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The MagArrow

The MagArrow is a laserpumped, cesium vapor (Cs133 non-radioactive) total field scalar
magnetometer. The MagArrowO#ght weight of 1 kg makesit ideal for use with unmanned aerial
systems(UAS)that can support 2kg+ payloads Within its aerodynamic carbon fiber housing, the
MagArrowcontains:

¥ MFAMminiature magnetometer
GPS

WirelessConnectionPoint
SDMemoryCard

USBDrive

Gyro,Compassand Accelerometer

Battery Compartment

TheMFAMminiature magnetometercomprisestwo high-performancecesiumsensorsattachedto
one sensordriver module. Thetwo sensorsareusedtogether to eliminate the deadzoneand reduce
headingerror.Its smallweight, low power,and 1000Hzsamplingrate makethe MFAMarevolutionary
sensorin the geophysicalmarket. See#$$%&'()# for acomplete list of product specifications.
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OneMFAMSensor

4045 - 94$%61 %01 &I B345!(6&7!8/19):+9434 | <&O+ 1& (=906 79$-(&8/7:9%8:11%8&..,/9%>>>1. 79$-% )
7IW%01/'%1$%!. %01 & RA%HBS Y& () @BLATI%: 7(-%'%8(&(:(1&83347B7:71(.. 7B%!: 1 +UCDH E 1A
9%91/<!07/' FT&' 1700%.. %48 (TG (H(P. 1+ %407/ 1&%B%6%!: 11I% %91 B% P+ UHKAE/(BYS+1-". 1:+%
~7:%IL76#//1M 18(/OM7 /% &' 107&1%,.%' 181487.18(%6H$6/7'%. 2+ AL 764#//1M |,.%. 1&18&976&%: (D
-(+(,9 1$1-<9%I7::%/(ASLISIMObIM+(0%:+9%4.%/19, .. 1.1,/0%4-107--«?

A,/(&6!.,/B%41$%/7:(L&!FWM 76#//1M 16 7:+%N7&' .. 1/%.:+9%7:7 (&7D(&7/481/97:11&: 1:+YAANQ7 /' !
2N'H#$%H#EBR+( N I(&T7/7:7 107 & +%&QWIME-17'%'11&: 117 B@H J-%IE/10%!$+1&IB(T:+% <.:%90L.
18R17/ '1G(/%-%!700%!$1(&:PH.1/%0199%& %0l 1!,.%!@+/19%5 Y% JE/1IM. %7 &' 17&#&'/1 (' 1Q4A2R 2"
1/'&%M%PBB (0% he MagArrow is not compatible with iOSdevices. 4,/B%4 7&76%418:M7/%!
$/1B('%""81101&BY{&6:+II(&7/L7:7 (&: 17 @4B(-%14,.%!(&4,/8%/F%1.181Q7.(JL1&: 7TRU,(&.<F
7&'11:+%076&%:(07:7 1$/10%..(&%$/16/79.?

Unpacking the MagArrow

YourMagArrowis shipped in arugged blackcasewith safetylatchesthat requireyouto first pushthe
button on the latch before raisingthe latch and opening the lid. Toclosethe latches,just push down
on them.



Torepackfor transit, placethe MagArrowupsidedown soit sitssecurelyin the foam. Closeall latches.
Thecaseshould alsocontain:

Al ACPower Adapter

B! USBDrive with User Manual and Survey Manager Software

C! Screwdriver & Drill Bit (JIS#1)

Dl Setof 4 Suspension Cords

Recommended Non-Magnetic Lithium Polymer Batteries

Pleasenote that batteries have not shipped with your MagArrow. Youmust sourcethe

recommendedbatteriesand battery chargerlocally. Note that your batteriesmust havethe XT60
connector.




Geometricsrecommends1800mAh and 2200mAh lithium polymer batteries TheTurnigybatteries
listed below havebeenverified by Geometricsto be non-magnetic,and therefore,the bestoption for
MagArrowsurveyslt isimportant to do independenttesting of the batteriesfor abnormalmagnetic
signaturesbefore use.Thebatteriesshould be availablefrom variousonline vendors

https://hobbyking.com/en_us/turnigy-nano-tech-1800mah-3s-65-130c-lipo-pack.html
(Turnigy nano-tech 1800mah 3S 65~130C Lipo Pack)

https://hobbyking.com/en_us/turnigy-nano-tech-2200mah3s-45-90c¢lipo-pack.html(Turnigynano-
tech 2200mah3S45~90CLipo Pack)

A single 1800mAnh battery will run the MagArrowfor about 2 hours;the 2200mAh, about 2.5hours. It
isrecommendedto haveat leasttwo sparebatteriessothat one may be chargingwhile the other isin
use.

Werecommend asimilarbattery chargerand dischargerfor usewith the MagArrowasbelow:

https://hobbyking.com/en_us/turnigy-accucelic150acdc-10a150w-touch-button -smart-balance
chargerus-plug.html?____store=en_us

Thisis abalancedchargerthat chargesone lithium battery cell at atime. It hasadischargemode to
automaticallylower the battery charge gate to 30%.IMPORTANTIt is required by law to reduce
the battery charge state of these lithium polymer batteries to 30% before shipment.

Batteries

Installing the Battery
Onthe bottom of the MagArrow,there is adoor to the battery compartmentwhere the batterieswill
be stored.

11 Removethe battery compartment coverwith the provided JIS#1screwdriver It isvery
important to only usethe provided JIS#Iscrewdriveror drill bit to tighten or loosenthe
battery door screws(seered circlesbelow). Do not use aPhillips Screwdriver.



BatteryCompartmentDoor Removed

21 Properbattery placementinsidethe battery compartmentisasshownin the figure
below. Thebattery leadsmust be housedasshown,towardsthe pointed front of the
MagArrow.

ProperPlacementof BatteryPack

3! Therearetwo yellow battery connectorsand one white cell voltage monitoring
connectorwithin the battery compartment.Locateone of the yellow battery connectorsand
the white cell voltage monitoring connector.Plugthe lithium battery connector (yellow)into
the yellow connector. Note: The second yellow connector is used when hot swapping



batteries. Thiswill allow you to disconnect the discharged battery without losing power
to the magnetometer.

4] After making the power connection,plug the white connectorinto the white lithium battery
connector.Thisconnectionisfor monitoring the voltage of the three internal cellsof the battery. Be
carefulnot to connectthe white connectorsbackwards.



51 Slidethe battery into the compartment and carefullytuck the wiresalongsidethe
battery.

Hot Swapping the Battery

Forquick battery changesthe new battery packcanbe plugged into the second(unused)yellow
battery connectorbefore disconnectingthe depleted battery. Thismethod of swappingbatteriesdoes
not require shutting the systemdown, which will savetime. Seethe instructionsbelow on how to hot

swapthe battery.



11 Loosenthe screwson the battery cover with the JIS#Iscrewdriverand removethe

cover.
21 Graspthe sidesof the battery,andthen lift up asshownin the figure above.
3! Locatethe spareyellow connectorand plug in the new battery packwhile the

depleted battery is still connected.

4] Unplug the depleted battery packfrom the yellow and white connectors.

51 Plugthe white voltage monitoring connectorto the connectoron the new battery
pack.

6. Putbattery and connectorsinto the spaceprovided.

71 Replacebattery cover.

*Note: TheMagArrowis equipped with internal electronicssothat the unit automaticallydrawspower
from whicheverbattery ismore fully charged.The MagArrow will automatically shut down when
the battery voltage gets too low for proper operation, about ~9.7 volts.

Powering On/Off

Thereis ablack Powerbutton locatedinsidethe battery compartment. Thebutton hasasmooth
round top about 5mm in diameterand requireslittle force.lt isusedto PowerOn,PowerOff,and
Resethe system.



¥ To Turn On BWith the battery compartment door off, fully press,andthen releasethe
black Powerbutton. TheLEDlights on the undersideof the systemwill immediatelyflash
twice when the power button is pressed.

¥ To Turn Off BPressand hold the Power button for 3secondsTheLEDIights will flash
rapidly for the 3secondsbefore the systemcompletely shutsdown.

¥ Replacehe battery compartmentdoor. To prevent sidestressplacethe three screws
in eachof the three holesand tighten them just to the point of resistance.After the three
screwsare placed,do asecondpassto torque them to acomfortable,securetightness.

Update: Usersmay also Turn Off or Restart the system from within the Wireless control software
by selecting Admin page.

Restarting the System

It may be necessaryon occasionjo restartthe MagArrow. Forexample the systemmayrequire
restartin the event of aglitch with the WebBrowserinterface Therearetwo options when this
happens:

¥ Turnthe systemOFFand then backON,or
¥ Restartthe systembPresghe Powerbutton once

Whilethe unit is operating,a quick push of the Power button signalsto the processorusedfor
logging and Wi-Ficonnectivity that the userwishesfor it to restartwithout disturbing the
magnetometer operation . Therapidly flashingLEDsgndicate that the button presshasbeen
registered.

Powering On/Off rebootsboth the systemsoftwareand the magnetometerphysicspackage.
Restarting only rebootsthe systemsoftware,and thereforereducesthe startup time significantly.

Tryusingthe restartfunction first,and if that doesnot fix the error,then cyclethe power.



LED Status

Whenthe systemis powered on, the two bright LED=n the undersideof the MagArrowwill flash.
Thepattern of flashingwill depend on the systemstatus.

Thesel EDsvisuallyprovide somestatusinformation when the MagArrowis out of range for Wi-Fi
communication. If the wirelesssystemdoesnot start correctly,you wonObe ableto communicate
with the system,and you should contact Geometricsfor assistance.

Tablel -LEDPatterns

Pattern Meaning

Single Flash - 4 second Starting Sequence - No Wi-Fi Connection
pause

Double Flash - 4 second Connected to Wi-Fi - GPS not Locked
pause

Single Flash - 1 second Standby - No Wi-Fi Connection
pause

Double Flash - 1 second Connected to Wi-Fi - GPS Locked
pause

5 Flashes - 1 second paus Needs User Attention. See Troubleshooting section
Rapid Flashing Shutting Down

Note: Thebottom of the MagArrowis darkand shaded,which allowsthe operatorto seethe LEDs
from aconsiderabledistance.At extremedistancespinocularsmay help the observer.

Therearetwo lights insidethe battery compartmentthat canalsobe usedfor troubleshooting. Please
seethe Troubleshootingsectionbelow for more details.
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SD Memory Card

TheMagArrowstoresdata on the 32 GBMicro SDmemory cardwhich islocatedinsidethe battery
compartmentand next to the power button. ThisSDcardis U3speedclass.

In caseof aWi-Fifailure,you mayremovethe SDcardand readit usingan SDcardreader.However,
under normal circumstancesthe usershould not needto removethe SDcard.If removalisrequired,
first power off the unit and removethe battery.

TheSDcard holder usesaspring latch. Toremovethe cad.,first pushthe cardinward and then release.
Thecardshould pop out. Usecautionto ensurethat the SDcardis not lost when ejected.

Note:Becausehe SDcardis hardto grasp use apieceof scotchor maskingtape placedstickysideup
on your forefinger. Presghe stickyside of the tape up onto the end of the SDcard and withdraw the
card.

USB Flash Drive

TheMagArrowcontainsaUSBFlashDriveinsidethe battery compartment. Theprimary purpose of
this USBisto allow for upgrading the softwarequickly and easily. TheUSBdrive containsabinaryfile
with the most recentsoftware.Whenthe systemturns on, this file isautomaticallyread and loaded.
Forsystemupgrades,Geometricswill provide the most recentsoftwarebinaryfile for upload onto the
USB.

ThisUSBFlashDrive hasbeenverifiedto be non-magnetic. It is highly recommendedthat you do NOT
install any other USBDriveinto the MagArrowbecausemany USBflashdrivesare magnetic. Aflash
drive that ismagneticwould bring unwanted noiseinto the magneticfield measurements.
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TheUSBdrive normally is not removedfrom the MagArrowexceptfor updating the firmware.If the
USBdrive needsto be removed,first unplug and removethe battery, then removethe flashdrive.

Forinformation on updating the firmware versionsee#$$%&'(JE?

Wi-Fi

Any Android™ devicewith aweb browserand Wi-Ficapability (smartphone, computer, tablet, etc.)
cancontrol the MagArrow,including logging startsand stopsaswell asdata downloading. TheWi-Fi
firmware inside of the MagArrowstoresdatato the Micro SDcard,controlled through aWi-Fiinterface
viaany standardinternet browser(suchasGoogleChromeor Firefox) It isrecommendedto use
ChromeWebBrowserand an Android OS(6.1or newer)device. The MagArrow is not compatible
with iOSdevices.

TheFCADfor the Wi-Fimodule built into the MagArrowsystemis:Z264-CC3100MODR1

If required,the Certificationcanbe found here:
https://apps.fcc.gov/oetcf/tcb/reports/Tcb731GrantForm.cfm?mode=COPY &RequestTimeoud&sd
b_code=&application_id=05187jydzWxU5bDol51sfg%3D%3D&fcc_id=B843100MODR1

GPS

TheGPS3nsidethe MagArrowhastwo functions. Thefirst function isto provide the location at which
measurementsare made.TheGPSwill provide roughly 2.5meter positional accuracyunder good
conditions. Thesecondfunction utilizesthe 1PPSo synchronizethe samplingrate,ensuing that 1000
samplesarerecordedper second.

12



After turning the systemon, it will take approximately 2-3minutesto get agood satellitefix and for
the PP3o0 begin synchronizingthe measurementTheGPSequiressignalfrom severalsatellites
beforeit cangeneratethe 1PPSulse.

If you selectStart Logging beforethere is aGPSix, magneticdatawill still be savedwithout position
data.

TheGP&ntennais approximately18.5inchesfrom the sensor.
Controlling the MagArrow via Wi-Fi

TheMagArrow createsawirelessaccesgoint with aunique namelike OBlugky®@r OGreePond.G\
password is required to connect. Thepasswordwill be shown on the MagArrowbody nearthe
battery compartment.

Toconnect,go to the settingsof your Android* phone, tablet, or PG turn on Wi-Fi, and connectto the
MagArrowOwirelessaccesgoint. It maytake about 15 secondsfor the deviceto find the accesgoint.
Enterthe password.Only one devicecanbe connectedto the MagArrowOwsirelessaccesgoint at a
time. *The MagArrow is not compatible with iOSdevices.

Whenthe deviceis successfullyconnectedto the Wi-Fiand GPSSyncis Locked,the LEDswill flash
twice followed by a 1second pause. SeelL EDStatussectionabovefor more information.

Openabrowseron the logging deviceandtype the following IPaddressinto the web browserbar:
magarrow.net . Thiswill take you to the Home Pageof the MagArrowOwirelesscontrol software.The
sectionsbelow describethe featureson eachof the pagesin the MagArrowweb-basedcontrol
program.In order,you will find Home, Status,Data, Admin,and Help.

Pleasenote that when the MagArrowis not within Wi-Firange of the phone, tablet, or PCthe
functions describedbelow will not be available Pleasewait until the MagArrowis backat the landing
site,and within rangeto refreshthe web browserpages.

Home Page
Onthe Home page,there isinformation about the statusof the magnetometersensorsthe GPSand
the battery.

13



Fromtop to bottom, hereiswhat eachitem on the HomePagerepresents:

Recording: Yes/No- Thisindicateswhether the systemis currently savingdatato the SDcard.
Magnetometer

Mode: Running/Starting - Thisdisplaysthe current mode of the magnetometer.

Starting - The magnetometersensorsarewarming up. It is very likely that you will not see Gtartingd
sinceit only takesone to two minutesfor the sensorgo warmup.

Running - The sensorsare currently running and operating normally.

Field: 42618.5234 - Thisis the magneticfield readingreported when the page waslastrefreshed.You
may alsoseethe term @valid O.

PresHometo refreshthe page.TheFieldvalue should update,indicating that the systemisrecording
changesin the magneticfield. If the field reading continuesto say @valid ,@t meansthat the
magnetometeris near avery high magneticfield.

14



Instrument Time: 2022-01-26 23:40:42 - ThisshowsUTCdate and time from the GPSrespectively.
Thetime will be incorrectuntil the GPQualityis OK.

GPSQuality : Unavailable OK;Low Precision- Thisdisplaysthe statusof the GPS.
Unavailable - The GPSsnot outputting position information.

OK - The HorizontalDilution of Precisionis lessthan 1.5.See#$$%&'()@or more information about
the Horizontal Dilution of Precision(HDOP).

Low Precision - The Horizortal Dilution of Precisionis greaterthan 1.5.

GPSSynchto Magnetometer: Locked; Available/Not Locked; Not Found - Thisindicatesthat the
PPSulseisfixed and synchronizingthe timing of the measurement.

Locked - The measurementtiming is phaselocked to the PPS.

Available/Not Locked - The GPSlatais coming in, but the measurementis not phaselockedto the
PPS.

(& Y(+,% H!*%/%!&1;34 18() P/ 7/%: 1. %W 1:IWI0XWBE& V1:N1,&" 1'(.$-7<%"+%/%2B+%.%8/%
(.$-7<%'E/<I91B(&6:1!7&87/%M(: H1$%&X<R

Status: OK; Low; Download Only; Critical - Thisshowsthe current statusof the battery.

OK - The reported state of the battery when it hasmore than 30%chargeremaining.

Low - The reported statewhen the battery haslessthan 30%chargeremaining.

Download Only - The battery chargeistoo low to run the sensorshput still hasenough chargeto
download datafiles. TheWi-Fiwill continue to function for alimited time in this condition. It is highly
recommendedto changethe battery when the percentagedropsto 30%.Hot swapthe batteriesto
avoid shutting the systemdown.

Critical - Thereported statewhen the systemis nearshut off. Youareunlikely to seethe critical state
on the screenasthe systemmay havealreadyshut off. Topreventunexpectedpower loss,replacethe
depleted battery with one that isfully chargedwhen the reported stateislow. Hot swap.

Percentage - The approximatepercentageof battery chargeremaining.

Status Page

ClickingStatuson the top menu bar will bring you to the Statuspage.Onthis page,you will seemore
detailed instrument and sensorstatusinformation, somesimilarto the Home page.Refreshthe page
by clicking Statusagain. Thiswill update the statusinformation on the page.

15



Fromtop to bottom, hereiswhat eachitem on the StatusPagerepresents:

Instrument Status

Recording: Yes/No- Thisindicateswhether the systemis currently savingdatato the SDcard.
Time SinceBoot: 279 Seconds- Thisconveyshow long the systemhasbeenrunning, in seconds.

Maximum Storage Write Time: 26 mS - Thisshowsthe maximumtime it takesto write information
to storage in milliseconds

Thiswill haveno practicaluseduring surveyoperationsand should only be usedfor troubleshooting
or receivingsupport from Geometrics.

Readings Stored SinceBoot: 0 - Thisshowshow manyrecordshavebeen stored sincesystemboot.

Magnetometer

16



Instrument Mode: Running/Starting - Thisindicatesthat the magnetometeris currently running and
operating normally.

Starting - Asit only takesoneto two minutesfor the sensordo warmup, it isunlikely that you will see
this mode.

Running - The sensorsare currently running and operating normally.

SensorMode: Starting/ Normal - Thistells usthe currentmode/Statusof eachsensor.

Starting - The sensoriswarming up. Asit only takesone to two minutesfor the sensorgo warmup, it
isunlikely that you will seethis mode.

Normal - The sensorsarecurrently running and operating normally.

Field: 45884.8632nT - Thisshowsthe lastreading measuredby the sensorwhen the browserwaslast
updated. ClickingStatusagainwill refreshthe page and update this value.

Data Valid: Yes/No - Thisindicateswhether the data being recordedisvalid. No may be displayed
hereif the systemisverycloseto alarge magneticgradientthat isabovethe gradienttolerance.
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Horizontal Dilution of Precision: 0.92 -HDOPis aterm usedin satellitenavigationand geomatics
engineeringto specifythe additional multiplicative effect of navigation satellitegeometryon
positional measurementprecision.Pleasesee#$$%&'(J@or additional information about GPSHDOP.

GPSSynchto Magnetometer: Locked/Not Locked/Not Found - Thisindicatesthat the PPSulseis
fixed and synchronizingthe timing of the measurement.Thisensuresthat exactly1000readingsare
recordedper second.

Locked - The measurementtiming is phaselockedto the PPS.
Not Locked - The GPSlatais coming in, but the measurementis not phaselockedto the PPS.

Not Found - Thereisno GPSix. It is rareto seeNot Lockedand Not Founddisplayedhere.If theseare
displayed,try moving to anareawith open sky.

Battery Status: - Thisshowsthe current statusof the battery.
OK- The reported statewhen the battery hasmore than 30%chargeremaining.

Low - The reported statewhen the battery haslessthan 30%chargeremaining.

17



Download Only - The battery chargeistoo low to run the sensorsput still hasenough chargeto
download datafiles. TheWi-Fiwill continue to function for alimited time in this condition. It is highly
recommendedto changethe battery when the percentagedropsto 30%.

Critical - The reported statewhen the systemis nearshut off. It islikely that Criticalwill neverbeen
seen on the screenasthe systemmay havealreadyshut off.

Percentage: 100% - The percentageof battery chargeremaining.

18



Data Page

ClickingDataon the top menu bar will bring you to the Datapage. Thisisthe mostinteractive page,
whereyou will createnew surveysgcontrol when data beginsand stopsrecording,download data,
and delete data.

Tocreateanew survey,or Acquisition,clickthe CREATENEWbutton. New Acquisitionsarenumbered
consecutivelybeginning with ACQUOACQU1ACQU2etc. Youwill seeachartat the top of the list
with information about the newly createdacquisition(ex.above,ACQUG6)

Active Acquisition: None - Thenewly createdacquisitionautomaticallybecomesthe Active
Acquisition. TheActive Acquisitionis the surveyfile where datawill be savedwhen recording starts.

Recording - Initially, this will sayONo®hich meansdatais not being savedto storage.Tobegin
recording and savingdatafor the active Acquisition,click STARTCOLLECTIN®ATA.

The ID of the Active Acquisitionshould appearnext to Recording, asin the screenshotbelow.

71



Youcansetamarkin the datasetby selectingADD MARK Apop up will displayat the top of the
screenthat will sayOMarlplacedin the datalog successfully.@dding Marksmay be usefulto mark
obstructions,targets,or simplewaypointsin the survey, makingthem easierto locatein the data
during processing.

Tostop recordingdata, click STOPCOLLECTIN®ATA. ClickDataon the top menu bar to refreshthe
page.Thiswill update the Sizeof the acquisitionfile.

Todownload the datafrom an Acquisition,click DOWNLOAD Asmallrectangularwindow will pop up
at the bottom of the pagethat will showthat the file hasbeendownloaded.

20



Todelete anacquisition,clickthe DELETEbutton nextto the acquisitionyou would like to delete. A
popup will confirm the deletion.

Tochangethe activeacquisition,selectACTIVATEhext to the acquisitionyou would like to be active.

Makesureto STOPCOLLECTIN®ATATfor the currently Active Acquisitionbefore activating another
survey.

21



Admin Page
ClickingAdmin will open the Admin page,where Shutting Down and Restartingthe systemcanbe
done quickly and easily.

22



Help Page
ClickingHelp on the top menu bar will open anew tab in the web-browser. Thistab containsquickly
accessibleonline help instructionsthat are acondensedversionof this UserManualfor usein the field.

PRESBACKBUTTONonN phone,tablet, or PCto return to previouspage.
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Survey ManagerbDecimating & Converting Data Files

TheMagArrowOdata output is abinaryfile in the form of *.magdata . Thistype of file is not readable
by atext editor. Toconvertthe binaryfile to atext file (*.csv),andto decimatethe data to asmaller
samplingrate,use SurveyManagerand perform aQuickConversion The SurveyManagerprogram
canbe found on the GeometricsUSBstickthat shippedwith the MagArrow.Todownload the
software,run the application on your PC and create adesktop shortcut.

After you download SurveyManageronto your PCopen the program,and selectQuick Conversions
(youmayneedto selectMagArrow first depending on which versionof SurveyManageryou are
using). Therewill be options to convertto CS\or GDB.

After Selectingeither CS\or GBD selectthe desired.magdata file to convert.

Thewindow below will pop up allowing you to selectto import datawith or without GPSositions
and selectanew samplingrate.

Selectalocation for the new CS\or GDBdatafile.

Fromhere,the progresswindow will appear.Whenfinished, an Exportcomplete messagewill appear.

DA



Thisoperaiton should be done asmanytimes asnecessaryo convertall of the datafiles. The
MagArrowdata may now be viewedin atext editor program, or MagPick Surfer,Geosoft.etc.

Data Format

SurveyManageroutputs afile in ASClformat with commaseparatedvalues(*.csv). Thefile will
contain headerinformation for eachof the individual columns.In order from left to right and are
defined here:

Counter: A counterthat incrementsby one for eachnew magnetometerreading.It servesto make
data processingand troubleshooting easier It doesnot necessarilystartat 1 and stop at 1000for each
1000readings.

Date: The date the measurementwascollectedin UTCtime.

Time: Recordedin UTCtime, in HH:MM:SS.s$srmat, at which the measurementoccurred.The
readingswith the fractionaltime "sss'of "000"arethe onesthat arealignedin time with the 1PPS
pulsefrom the GPS.

Latitude: DegreesNorth or Southasadecimalnumber, asrecordedfrom the GPS.
Longitude: DegreesEastor Westasadecimalnumber, asrecordedfrom the GPS.
Mag: Themagneticfield readingin nanoTeslagnT),asadecimalnumber.

MagValid: Thisindicatesif the Magreadingis consideredvalid. It is alogical signal with "1"meaning
true.

*Belowyou will seeavariety of values.Thesevaluesare not alwaysincludedin the dataasacomma
delimited value.Thissimply meansthat the valueis not included with everymagneticfield reading.
Thismay occurbecausethere are sensoransidethe MagArrowsamplingat different rates.For
example the GP9ssamplingat 1Hzwhile the magnetometeris samplingat 1000Hz.

CompassX: Thisisthe strength of the magneticfield component at right anglesto the MagArrow's
body in nT. A positive valuemeansthat the earthOBlorth Poleisto the right of the MagArrowin its
normal flight orientation.
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CompassY: Thisisthe strength of the magneticfield componentin nT along the MagArrow'sbody. A
positive value meansthat the earthOBlorth Poleis behind the MagArrowin its normal flight
orientation.

CompassZ: Thisisthe strength of the magneticfield component along aline verticalwith respectto
the MagArrowsflight orientation in nT.Thisnumber will be positive north of the equator.

Gyroscope X: Thisvalueindicatesrotation (in degreesper second)around an axisrunning at right
anglesto the MagArrow'sforward motion in normal orientation. Apositive valueindicatesthat the
front of the MagArrowis moving upwardsrelativeto its center of mass.

Gyroscope Y: Thisvalueindicatesrotation (in degreesper second)around an axisrunning parallelto
the MagArrow'sforward motion in normal orientation. Apositive valueindicatesthat the right edge of
the MagArrowis moving upwardsrelativeto its center of mass.

Gyroscope Z: Thisvalueindicatesrotation (in degrees per second)around averticalaxiswith the
MagArrowin its normal orientation. Apositive valueindicatesthat the front of the MagArrowis
moving to the left relativeto its centerof mass.

AccelerometerX: Thisisthe measuredacceleration(in G)at right anglesto flight path in the normal
orientation of the MagArrow.Thevaluewill be near+1.0when the right side of the MagArrowis
pointed upwards.

AccelerometerY: Thisisthe measuredacceleration(in G)along the flight path in the normal
orientation of the MagArrow.Thevaluewill be near+1.0when the front of the MagArrowis pointed
upwards.

AccelerometerZ: Thisisthe measuredverticalacceleration(in G)asadecimalnumber.Whenthe
MagArrowisin its normalflight orientation, this number will be near+1.0.

ImuTemperature : Thisisthe temperaturein decimaldegreesCof the accelerometer.
Track: Thetrue headingreported asananglein decimaldegrees(0to 360).
LocationSource: Asingleletter to indicate the sourceof the location information.

| =Internallyinterpolated

G =GPSvalue
HDOP:TheHorizontal Dilution of Precessiorasreported by the GPSnodule.
FixQuality: Thesatellite fix quality asreported by the GPSnodule.
SatellitesUsed: Thenumber of satellitesused,asreported by the GPSnodule.

Altitude: Thealtitude asreported by the GPSnodule.
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HeightOverEllipsoid: Theheight over ellipsoid asreported by the GPSnodule. Height over ellipsoid,
or elevationaboveellipsoid,isthe elevationabovethe earth ascalculatedusing amathematical
model suchasWGS84.

SpeedOverGround: Thespeedoverthe ground asreported by the GPSnodule.
MagneticVariation : Thisisthe anglein decimaldegreesbetween magnetic north and true north as

reported by the GPSmodule.

VariationDirection : Thisthe direction "East'or "West"associatedwvith the MagneticVariationvalueas
reported by the GPSmodule.

Modelndicator : Thisisthe "Mode"valueasreported by the GPSnodule.

GgaSentence Whenincluded, this is astring enclosedin quotes containing the GGAsentence
reported by the GPSmodule.
Forexample:

$GNGGA,231703.000,3724.014941,N,12153.347770,W,2,8,1.13,1 725, M,,*40

Fordetailson NMEASentencesseehttp://aprs.qids.nl/nmea/

RmcSentence:Whenincluded, this is astring enclosedin quotes containing the RMCsentence
reported by the GPSmodule.

Forexample:

$GNRMC,231703.0003524.014941,N,12153.347770,W,0.26,112.72,211218,,,D*66

EventCode: Whenincluded, the EventCodecoversanyinformation that doesn'tfit in the previously
describedcolumns.Thiscolumn contains acode indicating the nature of the event reported.

EventIinfo: When includedthis is an additional 32-bit datafield that further describesthe event.

EventDatalLength: When included, isisthe length in bytesof the following EventDatafield for
easeof data processing.

EventData: Whenincluded, this isthe data associatedwith this event.
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Tips on Running a MagArrow Survey

Hereare someusefultips for planning and executing aMagArrowsurvey.Pleasenote that individual
surveyrequirementsmayvary.

Flight Planning and Preparation
Al Chosean appropriate UnmannedAerial System(UAS) Asuitable UASis one that can
lift over a1.083kgpayloadand hasaflight time, with this payload,of at least30 minutes. A
UASwith apayloadcapacityof 2.5kgor greatermay be best.

B! Workwith an experiencedUASpilot. Surveyingwith the MagArrowrequiresadvanced
UASoperating skillsand familiarity with UAS missionplanning software,and flying with
payloads.

Cl Checkflight restrictionsin the surveyarea.Makesureit islegalto fly. Makesurethe
appropriatelicensesare obtained.

D! Testout varioussuspensionsystemswith the UAS An ideal suspensionsystemisone
that reducesthe swinging motion of the MagArrow.lt isalsoimportant to suspendthe
MagArrowfar enough beneaththe UASsuchthat the electromagneticfield from the vehicle
motors isnot measuredby the magnetometer. Agood distanceto startwith is 3-4meters
from sensorto the UAS.

E! Getagood senseof the surveyarea.UAScarrymagnetometersensorsat low altitudes,
usuallybetween 5to 50m AGL(Above GroundLevel) Note anyterrain changesor obstaclesin

the areasuchaspoles,fences electricalcables,or trees. Damageto the MagArrow and/or the

UASsystemmay occurwithout acarefulfield examination.Werecommendathorough LIiDAR
surveyof the areaprior to useof the MagArrow.

Fl Planthe individual flights. Atypical line spacingfor asurveylocating smallferrous
objects,pipelines abandonedwells,or other nearsurfacetargetsis 10m.Fornearsurface
targets,the lower the sensorflies,the better the dataand more defined the anomalies.
Geologicmapping surveyscanhavemuch longer lines,wider line spacing,and canbe flown at
higher altitudes. Using aOroundedurnQat the end of the linesreducesthe pendulum effect.
Thisrounded turn should extend 50 metersbeyond the limits of the surveyarea.Tryand
include acouple of tie linesorthogonal to the flight linesat 5to 10timesthe line spacing.Atie
line is asurveyline that connectsapoint to other surveyedlinesand isusedfor levelingthe
data. Theflight line dataisleveledto the tie line datain post processing In terms of data
processingflow, tie line levelingis done after magneticdiurnal correction.

G! Uploadthe surveygrid shapefile to the UASMissioncontrol software.One exampleof
missioncontrol softwareis UgCs Theprogram should allow you to input surveyroutes,
altitude, speed,setsurveyboundaries,customizeturns, etc. Aprior LiDARsurveyhereto
obtain anaccurateDEMis key!



H! Chargebatteriesand makesureyou haveplenty sparesOne 1800 mAh battery will
lastabout 2hours.Thebatterieschargequickly, in about 15 minutes.

! If using a asestation for diurnal corrections setit up awayfrom everything,and at
least50mfrom roads,in amagneticallyquiet area.Forsurveysover multiple days,it isbestto
placethe basestation in the samelocation for all days.

Flight Execution

Al Connect to MagArrow.netand checkthat the GPSson, and that GPSlatais available.
Only one devicecanbe connectedto the MagArrowOd/i-Fiat one time.

B! Carryout the mission.Dueto limitations with the UASflight times,there may be
severalsurveysegments which should not affectsurveyquality.

Cl Anidealtime to swapthe batteriesand download data from the MagArrowiswhile
exchangingthe UASbatteries.Toavoid unexpectedsystemshutdownsduring flight, do not
fly your MagArrowwhen its battery percentage isunder 30%. Wesuggesthot swappingthe
batteriesduring the surveyto avoidlosing the GPSsignaland having to warm up the sensors
again.

D! Becarefulduring turns. Thestandardspeedfor magnetic surveysis between 5and 10
m/s.If the UASentersa Uturn at the end of asurveyline at this speed,it will causea
pendulum motion of the magnetometeron atow cable.Topreventthis,add anovershoot
segmentto the missioncontrol softwareparametersand reducethe flying speedto around 2
m/s for the overshootsegment.

E! Oncethe missionis complete,download the data.Onlywhen the MagArrowisin Wi-Fi
range,candata be downloaded,and statusinfo updated. Youcanrestart the systemand the
datawill still be savedinternally.

Fl Decimatethe dataand convertinto ASCI[*.csv *.dbt) format using SurveyManager.
G! Loaddatainto OasisMontaj, Surfer,or another magnetic data processingprogram.

Compensationand/or noisereduction techniquescanbe usedto minimize the magnetic effect of the
UASplatform and its motion. Navigationaland positional errors,radiated electromagneticnoise,and
headingerrorsfrom the aircraft'sinduced and remnant magneticfields aretypically the major
contributors of noiseaffectingthe surveyresults.
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Troubleshooting

Magnetometer

Themagnetometerdatareported asinvalid

11 Themagnetometermaytake 3-5minutesto warmup.

21 If MagArrowis near amagnetic object, move it awayfrom the object.

3! Turnthe MagArrowsothat it points North.

4] If the MagArrowis near alarge electricmotor or other sourcesof large ACmagneticfields,

moveit away.

Themagnetometerreadingsvaryunreasonably

11 Ground yourselfand all others before operation with the MagArrow (.e.,touch something
metallic)

21 Haveall the people nearbystop moving to seeif one of them isvery magnetic.Cellphonesare
extremelymagnetic.

3! Trymoving the magnetometer ashortdistanceto see if the variationdecreases.

4] If the MagArrowisresting on the ground, lift it approximatelyone meter off the ground.
Wi-Fi

TheWi-Fiaccesgoint isnot found by the logging device

11 It maytake about 15 secondsfor the tablet or other deviceto find the Wi-Fiaccess
point. Only one devicecanbe connectedto the MagArrowOwirelessaccesgoint at atime.
Makesureno other devicesare connectedto the MagArrowO8d/i-Fiaccesgoint.

TheWi-Ficonnectsbut the web pageis not found

11 Checkthat the SSICfor the Wi-Fiyou areconnectedto matchesthe label on the MagArrow.
GPS

GPSSynchto MagnetometerindicatesNOTFOUNDor GP SstatusindicatesUnavailable

11 Movethe MagArrowto alocationwith aclearview of the sky.*

21 If there arenearbyradio transmitters,move awayfrom them.

3! Checkthat GPSsatellitereceptionis normal on someother devicesuchasacell phone.

*The GPSatellite constellationcomprisessatellitesin low earth orbit that provide the ranging signals
and navigation datamessageso the GPSeceiverin the MagArrow.Userswith aclearview of the sky
will have aminimum of four GPSatellitesin view. Thesatellitesbroadcastranging signalsand
navigation agata allowing the GPSeceiverto measuretheir pseudorangesn order to estimatethe

cH



MagArrow'sposition, in apassive/istern-only mode. Apseudorangeis the pseudodistancebetween a
satelliteand anavigation satellitereceiver.

Theexactnumber of satédlites operating at any particulartime variesdepending on the number of
satellite outagesand operationalsparesn orbit, Thefollowing link will obtain asimple text document
maintainedby the USNavyshowing the statusof the GPSatellites.

fto.//tyc ho.usno.navy.mil/pub/gps/gpstd. txt

LEDs

Thelarge LEDsareflashingmultiple times - 5RapidFlasheswith a 1secondgap betweenthem
indicatesthat the systemhasaproblem and needsuserattention. Theseproblemsmayinclude:

11 Thebattery haslessthan 30%of its chargeremaining.
21 TheSDcardis not properly inserted.
3l TheSDcardis corrupted, hasfailed, or is slow. Themaximum storagewrite time is slow
(>1000ms.)

4] TheSDcardisfull.
51 Themagnetometersensorsarenot producing good quality data or havefailed.
6. Thesystemhad avalid 1PPStreamof pulses,but now thereisno 1PPSignalbeing received.
Pressinghe power button causeso LEDflash
1! Themost likely causeof this is afully dischargedbattery.
Pressinghe power button causesonly abrief flashof the LEDs
11 Checkthat the cell voltage monitoring connectoris correctlymated.
21 Replacehe battery with one that isfully charged.
Thelarge LEDdlashtwice with apausebetween pairsof flashesbut your devicecan'tconnect

Thetwo flashesindicate that the MagArrowis connectedto somedevice.

11 Checkthe other phonesandtabletsto find the oneit is connectedto.

21 Disablethat deviceO#/i-Fi, either in the deviceOsettingsmenu or by setting the deviceto
"airplanemode”.

3! Briefly pressthe power button on the MagArrowto restartthe datalogging and Wi-Fi
processor

4 Tryto connect.
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System Boot Internal Light Indicators

Thereis one red and one green LEDlight inside the MagArrowOisattery compartment. Thesetwo
lights will flashin aspecificsequence(describedbelow) when the power button is pressedandthe
systemis booting properly.

Assoonasthe power button ispressed,ared light, which sitsbetweenthe PowerButton and the USB,
will be solid for about 3secondsThenagreenlight, located nearthe USBwill slowly flashand hold

for about 1-2secondsand then turn off. Thenthe red light will begin to flashat 10Hz(10samplesper
second).

If the red light doesnot flash, but remainssolid instead,the systemdid not boot correctly,and the
power should be cycledagain.Cyclethe power by pressingthe power button once.
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APPENDIX A: MagArrow Specifications

Operating Principle: Lasempumped cesiumvapor (Cs13hon-radioactive)total field scalar
magnetometer.

Operating Range:20,000to 100,000nT.

Gradient Tolerance: 10,000nT/m.

Operating Zones: Configurablefor operation anywherein the world without deadzones.
Dead Zone: None.

Noise/Sensitivity: <0.005nT/sqrtHzmstypical. (SX(export)version:! 0.02nT/sqrtHzms)
Sample Rate: 1000Hz.synchronizedto GPSLPPS

Bandwidth: 400Hz.

Heading Error: £ 5nTover entire 360 equatorialand polar spinstypical.

Output: Wi-Fidatadownload over 2.4GHANi-Fiaccesgoint.
GPS:Commercialgradewith typical 2.5m accuracyunder best conditions.

USBPort: Portfor USBflashdrive. Usedfor field upgrades.

Data Logger: Builtin DataLogger.

Data Storage: 32 GbyteMicro SDcard,U3 speedclass.Not field accessibleContactsalesfor higher
capacities.

Data Download: Over Wi-Fi2.4GHausing usersupplied browsercapabledevice.10 minutes of data
requires1 minute to download.

IMU: BoschBMI160Accel/Gyro-200 Hzsamplerate.
InsentekCompass- 100Hz Samplerate.
Total Weight: 1 kg without batteries.
Length: 1 meter.
Battery Recommendations: Non-magnetic 1800mAh or 2200mAh lithium polymer,3cell11.1v..
Battery Connection: 2x XT60connectorsfor 206 type batteries.

Power Consumption: Approximately 6 watts. With 12-volt power the currentdrawisabout 420
milliamps (0.42amps). On power up the inrush currentislimited to 2amps.

Operating Temperature: -10jCto +40;C(+14jFto +104iF).
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Altitude: Upto 3,000m (10,000ft.). Typicallylimited by UASmaximum altitude. Canbe flown at 5,000
m, howeverperformanceis not guaranteedat altitudes higher than 3,000m.

Humidity: Non-condensing.
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APPENDIX B: Firmware Updates

Toupdate the MagArrowfirmware,contact Geometrics.Wewill sendyou anemailor auSDdrive
containing azip file with the latestMagArrowfirmware.

Toperform the update, do the following:

1!
21
3.
4l
5!
6.

Takethe USBdrive out of the MagArrowand plug in into awindows machine.
Unzipthe file containing the firmware and run the installer.

Selectthe target directory asthe USBdrive.

Ejectthe USBdrive before removingit from the computer

Plugthe USBdrive backinto the MagArrowand power it on.

Waitfor the lightsto startflashing.If they donOflashwait for 30 secondsand then

resetthe MagArrow.

7.

If you openedthe MagArrowwebsite on any devicepreviously,do acacherefresh

(GenerallyShift+F50n Chrome)on eachpage of the website. Shift+Clickon the browser
refreshicon on desktopworkstoo depending on your web browser.
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APPENDIX C: Terminology Used with MFAM Based
Magnetometers

Absolute:

An absolutemagnetometeris one where the measuredvalueis equalto the strength of the magnetic
field and doesnot depend on other things suchastime and temperatureand orientation. The MFAM
isan absolutemagnetometer.

Cell:

Theareawithin the sensorwherethe field measurementoccurs.Forthe MFAMsensor this areais a
5mm diametervolume at the center of the sensorassembly.

PPS:

A pulseper second(PPSr 1PPSjs an electricalsignalthat hasawidth of lessthan one secondand a
sharplyrising or abruptly falling edge that accuratelyrepeatsonce per second.PPSsignalsare output
by radio beaconsfrequencystandards other typesof precisionoscillators and someGPSeceivers.

GPSHDOPYDOPPDOP:
Acronymsusedwhen speakingof the lossof GPJosition accuracy.

Commonly,you will seethe following acronymsusedto describethe type of position accuracyin
guestion.

¥ HDOPPhorizontal dilution of precision

I HDORs aterm usedin satellite navigation and geomaticsengineeringto specifythe
additional multiplicative effect of navigation satellitegeometry on positional measuremern precision.

¥ VDOPBverticaldilution of precision

¥ PDOPBposition (3D)dilution of precision

¥ TDOPBtime dilution of precision

¥ GDORorjust DOP)bgeometricdilution of precision
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Table2 BGP3ConfidenceLevels

Description
<1 Ideal This is the highest possible confidence level.
At this confidence level, the position measurements are accurate enou
1-2 Excellent . o
to meet all but the most demanding applications.
2.5 Good This represents a level that marks th@nimum appropriate for making
accurate surveys.
The position measurements could be used for some cases, but the f
5-10 Moderate quality should be improved. A more open view of the sky is
recommended.
This represents a lowonfidence level. Position measurements should b
10-20 Fair discarded or used only to indicate a very rough estimate of the currer
location.
520 Poor At this level, measurements are inaccurate by as much as 5 times th
accuracy rating of the GPS.

HeadingError:

Thisisthe errorin measurementcausedwhen the angle of the magneticfield passingthrough the
optical packagechanges.Thereare severalcausedor this effect,the most obviousbeing magnetically
dirty particles.Keepingthe instrument cleanhelpsto prevent heading error. However,someheading
erroris anatural resultof the physicsgoverning magnetometers.

Heater:

Thesmallheaterinsidethe sensorthat heatsthe absorptioncell, creatingthe atomic vapor necessary
for taking measurementsThe time it takesto createthe vaporisthe primary reasonfor the warm-up
time.

OpticalPackage:

Commonlyreferredto asthe physicspackage the optical packagecontainsthe contentsof the sensor
assemblyjncluding the light sourceand laserdiode.

Sensa Driver:

Commonlyreferredto asthe "electronics"the sensordriver isthe circuitry neededto convertthe
signalfrom the optical packageto producethe output of digital field readings.
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WarmUp Time:

After powering on, the time it takesfor the sensorto reachoptimal temperature,which allowsthe

MFAMsensorto produce good quality field readings.Thewarmup time for the MFAMsensoris
approximately 3 B Sninutes after powering on.
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