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Legal Notices

Information furnished is believed to be accurate and reliable. However, Oxford
Technical Solutions Limited assumes no responsibility for the consequences of use of
such information nor for any infringement of patents or other rights of third parties which
may result from its use. Niacence is granted by implication or otherwise under any
patent or patent rights of Oxford Technical Solutions Limited. Specifications mentioned
in this publication are subject to change without notice and do not represent a
commitment on the part of Oxford Technical Solutions Limited. This publication
supersedes and replaces all information previously supplied. Oxford Technical Solutions
Limited products are not authorised for use as critical components in life support devices
or systems without express written approval of Oxford Technical Solutions Limited.

All brand names are trademarks of their respective holders.

The software is provided by the <contributor
warranties, including, but noinited to, the implied warranties of merchantability and

fitness for a particular purpose are disclaimed. In no event shall the contributors be liable

for any direct, indirect, incidental, special, exemplary, or consequential damages

(including, but not Inited to, procurement of substitute goods or services; loss of use,

data, or profits; or business interruption) however caused and on any theory of liability,

whether in contract, strict liability, or tort (including negligence or otherwise) arising in

anyway out of the use of this software, even if advised of the possibility of such damage.

Copyright Notice

© Copyright 208, Oxford Technical Solutions.

Revision

Document Revisionl90902(See Revision History for detailed information).

Contact Details

Oxford Technical Solutions Limited Tel : + 4 B14(2%8)
Park Farm Business Centre Fax: +44251(764)
Middleton Stoney

Oxfordshire Web: http://www.oxts.com
OX254AL Email: support@oxts.com

United Kingdom
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Warranty

Oxford Technical Solutions Limited warrants its products to be free of defects in
materials and workmanship, subject to the conditions set forth below, for a period of one
year from the Date of Sale.

fiDate ofSale shall mean the date of the Oxford Technical Solutions Limited invoice
issued on delivery of the product. The responsibility of Oxford Technical Solutions
Limited in respect of this warranty is limited solely to product replacement or product
repair at anathorised location only. Determination of replacement or repair will be made
by Oxford Technical Solutions Limited personnel or by personnel expressly authorised
by Oxford Technical Solutions Limited for this purpose.

In no event will Oxford Technical Sations Limited be liable for any indirect, incidental,
special or consequential damages whether through tort, contract or otherwise. This
warranty is expressly in lieu of all other warranties, expressed or implied, including
without limitation the impliedvarranties of merchantability or fitness for a particular
purpose. The foregoing states the entire liability of Oxford Technical Solutions Limited
with respect to the products herein.

Any use of misuse of the RT in a manner not intended may impar the prettion
provided. Please contact OxTS if you believe any service of repair is required on
your RT.
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Introduction

The RT family of inertial navigation system (INS) devices are instruments for making
precision measurements of motion in riale.

There are hreedivisions within the RT familyf RT50G (v1) RT300G (v3) and
RT1003s (v1) and each divisiohasperformance optiondhe RT500 and RT3000
products are covered in this manuithe RT1003 product hats own manualwhich
can be downloadefom the OxTSSupport Sitéhere

From SeptembeR019the RT3000 became v3 with new functionality.de&vices are
now end of life and include: RT2000s, RT3000s (v2), and RT4000s. The RTSL003 i
unchanged.

ThefRT-Range Huntéris a variant of the RT3000 v3 that runs the OxTSHhge
processingenginefor vehicleto-vehicle and vehickto-lane testing inside the RT
itself. This functionality used to be available from the-Rdnge S Hunter aessory

but nav runs onboard the RT3000 v3 as an optional feature. If you are configuring an
RT-RangeS Hunter for ADAS testing then you will need to refer to the-Range
user manuail available to download at support.oxts.com.

To obtain highprecisiom measurements, the RT uses mathematalglorithms
developed for use in fighter aircraft navigation systems. An inertial sensor block with
three accelerometers and three gyros (angular rate sensors) is used to compute all the
outputs. A WGS 84 modelledrapdown navigator algorithm compensates for earth
curvature, rotation and Coriolis accelerations, while measurements frorgraidé
kinematic GNSS receivers update the position and velocity navigated by the inertial
sensors. This innovative approach githe RT several distinct advantages over
systems that only useNSS:

The RT has a high (100 H200 Hzor 250 Hz) update rate and a wikndwidth.
The outputs are available with lovmslatency.

All outputs remain available continuously during GN8&ckouts when, for
example, the vehicle drives undeboradge.

The RT recognises jumps in GNSS position and ignibies.

The position and velocity measurements the GNSS makes are smoothed to reduce
the highfrequencynoise.

The RT makes many measurense@NSS cannot, for example acceleration, angular
rate, pitch and roll.
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An RT system processes data in ridade. The reatime results are output via an
RS232 serial port, over 10/100 Babdthernet using a UDP broadcast and on CAN
bus. Outputs are timgtamped and refer to GPS time; a 1PPS timing sync can be used
to give accurate timing synchronisation between systems. The inertial measurements
are synbronised to the GP8ock.
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Internal data logging enables the data to be reprocessednizsgin. Data can be
coll ected in the wunit, downl oaded using f
NAVdisplay.

Easy operation

There is minimal configuration required to use the sysiEme. configuration can be
saved to the RT so it can operate autonomously without user interventiorofAviotk

has been put into the initialisation of the inertial algorithms so the RT can reliably start
to navigate in the vast majority situations.

The single unit contains inertial sensors, GNSS receiver, data storage and CPU. One or
two antennas need to be mounted outside the vehicle where they have a clear view of the
sky. A 10 50V dc power supply can be obtained from most vehicles. A laptop cemput
allows reaitime viewing of the results.

Selfcorrecting

Unlike conventional inertial navigation systems, the RT uses GNSS to correct all its
measurements. GNSS makes measurements of position, velocity and (for dual antenna
systems) heading. Using tleemeasurements, the RT is able to keep otfeaisurements

such as roll and pit¢taccurate. Tight coupling of the GNSS and inertial measurements
means the raw GNSS data can also be used. There is no drift from the RT in any of the
measurements while GNS$Spresent.

Interchangeable

TheRT500 (v1) and RT3000 (v3roducts have identical output capabilities. The serial
port, Ethernetwi-Fi and CAN bus are the sameRM500 and RT3008evicesncluding

the data format€ach device comes with two usmEbles which house the connections
needed for data transfer from the RT to other devices e.g. laptop, Data Acquisition
system, LIiDAR etc.

Advanced processing

In poor GNSS environments, drift times can be halved by using the combined results of
processindorwards and backwards in time. Our proprietgry / ipsodessing engine

can further improve performance with single satellite aiding algorithms and tight
coupling of the inertial and GNSS measurements, meaning position updates even with
fewer than four dallites in view
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Related documents

This manual covers the installation and operation of RT systems, but it is beyond its
scope to provide details on service or repair. Contact OXTS support or your local
representative for customer semvi@lated inquiries.

Additional manuals provide further information on some of the software and
communication types mentioned in this mdntiable 1llists related manuals and where
to find them.

Table 1. Supplementary manuals

\WETIEL Description

NAVdisplay For viewing reatime information from an RThttps://support.oxts.com/hc/en

Manual us/articles/115002433288AVdisplay-Onlinemanual
NAVgraph For plotting and exporting captured data.
Manual https://support.oxts.com/hc/ers/articles/115002433488AVgraph-Onlinemanua
NCOM For decoding and using the NCOM format.
Manual www.oxts.com/Downloads/Support/NCOM Manual and Code

Drivers/ncomman.pdf

A collection of C functions that can be used to decode the binary protocols frc
NCOM C RT.

Code Drivers

www.oxts.com/Downloads/Support/NCOM Manual and Code Drivers/ncomrx

NMEA 0183 NMEA description manual for the NMEA outputs.
Description www.oxts.com/Downloads/Support/NMEA/nmeaman.pdf

NAVsolve
Manual

Explains how to use our peptocessing applicatiomttps://support.oxts.com/hc/e
us/articles/360000225449AVsolve-manual
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RT product family

The RT product family is split intthreedevicetypes(one of which is the RT1003
which has its own manuahvailable to download at support.oxts.goithe other two
productdevice typesre:

1 RT500s (v1)
Fitted with lowercost GNSS receiverd.he RT500 isa dual antenna mode&nd is
GLONASS enabled. 100 Hz and 250 Harsionsare availableAn optionalBeiDou
upgrade is available.

! RT3000s (v3)
Surveygrade GNSS receivers provide highecision position @d velocity
measurements even in high multipath environments. Can be GLOA&BeiDou
enabledThe RT3000 L1 only mode is single antenna only and does not provide RTK
position accuracy. The RT3000 with RTK support is dual anteh@@.Hz and 250 Hz
vergons are availableThe RT3000 is also able to run the OxTS-Rdnge Hunter
feature codefor ADAS testing.

Theoptionscontained within eactlevicetypea r e | i s $pecificaiiom slkeet fi on
onpagel6.

Single antenna

An advanced algorithm in the RT software means most road vehicle customers are able
to use a single antenna system. The Heading lock and Advanced slip features allow RT
devices to maintain an accurate heading while stationary and while driving with low
vehicle dynamics.

Single antenna systems can experience reduced heading accuracyadt) boats or
in low-speed land vehicles.

Dual antenna

Dual antenna systems provide high accuracy heading information and almost constant
heading performance under all conditions.

For aircraft or marine applications, or road vehicle applications osiriction surfaces
(e.g. ice), a dual antenna system is recommended to maintain high accuracy heading.

Advanced processing in the RT allows relock to occur after five seconds of a sky
obstructioni unlike GNSSonly systems which can take several minuteghis time

the RTOs heading wildl not have significa
possi ble because the RT6s own heading is
measurements. Resolution of these ambiguities is what normally taked senetes.
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The heading software in the RT enables significantly better performance and coverage
compared to GNS8nly solutions.

GLONASS

GLONASS capability adds the ability to utilise the Russian satellite constellation
GLONASS aswell as the American constellation GPS. This means an extra 24 satellites
are available for the RT to lock on to and obtain position and velocity updates from.

In open sky conditions, the addition of GLONASS capability is of little benefit as the
GPS sigals are unlikely to be interrupted and full accuracy can be achieved almost 100%
of the time. However, in opemad testing situations there are likely to be bridges, trees,
and tall buildings that can block the view of satellites or cause multipath effecs. In

these situations, GPS and GLONASS receivers are able to maintain 1 cm accurate RTK
positioning mode at times when GBSy receivers are not. They are also able to re
establish RTK lock and resolve its ambiguities after an obstruction faster.

BeiDou

BeiDoucapability adds the ability to utilise the Chinese satellite constellBeddouas

well as the American constellation GPS and Russian constellation GLONASS. This
means an extra 34 satellites are available for the RT to lock on to and obtain position and
velocity updates from.

250 Hz

1. All produds (including the RT1003)ave the optio of coming with a 250 Hz version
of the inertial measurement unit (IMU).

Satellite differential corrections

To improve the positioning accuracy of standard GNSS, two safediged differential
correction services are available. These are SBAS andSIarra

Services such as WAAS and EGNOS, are vadea differential corrections provided for
free. They can provide an accuracy of better than 1 m CEP. WAAS is available in North
America; EGNOS is available in Europe; MSAS is available in Japan; GAGAN is
available in India; SDCM is available in Russia. Other parts of the world are not covered
and cannot use this service.

TerraStar is a subscription service. RT systems that have TerraStar capability include the
necessary hardware to receive corrections ftecessary to payleence fee to activate these
corrections. Capable RT systemill use the TERRASTARD service which can provide better
than 10 cm position accuracy. TerraStar is available on all continents. Marine versions also exist.

Formoreinbr mat i on, s e e Mmterdfwwa.@raatardes website:

Oxiord Tochrical Solute
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Scope of delivery

RT products are supplied complete wikerscablesan Ethernet cable and crossower,
Wi-Fi antennasoftware a calibration certificatea tape measurand aquick start guide

RT5 and RT3008ystem components

Table 2lists all items that are delivered with each standar8@Tand RT3008nodel.

Table 2. Summary of RT500 and RT3000 system components

Description RT500and RT3000

RT5000r RT3000unit
Power cable 77C0002B
14P0038 user cable

Aux user cable

Ethernet cable (crossver)
USB stickwith manual and software
Tape measure

Calibration certificate

2 9 9 9 9 D D D D

Quick start guide

The RT13000productthat is RTK capableequires the correct differential corrections in
order to work to full specification. Differential corrections can be supplied by an RT
BaseS, GPSBase, NTRIP oother suitable differential correction source.

In addition to the components supplied, the user will require a laptop computer or other
logging systen
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Specification

Specifications for RT products can be found able3 andTable4. These specifications are
listed for operation of the system under the following conditions:

1 Afterawarmup peri od of 15openationut esd continuou

1 Opensky environment, free from cover by trees, bridges, buildings or other
obstructions. The vehicle must have remaineapi@n skyfor at least five minutes for
full accuracy.

1 The vehicle must exhibit some motion behaviour. Acceleration of the witenent
directions is required so the Kalman filter can estimate any errors in the sensors.
Without this estimation, some of the specificatidegrade.

1 The distance from the RT measurement point to the primary GNSS antenna must be
known by the systenota precision of five millimetres or better. The vibration of the
system relative to the vehicle cannot allow this to change by more than five
millimetres. The system will estimate this value itself in dynaroiaditions.

1 For dual antenna systems, thetegs must know the relative orientation of the two
antennas to 0.05° or better. The system will estimate this value itself under dynamic
conditions.

1 For single antenna systems, the heading accuracy is only achieved under dynamic
conditions. Undebenign conditions, such as motorway driving, the performance will
degrade. The performance is undefined when stationary for prolonged periods of time.

Optionally, extended measurement ranges covering 3@celeration and 300°/s
angular rate may be requed. The specification using thextended measurement
range sensors can be marginally worse than those tisted

(Oxford Technical Soluti
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Table 3. RT500 and RT3000 specifications

Parameter RT500 vi1 RT3000 v3 RT3000 v3
(Dual L1 only (Dual
antenna) (single antenna)

antenna
Positioning GPS L1 GPS L1 GPS L1, L2
GLONASS GLONASS GLONASSL1,
L1 L1 L2
BeiDoulL1? BeiDou L1, L2t

Position accuracy

2.0 m CEP SPS
1.0 m CEP SBAS
0.5 mCEP DGPS

2.0 m CEP SPS
1.0 m CEP SBAS
0.4 m CEP DGPS

1.5 m CEP SPS
0.6 m CEP SBAS
0.4 m CEP DGPS
0.1 m CEP PPP
0.2mB L1

0.01 m & L1/L2

Velocity accuracy 0.1 km/h RMS 0.1 km/h RMS 0.05 km/h RMS
Roll/pitch 0.05° s 0.05° - 0.03°
Heading 0.15° .8 0.15° k3 0.1° 1s3
Acceleration

T Biasstability 5 g 140 5 g 140 5 g 140
I Linearity 0.01% B 0.01% B 0.01%

i Scale factor 0.1% = 0.1% s 0.1% s

i Range 100 m/8 100 m/8 100 m/$
Angular rate

i Bias 0.01°/s 5 0.01°/s 5 0.01°/s 5

T Scale factor 0.1% - 0.1% 0.1% s

T Range 100°/s 100°/s 100°/s

Track (at 50 km/h) 0.15° & 0.15° s 0.07° s

Slip angle (at 0.25° ks 0.2°1s 0.15°

50 km/h)

Lateral velocity 0.5% I 0.4% I 0.2% Is

Update rate 100 Hz / 250 Hz 100 Hz / 250 Hz 100 Hz / 250 Hz
Input voltagé 10148 V dc 1048 V dc 1048 V dc
Power 12 W 14w 14w
consumption

Dimensions 184 x 120 x 71 mnm 184 x 120 x 71 mnm 184 x 120 x 71 mm
Mass 1.5 kg 1.5 kg 1.5 kg

1 Optional upgrade.

2 To achieve specification, relevant differential corrections from a base station, NTRIP or
TerraStar subscription are required.

3 With two-meter antenna separation. Wider separation will improve accuracy (supports up to
five-meter separation).

4 Voltage rang®f connected devices such as radio modems must be considered.
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Common specifications

Table 4. RT common specifications

Parameter Specification

Calculation 1ms

latency

Operating -40° to 70 °C
temperatureé

Vibration 0.1¢%Hz 5500 Hz
Shock survival 100g, 11 ms
Internal storage 32 GB

Notes on specifications

To achieve full accuracy in refne, the RT products will require appropriate differential
corrections where applicable, either from a base station or with a Terlz8tae.
Alternatively, a RINEX file can be downloaded paosission and used to pegtocess
the data to full accuracy.

For the TerraStar service, at least 30 minutes of -sggrcondition may be required
before full accuracy is achieved. This service can easily achieve this accuracy in airborne
applications.

Thesoilspeci ficati on has boffsetrannosbe sheasuedbyp ar a
the RT, for example position (the offset of the base station cannot be found by the RT

al one) . The ARMSO specification was wused
velocity. For angles and measurements derived from thesangletsb es péci f i c at
used because the mounting of the RT compared to the vehicle gives an offset the RT
cannot measure.

The accuracy of the product will depend on the operating mode of the GNSS. For
example, an RT3@operating without differentlacorrections enabled will have the
specifications of the RTa®O0 L1 only.

Heading accuracy

The heading accuracy that can be achieved by the dual antenna system in tHEARIES in

5is 0.2A 104 per metre of separation in id:¢
these accuracies in static and dynamic comalti Afour-metreseparation is required to

reach the accuracy listed able 5 The maximum recommended separation is five

metres, at which it may be possible to achieve better accuracy than that listed if the
structure isigid, including temperatureariation.

Oxiord Tochrical Solute
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For single antenna systems, the heading is calculated from the inertial measurements.
The accuracies listed fable3 are achievable under dynamic conditions. Undéicsta
conditions the heading accuracy of single antenna systems will degrade.

Nornrideal mounting of the GNSS antennas will reduce the heading accuracy,
particularly for dual antenna systems.

Environmental protection

The RT500and RT3000products are ratet IP65. To achieve IP65 it is necessary to
have connectors fitted to both TNC antenna connectors and to uaensdédiamating
tape over the TNC connectors.

Export control classification number

Export control regulations change, and so the classification number of the RT may also
change. The information presented here was correct when the manual was published.
RT products can fall under two different export control categories depending on the
type of accelerometer fitted internally. The type of accelerometer does not affect the
specification of the product, only the export control classification number (ECCN).
Table5 lists the ECCN for theroducts.

Table 5. ECCN for RT products

Product Serial number ECCN
RT500 7A003d
RT3000 v3 L1 Either 7A003d or 7A103al, see invoice or delivery not
Only or contact support at OxTS. Some products will have

codes that relate to export control on their labels.
EXCT-16 7A003d
EXCT-20 7A103al

RT3000 7A003d
v3
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Conformance notices

The RT complies with the radiated emission limits for 47 CFR 15.109:2010 class A of
Part 15 subpart B of the FCC rules, and with the emission and immunity limits for class
A of EN 55022. These limits are designed to provide reasonable protection against
hamful interference in business, commercial and industrial uses. This equipment
generates, uses and can radiate radio frequency energy and, if not installed and used in
accordance with the instructions, may cause harmful interference to radio
communicationsHowever, there is no guarantee that interference will not occur in a
particular installation. If this equipment does cause harmful interference to radio or
television reception, which can be determined by turning the equipment off and on, the
user is enguraged to try to correct the interference by one or more of the following:

Re-orient or relocate the receivimgtenna.
Increase the separation between the equipment amelcihieer.

The RT incorporates a GNSS receiver. No GNSS receiver will be atsbckosatellites
in the presence of strong RF radiations within 70 MHz of either the L1 GPS frequency
(1575 MHz) or L2 1228 MHz.

The RT conforms to the requirements for CE.

Regulator testing standards

RT500 and RT300@roducts
47 CFR15.109:2010 class A (radiated emissions)

EN 610004 criterion A according to standard EN 301 489008 (2:2009 electrostatic
discharge), 3:2006+A2:2010 radiated immunity);4(2012 electrical fast transients),
(-5:2006 voltage surge) ané(2009 caducted radio frequenggnmunity).

EN 55022:2010 class A according to standard EN 301-143908 (Radiated
electromagnetic emissions) and (condu@snlssions).

EN 55011:2009+A1:2010 class A according to standard EN 301148008 (Radiated
electromagnc emissions).
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Software installation

Included with every RT is &SB stick containing the software package NAVsuite. This
package containseveralpr ogr ams required to take ful

Table 6lists the contents of NAVsuite.

Table 6. NAVsuite components

Icon Software
@ NAVdisplay
@ NAVstart
') NAVconfig

w NAVgraph
% NAVbase

Manuals

w NAVsolve
L\
AN

N\

MY

Description

Used to view reatime data from OXT$roducts via
Ethernet or a serial port. It can also be used to transmit
special commands and replay logged data.

A menu from which you can navigate between OxTS
applications. This opens automatically when you are
connected to a unit.

Used to create, send, and receive configurations from O
products. As configurations vary between products there
no manual for NAVconfig.

Used to download raw data files from the RT and post
process the data. The configuration can be changed al
differential corrections can be applied before the data i
reprocessed. It can export NCOM, XCOM and G/
formats.

Used to graph NCOM, XCOM and RCOM files created i
postprocess. It can display graphs, cursor tables and m
plots and data can be exported in CSV or KML (Google
Earth) format.

Used to configure and manage Base S and GRBase
basestations, which can be used to achieve RTK integer
level position accuracy.

This folder contains PDF versions of relevant OXTS
manuals. Other manuals can be downloaded from the
OXTS website

To install NAVsuite, insert thaJSB stick and runNAVsetup.exe Follow the onscreen
instructions to install the software. By default, the installer creates the program files in
C:\Program Files (86)\OxTS on 64 bit operating systems okREogram File¥OxTS on 32 bit

operatingsystems.

The first time some OXTS applications are run, a firewall warning message similar to that shown
in Figure 1 may be triggered. This isecause the program is attempting to listen for, and
communicate with, OXTS devices on the network. The firewall must be configured to allow

each program to talk on the network, or programs will not work as intended.
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Figure 1. Windows Firewall warning message

@& Windows Security Alert @

@ Windows Firewall has blocked some features of this program

Windows Firewall has blocked some features of Enginuity on all public and private networks.
@ Name: Enginity}
Publisher: Cixford Technical Solutions
Path: C:\program files (x86)\oxts\enginuity.exe

Allow Enginuity to communicate on these networks:
Private networks, such as my home or work network

[ Public netwarks, such as those in airports and coffee shops (not recommended
because these networks often have little or no security)

What are the risks of allowing a program through a firewall?

[ I@3.!'-\”0\.'\! aCcess ] [ Cancel ]

Ensure both Private and Public networks are selected to ensure the software can continue functioning
when moving from one type to another.

Oxiord Tochrical Solute
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Hardware installation

It is essential to install thRT rigidly in the vehicle. The RT should not be able to move

or rotate compared to either GNSS antenna, otherwise the performance will be reduced.
In most circumstances the RT should be mounted directly to the chassis of the vehicle. If
the vehicle experieces high shocks, then vibration mounts may be required.

The RT is compatible with the RStrut product from OXTS to provide a quick and secure
vehicle mounting solution.

Do not install the RT where it is in direct sunlight as, indwatntries, this may cause the
case to exceed the maximum temperature specification.

RT orientation and alignment

The orientation of the RT in the vehicle is normally specified using three consecutive
rotations that r ot adrdnaefranee. TReTorderof the fowtionse hi c | e 6
is heading %-axis rotation), then pitchy{axis rotation), then rollxtaxis rotation). It is

important to get the order of the rotatiausrect.

In the default configuration the RT expectsyitaxis to be pointingight and itsz-axis
pointing down relative to the host vehicle. There are times however when installing an
RT in the default configuration is not possible, for example when using t&tmT The

RT can be mounted at any angle in the vehicle as longeasonfiguration is described

to the RT using NAVconfig. This allows the outputs to be rotated based on the settings
entered to transform the measurements to the vehicle frame.

For ease of usé is best to try and mount the RT so its axes are aligntidtixe vehicle

axes. This saves the offsets having to be measured by the user. If the system must be
mounted misaligned with the vehicle and the user cannot accurately measure the angle
offsets, the RT has some functions to measure these offsets itgelfedtling offset can

be measured if the vehicle has a 1st@ered axleThe ImproveConfigurationwizard in
NAVconfig should be used for thiRoll and pitch offsets can be measured using the
Surface tilt utility in NAVdisplay.

Antenna placement and otiion

For optimal performance it is essential for the GNSS antenna(s) to be mounted where
they have a clear, uninterrupted view of the sky and on a suitable ground plane, such as
the roof of a vehicle. For good multipath rejection the antennas must beedan a

metal surface using the magnetic mounts provided; no additional gap may be used.

The antennas cannot be mounted on-cmmducting materials or near the edges of
conducting materials. If the antennas are to be mounted with no conductor below them
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then different antennas must be used. It is recommended to mount the antennas at least
30 cm from any edge where possible.

For dual antenna systems, the secondary antenna should be mounted in the same
orientation as the primary antenna, as showRigure 2. The antenna baseline should

also be aligned with one of the vehicle axes where possitiler inline or perpendicular

to the vehicleds forward axi s. I n the def
at the front of the vehicle and the secondary antenna should be at the rear.

Figure 2. Dual antenna orientations
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A) The bases of the antennas are parallel, but the cables exit in different direg}idhe. cables

exit in the same direction but the bases of the antennas are not p@jallbe bases of the antennas are
parallel and the cables exit in the same directithis configuration will achieve the bessults.

It is best to mount the two antennas on the top of the vehicle. Although it is possible to
mount one on the roof and one on the bonnet (hood), the multipath reflections from the
windscreen will degradie performance of the system.

Multipath affects dual antenna systems on stationary vehicles more than moving vehicles
and it can lead to heading errors of more than 0.5° RMS if the antennas are mounted
poorly.

It is critical to have the RT mounted seelyrin the vehicle. If the angle of the RT can
change relative to the vehicle, then the dual antenna system will not work correctly. This
is far more critical for dual antenna systems than for single antenna systems. The user
should aim to have no more th@.05° of mounting angle change throughout the testing.

(If the RT is shock mounted then the RT mounting will change by more than 0.05°; this
is acceptable, but the hysteresis of the mounting may not exceed 0.05°

For both single andual antenna systems it is essential that the supplied GNSS antenna
cables are used and not extended, shortened or replaced. This is even more critical for
dual antenna systems and the two antenna cables must be of the same specification. Do
not, for examfe, use a 5 m antenna cable for one antenna and a 15 m antenna cable for
the other. Do not extend the cable, even using special GNSS signal repeaters that are
designed to accurately repeat the GNSS signal. Cable length options are avalable in

and 15 mengths.

Oxiord Tochrical Solute
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Operation

The top labeland LEDs convey some basic information thatsaidnfiguration and
troubleshooting. Once power is applied, the RT requires no further input from the user to
start logging and outputting data.

This section covers some m@mformation required for operation of the RT.
Front panel layout

Figure3 shows the layout of the R300 and RT300@ront panel.Table 7lists the parts
of the front panel labelled iRigure3. For single antennaodels, the secondary
antenna connector is not connected internally.

Figure 3. RT500/RT3000 front panel layout

WiFi =
Power @ (o))

Status

GNSS
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Table 7. RT3000 v3 RT500 v1 front panel descriptions

Label no. Description

1
2

N~ o o~ W

oo

Power LED
Status LED

GNSS LED
User cable main connector
Second user cable connector

Primary GNSS antenna connector
SecondaryGNSS antenneonnector

-Rilantenna connector

LED definitions

The LEDs on the connector panel provide information aboutuhent system state, but it
is not possible for the LEDs to communicate everything the product is capable of measuring.

Instead, they provide a snapshot of the current status and are useftd-fgamte checks
without the need for a portable PC. Thbles below describe the behaviour of each LED.
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Table 8. GNSS LED states

Colour Description
Off GNSS receiver fault (valid only after start-up)
Red flash GNSS receiver is active, but has been unable to determine heading
Red The GMNES has a differential heading lock
Orange The GNSS receiver has a floating (poor) calibrated heading lock
Green The GNSS receiver has an integer (good) calibrated heading lock

Table 9. Status LED states

Colour Description

Off The operating system has not yet booted and the program 1s not yet running. This
occurs at start-up

Red-green flash  The RT1003 1s asleep. Contact OxTS support for further information

Red flash The operating system has booted and the program is running. The GNSS receiver has
not yvet output a valid time, position, or velocity

Red The GNSS receiver has locked-on to satellites and has adjusted its clock to valid time
{the 1PPS output will now be valid). The strapdown navigator is ready to initialise. If
the vehicle is travelling faster than the value set for “Initialisation speed” during
configuration then the strapdown navigator will initialise and the system will become
active. On dual antenna systems the system will initialise once the GNSS receiver has
determined heading, even if the vehicle is stationary or moving slowly

Orange The strapdown navigator has initialised and data is being output, but the system 1s not
real-time yet. It takes 10 seconds for the system to become real-time after start up

Green The strapdown navigator is running and the system is real-time®

a. Inthe current versions of the software the strapdown navigator will not leave green and return to
any other state. This may change in future releases.

Table 10. Power (PWR) states

Description
Off There i1s no power to the system or the system power supply has failed
Green Power is applied to the system
Orange The system 1s powered and Ethernet traffic i1s present
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Coordinate frame conventions

Measurements made by the INS are available in a number of different reference frames
for use in different applications.

IMU frame

The IMU reference frame used by the BRidwn inFigure4), is popular with navigation
systemd where the positiv-axis points forwards, the positieaxis points right and
the positiveZ-axis points down.

When making measurements required in the configuration files, measurements should be
made between the point of interest and the measuremgimt smown inFigure 4. The
axes and measurement origin point are the same for all RT models.
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Figure 4. IMU co-ordinate frame and measurement origin
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Table 1 lists the directions that the axes should point for zero heading, pitch and roll
outputs when the default mounting orientation is used.

Table 11. Direction of axes for zero heading, pitch and roll outputs

Axis Direction Vehicle axis
X North Forward
Y East Right
z Down Down

Once installed, if the RT axes and the vehicle axes are not the same as those listed in
Table 2, they can be aligned by reconfiguring the RT for a different mounting
orientation using the NAVconfig software.
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If the RT-Strut is being used to mount the RT in the vehicle then NAVconfig will have
to be used to configure the orientation or the RT will not work correctly.

OXxTS NED navigation frame

Table 12. OxTS NED navigation frame definition

AXis Description

North The north axis (N) is perpendicular to the gravity vector and in the directiba of
NorthPoleal ong t dudaceear t hds

Eas The east axis (E) is perpendicular to gravity, perpendicular to the north axis a
the eastirection.
Down The down axis (D) is along the gravitgctor.

Figure 5. OXTS NED navigation frame definition

The OxTS navigation frame is attached to the vehicle but does not rotate withdowiexis is
always aligned to the gravity vectandnorth always pointsorth.

Oxford Technical Solutic
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ISO 8855 ENU ediked system

Table 13. ISO 8855 ENU earth-fixed system

AXxis Description

East The east axis (E) is perpendicular to gravity, perpendicular to the north axis and it
the eastlirection.

North The north axis (N) is perpendicular to the gravity vector and in the direction of the
north pole along the earthds surface

Up The up axis (U) is caxial with the gravity vector, and positive in the up direction.

Figure 6. 1SO 8855 ENU earth-fixed system

The ISO eartHixed system is attached to the vehicle but does not rotate with incrtteandeastaxes
are perpendicular to the gravity vector anadth always pointsiorth.

OXTS horizontal frame

The OxTS horizontal frame (sometimes called the level frame) is attached to the vehicle
but does not rotate with the roll and pitch of the vehitletates by the heading of the
vehicle. The definition of the OxTS Horizontal frame is listedatle14 and shown in
Figure?.
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Table 14. OxTS Horizontal frame definition

V(S Description

Forward This is the longitudinal (forward) direction of the vehicle, projected in to the
horizontalplane.

Lateral This is the lateral direction of the vehicle, pointing to the right, projected in
horizontal plane.
Down This is the vertical (down) direction of the vehicle, along the grastjor.

Figure 7. OxTS horizontal frame definition

( hLate ral

Longitudinal

Lateral

o A

Vertical T N

The OxTS horizontal frame is attached to the vehicle. The longitudinal and lateral axes remain parallel to
a horizontal plane. THengitudinala xi s i s al so parallel to the vehicl

ISO 8855 intermediate system

The ISO 8855 intermediate system is attached to the vehicle bt #melY-axis both
remain parallel to the ground plane. Thaxis is also aligned with the vertical projection
of the vehicle heading. The definition of the ISO 8855 intermediate systésteil in
Table15. ISO 8855 intermediate systeand shown irFigure8.
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Figure 8. 1SO 8855 intermediate system

The ISO intermediate system is attached to the vehicle. ThaKY-axes remaimparallel to a
horizontal plane. Thesa xi s i s al so parall el to the vehicleds headi

Table 15. ISO 8855 intermediate system

Axis Description
X This is the forward direction of the vehicle, projected into the horizplaak.
Y This is the lateral direction of the vehicle, pointing to the left, projected in
horizontal plane.
Z This is the vertical direction of the vehicle, pointimg.
OxTSehicldrame

The OXTS vehicle frame is attached to the body of the vehicle. It is related to the INS
through the rotations in the Orientation page of NAVconfig. It can be changed while the
INS is running using the Quick Config tool of NAVdisplay. The definitions of/téacle

frame are listed iTable 6 and shown irFigure9.

Table 16. Vehicle frame definition

AXxis Description
X This is the forward direction of the car.
Y This is the right direction of the car.
Z This is thedown direction of the car.

Revision19M0Z



(oxrs

Figure 9. Vehicle frame definition

The OXTS vehicle frame is attached to the vehicle and rotates with it in all three axesaXisaethains
parallel to the vehakicpbidics hbeadighyg, awdi i e peep¥ndi
vertical plane obymmetry

ISO 8855 vehicle system

The ISO 8855 vehicle system is attached to the body of the vehicle. At reXtaxie
points forwards horizont al ludnalaxsdihe-axis par al
is perpendicular to the longitudinal axis and points left. Z4a&is is orthogonal to the

X- andY-axes. Definitions are listed ifable17 and shown irFigure 0.

Table 17. 1SO 8855 vehicle system

AV(S Description

X This isthe forward direction of the car.
Y This is the left direction of the car.
z This is the up direction of the car.
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Figure 10. ISO 8855 vehicle system

The ISO vehicle frame is attached to the vehicle and rotates with itthredl axes. The 24xis remains
parall el to the vehaxcilse 6psoihnetasditnog,t mehillef tt heendy i s per |
vertical plane of symmetry.

Ethernetonfiguration

To configure the RT for unrestricted datansmission it is necessary to use the Ethernet
connection.The RT 500 and RT3000 v3 also suppiitFi data transmission and the
setup of WFi is covered later in this manudlhe operating system at the heart of the RT
products allows connection to theit via FTP. The use of FTP allows the user to manage
the data logged to the unit; files can be downloaded for reprocessing and deleted to make
space for future files. Configuration files for alternative configurations require FTP to
put the configuratioriles on to the RT. The default username and password are both
flusen.

The RT outputs its data over Etherneting a UDP broadcast. The use of a UDP
broadcast allows everyone on the network to receive the data sent by the RT. The data
rate of the UDP bradcast is 100 Hz or 250 Hz

In order to communicate via Etherrggtch RT is configured with a static IP address that

is shown on the delivery note. If the delivery note is unavailable, the default IP address

normally takes the form 195.0.@,swhere sist he | ast two digits of t
number. The serial number can be found ortdp®f the RT or on the delivery note.

The IP address of the computer being used to communicate with the RT may need to be
changed so it matches the subnet. For examp®,0.0.200 should be available since
this IP address is never used by the RT by default.

To change the IP address of the computer, follow these steps (applies to Windows
Vista/7/810):
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1. Open theXontrol Pandfrom the Startmenu.

2. In category view, seleéNetwork and Internéand therdNetwork and Sharing
Centré

3. SelectChange adapter settir@a the sidegpanel.
4. Rightclick the Ethernebptionand selectPropertieé

5. In the window that opens, navigate the list to fingérnet Protocol Version 4
(TCP/IPv4). Select it and clickPropertieé

6. Inthe TCP/IPv4 Properties windowigurell), selectiJse the following IP
addres@and enter théP address and subnet maskuse.

7. Click ®OKo6whenfinished.

Figure 11. Configuring the computer& IP address for Ethernet data
transmission

Internet Protocol Version 4 (TCP/IPv4) Properties ?
General

‘fou can get IP settings assigned automatically if your network supports
this capability, Otherwise, you need to ask your network administrator
for the appropriate IP settings.

() Obtain an IP address automatically
(@) Uge the following IP address:

IP address: 195, 0 . 0O .200
Subnet mask: 255 ,255.255. 0
Default gateway:

CObtain DNS server address automatically
(@) Use the following DNS server addresses:

Preferred DNS server:

Alternate DNS server:

[ validate settings upon exit Adyanced...

Once the computer is configured the IP addressndR® can be found by running
NAVdisplay software; this will display the IP address of any RT connected.

Note that it is possible to change tReaddress of RT systems. If tHeaddress has been
changed then NAVdisplay should still be able to identify the address that the RT s using
as longas the PC has a valid IP address and this is not the sameRas$ thes .




RT UseManual O O)(TS

Connection detdds Ethernet configuration

The RJ345 connector on the 14C0038ser cable is designed to be connected directly to
a network hub. To extend the cable it is necessary to useliae icoupler. This is two
RJ45 sockets wired together in a straigffmtough configuration. Following the-ime
coupler, a normal, straigttDP Cat 5e cable can be ugedconnect the coupler to the
hub.

The RT can be connected directly to an Ethernet card in a computer. To do this a crossed
in-line coupler must be used. The connections in the crossed coupler are giabtein

18. Note that this is not the normal configuration sold and it may be necéssaodify

an existing coupler tsuit.

Table 18. In-line coupler connections

Socket 1 Straight socket 2 Crossed socket 2
Pin 1 Pin 1 Pin 6
Pin 2 Pin 2 Pin 3
Pin 3 Pin 3 Pin 2
Pin 4 Pin 4 )
Pin5 Pin 5 i
Pin 6 Pin 6 Pin 1
Pin 7 Pin 7 i
Pin 8 Pin 8 )

A typical inrline coupler is shown ifigure12.

Figure 12. In-line RJ-45 coupler
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WiFi configuration

The RT can be configured via a \Wi connectiorusingthe Wi-Fi access point inside the

RT itself. Like Ethernet, the use of FTP via a-fliconnection allows the user to manage

the data logged to the unit; files can be downloaded for reprocessing and deleted to make
space for future files. Configuration files foreatative configurations require FTP to put

the configuration files on to the RT.

The RT outputds data over WFi to each device connected to its access point as a UDP
unicast message.

In order to communicate vM/i-Fi, each RT is configured with a stalP address that is
shown on the delivery note. If the delivery note is unavailable, the default IP address

normally takes the form 195.0.6,swhereai s t he | ast two digit
number. The serial number can be found on the front mdrieé RT or on the delivery
note

Once you are on the same IP range as the RT you can connect to the RT via

Wi-Fi. Vi a your PCO6s network setRTasnhgs you s
aWi-Fi networlkd The RT that you wish to connect to can be identifieddy

serial numberSee Figl4 below.
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Figure 13. Connect to the Wi-Fi module in the RT

ONTS RT SN4DOTY

Wi-Fi settings are configured using NAVconfig and this process is explained
later in this manual.
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