data in the known reference file.  Note that the In-field Inversion will not 

be valid for SFT measurements as the inversion does not work for targets above the array.  The 

software will display a green “Pass” window, or a red “Failure” window which prompts the user 

to make the SFT measurement again. Before repeating, ensure that the SBG was taken at the 

same location and the location is free of metal debris.  Ensure that the ISO unit is properly 

placed in the holder.  Finally, ensure that the correct SFT reference file is selected in the QC 

menu. A new SFT file will be created in the GeoID folder with the file increment increased by 

01. If after troubleshooting these issues the instrument continues to fail the SFT, please contact 

the factory for more information.  

The criterion of the function test is defined as follows: 

For each coil   k1 δk = ∑ |
𝑓𝑡− 𝑟𝑡

𝑟𝑡
|200𝜇𝑠𝑒𝑐

𝑡 100𝜇𝑠𝑒𝑐  

If any δk ≥ T, function test measurement fails 
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Where ft and rt are the 'monostatic' (concentric) X, Y, and Z background corrected responses 

from the current and reference function tests, respectively. Concentric corrected responses are 

the measurements in each receiver channel (X, Y, and Z) when the same transmitter coil fires; 

for example responses in A Rx when A Tx fires, B Rx when B Tx fires, etc.  The threshold T is set 

so that variation due to noise is accepted but variation due to misplacement of the function test 

object or to electronic failure is flagged. 

It is possible for users to create their own master SFT files if needed.  Navigate the cart to a 

clean area that is known to be free of metal scrap.  Collect an SBG measurement.  Place the test 

object into the holster and collect an SFT measurement.  This collected SFT file can be used as a 

future SFT reference measurement.  

5.2 Dynamic Function Test 

The dynamic function test feature has been removed from the acquisition software beginning 

with version 1.0.1069. If the software still prompts for this mode please contact the factory to 

update the software.  

5.3 Reference SBG 

This QC feature warns the operator if the amplitudes of a static background measurement have 

changed by a defined ratio over the course of a survey. The operator selects the time gate 

windows used for the comparison, and the ratio by which these can vary before a warning is 

displayed.  At the beginning of a survey at a new site, a reference SBG file is created by taking a 

SBG at a known clean area free of metallic debris.  This file is loaded as the “Reference SBG” in 

the QC settings.   

Every additional background collected throughout the survey at the site will be compared to 

this reference SBG file.  If the measured amplitudes during the defined time gates are either 5x 

greater or 5x smaller, a warning is displayed to the user that the Background has Drifted: 

 

If this SBG measurement was made at a known clean location then the soil conditions have 

changed significantly from the reference background.  If this is a background at a new location, 

it is possible that there is metal contamination at the current location, or metal contamination 

at the reference SBG location.  For the importance of collecting valid backgrounds, please refer 

to the Technical Bulletin at the end of the manual.  
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The criterion for the background reference measurement is as follows: 

For each coil   k1 δk = ∑ |
𝑓𝑡− 𝑟𝑡

min (𝑟𝑡,𝑓𝑡)
|200𝜇𝑠𝑒𝑐

𝑡 100𝜇𝑠𝑒𝑐  

If any δk ≥ T, reference background measurement fails 

If the background should be allowed to vary by a factor of 5, then T is just 5*{number of time 

bins}. Backgrounds both 5x higher and 5x lower will be flagged. 
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6. Static and Dynamic Measurements 

6.1 Static Measurements 

Data can be collected in Static Mode over a list of known anomalies or targets.  These targets 

can be determined from a previous geophysical survey or from the results of the MetalMapper 

2x2 dynamic mode survey.  A target list file is loaded into the software (see Chapter 4.6), which 

then directs the operator to collect Static Measurements over each target.  The standard static 

anomaly measurement (SAM) requires the operator to collect data within 20 cm laterally from 

the defined target location.   

To begin a survey, load the Project File using the “Load” button and selecting the .csv Project 

File.  This will display the targets in the navigation window.  Select the target by clicking on it.  

To select Static measurement targets, ensure that “Static Mode” is selected in the “Parameter 

Setup” window.  To select Dynamic lines, ensure that “Dynamic Mode” is selected in the 

“Parameter Setup” window.   

 

Select the type of measurement from the drop-down menu.  The zoom can be changed by using 

the buttons under “Center At”.  The buttons under “Orientation” change the way the map is 

displayed.  The cart is denoted on the map by the white square, and the operator (back of cart) 

is shown as the smaller pink square. The yellow lines display cart heading and velocity (speed 
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plus direction).  Speed is given in the bottom left.  Note that it is recommended to survey below 

0.7m/s during dynamic surveys.    

Target types are indicated by their shape.  Once they are clicked on they change color to 

indicate they are selected.  The Target ID of the selected target is displayed in the lower left of 

the map.  Once the targets have been acquired, they will change color or be marked with a red 

X.  

 

Once the cart is navigated to the correct position, hit the button marked “Acquire” to collect 

data.  The data file will be named automatically based on the project file description and 

measurement type.  See Chapter 8 for more information on file naming.  During acquisition, the 

Transmitted Current will be displayed for each Tx coil.   Additionally, the relative magnitude of 

the signal measured in each Rx cube will be displayed in real time.  Larger circles in this window 

indicate larger amplitudes measured in that Rx cube.  The top left circle is Rx A, top right Rx B, 

bottom right Rx C, and bottom left Rx D (same orientation the operator sees).  

6.2 In-Field Inversion 

It is important that SAM measurements be made with the cart placed directly over the target of 

interest (TOI).  The “Position Estimate” window uses a visual GUI to help the operator ensure 

that the cart is placed over the TOI after SAM measurements.   

After a SAM is collected, the software will display the results of a single object in-field inversion 

of a target in the Position Estimate window.   This estimate is used by the operator to ensure 

the measurement was collected directly over the target and within the specified distance from 
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the anamoly location in Project File.  The coordinate display is “Cart Up”, with the units on the 

Axis in meters and the position 0,0 being cart center.  The coherence of the inversion result is 

also displayed in the window.  

See image below for an example of the Position Estimate for a target inside the cart footprint 

and outside the cart footprint.  The cart is the gray box and the position of the object is shown 

by the blue circle. 

           

Static Measurement data can be viewed in the Acquired Data window.  Replot window will also 

plot old acquired static measurements by loading the desired .h5 file.  The default view is 

log,log|y| scale with only the concentric measurements plotted (meaning the Rx cubes when 

the corresponding Tx coil fires). 
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Below is an example plot of a background-corrected SFT (passed the test).  It can be difficult for 

the field operator to interpret these graphs in the field due to the large volume of data 

displayed after every measurement.  However it can be helpful to diagnose bad channels in the 

event of a failed SFT.   

 

All measured components of the data can be displayed in the plot.  The naming convention is 

<TxCoil><Direction><RxCube>.   
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6.2 Dynamic Measurements 

 

The instrument can also make dynamic measurements while moving in a straight line.  The lines 

are typically arranged as parallel swaths with a spacing determined by the project geophysicist.  

Once lines are loaded into the survey map from the Project File.csv, click on the line that will be 

collected first.  Select “Dynamic Mode” in the Parameter Setup tab.  Navigate to the start of the 

line and hit Acquire. At the end of the line, hit “Stop”. 

Dynamic measurements are recommended to be collected while moving 0.7 m/s (1.5 mph) or 

less.  This is a slow walking pace.  This speed ensures that the data density is sufficient to 

resolve targets, based on how fast each transmit and receive cycle runs.  See Appendix II for 

more information about the theory of dynamic acquisition.  
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7. Instrument Settings  

7.1 Application.properties file 

Instrument settings are controlled by text stored in an application.properties file.  Before 

making edits to this file, store a backup copy elsewhere on the tablet.  The entire contents of 

the file can be found in the Appendix of this manual. The location of the application.properties 

file is: 

/etc/opt/MetalMapperII 

Below is a description of the application.properties file.  The file itself is in italics with the 

descriptions in standard font.  Lines that are led with a # are ignored by the acquisition 

software.  

#===============================================================

= 

#Directories, path locations. 

#===============================================================

= 

# The path for saving data must be in a directory to which the 

user 

# has read and write access. 

path.data.default=/var/lib/MetalMapperII 

#path.data.default=~/SomeUserDirectory 

path.exec=/opt/MetalMapperII-1.0 

path.scripts=/opt/MetalMapperII-1.0/scripts 

This section of the file tells the software where to store collected data files with the 

path.data.default line.   Do not change the path.exec or path.scripts directories.  

#=============================================================== 

# Equipment serial number. 

info.equipment-serial-number=9999 

option.user-confirm.equipment-serial-number=yes 

option.data.background-interval=60 

 

This section tells the software the serial number of the instrument hardware (cart) and if the 

user should get a prompt upon software startup to confirm the serial number.  

Option.data.background-interval specifies the background reminder interval, in minutes, which 

is displayed during acquisition.  

#===============================================================

= 

option.inversion.key=acorn201901.1 
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#===============================================================

= 

This section turns on or off the in-field inversion feature. The keyword will change in 2020 and 

beyond.  Please contact the Geometrics for updated keywords.  

#===============================================================

= 

# GPS setup. Pick one. 

#===============================================================

= 

gps.protocol = GPGGA 

gps.baud = 9600 

gps.antenna.height=0.9   

option.target-proximity=1.5 

#gps.protocol= rts-pseudo-GPGGA 
 

This section sets the GPS protocol type and baud rate.  GPGGA is the standard GPS string which 

is read by the acquisition software.  If using a Robotic Total Station, use the “rts-pseudo-

GPGGA” tag for the GPS protocol.  Ensure the baud rate also matches. 

Gps.antenna.height is the height of the GPS antenna above the base of the cart platform, not 

the ground. This sets the attitude correction UTM position in the output file as well as the 

attitude corrected display on the navigation map.   

Option-target-proximity sets the radius, in meters, which the navigation software will allow a 

target to be selected.  This means that the GPS position must be within 1.5m (default) of the 

position listed in the project file to be able to be selected in the navigation window.  

#===============================================================

= 

# Orientation sensors (aka IMUs). MetalMapper currently only  

#   supports the Microstrain SDMGX25 IMU. 

# The height may be used to override the default value 

#===============================================================

= 

#orientationsensor.protocol=simulation 

orientationsensor.manufacturer=MicroStrain 

orientationsensor.model=3DMGX25 

orientationsensor.protocol=proprietary 

orientationsensor.baud=115200 

orientationsensor.height=0.56 
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The values in the IMU field should be left as default, unless the position of the IMU is changed 

relative to the base of the cart (not the ground).   

7.2 IMU Overview 

The IMU is designed to only be installed with the correct orientation on the cart. The 3 bolts 

attaching it to the platform make the sensor have Y in the direction of motion, X to the left, and 

Z up (see Figure 2.1). IMU data is output via RS-232 serial and fed into the electronics box 

where it is concatenated with the GPS and measured data.   The IMU output is displayed as 

Yaw, Pitch, and Roll in the position window (YPR). The units are in degrees.   

 

7.2 Calibrating the IMU 

The IMU should not require regular calibration under typical field operating conditions.  If the 

customer suspects and issue with the output of the IMU, please contact the factory for further 

instructions on calibration or repair.   

7.3 GPS Configuration 

The system is designed to receive a standard NMEA GGA string.  Commonly the system uses an 

RTK (Real Time Kinematic) GPS system that is provided by the customer.  The GPS data is sent 

via RS-232 serial into the electronics box where it is concatenated with the IMU and measured 

data.  The NMEA GGA string is defined as: 

$GPGGA, 201839.90,3724.01241945,N,12153.34070884,W,4,11,0.9,21.4,M,46.9,M,,*47 
 

Where: 

     GGA           Global Positioning System Fix Data 

     201839.90     Fix taken at 20:18:39.90 UTC 

     3724.01241945,N   Latitude 37 deg 24.01241945' N 

     12153.34070884,W  Longitude 121 deg 53.34070884' W 

     4             Fix quality: 0 = invalid 

                               1 = GPS fix (SPS) 

                               2 = DGPS fix 

                               3 = PPS fix 

           4 = Real Time Kinematic 

           5 = Float RTK 

                               6 = estimated (dead reckoning) (2.3 feature) 

           7 = Manual input mode 

           8 = Simulation mode 

     11           Number of satellites being tracked 

     0.9          Horizontal dilution of position 

     21.4,M      Altitude, Meters, above mean sea level 

     46.9,M       Height of geoid (mean sea level) above WGS84 

                      ellipsoid 



40 

 

     (empty field) time in seconds since last DGPS update 

     (empty field) DGPS station ID number 

     *47          the checksum data, always begins with * 

 

Set the GPS to output a standard NMEA GGA string at 1 or 10 Hz.   The baud rate must match 

the baud rate defined in the application.properties file (which is the baud rate displayed in the 

Project Settings tab).   

To edit the GPS type and Baud rate, open the application.properties file located at  

etc/opt/MetalMapperII 

with the program Mousepad.    

BEFORE EDITING THE FILE MAKE A BACKUP COPY STORED ELSEWHERE! 

7.4 Using a Robotic Total Station (RTS) or other external device 

The MetalMapper 2x2 software can also collect positioning information from a device that 

outputs a pseudo-NMEA GGA string.  An example of this is an RTS system where the Robotic 

Total Station is set up at a known location and tracks a prism mounted to the GPS Tower on the 

sensor cart.   The position information is sent from the RTS via radio or Bluetooth to a logging 

computer carried by the operator, which then feeds the Pseudo-NMEA string into the 

electronics via RS-232 serial.  The acquisition software has been tested with many 

manufacturers’ pseudo-NMEA RTS strings. Please check with Geometrics if your RTS system is 

supported prior to starting a project relying on an RTS system.   

A sample Pseudo-NMEA GGA string is shown here: 

$GPGGA,145717.56,14704746.36,N,1188130.37,E,1,05,1.0,680.94,F,0.0,M,0.0,0001*4D   

The stored positions in the HDF5 data file may show a “NULL” value if the RTS laser loses sight 

of the prism during operation.  
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8. Data File Format  

8.1 HDF5 files and export 

The MetalMapper 2x2 stores data in an HDF5 file.  HDF5 is a self-describing hierarchical data 

format.  Each group in the dataset can have associated attributes. Metadata is stored in the 

form of user-defined, named attributes attached to the groups or file. There are attributes that 

pertain to the entire file and attributes specific to each transient.  Transients (raw data) are 

stored as groups, with each Coil A, B, C, and D having its own data and metadata within the 

group. 

The data is stored by default on the field tablet in the directory 

/var/lib/MetalMapperII/<ProjectName> . <ProjectName> is set by the first line of the Project 

File csv file.   In the <ProjectName> directory the data will be grouped in sub-directories based 

on their GeoIDs.    

Data can be copied and transferred via USB memory stick or other storage device.  

File naming convention: 

<SurveyName>_<GeoID>_<MeasurementTypeCode>_<TargetID>_<YYYYDDD>_<VersionNumber>.h5 

The software does not allow files to be renamed, deleted, or overwritten.   

HDF5 files can be opened with free software including HDFView (Read and edit) and HDF 

Compass (Read-only). 
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FILE METADATA EXAMPLE: 

/ (96) 

Group size = 1 

    Number of attributes = 60 

        AcquisitionMode = SAM 

        AcquisitionSoftwareVersion = MetalMapperII-1.0.1189 

        Ambient = 1 

        AmbientCps = 60,Hz 

        AmbientMode = 1 

        Averaged = 1 

        BackgroundAcqReminderInterval = 30,minutes 

        BackgroundOriginalPath = 
/var/lib/MetalMapperII/Geometrics/Manual/Geometrics_Manual_SBG_125_2019197_001.h5 

        Cart = [width=1.10, length=1.10, height=0.26],meters 

        Continuous = 0 

        CountsPerMillivolt = 6.43400,1/milliVolt 

        Created = 2019-07-16T18:22:00.341Z 

        DayStamp = 2019197 

        DecayTime = 8.332,milliseconds 

        DynamicTransmitterDutyCycle = * 

        EquipmentSerialNumber = CA1000 

        EquipmentSerialNumberConfirm = yes 

        EquipmentVersion = METALMAPPER2X2 

        FinalDecayLevel = 10,% 

        FiringSequence = ABCD 

        GPS = AttitudeCorrectedGPS(x=0.0000, y=0.0000, z=1.1000),meters 
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        GateCenters = 
48.0,52.0,56.0,60.0,64.0,68.0,72.0,76.0,80.0,84.0,88.0,92.0,96.0,100.0,104.0,108.0,114.0,122.0,
130.0,138.0,146.0,154.0,162.0,170.0,178.0,186.0,196.0,208.0,220.0,232.0,244.0,256.0,270.0,28
6.0,302.0,318.0,334.0,352.0,372.0,392.0,412.0,434.0,458.0,482.0,508.0,536.0,564.0,594.0,626.
0,658.0,692.0,728.0,766.0,806.0,848.0,894.0,942.0,992.0,1044.0,1098.0,1156.0,1218.0,1284.0,
1352.0,1422.0,1496.0,1574.0,1656.0,1742.0,1834.0,1932.0,2034.0,2140.0,2252.0,2370.0,2494.
0,2626.0,2766.0,2912.0,3064.0,3224.0,3394.0,3574.0,3762.0,3960.0,4168.0,4386.0,4616.0,485
8.0,5114.0,5384.0,5668.0,5968.0,6284.0,6616.0,6964.0,7330.0,7716.0,8116.0 

        GateWidths = 
1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,2,2,2,2,2,2,2,2,2,2,3,3,3,3,3,3,4,4,4,4,4,5,5,5,5,6,6,6,7,7,7,8,8,8,9,
9,10,10,11,12,12,13,13,14,15,16,17,17,18,19,20,21,22,24,25,26,27,29,30,32,34,36,37,39,41,44,
46,48,51,53,56,59,62,66,69,73,77,81,85,89,94,99,101 

        GeoID = Manual 

        GeodeticDatum = WGS84 

        HeightOfTransmitterAssemblyAboveGround = 0.26,meters 

        HeightOfZCoilCenterAboveTransmitterAssembly = 0.05,meters 

        Holdoff = 48,microseconds 

        Inversion = { "Status": 0, "Input 
file":"/var/lib/MetalMapperII/Geometrics/Manual/Geometrics_Manual_SAM_101125_201919
7_000.h5", "Background 
file":"/var/lib/MetalMapperII/Geometrics/Manual/Geometrics_Manual_SBG_125_2019197_00
2.h5", "Coherence": 0.8704, "FitX":  0.01, "FitY": -0.04, "FitZ": -0.45, "Pol.1":   0.62, "Pol.2":   
0.26, "Pol.3":   0.09, "Magnitude": 0.042, "Direction":261.030} 

        LogarithmicallyDecimated = 1 

        MagneticDeclination = 12.7238,degrees 

        MaximumBackgroundVariation = 10,% 

        MeasurementNumber = 000 

        NominalDecimationFraction = 5.00,% 

        Operator = geometrics 

        OrientationSensor = 3DMGX25(x=0.0000, y=0.0000, z=1.2000),meters 

        OriginalBasePath = /var/lib/MetalMapperII 

        Project = Geometrics 
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        QcWindowEndTime = 302,microseconds 

        QcWindowStartTime = 104,microseconds 

        RawValues = 0 

        ReceiverCoilVertices = AX:(x=-0.2008, y=0.1548, z=0.0452)(x=-0.2008, y=0.2468, 
z=0.0452)(x=-0.2008, y=0.2468, z=-0.0452)(x=-0.2008, y=0.1548, z=-0.0452),AY:(x=-0.2460, 
y=0.2008, z=0.0452)(x=-0.1555, y=0.2008, z=0.0452)(x=-0.1555, y=0.2008, z=-0.0452)(x=-
0.2460, y=0.2008, z=-0.0452),AZ:(x=-0.2468, y=0.2468, z=0.0000)(x=-0.1548, y=0.2468, 
z=0.0000)(x=-0.1548, y=0.1548, z=0.0000)(x=-0.2468, y=0.1548, z=0.0000),BX:(x=0.2008, 
y=0.1548, z=0.0452)(x=0.2008, y=0.2468, z=0.0452)(x=0.2008, y=0.2468, z=-0.0452)(x=0.2008, 
y=0.1548, z=-0.0452),BY:(x=0.1555, y=0.2008, z=0.0452)(x=0.2460, y=0.2008, 
z=0.0452)(x=0.2460, y=0.2008, z=-0.0452)(x=0.1555, y=0.2008, z=-0.0452),BZ:(x=0.1548, 
y=0.2468, z=0.0000)(x=0.2468, y=0.2468, z=0.0000)(x=0.2468, y=0.1548, z=0.0000)(x=0.1548, 
y=0.1548, z=0.0000),CX:(x=0.2008, y=-0.2468, z=0.0452)(x=0.2008, y=-0.1548, 
z=0.0452)(x=0.2008, y=-0.1548, z=-0.0452)(x=0.2008, y=-0.2468, z=-0.0452),CY:(x=0.1555, y=-
0.2008, z=0.0452)(x=0.2460, y=-0.2008, z=0.0452)(x=0.2460, y=-0.2008, z=-0.0452)(x=0.1555, 
y=-0.2008, z=-0.0452),CZ:(x=0.1548, y=-0.1548, z=0.0000)(x=0.2468, y=-0.1548, 
z=0.0000)(x=0.2468, y=-0.2468, z=0.0000)(x=0.1548, y=-0.2468, z=0.0000),DX:(x=-0.2008, y=-
0.2468, z=0.0452)(x=-0.2008, y=-0.1548, z=0.0452)(x=-0.2008, y=-0.1548, z=-0.0452)(x=-0.2008, 
y=-0.2468, z=-0.0452),DY:(x=-0.2460, y=-0.2008, z=0.0452)(x=-0.1555, y=-0.2008, z=0.0452)(x=-
0.1555, y=-0.2008, z=-0.0452)(x=-0.2460, y=-0.2008, z=-0.0452),DZ:(x=-0.2468, y=-0.1548, 
z=0.0000)(x=-0.1548, y=-0.1548, z=0.0000)(x=-0.1548, y=-0.2468, z=0.0000)(x=-0.2468, y=-
0.2468, z=0.0000),meters 

        ReceiverExtents = 
AX:0.03,AY:0.03,AZ:0.03,BX:0.03,BY:0.03,BZ:0.03,CX:0.03,CY:0.03,CZ:0.03,DX:0.03,DY:0.03,DZ:0.
03,meters 

        ReceiverGains = 
AX:1.0,AY:1.0,AZ:1.0,BX:1.0,BY:1.0,BZ:1.0,CX:1.0,CY:1.0,CZ:1.0,DX:1.0,DY:1.0,DZ:1.0 

        ReceiverNormalVectors = AX:(x=1.0000, y=0.0000, z=0.0000),AY:(x=0.0000, y=1.0000, 
z=0.0000),AZ:(x=0.0000, y=0.0000, z=1.0000),BX:(x=1.0000, y=0.0000, z=0.0000),BY:(x=0.0000, 
y=1.0000, z=0.0000),BZ:(x=0.0000, y=0.0000, z=1.0000),CX:(x=1.0000, y=0.0000, 
z=0.0000),CY:(x=0.0000, y=1.0000, z=0.0000),CZ:(x=0.0000, y=0.0000, z=1.0000),DX:(x=1.0000, 
y=0.0000, z=0.0000),DY:(x=0.0000, y=1.0000, z=0.0000),DZ:(x=0.0000, y=0.0000, z=1.0000) 

        ReceiverTurns = 
AX:140,AY:132,AZ:120,BX:140,BY:132,BZ:120,CX:140,CY:132,CZ:120,DX:140,DY:132,DZ:120 

        Repeats = 200 

        SampleWidth = 4000,nanoseconds 

        Stacks = 1 
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        SurveyMode = STATIC 

        Target = 101125 

        Tractor = (length=0.50, width=0.50, operatorEyeHeight=1.80, distanceBehindCart=1.25, 
operatorX=0.00, operatorY=0.00),meters 

        TransmissionCurrentThreshold = 8.00,amperes 

        TransmitterCoilVertices = TA:(x=-0.4012, y=0.4012, z=0.0000)(x=-0.0004, y=0.4012, 
z=0.0000)(x=-0.0004, y=0.0004, z=0.0000)(x=-0.4012, y=0.0004, z=0.0000),TB:(x=0.0004, 
y=0.4012, z=0.0000)(x=0.4012, y=0.4012, z=0.0000)(x=0.4012, y=0.0004, z=0.0000)(x=0.0004, 
y=0.0004, z=0.0000),TC:(x=0.0004, y=-0.0004, z=0.0000)(x=0.4012, y=-0.0004, 
z=0.0000)(x=0.4012, y=-0.4012, z=0.0000)(x=0.0004, y=-0.4012, z=0.0000),TD:(x=-0.4012, y=-
0.0004, z=0.0000)(x=-0.0004, y=-0.0004, z=0.0000)(x=-0.0004, y=-0.4012, z=0.0000)(x=-0.4012, 
y=-0.4012, z=0.0000),meters 

        TransmitterExtents = TA:0.04938,TB:0.04938,TC:0.04938,TD:0.04938,meters 

        TransmitterNormalVectors = TA:(x=0.0000, y=0.0000, z=1.0000),TB:(x=0.0000, y=0.0000, 
z=1.0000),TC:(x=0.0000, y=0.0000, z=1.0000),TD:(x=0.0000, y=0.0000, z=1.0000) 

        TransmitterTurns = TA:24,TB:24,TC:24,TD:24 

        UnsortedChannels = 0 

        WaveformOversampleCount = -57 

        Windows = 99 
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FILE METADATA DEFINITIONS:  

    / (96) 

Group size = 1 (transients), set by HDF5 standards 

    Number of attributes = number of metadata attributes 

        AcquisitionMode = see chart below for definitions 

        AcquisitionSoftwareVersion = defined in software 

        Ambient = Powerline frequency time gates used 

        AmbientCps = Powerline frequency  

        AmbientMode = Powerline frequency mode on=1, off=2 

        Averaged = transients are stacked (averaged), yes=1 no=2 

        BackgroundAcqReminderInterval = Software time reminder to acquire background 

        BackgroundOriginalPath = SBG file used to level plotted data in display– 

        Cart = dimensions of MM2x2 cart, fixed value 

        Continuous = static (0) or dynamic (1) acquisition  

        CountsPerMillivolt = measurement scaling factor, fixed at 6.43400,1/milliVolt 

        Created = date and time created taken from acquisition tablet PC 

        DayStamp = UTC date taken from computer 

        DecayTime = receiver and transmitter decay time 

        DynamicTransmitterDutyCycle = not used in normal acquisition parameters 

        EquipmentSerialNumber = Instrument serial number set in application.properties file 

        EquipmentSerialNumberConfirm = yes if operator confirms serial number at prompt, 
otherwise no 

        EquipmentVersion = fixed as METALMAPPER2X2 

        FinalDecayLevel = Software defined QC value 

        FiringSequence = ABCD, order that the Tx coils fire 

        GPS = Height of GPS taken from application.properties file setting, used to display attitude 
corrected cart on navigation display and to calculate UTM coordinates from GPS Lat/Lon 
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        GateCenters = fixed for static or dynamic measurements 

        GateWidths = fixed for static or dynamic measurements 

        GeoID = taken from csv project file naming convention 

        GeodeticDatum = WGS84 used for Lat/Lon to UTM conversion 

        HeightOfTransmitterAssemblyAboveGround = measured from ground to bottom of coils 

        HeightOfZCoilCenterAboveTransmitterAssembly = measured from bottom of coils to center 

        Holdoff = time between transmitter turn-off and receiver measurement 

        Inversion = results from in-field inversion, only included on SAM measurement types 

{ "Status": 0,  

"Input file": SAM measurement used to compute the in-field single target inversion  

"Background file: SBG file used to level the SAM data.  It is the most recently collected SBG in 
the same GeoID directory as the SAM file inverted.  

"Coherence": a measure of the how well the model data match the observed data for all 
Transmitter (TX) and Receiver (RX) combinations.  Calculated as the Correlation Coefficient 
squared.,  

"FitX": , "FitY": , "FitZ": ,  distance (m) from the sensor coil center to source location in each 
X,Y,Z direction. Z positive being up.  

"Pol.1": , "Pol.2": , "Pol.3": , Principal, Secondary, and Tertiary axes magnetic polarizability 

"Magnitude": XY distance (m) from coil center to inverted source location  

"Direction": compass direction (degrees) clockwise from positive Y to inverted source location.   

} 

        LogarithmicallyDecimated = 1=true, 0=false. If true later time gates are longer than early 
time gates.  

        MagneticDeclination = Computed from GPS data, yaw is corrected by declination. 
Computed using WMM-2015 data set from NOAA.   

        MaximumBackgroundVariation = QC parameter for SBG reference function 

        MeasurementNumber = count from 000.  If measurements are repeated this number 
increments 
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        NominalDecimationFraction = rough estimate of how much longer each window time gate 
grows 

        Operator = computer user account (login) 

        OrientationSensor = coordinate location of IMU, set in application.properties file 

        OriginalBasePath = directory where collected data files are stored 

        Project = defined in csv project file 

        QcWindowEndTime = end time of SFT comparison window 

        QcWindowStartTime = start time of SFT comparison window 

        RawValues = 0=false (normal instrument operation), 1=true (no scaling factors, used for 
instrument debugging) 

        ReceiverCoilVertices = fixed geometries for MM2x2  

        ReceiverExtents = fixed geometries for MM2x2 

        ReceiverGains = fixed gains for MM2x2 

        ReceiverNormalVectors = fixed geometries for MM2x2 

        ReceiverTurns = fixed geometries for MM2x2 

        Repeats = number of stacks or repeats for each static measurement 

        SampleWidth = fixed at 4000,nanoseconds due to hardware 

        Stacks = 1 if true, 0 if false.  Is data file stacked.  

        SurveyMode = STATIC or DYNAMIC 

        Target = defined in application.properties and chosen by operator on navigation screen 

        Tractor = information about how cart is displayed on navigation screen 

        TransmissionCurrentThreshold = limit on Tx current before operator is show battery life 
warning 

        TransmitterCoilVertices = fixed geometries for MM2x2 

        TransmitterExtents = fixed geometries for MM2x2 

        TransmitterNormalVectors = fixed geometries for MM2x2 

        TransmitterTurns = fixed geometries for MM2x2 
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        UnsortedChannels = 0 if true, 1 if false. False only used for debugging.  

        WaveformOversampleCount = fixed by acquisition hardware 

        Windows = 99 if static, 20 if dynamic 

 

Measurement types 

 

TRANSIENTS 

Transients (8288, 2) 

    Group size = 4 

    Number of attributes = 1 

        TransientList = GateTime,ZA,ZB,ZC,ZD,YA,YB,YC,YD,XA,XB,XC,XD  (identifies each column as 

receiver data with format <direction><Rx cube>, in millivolts) 

 

Code Measurement type Description 

SAM 
Static Anomaly 

Measurement 

Static measurements over an identified location with 

an unknown anomaly source 

DAM 
Dynamic Anomaly 

Measurements 

Dynamic survey for detection and classification of 

potential MEC 

SBG 
Background 

Measurement 
Static measurement over a  non-anomalous location 

SBR 

Background 

Reconnaissance 

Measurement 

Static measurement made to confirm SBG location is 

valid 

SQC 
Quality Control (static 

IVS) 
Static survey of emplaced IVS targets for QC purposes 

DQC Dynamic QC (IVS line) Dynamic survey of an IVS used for QC purposes 

SFT Function Test 

A direct test of all sensor component responses to a 

standard object placed at a precisely know location 

(relative to the sensor). 

SXM Miscellaneous Static all other 

DXM Miscellaneous Dynamic all other 
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TRANSIENTS METADATA EXAMPLE 

0000 (16576, 2) 

    32-bit floating-point,    99 x 13 

    Number of attributes = 13 

        Attitude = (yaw=324.184, pitch=-7.550, roll=4.790),degrees 

        AveragedN = 3 

        Elevation = 38.900,meters 

        GPSTime = 222140 

        HAE = -22.025,meters 

        NSat = 9 

        Quality = 2 

        TransientNumber = 0000 

        TransmittedCurrent = 10.217,A 

        UTM = [598317.648 E,4139833.645 N],meters 10N 

        latitude = 37.40006835,degrees 

        longitude = -121.88918165,degrees 

        stored = 2015-10-16T22:21:42.725Z 

 

 

 

TRANSIENTS METADATA DEFINITIONS 

0000 (16576, 2) 

    32-bit floating-point,    99 x 13 

    Number of attributes = number of metadata attributes 
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        Attitude = cart orientation during acquisition. Yaw is corrected for magnetic declination.  

        AveragedN = number of stacks averaged 

        Elevation = from GPS 

        GPSTime = UTC Time 

        HAE = geoid separation (from GPS) 

        NSat = number of satellites 

        Quality = 4= RTK fix (for normal operation), 2=GPS fix without RTK 

        TransientNumber = count from 0 

        TransmittedCurrent = measured transmitted current  

        UTM = UTM position from GPS 

        latitude = decimal degrees from GPS 

        longitude = decimal degrees from GPS 

        stored = date and time stored (UTC) 

 

Note:  The UTM positions are calculated from the GPS Lat/Lon outputs using equations from: 

Map Projections- A Working Manual 

* By JOHN P. SNYDER U.S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 1395, published 1987 
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9. System Diagnostics and Troubleshooting 
Symptom Solution 

Software will not 

communicate with 

electronics 

1. Ensure electronics are powered up.  Unplug battery cable 
and plug back in to power cycle electronics.  Restart 

software. 
2. Check Ethernet connection.  Ensure Ethernet cable is Cat6 or 

Cat7 only, Cat5e will not work. 
 

No GPS Data 

1. Ensure that the GPS is powered and outputting NMEA GGA 
strings. If you are unsure the GPS is output NMEA GGA, use 
a terminal emulator program (TeraTerm, Putty, etc.) on a 

laptop to check. 
2. Ensure the Baud rate output matches the Baud rate set in 

the application.properties file. 
3. Turn off “GLONASS” if using a GPS which defaults to 

GLONASS satellites (Trimble R10, for example). 

IMU data missing or 

incorrect 
1. Unplug and plug in the IMU cable to cycle power. 

2. Restart the MetalMapper 2x2 software to check connection. 

Instrument fails SFT 

1. Make sure the instrument is in a “clean” area free from 
metal debris or metal items. 

2. Retake a SBG (background) measurement immediately 
before the SFT. 

3. Make sure the correct SFT file is loaded in the QC Settings. 
4. Reseat the ISO unit in the holder.  The ISO being off-center 

or tilted will cause a failure. The etched logo should be up 
and forward. 

Bolt or nut loosens or 

breaks 

1. Secure nuts with Vibratite provided in spare parts kit. 
2. Replace bolt with spare from spare parts kit. Contact factory 

for information on ordering additional spares. 

Survey Map doesn’t 

show targets 

1. Check that the correct Project File.csv is loaded. 
2. Check the coordinate system used in the Project File. They 

must be UTM Meters, with the correct Zone and 
Hemisphere. 

3. Check that GPS information is being read into the software. 

Measurement collected 

with wrong TargetID in 

file 

1. Editing the file names is not allowed.  The measurement will 
need to be recollected with correct TargetID and notes will 

need to indicate this. 

Tablet time is incorrect Open Terminal from “Applications” menu 
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Symptom Solution 

Login as “su” using password 

Type: date +%T%p -s “HH:MM:SSAM”, where HH:MM:SS is 

the time to set 

Type exit to leave “Su” 

Battery fuses are blown 

Replace fuses with 10A automotive fuse 

Check IMU cable carefully for nicks or cuts in the jacket.  

This can cause shorts in the batteries. Replace the IMU cable 

as needed.  
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10. Storage and Maintenance  

10.1 Lithium Ion Battery Shipping Guidelines for Customers 

The battery case is designed to make shipping the batteries back to Geometrics as easy as 

possible. The following are some guidelines on how to ship them. 

The following must be included on the outside of the box to be shipped: 

• Proper shipping name of goods 

– Lithium ion batteries – UN 3480 

• Full name and address of shipper 

– Customer’s or shipper’s name and address 

• Net weight of batteries 

– 8.72kg for two sets of batteries 

– 4.36kg for one set of batteries 

• Class 9 Dangerous Goods Label 

• Cargo Aircraft Only designation label 

The Pelican case already has a Class 9 Dangerous Goods label, the proper shipping name of the 

goods and the Cargo Aircraft Only label. The customer will have to label the case with their 

name and address and the net weight of the batteries (see above). 

In addition, the customer will need to provide the following documentation to the shipping 

company and will have to pay for lithium battery shipping. It is also required that the person 

who packs the batteries receive Dangerous Goods Shipping training 

(http://www.iata.org/training/delivery/Pages/trainingpartners.aspx). 

The batteries may not be shipped to Geometrics if: 

a) The batteries are damaged 

b) The batteries are leaking 

c) The packaging is damaged or the structural integrity has been compromised in any way 

It is highly suggested that the customer read through the IATA Dangerous Goods Regulations 

and the Code of Federal Regulations (CFR) Title 49, Subtitle B, Chapter I, Part 178-Hazardous 

http://www.iata.org/training/delivery/Pages/trainingpartners.aspx


55 

 

Materials Transportation, Specifications for Packaging. The customer is solely responsible for 

shipping the lithium batteries and will be liable for any non-compliance.  

10.2 Packing the Shipping Crate 

The entire instrument is designed to be stored and shipped in a collapsible plastic crate.  The 

dimensions are 48”w x 44”l x 36”h and weighs about 350 lbs. packed.  The shipping crate 

requires banding materials to be secured shut.  If banding materials aren’t available cargo 

straps also work.   

 

MetalMapper 2x2s have been shipped with several different packing configurations.  Photo 

above shows either the bottom level (older versions) or top level (newer versions) of the crate.  

Wheels are stacked 2 high.  Spares kits and small cables in the slot next to the wheels.  Batteries 

must be stored in the labeled green Pelican case for shipment.  The backpack and electronics 

box are stored next to the batteries.  The backpack slot and batteries slot are the same size, so 

those items are interchangeable.   
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The GPS tower arms fit in the slotted foam piece that sits above the wheels.  The cart handle 

fits atop the bottom level of the foam piece in the slots cut for it.  Cables or other miscellaneous 

items can be stored next to the battery box or next to the backpack in its slot.  
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Set the upper foam insert on the lower insert.  The straps are used to help lift the sensor 

platform out of the crate once it is loaded.  The U-bolts which help brace the axles fit into the 

slots cut in the insert.  

 

Place the cart in the foam insert.  Secure the straps around it to help lift the sensor platform out 

of the inserts.  The IMU and GPS tower platform slides into the foam slots on the rear side of 

the sensor platform, opposite the cable connector housing. 
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Place the small foam insert on top of the sensor platform. This insert helps secure the sensor 

platform from vibrating during transit.  The axles fit diagonally into the small cut notches in the 

foam.  Cables are coiled and placed atop the sensor platform.   
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The large rectangular foam insert covers the entire crate.   Place the lid on the crate and secure 

with banding.  Please review the shipping instructions in the previous section for freight 

handling requirements of the batteries.  It is possible to ship the instrument without the lithium 

batteries, if necessary.  Typically the field tablet computer will be packed separately, however if 

necessary it can fit in the bottom slot next to the wheels.   
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Appendix I: Standard Inventory List 
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Appendix II: Theory of Operation 
 

 

The figure above shows how the instrument performs background cancellation. The example is 

for 60 Hz, but of course the same diagram can be used to determine what to do for 50Hz or 

180Hz, etc. The X scale is microseconds. The Y scale is amperes or volts depending on which 

signal is plotted. 

 

The red cosine wave represents background 60 Hz. One 2π cycle is 16667 microseconds.  Note 

that the phase is completely arbitrary with respect to the acquisition events. The magnitude of 

this signal is also arbitrary. 

 

The green square represents the positive transmitter current. In the current system this is 10A. 

During this time, eddy currents are induced in a conductor within range. When the transmitter 

is turned off, the eddy currents start to 'decay' and thus produce significant magnetic fields, 

which is measured with the receiver coils.  The initial behavior is quite complex, but after 100 

microseconds or so it's very well characterized by an exponential decay: f(t) = ae^(-bt). (This can 

represent the voltage in the receiver coils or the rate of change of the magnetic field.)  

 

The magenta colored exponential tail curve is the positive decay. The blue square is the 

negative transmitter current. The grey exponential tail is the negative decay.   
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We acquire data during the positive decay and again during the negative decay. The entire 

measurement spans two cycles of the primary background frequency of concern (the one that 

needs to be canceled). 

 

By inspection, one can see that the background contribution during the negative decay will 

exactly cancel that during the positive decay, thus we see just the decay curve we're interested 

in and not the background. 

 

The data we report is simply the difference between that measured during the positive decay 

and the negative decay. Thus the amplitude of the reported decay will be 2x the decay in a 

single cycle. 
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Appendix III: Application.properties file 
#================================================================ 
#Directories, path locations. 
#================================================================ 
# The path for saving data must be in a directory to which the user 
# has read and write access. 
path.data.default=/var/lib/MetalMapperII 
#path.data.default=~/SomeUserDirectory 
path.exec=/opt/MetalMapperII-1.0 
path.scripts=/opt/MetalMapperII-1.0/scripts 
 
#=============================================================== 
# Equipment serial number. 
info.equipment-serial-number=9999 
option.user-confirm.equipment-serial-number=yes 
 
#================================================================ 
#Features enabled/disabled 
#These entries are for customer support use, and should not be  
#  edited. 
#================================================================ 
feature.advanced.static=off 
feature.advanced.dynamic=off 
#================================================================ 
#Window/gate setups. 
#================================================================ 
#The name of the file in which static windows are listed. The file must be located in the same 
directory as this configuration file. 
gates.static.windows.file=adv-win-times.txt 
#The name of the file in which static windows are listed, for the MetalMapper1 upgrade (aka 
"the Eggbeater") This is a 50-gate file. 
gates.mm1-upgrade.file=mm1-upg-win-times.txt 
#The name of the file in which dynamic windows are listed. 
gates.dynamic.windows.file=dynamic-win-times.txt 
# The number of measurements to stack for static measurement. 
# This may be set to a maximum value of 256 
data.static_stacks=200 
gates.advanced-static.windows.file=adv-win-times.txtadv 
 
#================================================================ 
option.inversion.key=single20.1 
#================================================================ 
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#================================================================ 
# GPS setup. Pick one. 
#================================================================ 
gps.protocol = GPGGA 
gps.baud = 9600 
gps.antenna.height=0.9   
option.target-proximity=1.5 
#gps.protocol=rts-pseudo-GPGGA  
#================================================================ 
# Orientation sensors (aka IMUs). MetalMapper currently only  
#   supports the Microstrain SDMGX25 IMU. 
# The height may be used to override the default value 
#================================================================ 
#orientationsensor.protocol=simulation 
orientationsensor.manufacturer=MicroStrain 
orientationsensor.model=3DMGX25 
orientationsensor.protocol=proprietary 
orientationsensor.baud=115200 
orientationsensor.height=0.56 
 
#================================================================ 
# Customer support settings. 
#================================================================ 
#support.test.battery-test=yes 
#support.test.battery-repeats=100 
#support.test.battery-interval=0 
#support.calibration.fmc-test=no 
 
option.data.background-interval=60 
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Appendix IV: Importance of Valid Background Measurements 
 

Collecting valid background measurements is essential for classification of static anomalies 

using the MetalMapper 2x2 (MM2x2).  The MM2x2 uses digital electronics which are not 

susceptible to drift associated with analog electronics systems.  However in testing some users 

have noted variations in the background signal levels when the instrument sensor platform is 

undergoing changes in temperature.  This may be due to thermally related changes in the 

transmitter and receiver coils.  Background signal levels also may change over time due to 

naturally occurring changes in the subsurface.  

In order to minimize any effect of varying background signal levels, it is recommended that 

users allow the sensor platform cart to acclimate to ambient temperatures prior to collecting 

data.  This can be accomplished by storing the sensor platform cart in a non-climate controlled 

environment that is at the same temperature as the field environment.  Alternatively, if the 

sensor platform cart is stored in a climate controlled environment it is recommended to allow 

20-30 minutes for the sensor to reach the same temperature as the ambient temperature. 

Geometrics now recommends users collect background measurements at a maximum interval 

of every 60 minutes. The previously recommended background interval was 120 minutes.  

Certain site conditions such as highly variable geology, temperature changes or precipitation 

may require background measurements to be obtained at shorter intervals than 60 minutes.  In 

these cases an analysis must be made to determine if changes observed in the background 

response impact the ability to accurately characterize the buried items. 

Shown in the following figures are changes in inversion polarization plots when different 

background measurements are used to level the same anomaly measurement. The 

backgrounds were collected in the same location but at different times and different 

temperatures. While this is one example demonstrating how an external factor can affect 

backgrounds, it is important for the project geophysicist to understand many factors can 

influence backgrounds. It is critical to collect valid backgrounds and assess the effect 

background measurements have on survey results. 
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Figure 1: Small ISO80 leveled with a background taken immediately prior to the target 

measurement 
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Figure 2: Small ISO80 leveled with a different background measurement taken earlier than 

shown in Fig. 1 
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 Figure 3: Small ISO80 leveled with a background at the same location but collected even earlier 

in time than Fig. 1 and Fig 2.  

 

 

 

 


