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SUMMARY

Researchersat PacificNorthwestLaboratoryintegratedand tested a

Global PositioningSystem (GPS) for use with the Naval ExplosiveOrdnance

DisposalTechnologyCenter's (NEODTC)Surface-TowedOrdnance LocatingSystem

(STOLS). The GPS automaticallyand continuouslyprovides latitude,longitude,

and elevationinformationat the mobile GPS unit. The resultsof testingthe

GPS are shown in this report. The resultsreveal accuraciesin the submeter

range in real time and within a few centimetersusing post-processing

software. A descriptionof hardwareand softwarecomponentsis also included,

along with systemdrawings and parts lists.

The GPS is composed of a base module and a mobile module that are

operated in a differentialmode. This method allows the system to achieve

real-timecentimeteraccuracyas long as the base unit is located at

accuratelysurveyedmark and there is sufficientsatellitecoverage. The base

module componentsincludea single-slotlaptop PC, a NovAtelGPSCard and

antenna,and a radio frequency(RF) modem with antenna. The base module

providesdifferentialcorrectionsto the mobile module via the RF modem. The

mobile module is composedof a board-levelPC-I04 computerand enclosure,a

NovAtelGPSCardand antenna,a cathoderay tube (CRT) display,and an RF modem

with antenna. The mobile unit has been configuredwith a 1.8-inchhard disk

drive. This allows data collectedduring a survey to be easily combinedwith

data taken at the base stationPC and post-processed. The mobile unit

receivesdifferentialcorrectionsfrom the base stationand producesreal-time

positionsolutions. Latitude,longitude,and elevationalong with coordinates

in northingand eastingare displayedon the CRT. The northingand easting

coordinatesare sent throughan RS-232 hardwiredto the STOLS. This

informationis used to pinpointmagnetometerdata taken by the STOLS and also

to providevehiclepositionto the operator.

A rugged versionof the GPS mobile module was later developed. The

rugged GPS package includesa PC-ISA single-boardcomputer and enclosure,a

NovAtel GPSCardand antenna,a thermo-electriccooler, a liquid crystal

display, and an RF modem with antenna. The rugged GPS module operates using

solid-statememory and has no means of internaldata storage. A memory board
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INTRODUCTION

The Surface-TowedOrdnance LocatingSystem (STOLS)differentialGlobal

PositioningSystem (GPS) is made up of two parts--amonitor stationfixed at a

preciselyknown locationand a mobile unit mountedon the STOLS vehicle.

The monitor stationcomparesits known positionwith the position it

derivesfrom satelliteinformation. The monitorstationthen computes

positionerror correctionsand sends them to the mobile unit via an RF modem.
i

The mobile unit also calculatesits positionfrom satelliteinformation.

By applyingthe correctionsreceivedfrom the monitor station, it can generate

positionsolutionsaccurateto less than a meter. These positionsare sent to

the STOLS computerthrougha hardwiredserial RS-232 link.

One monitor stationand two mobile units were developedunder this

program. The first mobile unit was intendedto demonstratethe use of GPS as

a navigationsubsystemfor the STOLS. The secondGPS rover unit was designed

to improvethe ruggednessfor field applications.



SYSTEMQUICKSTART

NOTE: This section outlines a quick procedure to get the Global
Positioning System (GPS) monitor station and mobile unit up
and running. For more detailed information about the
operation of the monitor station and mobile unit software,
see the sections "MONITORSTATIONSOFTWARE"and "MOBILE UNIT
SOFTWARE"later in this document.

MONITORSTATIONQUICKSTART

BEFOREturning on the monitor station computer (Toshiba laptop), make

sure the following hardware connections have been made:

• The GPSantenna is connected to the GPSCard in the monitor station
computer.

• The serial cable marked "BASE" is connected between the serial port on
the GPSCard and the RF modem. Make sure you use the GPSCard's serial
port, not the serial port on the computer itself.

• The RF antenna is connected to the RF modem.

NEVERoperate the Toshiba laptop computer without a GPSantenna attached.

This could damage the GPSCard.

Once the proper hardware connections have been made, turn on the computer

and the RF modem. After the computer has booted up and is displaying the DOS

prompt C:\>, type "monitor" to start the monitor station software. When

functioning properly, the screen should clear and the following prompt should

be displayed:

Enter (P)osition or (1)ntegrate Position? >

In order to properly compute differential position corrections, the

monitor computer must know the precise location of its GPSantenna. There are

two ways for the computer to get this information. The above prompt is asking

which method it should use.

The 'P' Option

When the GPSantenna position is already precisely known (as when it is

situated over a survey point), the best method to use is to enter the position
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directly. This is done by pressingthe 'P' key. Note that you do not need to

press the 'ENTER'key after pressing 'P'.

After pressing 'P' the computerasks the operatorto enter the latitude,

longitude,and altitudeof the monitorstation'sGPS antenna. The computer

rememberswhich coordinateswere enteredthe last time the programwas run.

When promptingfor the latitude,etc., the computerdisplaysthe value that

was last used in square brackets. If this value is alreadycorrect,no new

number needs to be entered. Just press return. If this is a new site, enter

latitudeand longitudein degrees and decimalminutes and enter altitude in

meters. For instance,46 degrees 12.34567minutesis simply enteredas 46

12.34567.Note the space betweenthe 46 and 12.34567. For north latitudesand

east longitudes,use positivevalues. For south latitudesand west

longitudes,use negativevalues. For instance,-119 6.54321would mean 119

degrees6.54321minutesWEST longitude.

After enteringthe latitude,longitude,and altitudeof the monitor

station'sGPS antenna,the monitor stationwill immediatelystart computing

differentialcorrectionsand send them out over the RF modem. The transmit

and receive indicatorson the modem will begin flashing if the correctionsare

being sent.

The 'I' Option

When the GPS antennaposition is not known or is only poorly known, use

the integrateoption by pressingthe 'I' key. It is not necessaryto press

the 'ENTER'key after pressing 'I'.

After pressingthe 'I' key, the followingprompt is displayed.

Enter integrationtime in seconds [600] >

The 'I' option tells the computerto calculateits position at one-second

intervalsfor the number of secondsentered at this prompt. As before,the

number in bracketsis the default. If 600 seconds(ten minutes) is

satisfactory,just press return.





• The 24 volt power input cable from the STOLS vehicle is attachedto the
"POWER IN" connectoron the computer.

NEVER operatethe mobile unit computerwithout a GPS antennaattached.

This could damage the GPSCard.

Once the proper hardwareconnectionshave been made, turn on the

computer. When operatingproperly,the computerwill boot up and immediately

begin running its GPS software. For basic operation,no user interactionis

necessaryother than initiallyturningon the system.

At this point the mobile unit shouldbe receivingdifferential

correctionsfrom the monitor stationand the currentvehiclecoordinates

should be displayedon the screen. The transmitand receive indicatorson the

modem will begin flashingif the correctionsare being received.

To exit the mobile unit softwareand return to DOS, press the ESC key.

Alternatively,you can simply turn off the computerwith the softwarerunning.

This will not damage the system.



MONITORSTATIONSOFTWARE

The monitor stationsoftwareis a programcalled NBASE.EXE. It is

normallystartedfrom the DOS batch fileMONITOR.BAT,but can also be run

directly. NBASE'smain purpose is to set up the GPSCard in the monitor

stationcomputerto computeand send differentialcorrectiondata over the RF

modem. NBASE can also save variousdata generatedby the GPSCard to disk for

later processingwith the SEMIKINsoftwarepackage.

The usage syntax for NBASE is: NBASE [/Ffname]

The /F commandline parameteris optional. It is used to tell the

programto save the data logs generatedby the GPSCardto the file

named (fname). (fname)can be any valid DOS path\file. If the /F parameter

is omitted,no data is saved.

After the NB_SE softwarehas been started,differentialcorrectionswill

be generatedand sent over the RF modem at the rate of one packet per second.

CurrentlyNBASE configuresthe GPSCardto send the differentialcorrectionsas

an ASCII string using NovAtel'sproprietaryformat. For details see section i

5.1.9 of the NovAtelGPSCardmanual.

Althoughthe GPSCardcan accept commandsand log data over the computer's

internalbus, once the card is configuredand running,it only needs the

computerfor power. That means that once NBASE has configuredthe GPSCardto

send differentialcorrections,the card will continueto do so even if NBASE

is exited. This is a handy featureas it allows the computerto be used for

other operationswithoutaffectingthe correctionsbeing sent. Note, however,

that NBASE, NGPS, NVEHICLEand any other softwarethat uses the GPSCardwill

likelyreinitializethe card when started. This will shut down the

differentialcorrections.

NORMAL STOLS OPERATION

Normallythe monitorstationis used to supplydifferentialcorrection

data to the mobile unit (via the RF modem) and nothingmore. Under these

conditions,NBASE should be startedwithoutthe /F option since post

processingof the satellitedata is unnecessary. For detailson startingand

7



runningthe NBASE programunder normal conditions,see the "SYSTEMQUICK

START" sectionabove.

After the computer is first turned on, it takes the GPSCardtwo to five

minutesto acquireenough satellitesto calculatevalid positionsolutions.

The systemmust be trackinga minimumof four satellites. Even with four

satellitesbeing tracked,the GPSCardmay not be getting enough unique

informationto computea valid position solution. This is typicallydue to

satellitegeometry.

When the system is first turnedon, it is advisableto run NovAtel'sNGPS

programto monitor the number of satellitesbeing trackedand the status of

the position solutions. Once good solutionsare being computed,exit NGPS and

start the NBASE program.

Alternatively,if the NBASE 'I' option is being used to integratethe

monitor station'sposition,it will display the solutionstatus and number of

satelliteson the screen duringthe data collectionphase. NBASE will not

proceedwith the integrationuntil valid solutionsare available. A status of

0 indicatesvalid positionsolutionsare being computed. A status of I

indicatesthat the GPSCardhas not yet made sufficientobservationsto compute

solutions. For more details see Table 5 on page 40 of the NovAtelGPSCard

user'smanual.

The NBASE softwaredisplaysthe following.

GPS Base StationMonitor:

Stationmust be trackingat least 4 satellitesto generate
valid position solutions.

MonitorCoordinates"
Latitude" 38 39.48312
Longitude:-76 31.94974
Altitude: 42.337

- Now tracking06 Satellites-



The coordinatesshown are the ones the monitorstation is using as its

known position. They are fixed at start up with the 'P' or 'I' options.

Although it would be more informativeif the real time coordinatesthe GPSCard

is computingfrom satelliteinformationcould be displayed,this data is not

availablewhen the card is operatingin monitormode.

The last line of the displayserves two purposes. First, it gives the

number of satellitescurrentlybeing trackedby the monitor station. A

minimumof four satellitesare needed to generatevalid positionsolutions.

Finally,at the start and end of this line are two ASCII rotatingasterisks.

These serve as an indicatorthat the programis running correctly. The

twirlies (rotatinggraphicssymbol)are generatedinside the program'sdata

acquisitionloop. If the computerlocks up for any reason,the rotating

asteriskswill stop.

POST-PROCESSINGMODE

The NBASE programcan be told to save pseudorangeand ephemerisdata

collectedfrom the satellitesto a disk file. Pseudorangeis data that is

referencedto a satelliteGPS unit. Ephemerisis the predictionof current

orbiting satelliteposition. This file (alongwith a similarfile from the

mobile unit) can be post processedusing the SEMIKIN softwarepackage. Post

processingcan greatly improvethe accuracyof the mobile unit position

estimates.

When operatingthe STOLS vehicle,the real time differentiallycorrected

positionestimatesare adequate. However,the GPS system can also be used to

survey in points using a known benchmarkas a reference. For this

application,post processingthe data is desirable.

The generalprocedurefor using NBASE to survey in points is as follows:

• Set up the monitorstationso its GPS antennais at a preciselyknown
location (usuallya survey benchmark).

• Start the NBASE programusing the /F option to specifythe file in which
to save the pseudorangeand ephemerisdata.

• Once inside the NBASE program,use the 'P' option to enter in the
coordinatesfor the survey benchmark. Be sure to compensatefor the
height of the GPS antennaabove the benchmark.

g



At this point NBASE should start sendingdifferentialcorrectionsand

saving satellitedata to disk using the file specifiedon the command line.

Pseudorangedata is saved at one-secondintervals. Ephemerisdata is stored

in the same file at 30-secondintervals. For detailson the formatof the

data packets, see sections6.1.12 (RNGB)and 6.1.15 (REPB)of the NovAtel

GPSCarduser's manual.

When savingdata to a file, NBASE displaysthe followingscreen.

GPS Base StationMonitor:

Stationmust be trackingat least 4 satellitesto generate
valid position solutions.

MonitorCoordinates"
Latitude: 38 39.48312
Longitude"-76 31.94974
Altitude: 42.337

- Now tracking06 Satellites-
Data will be logged to: fname
Data loggingis OFF ('F' to toggle)

This is the same screen that is displayedwhen the system is used for

normal STOLS operationswith the additionof two new lines at the bottom. The

"Data will be logged to:" line shows the filenameenteredon the commandline

with the /F parameter. The "Data loggingis OFF.." line shows the current

file loggingstatus. When NBASE is first started,file loggingis set to OFF

which means that no data is being saved to disk. You can use the 'F' key to

togglethe file loggingstatus from OFF to ON and back again.

It is not necessaryto toggle the statusto OFF before exiting the

program.
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ERRORS AND TROUBLESHOOTING

Error [SendGPSCommand]: GPS Card Timeout

This messagewill occasionallybe displayedwhen the NBASE programis
i

started. This means the programsent a commandto the GPS card but did not

receiveacknowledgementof the commandin a reasonableamountof time (two

seconds). When this happensNBASE sends the command again. NBASE continues

to re-sendunacknowledgedcommandsuntil the GPSCard finallyacceptsthem or

the user aborts the programwith the ESC key.

If this error occurs,the GPSCardwill usuallyaccept the command on the

second attempt. If this error continuallyrepeats,you should abort the

programwith the ESC key and re-startit. If the error persists,it may be

necessaryto shut off the computerand restart it.

Differentialcorrectionsare not being generated

One way to quicklycheck to see if differentialcorrectionsare being

sent is to monitorthe statuslights on the front of the RF modem. When

sendingdifferentialcorrections,you should see a long pulse on the TX light

followedby a short pulse on the RX light. This sequenceshould repeat at

one-secondintervals.

There is another,sligh'_lymore involved,way to verifythat differential

correctionsare gettingout. The serialcable normallyconnectedto the modem

can be connectedto a computerrunningterminalemulationsoftware. Since the

differentialcorrectionsare sent as simple ASCII text, the stringswill

appearon the computer'sdisplay.

If differentialcorrectionsdon't appear to be reachingthe modem, make

sure the cable connectingthe Toshibato the modem is the correctcable (it

shouldbe tagged "BASE"). The modem cables for the monitor stationand mobile

unit ARE NOT interchangeable.The monitorstationcable can transmitdata

but not receive. The mobile unit cable can receivedata but not transmit. If

you are using a genericcable, be sure to disconnectthe receiveline.

11



Differentialcorrectionsreach the modem but aren't transmitted

If the TX and RX lightson the monitorstationRF modem indicatethat it

is gettingthe differentialcorrections,but the correctionsaren't being

receivedat the mobile unit, check the T/E status light on the modem. If the

monitor stationmodem is in contactwith the mobile unit modem, this light

should be lit continuously. If it is, look for the problemon the mobile unit

side. If the light is flashing,it means one of two things.

If the light flashesat a one Hz rate, that means the modem is searching

for its partnerbut has not yet establisheda connection. Verify that the

mobile unit'smodem is turned on and that dip switch8 of both modems is in

the ON position. If the modems still do not establisha link (T/E light

continuouslylit), make sure that each modem is set to a differentaddressand

each modem is aware of the other'saddress. As an example,maybe the monitor

stationmodem's addressis i and it is expectingto communicatewith a modem

at address2. Similarlythe mobile unit modem address shouldthen be 2 and it

should be expectingto communicatewith a modem at addressI. In practice,

the modem addressesshould never change. They can be set using the UTIL.EXE

software suppliedby ESTeem. For detailsrefer to the ESTeem modem user's

manual.

If the light flashesat a two Hz rate, that means that the modem is aware

of its partnerbut for some reason (mismatchedbaud rates, for example) it

still can't send data successfully. If this is the case, make sure that each

modem is set to 9600 baud. For details,refer to the ESTeemmodem user's

manual.

12



MOBILE UNIT SOFTWARE

The mobile unit software is a programcalled NVEHICLE.EXE. It is

normallystartedautomaticallywhen the computeris turned on but can also be

run from the DOS commandline. Since the NVEHICLEcode is started

automaticallywhen the computeris turned on, it is necessaryto exit the

program (usingthe 'ESC' key) and restart it manually from DOS if any of the

command line optionsare to be used. This requiresan IBM 101-keycompatible

keyboard.

NVEHICLE performsthree main tasks.

• It configuresthe GPSCardto receivedifferentialcorrectionsfrom the
monitor stationvia the RF modem.

• It displays positionand status informationon the CRT.

• It convertsits positiondata into a formatthe STOLS computer can
understandand ships it to the STOLS over an RS-232 interface.

Although it doesn't normallydo so during normal STOLS operation,

NVEHICLEcan also save pseudorangedata to disk for later processing.

The usage syntax for NBASE is: NVEHICLE I/Plat:Ion][/Ffname]

The /P and /F parametersare optional.

The /P parameteris used to enter in the coordinatesof a reference

point. When NVEHICLE is running,it displaysthe relativebearingand

distanceto this referencepoint on the screen. This featurecan be used to

navigateto a known coordinatepoint. Latitudeand longitudeshould be

entered in degreesand decimalminutesand there should be no spaces between

the /P or the coordinatesand the colon.

The /F parameteris used to tell the programto save the data logs

generatedby the GPSCardto the file named (fname). (fname)can be any valid

DOS path\file. Normallyno data is saved.

NORMAL STOLS OPERATION

For normal STOLS operation,the vehiclesystem is a plug and play system.

The operatorjust needs to hook up the properpower and data cables (see the

13



"SYSTEMQUICK START" sectionfor details)and turn the power on. NVEHICLE is

startedautomatically. The GPSCard is automaticallyconfiguredto expect

differentialcorrectionsand will use them if they are available. As soon as

valid positionsolutionscan be computed,they will be sent to the STOLS.

Even though there is nothingfor the operatorto do other than turn the

power on, it takes the systema littlewhile to acquiresatellitesand begin

computingvalid positionsolutions. The longitudeand latitudecoordinates

displayedon the screenwill be all zeros until valid solutionsare available.

When NVEHICLE is running,a screen similarto the followingis displayed.

1 . STOLS GPS NAVIGATION I

SOLUTION LOCKED LATITUDE LONGITUDE HDOP
STATUS SATELLITES STD DEV STD DEV

[] Di D2D_ DgSB D2_
WAYPOINTNAVIGATION

NORTHING"LU]!________I _ _i_i. £ DISTANCE (m)" 18888888.7

EASTING" ---l
__Z__'B _ B __--_. _ REL. BEARING" +123.4

_-__3E° -__ _i__Jl__l'LATITUDE" -][-_ --l . _

,°_°_°°_=D]__°_It__i___
• "SOLUTIONSTATUS" field: This field indicatesthe GPS position solution

status. 0 means valid position solutionsare being generated;I means
the GPSCard has not yet made enough observationsto computevalid
solutions. For detailson these and other status codes, see Table 5 on
page 40 of the NovAtelGPSCarduser'smanual.

. "LOCKEDSATELLITES"field: This field shows the number of satellitesthe
GPSCard is currentlytracking. The GPSCardmust be trackingat least 4
satellitesto generatevalid positionsolutions.

14



• "LATITUDESTD DEV" field: This field shows the standarddeviationin
meters of the latitudevalue being returnedby the GPSCard. When
differentialcorrectionsare being received,this number should be on the
order of I meter. Withoutdifferentialcorrections,values between20
and 40 are more typical.

• "LONGITUDESTD DEV" field: This field shows the standarddeviationin
meters of the longitudevalue being returned by the GPSCard. When
differentialcorrectionsare being received,this number should be on the
order of I meter. Withoutdifferentialcorrections,values between20
and 40 are more typical.

• "HDOP"field: This field shows the horizontaldilution of precision.
This is a multiplicativefactor that modifiesthe rangingerror. As this
number increases,the survey becomesless reliable.

• "NORTHING"field: This field shows the currentnorthing position in the
UTM coordinatesystem. It is measured in meters.

• "EASTING"field: This field shows the current eastingposition in the
UTM coordinatesystem. It is measured in meters.

• "WAYPOINTNAVIGATIONDISTANCE"field: The first value shown in the
"WaypointNavigation"sectionis the distancefrom the current reference
point in meters.

NOTE: The coordinatesof the referencepoint can either be set using the
/P commandline parameterwhen NVEHICLE is startedor by pressingthe 'P'
key while NVEHICLEis running. Pressingthe 'P' key sets the reference
point to the currentpositionof the vehicle.

• "WAYPOINTNAVIGATIONREL.BEARING"field: The secondvalue shown in the
"WaypointNavigation"sectionis the relativebearing in relationto the
directionof travel to the referencepoint in degrees. Positivevalues
mean "right"and negativevaluesmean "left". For instance,in the
displayexample,the driver would need to turn 12 degreesfartherto the
right in order to be headingdirectlytoward the referencepoint.

NOTE: The coordinatesof the referencepoint can either be set using the
/P commandline parameterwhen NVEHICLE is startedor by pressingthe 'P'
key while NVEHICLE is running. Pressingthe 'P' key sets the reference
point to the currentpositionof the vehicle.

• "LATITUDE"field: This field shows the currentlatitudecoordinateof
the vehiclemeasured in degrees and decimalminutes. Positivevalues
correspondto north latitudesand negativevalues correspondto south
latitudes.

• "LONGITUDE"field: This field shows the currentlongitudecoordinateof
the vehiclemeasured in degreesand decimalminutes. Positivevalues
correspondto east longitudesand negativevalues correspondto west
longitudes.
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POST-PROCESSINGMODE

The NVEHICLE programcan be told to save pseudorangedata collectedfrom

the satellitesto a disk file (ephemerisdata is only saved at the station).

This file, along with a similarfile from the monitorstation,can be post

processedusing the SEMIKINsoftwarepackage. Post processingcan greatly

improvethe accuracyof the mobile unit positionestimates.

When operatingthe STOLS vehicle,the real time d_fferentiallycorrected

positionestimatesdisplayedon the screenare adequate. However,the GPS

system can also be used to survey in points using a known benchmarkas a

reference. For this application,post processingthe data is desirable.

The general procedurefor using NVEHICLEto survey in points is as

follows.

• Set up the monitor stationas describedin the "MONITORSTATION SOFTWARE:
POST PROCESSINGMODE" sectionabove.

• Attach an IBM 101-keycompatiblekeyboardto the mobile unit computer.

• Use the 'ESC' key to exit NVEHICLEwhen it startsafter initialpower up.
This is necessarybecauseto run in post processingmode, NVEHICLE needs
to be startedusing commandline parametersnot normally used for regular
STOLS operation.

• Restartthe NVEHICLEprogramfrom DOS using the /F option to specifythe
file in which to save the pseudorangedata.

When NVEHICLEstarts it will immediatelystart savingpseudorangeand

positiondata to the file specifiedon the command line. Data packets are

recordedat one-secondintervalsusing NovAtel'sproprietarybinary format.

Note that althoughboth pseudorangeand positiondata is saved in the

output file, only the pseudorangedata is needed for post processing. The

positiondata is saved as well to providea record of the real time position

solutions. For i_,formationon the data packet formatssee sections6.1.1

(POSB)and 6.1.12 (RNGB) of the NovAtelGPSCarduser's manual.

The position and status screendisplayedby NVEHICLEwhile it is saving a

file is the same as the one displayedfor normal STOLS operation.
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REFERENCEPOINT NAVIGATION

The NVEHICLE softwaremaintainsa singlereferencepoint and tracks its

distance and relativebearing from the vehicle. These values are displayedon

the normal NVEHICLE positionand status screen. The coordinatesof the

referencepoint can be set by the user. This providesa convenientway to

navigatethe STOLS vehicleto any point with known coordinates.

When NVEHICLE is started automaticallyat power up, the coordinatesof

the referencepoint are initializedto 0 degreeslatitude,0 degrees

longitude. That means that the "Distanceand RelativeBearing"sectionof the

display is not very useful under noYmal STOLS operation.

There are two ways two change the coordinatesof the referencepoint,

both of which requirethat an IBM 101-keycompatiblekeyboardbe attachedto

the mobile unit computer, i

The first and most useful method is to enter the referencepoint

coordinateson the commandline using the /P parameter. This is the general

procedure.

• Attach an IBM 101-keycompatiblekeyboardto the mobile unit computer.

• Use the 'ESC' key to exit NVEHICLEwhen it starts after initialpower up.

• Restartthe NVEHICLEprogramfrom DOS using the /P option to specifythe
coordinatesof the referencepoint. As an example,NVEHICLE
/P46,1.23"-IIg,23.456would start the NVEHICLEsoftwarewith the
referencepoint set to 46 degrees 1.23 minutesnorth latitude,119
degrees 23.456minuteswest longitude. Note that the coordinatesare
entered in degreesand decimalminutes,a comma is used to separatethe
degreesfield from the minutesfield and a colon is used to separatethe
latitude field from the longitudefield. Although a space is required
after NVEHICLE,NO SPACES should appear anywherein the /P string.

At this point the NVEHICLEpositionand status screen should be displayed

and the "Distanceand RelativeBearingto Waypoint"sectionshould display

valid values to the referencepoint (assumingthe GPSCard is computingvalid

positionsolutions).

The distance field is straightforward;it simply shows the straightline

distance betweenthe vehicleand the referencepoint in meters. The relative

bearingfield needs a littleexplanation. This field shows the number of
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degreesright or left (positiveand negativevalues,respectively)the vehicle

must turn in order to be heading straightfor the referencepoint. It would

be most efficientif this angle was always the same with respect to the nose

of the STOLS vehicle. Unfortunately,the GPS systemdoesn't know which way

the nose is pointing so it uses as its referencethe next best thing--the

directionthe STOLS vehicle is heading. Althoughthese are almost alwaysthe

same, this is an importantdistinctionbecause it can create some unexpected

results. For instance,when the vehicle is not moving,the relative bearing

number is likely to jump around a great deal. This is becausethe GPS no

longer has a clear sense of directionof travel. Also, if the STOLS is moving

backwards,the relativebearingwill flip 180 degreesand indicatehow many

degreesthe REAR of the vehicleneeds to come around to be headingtoward the

referencepoint.

ERRORSAND TROUBLESHOOTING

Error [SendGPSCommand]:GP$ Card Timeout

This message will occasionallybe displayedwhen startingthe NVEHICLE

program. What this means is the programsent a commandto the GPS card but

did not receiveacknowledgementof the commandin a reasonableamount of time

(two seconds). When this happensNVEHICLEsends the commandagain. NVEHICLE

continuesto re-sendunacknowledgedcommandsuntil the GPSCard finallyaccepts

them or the user aborts the programwith the ESC key (requiresan IBM 101-key

compatiblekeyboard).

If this error occurs, the GPSCardwill usuallyaccept the commandon the

second attempt. If this error continuallyrepeats,you should abort the

programwith the ESC key or simply re-bootthe computer. If the error

persists,it may be necessaryto shut off the computerand restartit.

The positionstandarddeviationsare as large as severalmeters

This is a good indicationthat the mobile unit is not receiving

differentialcorrectionsfrom the monitorstation. Verify that the modem is

18



receivingdifferentialcorrectionsand that it is attachedto the mobile unit

with the serial cable marked "ROVER". The serial cables for the mobile unit

and monitorstation are not interchangeable.

Make sure the serial cable is attachedto the serial port on the back end

of the GPSC_rd. The serialconnectoron the computeritself is used for the

STOLS communicationlink.

If everythingchecks out on the mobile unit end, look for the problemon

the monitorstationend.

Differentialcorrectionsare not being receivedby the modem

One way to quicklycheck to see if differentialcorrectionsare being

receivedby the RF modem is to monitorthe modem's front panel status lights.

When receivingdifferentialcorrections,you should see a long pulse on the RX

light followedby a short pulse on the TX light. This sequenceshould repeat

at one-secondintervals.

If the modem is not receivingcorrections,check the T/E status light on

the modem'sfront panel. It should be continuouslylit. A flashingT/E light

may indicatea problem.

If the light flashesat a one Hz rate, that means the modem is searching

for its partnerbut has not yet establisheda connection. Verify that the

monitor station'smodem is turned on and that dip switch8 of both modems is

in the ON position.

If the modems still do not establisha link (T/E light continuouslylit),

make sure each modem is set to a differentaddressand each modem is aware of

the other'saddress. As an example,maybe the monitor stationmodem's address

is I and it is expectingto communicatewith a modem at address2. Similarly

the mobile unit modem addressshould then be 2 and it should be expectingto

communicatewith a modem at addressI. In practice,the modem addresses

should never change. They can be set using the UTIL.EXE softwaresuppliedby

ESTeem. For detailsrefer to the ESTeemmodem user's manual.
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If the light flashesat a two Hz rate, that means that the modem is aware

of its partnerbut for some reason (mismatchedbaud rates, for example) it

still can't receivedata successfully. If this is the case, make sure each

modem is set to 9600 baud. For details, refer to the ESTeemmodem user's

manual.

The mobile unit displaysgood coordinateson the screen but they
don't get to the STOLS.

Make sure the STOLSserial cable (part of the main power cable) is

securely fastened to the "RS-232" connector on the mobile unit computer. Do

not connect the STOLSserial cable to the serial port on the back of the

GPSCard. Although this will not damage the system, the GPSCardneeds that

port to receivedifferentialcorrections.
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RF MODEMSET-UP

Each modem needs to be configuredto work properlyin the GPS system.

Among other things,this requiressettingup the RS-232 interfaceand

choosingunit IDs. The followingstep-by-stepinstructionswill guide you

throughthe set up process.

EQUIPMENTNEEDED

• ESTeem model 96 radio modem

• Straightthrough (not null modem) RS-232 serial cable. Do not use the
cables providedfor normal GPS operation. These cables are specially
wired and will not work properlyduring set up.

• ESTeem utility softwarefor settingthe modem frequency.

• PC runningterminalemulationsoftware. A simple terminalemulation
program is provided on the ESTeem utilitydisk but its use is optional.

I) Setting the RS-232 Parameters

On the back of the modem are 8 dip switcheswhich are used to configure
the modem'sRS-232 port. The modem needs to be set for 9600 baud, no
parity,8 data bits. This correspondsto the followingswitch settings
(I=ON,O=OFF). For more informationsee page I-5 of the ESTeem user's
manual.

I
SWI SW2 SW3 SW4 SW5 SW6 SW7 I SW8
1 o o o o 1 11o
IIIIII III
!_1_1 I_1 I_1 I
I I I I
I I I I

Baud rate Parity Data Bit Not used for RS-232

Switch 8 (SW8) is not used for RS-232 configuration;however, it must be
in the OFF positionin order to continuethe set up procedure.

2) ConnectModem to PC

Use a shielded,straightthrough (not null modem) RS-232 serial cable to
attach the modem to a PC runningterminalemulationsoftware (like Telix,
Kermit,SmartTerm,QModem,Procomm,etc). A simple terminalemulation
programcomes on the ESTeem utilitydisk but its use is optional. Be
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sure that the terminal'sRS-232 port is also configuredfor 9600 baud, no
parity,8 data bits, I stop bit.

3) Turn on the Modem

Turn on the ESTeem modem. If the RS-232 ports on the PC and the modem
have been configuredproperly,a welcomemessage should be displayedon
your screen followedby the commandprompt "CMD:"

If the welcomemessage is displayed,but the "CMD:" promptdoesn't
appear,don't be alarmed. It is normallyturned off during GPS
operation. Try typing PROMPT ON:SA and then pressingreturn. That
should restorethe "CMD:"prompt.

NOTE: Accordingto EST it is NOT necessaryto have an antennaconnected
to the unit while it is turned on.

4) Set the OperatingFrequency

If you need to change the modem's operatingfrequency,now would be a
good time. Exit your terminalemulationprogramand run _he programon
the ESTeem utilitydisk for settingthe frequency. Once the frequency
has been changed, start your terminalprogramand reset the modem. That
should bring you back to the modem welcomemessage.

5) Restorethe FactoryDefaults

At the command, prompt type FA and press return. This makes sure the
modem is returnedto its factorydefaultconfigurationand provides a
known startingplace to begin our own configuration.

CMD: FA

6) Set the Unit Address

Each modem has a "unit address". This is a number between0 and 253 that
uniquely identifiesthe modem. To set the unit address,use the ADD
commandat the "CMD:"prompt. For example

CMD: ADD I

sets the unit addressto I. DuringGPS operationtwo modems are used.
Make sure each modem has a differentunit address.

7) Set the ConnectAddress

During GPS operationeach modem needs to know the addressof the modem to
which it will be talking. This is called the "connectaddress". For
instance,assume the two modems are set as unit address I and unit
address2. Unit I will be talking to unit 2, so its connect addressis
2. Similarly,unit 2 will be talkingto unit i so its connect address is
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I. To set the connect address,use the SETC command at the "CMD:"
prompt. For example,

CMD: SETC 2

sets the connectaddressto 2.

8) Change the SENDPACCharacter

The SENDPACcharacteris a specialcharacterthat the modem watches for
in the data to be transmitted. The modem waits until it sees the SENDPAC
characterbefore transmittingits data packet. The factory-default
SENDPACcharacteris 13 (a carriagereturn). To work properlyduring GPS
operation,this needs to be changedto I0 (a line feed). To make this
change,use the SENDPACcommandat the "CMD:" prompt.

CMD: SENDPAC10

9) Turn the CommandPromptOff and Save the New Settings

Finally,the modem's "CMD:" promptneeds to be turned off (becauseit
confusesthe GPS system)and the new settingsneed to be saved. This
ensuresthe new settingswill be used the next time the modem power is
turned on. To do this, use the PROMPT commandand the SAVE commandat
the "CMD:"prompt. Since the PROMPTcommandwill shut the "CMD:" prompt
off, it is easiest to use both commandsat the sa_e time by puttingthem
on the same line separatedby a colon.

CMD: PROMPTOFF:SAVE

10) SelectingTransparentMode

During GPS operation,the modemswork in "transparent"mode. In this
mode the modem powers up, expectingto be talkingto its partner (whose
address is set with the SETC commandas describedabove). To select
transparentmode, set dip switch8 on the back panel to ON. Then turn
off the modem. The next time it is turned on, it will be in transparent
mode.

NOTE: Use transparentmode only during GPS operation. During set up or
when changingoperatingfrequencies,transparentmode must be turned off
(switch8 = OFF).
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RUGGED GPS ROVER UNIT

The original GPS rover unit was designed as a prototypeunit. Its

purposewas to demonstratethe advantagesof applyinghighly accurateGPS

positiondata to the magnetometerinformationgatheredby the STOLS. It was

soon found that the unit needed to be in a more rugged form to be used on a

daily basis at sites such as Twenty-NinePalms, California.

• design for a ruggedizedGPS rover unit was developedand the new

versionfabricated. The unit is configuredas a PC-ISA bus enclosurethat

houses a GPSCard, a CPU board, and a displayboard. The displayboard that is

currentlyinstalleddrives the liquid crystaldisplay (LCD) module. It can be

replacedwith the cathoderay tube (CRT) displaycard in order to operatethe

CRT display. Both boards should not be installedin the system at the same

time. The unit is set up to operatefrom solid-stateEPROM. No mechanical

disk drives are used, althoughthe softwareand hardwarecould accommodate

one. The softwareused in the rugged GPS rover unit is identicalto the

softwarethat resideson the originalGPS rover unit. The rugged unit is

equippedwith a thermoelectriccooler. With the additionof the cooler and

the replacementof the CRT displaywith the LCD module, the power consumption

of the rugged version is very close to that of the original. The drawingsand

parts list for the rugged unit are shown in the Drawings sectionof this

report.
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TEST RESULTS

The NovAtelGPS receiversused in the Naval ExplosiveOrdnanceDisposal

TechnologyCenter (NEODTC)GPS for the STOLS were tested at the Pacific

NorthwestLaboratory(PNL)and the Naval ResearchLaboratory(NRL). The PNL

tests were performedin a parkinglot near some low buildings. The survey

markerswere measuredrelativeto each other and were not surveyedby other

equipmentother than the NovAtelsystem. The resultantdata yield relative

accuracies. The NRL tests were performedin a field in mostly clear sky but

sometimesquite near trees and buildings. The NRL surveymarkerswere

measuredusing vendor-suppliedGPS equipment. The marker accuracieswere

often in the millimeterrange. The NRL resultsgive a good indicationof

absoluteaccuracy.

PNL RESULTS

The NovAtel GPS receiversused in the NEODTC GPS were tested at PNL in a

parkinglot near some low buildings. This parkinglot was east of the 2400

StevensBuilding. The monitorGPS unit was positionedon top of the 2400

StevensBuildingon a spot that had been staticallysurveyedusing the NovAtel

components. The resultswere post processedusing SEMIKIN. The survey

markerswere measured relativeto each other and were not surveyedby other

equipmentother than the NovAtelsystem. Fivemarkerswere laid out in

straightline and surveyedusing the GPS and SEMIKIN. These markers were

measuredby tape to be ten meters apart ±I cm. Four additionalmarkerswere

installedjust north of the straightline group. These were arranged in a box

configurationwith 30 meter sides. These markerswere measured by tape to be

ten meters apart ±2 cm. See Figure ] for a site overview.

Two kinematicsurveyswere performedon the straightline course. The

first run was a simple pass going from north to south along surveyedpath.

The second pass was a curvy path trying to intersectthe surveyedmarkers

along the straightline. The resultsare shown in Figures2 and 3. In

additionto the line data, a kinematicrun was performedon the box site. The

run was startedat the northwestcorner and proceededclockwisearound the

square and back to the northwestcorner. The resultsare shown in Figure 4.
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PNL Data after SEMIKINPost Processing
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The relativeaccuracyfrom the PNL tests are as follows:

Real-timeKinematicStraightline Data
Averageerror- 0.38 meters

Real-timeKinemati'cCurvy line Data
Averageerror- 0.32 meters

Real-timeKinematicBox Data
Averageerror- 0.41 meters

Post-processedKinematicStraightline Data
Averageerror- 0.37 meters

Post-processedKinematicCurvy line Data
Averageerror- 0.45 meters

Post-processedKinematicBox Data
Averageerror- 0.21 meters

Post-processedStatic Line Data
Averageerror- 0.16 meters

Post-processedStatic Box Data
Averageerror- 0.11 meters

NRL RESULTS

The NovAtelGPS receiversused in the Remote CharacterizationSystem

(RCS) and the NEODTC GPS were tested at a GPS test facilityestablishedby the

Naval Research Laboratoryat its ChesapeakeBeach Detachment. GPS developers,

vendors,and users were invitedto participatein a competitivetesting

process. The followingcompaniesparticipated: Ashtech, Trimble,Sercel,

Axyle, Dei Norte, RACAL, NovAtel/Ross,and NovAtel/PNL. The tests were

conductedon a playfieldon which test points had been surveyedto accuracies

in the millimeterto centimeterrange. A base stationwas locatedat an

unobstructedsite on a hill on the east side of the site. Its locationhad

been surveyedto millimeteraccuracy. The field test involveda static

measurementand two kinematicsurveys.

The locationof the staticmeasurementwas a fairly open area

approximately50 m from the base station. The first of the kinematicsurveys

was run on an open level area of the field. The area consistedof two
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paralleltracks 500 feet long and 25 feet apart,with markers staked at I00-

foot intervals. The run initiallyfollowedtwo paralleltracks,then zig-

zagged back and forth betweenmarkerson the tracks. At no time during this

run was the base stationever out of sight. Wet trees were presentat one end

of this course, but did not seem to have any effecton the GPS satellite

coverage. Seven satelliteswere availableduring this run. The second

kinematicrun followeda paved road loop which traveledup and down, through

clustersof trees, and betweenbuildings. The base stationwas out of sight

at severalpointson the loop. Even with all of the potentialblockage,the

number of locked-insatellitesnever varied,and the RF link to the base

stationnever failed. Seven satelliteswere locked in and utilizedfor this

run as well. An overviewand map of the site is shown in Figures5 and 6

(McDonaldet al. Igg3, pp. 4 and 5).

An antennachoke ring for each antennawas utilizedwith the NovAtel/PNL

GPS system to minimize the effectsof multipath(GPS signalsreflectedfrom

trees, buildings,and other featuresor structureson or near the test site.)

The real-timepositionsolutionsand the log data needed for post processing

were recordedat a rate of 5/s and I/s, respectively. The base station

antennawas mounted on a 2-m survey tripod. The base-stationGPS receiver

transmittedcorrectiondata to the mobile unit via an RF modem. The antenna

for this modem was mounted on a tripod approximately20 ft from the GPS

antenna. The GPS antennafor the mobile unit was mountedon top of a GMC

Suburban. The RF antennafor the mobile modem unit was also mounted on the

roof of the Suburban,approximately3 ft from the GPS antenna. The vehicle

speed for these tests averagedabout 5 mph for the track data and 6 mph for

the road data.

The results,when comparedto the surveymarker locationsestablishedby

NRL, were as follows:

Real-timeStatic data
StandardDeviation: Latitude,± 0.80; Longitude,± 0.47
AbsoluteError: Latitude,0.64 m; Longitude,0.08 m

Post-processedStatic data
StandardDeviation: Does not apply.
AbsoluteError: Latitude,0.05 m; Longitude,0.10 m
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Kinematicresults are shown in the Figures7 through9 (McDonaldet al. 1993,

pp. 112, 113, and 115) and Tables I and 2 (McDonaldet al. 1993, pp. 142 and

144).

Post processingthe data allows the highestlevel of positionaccuracyto

be achieved. SEMIKIN,a softwarepackageproducedby the Universityof

Calgary,was used to post processthe data. The results are shown in the

followingFigures10 through 12 and Tables 3 and 4 (McDonaldet al 1993, pp.

158-162).

The tests conductedat NRL made a good comparisonof GPS vendors and

illustratedthe capabilitiesof GPS in both real-timeand post-processedmode.

The only way these tests could have been improvedwould be to mount the rover

hardwareon a track. This would have allowedall the vendorsto follow the

exact same path and travel at a consistentspeed.

The NovAtel systemchosen by PNL to be used as the GPS for the RCS and

the NEODTC GPS made a good showingat the NRL test site. The system accuracy

was as follows:

Real-timeKinematicTrack Data
StandardDeviation" 0.23
Mean Error: 0.53 m

Real-timeKinematicRoad Data
StandardDeviation. 0.90
Mean Error: 1.01 m

Real-timeKinematicCombinedData
StandardDeviation: 0.71
Mean Error: 0.78 m

Post-processedKinematicTrack Data
StandardDeviation: 0.09
Mean Error: 0.13 m

Post-processedKinematicRoad Data
StandardDeviation: 0.24
Mean Error: 0.23 m

Post-processedKinematicCombinedData
StandardDeviatlon: 0.19
Mean Error: 0.19 m

36



i ' i ' 1 ' I _ I '

500 -
PNL "On-the-Fly" 3/23/93

O

E.-.- O

o 400 ,..::_-----..,.O

f ......" Io ../ 'k
!

!

_ f
® ¢c 300 "

o

03 , ( ......
CO /' ....W'// _

200 >

100

, I i I a I I , 1_ , I ,

4.00 500 600 700 800o TRACK POINT

o ROADPOXNT MD 1983 State Plane E - 440,000 (m)@ DIFFERENTIAL SITE

FIGURE7. NRLGPS Survey



CBD NAV TEST
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CBD NAV TEST- ROAD PTS
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TABLE 1. NRL GPS Track Survey

PACIFIC NORTIIWEST LABORATORY/NOVATEL

TEST DATE: 23 MAR 93
TEST SITE: CBD

NAVIGATION TYPE: GPS (REAL TIME) VEttlCLE SPEED: 5 MPH
TEST: TRACK TEST DROPOLITS (PER 1000 DATA POINTS): 12
DIFFERENTIAL SITE LOCATION: 6110-3 DATA FREQUENCY" 5 HZ

LOCATION _<0.5M _<1.0M > 1.0M DIST(M) # SV SIGNAL QUALITY COMMENTS !

LINE # !

A 1 X 0.51 8 NO DATA

A2 X 0.57 7 " "

o A3 X 0.76 8 " "

A4 X X 0.29 8 " "

A5 X X 0.13 7 " "

A6 X 0.85 7 " "

B1 X 0.70 7 NO DATA

B2 X X 0.49 7 " "

B3 X 0.51 8 " "

I]4 X X 0.36 8 " "

B5 X X 0.30 7 " "

B6 X 0.85 8 " "

TOTA LS 5 12 0

NRL CBD NAVIGA] ION REPORI"



TABLE 2. NRL GPS Road Survey

I'ACIF1C NORT! |WE._T I.A I|t)RAT()R'_'/NOVATE_____L
TEST DATE: 23 MAR 93
TEST SITE: CBD

NAVIGATION TYPE: GPS (REAL TIME) VEHICLE SPEED: 6-7 MPH

TEST: ROAD TEST DROPOUTS (PER 1000 DATA POINTS): l0
DIFFERENTIAL SITE LOCATION: 6110-3 DATA FREQUEF!CY: 5 HZ

LOCATION <0.SM <_1.0M > 1.0M DIST(M) #SV SIGNAL QUALITY COMMENTS

ROAD-TEST

Rl X 2.0 7 NO DATA

R2 X 0.53 7 " "

R3 X X 0.40 7 " "

R4 X 1.8 7 " "

.a. R5 X 0.99 7 " "

R6 X X 0. l0 7 " " •

R7 X X 0.25 7 " "

R8 X 0.56 .

R9 X X 0.25 7 " "

Rl0 X 2.5 7 " "

Rll X 2.0 6 " "

RI2 X X 0.12 7 " "

RI3 X .66 ? " "

R14 X 1.2 7 " "

=.,

TOTALS 5 9 5

_IRLCBD NAVIGATIONREPORT





CBD NAV TEST
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2_ _ 2t

r _

Line A o_- _ o
-2 -2

1 10-7 B1 B2 B5 B62 2

, T T
Line B o_- _ T T o' t

-"- -2

_ 4

-2 0 2 -2 0 2 -2 0 2 -2 0 2 -2 0 2 -2 0 2

FIGURE ]|. NRL Post-Process_d Track Targets



TABLE 3. _L Post-Processed Track Survey

PACIFIC NORTHW_ LABOR.ATORY/_)VA_

DATE- 23 MAR 93

TEST SITE: CBD

NAVIGATION TYPE: GPS (POST PROCESSED)
TEST: TRACK TEST

DIFFERENTIAL SITE LOCATION: 6110-3 D,a,TA _UBqC-Y: 1 HZ
, i ,, i, ii i i , i , , f

LOCA_ON <0.SM <__1.0M > 1.0M DIST(M) # SV SIGNAL QUAI.JTY COMMENTS

LINE #

A 1 X X 0.0 8 NO DATA

A2 X X 0.19 7 " "

A3 X X 0.17 8 " "

A4 X X 0.20 8 " "

A5 X X 0.0 7 " "

A6 X X 0.15 7 " "
i ,

BI X X 0.31 7 NO DATA

B2 X X 0.19 7 " "
J ,

B3 X X 0.15 8 " "

B4 X X 0.14 8 " "

B5 X X 0.0 7 " "
!

B6 X X 0.11 8 " "

I
TOTALS 12 12 0 I '

NRLCBD NAVIGATIONREPORT



CBD NAV TEST - ROAD PTS

PNL 3123/93 PP

-2 O 2 -2 O 2 -2 O 2 -2 O 2 -2 O 2 -2 O -2 2 O -2
R1 R3 R5 R6

2 2

0 0

.m, -2 -2
¢J!

R8 R9 R 1O"
2 2

0 _0

-2 -2

-2 O 2 -2 0 2 -2 0 2 -2 O 2 -2 O 2 -2 O 2 -2 0 2

Relative Position (m)

F]CURE ]2. NRL Post- Processed Road Targets



I_LE 4. NRL Post-Processed Road Survey

PACIFIC NOliCr'd_ LAIBORATOI_YfNOVATlk-J.
TEST DATE: 23 MAR 93
T_:_T SITE: CBD

NAVIGATION TYPE: GPS (POST PROCESSING)
"FF_cT:ROAD TEST

DIFFERENTIAl.. SITE LOCATION: 6110-3 DATA FREQUENCY: 1 HZ
a '" ,, ,, ,,,,,,,, ,,, , r

LOCATION <0.SM <_I._ > 1.0M DISTCM) #SV SIGNAL QUALITY COMM_

ROADTEST
I

RI X X 0.33 I 7 NO DATA

R2 X X 0.0 7 " "

R3 X X 0.0 7 " "

R4 X X 0.42 7 " "

a,, R5 X X 0.44 7 " "

R6 X X 0._ ? " "

R7 X X 0.07 7 " =i

R8 X X 0.0 7 " "

R9 X 0.74 7 " "

RI0 X X 0.0 7 " "
i

RI I X X 0.0 6 " "
,,,

RI2 X 0.51 7 " "

RI3 X X 0.19 7 " "

R14 X X 0.28 7 " -

TOTALS 12 14 0
'_RL _BD NA_,_iG_ lION REPORI ' ......................................



The Novatel/PNLsystem placed fourth in overall real-timesystem

accuracy. This is illustratedin Table S (McDonaldet al. 1993, p. 163). The

key point to note here is that of the systemsthat used C/A-codeGPS

technology,NovAtelplaced secondonly to Trimble. Of the other two systems

that placed higher,one used P-codeand the other was not actuallya GPS at

a11.

The two primary factorsthat contributedto the selectionof the NovAtel

GPSCard for the RCS and the NEODTC GPS were packagingand GPS technology. The

small size and printedcircuitboard format allowedfor easy integrationinto

the LSV. And the PC-buscommunicationswere connecteddirectlyto the

existingAmpro PC-I04 processorswhich were onboardthe LSV. The NovAtel

GPSCarduses C/A-codeGPS technology. In conversationswith DoD, we learned

this is the band of GPS that will be availablefor civilian use in the future.

P-codewill be encryptedand will no_ be usableby civilianswhen the full

constellatlonof GPSsatellitesare in place in early 1994. During the time

period precedingthe encryptionof P-code,the DoD will be testingtheir

encryptiontechniquesand P-codewill not be availableat these times either.

We chose not to have a system that would be tied to the actionsof the

military and had a higher potentialfor futureuse.

47



TABLE 5. NRL Real-Time Navigation Test Results

REAl.TIME NAVIGATION TEST RESUI.T_

COMPANY i.OCATION ACCURACY (%)

DATA SPEED DROPOUTS SIGNAl., STATIC DEV

TRACK(12) ROAD(14) TOTA L(26) RATE MI)ll PER I000 QUALITY (din)

.Sin < Im _.Sm < Im _ lm (IIZ) POINTS AX I AY

RACAI_(MW) 25% 83% 14% 21% 50% 1 4-8 92 0-13.8 +2.4 +3.7

SERCEI_(GPS) 58% 100% 21% 57% 77% !.67 7-10 10 GDOP +7.6 + 3.4
3.4-7.()

SF_RCEL 100% 100% 29% 79% 88% 5 6-8 37 HDOP +0.2 + !.6

AXYI ,E(MW) .04-.93

cx_ "I'RIMBI..E 100% 100% 50% 93% 96% i 5-8 9 IIDOP -2.7 + 1.5
V l:.tIIC 1.t:_(G PS) 1._J-2.50

TRIMBI.E 100% 100% NA NA NA 1 3 0 NO NO NO

PORI"AIH.I-(GPS) DATA DATA DATA

DEI. NORTE(GPS) 8% 8% 0% 21% 15% I 3-4 47 SV's 5-7 -3.3 ',-5.5

DF.I. NORTF_(MW) 8% 50% 7% 21% 35% 3 3-6 39 NO DATA -i.5 -3.1

ASitTIsC(GPS) 42% 100% 57% 100% 11,)0% 2 5-7 2 ttDOP -4.2 + !.5
RI-A 1. "I'IM E 1.00-1.90

PNI.(GPS) 42% 100% 36% 64% 81% 5 5-7 11 SV's 6-8 NO NO

NOV A'FEI.(R'I') DATA DATA

ROSS LABS(GPS) 25% 83% 29% 64% 73% 5 5-7 16 NO DATA +0.9 -6. !

NOVATEI.(RT)
qRL CUD NAVIGATION REPORT



_FERE_NCES

McDonald,J. R., H. H. Nelson,and R. Robertson. 1993. Microwaveand
DifferentialGPS NaviqationSystems;Field PerformanceTests, Naval Research
Laboratory,NRL/PU/6110-g3-244.
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RUGGEQ_GPS RO_VERU NLt PARISL_ T

Advantech PC enclosure IPC-6706

Advantech CPU card PCA-6133-25
Advantech SVGAModule PCD-6142
Advantech RAM/ROMModule PCD-893!

Kinet|c Computer Corp. LCD Interface card

NovAtel 951R GPSCard

V|cor 24 vdc to 12 vdc, 75 watt DC/DCconverter VI-2II-IX
Vtcor 24 vdc to 12 vdc, 75 watt DC/DCconverter VI-21I-IX (used as -12v)
Vtcor 24 vdc to 5 vdc, 50 watt DC/DCconverter VI-2IO-CX
Vicor 24 vdc to 5 vdc, 50 watt DC/DCconverter VI-2IO-CX (used as -Sv)

Texas Instruments EEPROM27C040-12

Bendix PTO2E-12-3P connector, Power in Faceplate
Bendix PTO6E-O8-gsP(SR)connector, Power In Cable
Bendix PTO2E-14-5P connector, ModemPower Out Faceplate
Bendix PTO6E-14-5S(SR) connector, ModemPower Out Cable
Bendtx PTO2E-8-98S connector, ModemFaceplate
Bendtx MS311610-gO0connector, ModemCable
Bendtx PTO2E-14-5P connector, CRTPower Out Faceplate
Bendix PTO6E-14-5S(SR) connector, CRTPower Out Cable
Bendtx PTO2E-14-15S connector, CRTFaceplate
Bendix PTO6E-14-15P(SR) connector, CRT Cable
Bendix PTO2E-8-98S connector, Keyboard Faceplate
Bendix MS311610-900 connector, Keyboard Cable
Bendix PTO2E-8-98S connector, STOLSFaceplate
Bendix MS311610-900 connector, STOLSCable
Amphenol31-2300 connector, GPSAntenna Faceplate
Pan Pacific TNC 3422 connector, GPSAntenna Cable

Teca thermo-electric cooler AHP-300FF/24 VDC

Gordos solid-state relay GFSOD30

Dayton temperature control!er 2E206

15 amp fuse and holder

Carlingswttch on/off switch RA 901/911 T85

B.2
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