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@ Trimble.

Trimble’s Role in Geodetic Infrastructure

Provic
Provic

Provic

Provic

e Future Proof CORS receiver
e Modern & Proven Network CORS app.
e Turnkey Solution

e Innovative Positioning

Monumentation
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The Multi-Role GNSS Infrastructure Geodetic Receiver

— Continuously Operating Reference
Station (CORS)

— Mobile Base
— Campaign Receiver
— Scientific Reference Station

— Position Anywhere, Anytime (RTX)

'I




Overview

©Trimble.

Trimble NetR9 GNSS Reference Receiver

* Enhanced Trimble® R-Track™ technology with Dual

Maxwell 6 chipsets

— 440 channels for unmatched tracking in the industry

* Currently tracks GPS, GLONASS, Galileo, Beidou,

QZSS, Onmistar,

—  Chipsets have capacity to handle future signal structures

B Google %) W NetRITANSS - 2013 x

Satellites - Skyplot

270

2013051570400 08Z (UTC)

c 192.168.2.100

Satellites
E"’ Loqgrlnqr _
Receiver Configuration

Position:
Lat: 37 9'29.63187"N
Lon: 1017 42'43.68063"E
Hgt: 453.874 [m]

Type: RTX

Datum: ITRF2008(current)

Position Solution Detail:
Position Dimension: 3D

Position Type: Phase Diff
Motion Info: Static
Augmentation: GPS+GLN+QZSS

RTK Solution: Normal

RTK Init RTX

RTK Mode: Low Latency

RTK Network Mode: Global
Age of Corrections 12.2 [Sec.]
SBAS PRN N/A

Height Mode: Normal

2013-05-15T04:03:12Z (UTC)

_] Receiver Status - Position

Satellites Used:9

GPS(6) 14, 16, 18, 22, 31, 32
GLONASS(2): 7, 11
Qzss(1): 193

Satellites Tracked:21

GPS (7). 14, 16, 18, 22, 30, 31, 32
GLONASS (3): 7, 8, 11

COMPASS (9):1,3,4,5,6,7,8,9,10
QZSS (1) 193

OmnISTAR (1): RTXSA

Receiver Clock:
GPS Week: 1740
GPS Seconds: 273808
Offset: 0.00000 [msec]
Drift: -0.00002 [ppm]

Multi-System Clock Offsets:
Master Clock System: GPS
GLONASS Offset: 404.8 [ns]
GLONASS Drift: 0.001 [ns/s]

Velocity:

East :-0.04 [m/s]

North :-0.02 [m/s]
Up :-0.02 [m/s]

Error Estimates(10):
East: 0.012 [m]
North: 0.009 [m]
Up: 0.034 [m]
Semi Major Axis: 0.013 [m]
Semi Minor Axis: 0.008 [m]
Orientation: 65.259

Dilutions of Precision:
PDOP :25
HDOP : 1.1
VDOP :2.2
TDOP:2.3

@ Trimble,

NetRITANSS
5048K71997
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e ewers News 2 wetss 1
440 440 440

Channels

Data tracking/storage rate 1 Hz 20 Hz 50 Hz
On-board storage size 0GB 4GB 8 GB
GPS L1/L2 signal processing o « o
GPS L2C signal processing e r o
GPS LS signal processing * « o
GLOMASS signal processing * o« o
Galileo signal processing * * o
Compass signal processing X * o
QZ55 signal processing x x o
CMR/CMR+ Input * X ¥
CMR/CMR+ Output b4 4 '
CMRx Input X + o
CMRx Output 2 s s
RTCM Input X “ o
RTCM Output ® / /s
Advanced RTCM Output * o o
Event Marker X s o
NMEA * v "
Bluetooth * s o
External USB Support * o o
RTK x ¥ W
Integrated USE support * s o
Programmatic Interface x x o
Position Monitoring v “ o



& Trimble.
How Trimble Can Assist In Developing

Geodetic Infrastructure In The Region

* Provide Turnkey solution; Design, Built, &
Operate solution.

* Cloud computing platform, and IT & Comm.
consulting.
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Best Practics in GNSS CORS Implementation

> socciy P siatons o Network G process p peiver g

Network the Data

Specify System

» Target Density,
Coverage
Reliability and
Availability

«  Site Quality

*  Equipment
Quality

»  Geodetic
Reference
Frame

* Data Services
Produced

+ DataAccess
Policy

Own Stations

Site Selection
Site
Construction
Equipment
Purchasing
Station Data
Comms

Site
Maintenance
Equipment
Replacement
Cycle

Data Comms
from Network
Stations

Control Centre
Data Archive

Process Network

Copy of
Network

Data
Processing
Production of
Data Streams
Distribution of
Data Streams
Data
Wholesaling
Retailer
Support

Deliver Service

Retail Sale of
Data Products
Marketing
Rover
Equipment
support

End User
Support
Liaison with
User Comms
Providers

Governance

Figure 1: A Model for Describing Organisational Roles in Precise Positioning Services (Source: Higgins

(2008))
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Real Time GNSS Network - Scalable Approach

Single BASE/CORS BASE/CORS Array SparseVRS Network VRS Network
Trnimble NetR9 Trimble Dynamic Control App Trimble SparseVRS Trimble VRS*Net App

BEXZDAEE R K

&N = w G = =

TIC TED TSM TDC sVRS VRS TIM

ATMO

@ a8 § = ﬁ ﬁ B

TRI RTX RTX-PP TNC iSCOPE

TTG

L Software Platform )
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Foundation for Geodetic Framework

& Trimble VRS3Net -Is] x|
File View Help
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Multiple use of GNSS Networks

* GNSS network as reference frame T s e e S

§%
.

* Positioning with cm-accuracy
* Monitoring
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Trimble VRS — Cadastral, engineering, etc..
GPS, GLO, QZSS, Beidou

€ connEcT

Just power up your receiver and
connect to the system.

€) CcoRRECT

Trimble VRS Now delivers
centimetre-accurate corrections
tailored for your geographic location.

€ MEASURE

Complete your project without the
delay of a field base station setup.
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GNSS — Better Seismic Monitoring

Earthquakes

B andusy Lat. PANGA Hos

Source - Unavco

Example of GNSS Derived Displacement - Chilean Quake

Comparison of Seismic and GPS displacements

G5 OSPUCIMENT
Pinon Flats ~180km from epicenter SESMC DSPUCENONT |
Co-located seismic station (PFO)
and GPS station (PIN1)

Displocement [m]

)
X 1002

Time [sec)

Source - Unavco

Example Seismic
System Drop-Out
and Clipping

Source - Unavco

GPS Stations do not clip

H
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GNSS - Water Vapor/TEC/lono
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@ Trimble.

Trimble’s Role in Geodetic Infrastructure

 What technical advice or applications Trimble
can supply to users to manage data in a modern
and ever changing geospatial environment,
especially with respect numerous geodetic
datums / reference systems?

Asia Devastated By Quake, Tsunami
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. Mysremar




7/

£
X
o
=
S
=]
~

7

Trimble RTX Technology

(global)
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& Trimble.

Absolute positioning
ITRF2008

Modeling errors instead of
mitigating them by
differencing

Satellite orbit

Satellite clock

Atmospheric effects

GPS&GLONASS&QZSS
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CenterPoint RTX basics

= e

Residual errors in
differential GNSS

GNSS errors for the GNSS errors for the
rover reference station / VRS

Residual errors in

GNSS algorithms used in Trimble RTX
RTX

GNSS errors for the GNSS errors modeled in
rover RTX stream
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Global Tracking Network

* Tracking network * Control centers

— >100 stations in 53 countries — Munich, Germany
— Trimble NetR5/NetR9 — Ashburn, USA

o Tracking Stations
(~100)




& Trimble.

Trimble CenterPoint RTX™ Service

) www.trimblertx.com

Satellite & Internet coverage worldwide

& Trimble.

—_—

CenterPoint RTX Post Processing Home Post Processing Support Contact Us

WELCOME TO THE TRIMBLE CENTERPOINT RTX POST PROCESSING SERVICE

REGISTER NOW

For Unlimited Access

JAVAD TRE_G3TH DELTA
JPS LEGACY
JPS ODYSSEY

JPS REGENCY

LEICA GR10

LEICA GRX1200+GNSS
LEICA GRX1200GGPRO
LEICA GRX1200PRO
RMG FASA+

TPSE_GGD

TPS GB-1000
TPSHIPER_GD
TPSMNETG3
TPS NET-G3A

216 channels GPS L1L2/ 2C/5, GLO L1/L2, GAL E1/E5A
GPSIGLOMASS dual- or single-frequency receiver, requires external antenna

GPSIGLOMASS dual- or single-frequency receiver, with internal (Legant) flat
groundplane antenna

GPSIGLOMASS dual- or single-frequency receiver, with internal (Regant)
chokering antenna

120 channel GPS L1/L2/L5, GLOMASS, Galileo, Compass receiver
120 channel GPS L1/L2/L5, GLOMASS, Galileo, Compass receiver
14 GPS, 12 GLOMASS L1/L.2, CORS receiver (RTK out standard)
12 channel L1/L2 receiver (RTK out standard)

L1 2+ 2CIL5 GLONASS L1/.2 GALILEO Maxwell-6 ASIC, eth + SBAS, 440
channel

Same as JPS E_GGD: "Legacy E™ 160mm Eurocard-based GPSIGLONASS dual
frequency receiver

Dual-requency GPSIGLONASS

P 01-830401-01 Integrated antenna+receiver

GPSIGLONASSIGalileo 72 channel receiver

GPSIGLOMASSIGalileo 144 channel receiver - Topcon E2G3 GNSS board




©Trimble.

Trimble RTX Positioning Results
Real-time Results - 24 hours, 2D RMS: 1.4 cm

Vert error (cm)

5 Horizrms: 1.4{cm) 95%=1.0 (inches)
Percentiles: 90% 21 95% 24 :
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fﬂ@ RTX - Real Time Engine

'-;‘{' Insertl'l.l'lr'_' l = | | '_'J|1IEI |i:h
| *w* RTX Engine Properties | w—r. S ]
-4 Trimble Pivot Platform = | B i
Eile Miew Help
s H B FQE=HN G 0
Tree ,_.9@" Processing Status ] Filtered Resultz | Chart - 4 p
=§ Last processing time: Z2/10/2012 06:15:17 [GPS Time]; 7 stations; 7 stations are being processed;
- ETé'me;iE:i: ET::::TEEE[‘;’EH Station Code  Status Orbit # Sat A Narth [m] A East [m] £ Height [m] 430 [m]
"i? E phemeris Download [Defaul] O 0304 Paszition O, Realtime 14 0.007 0.013 0.017 0.023
@ Ephemeris Manager [T est] o 0Ns Pasition OF, Realtime 14 not4 -0.005 -0.011 0019
lohasphere Activity [Default] O BGOK Position O, Realtirme 15 -0.001 0.013 n.034 0.036
= Synchronizer [Al] o 0R3 Position OF, Realtime 14 noi4 -0.015 -0.006 0.021
=l RT¥ Engine [RTx3 Moderate] O LAUM Pogition OF Realtime 16 [0.000 0.011 -0.003 nmz2
=4 Integrity Monitor [Moderate] 2 Sing Pazition O, Realtime 17 -0.006 -0.001 0014 0.ms
| = ?5;:1 RT# Engine [RT3 Static) & HOMO Pozition 0K, Realtime 17 -0.003 -0.007 -0.037 0.038
=4 |ntegrity Monitor [Static)
= ;ii, AT+ Engine [R T3 Sudden]
=4 Integrity Monitor [Sudden]
i =, RTX Engine [RTX3]
=4 Inteqgrity Monitor [ nfilkered]
Loading af system configuration "'Default” finished. H a @o@ | ogin: adrin piEd =% 3125 ME @ 220/2012 03:19:07 [Lacal Time]

|

Cancel ‘




Motion detection

@ Trimble.
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Motion detection

RTX-FF Engine [rot kinematic All] | Integrity Menitor [Ret kinematic all] - Displacement Chart 5
= I o B
Station: | Vihel ~| | Refresh |

RT®-PP Engine [rot kinematic All] % Inteagrity Manitar [Rot kinematic all]

0,26 f
[]—— & Morthing
[[]—=— & Easting
0,22 ! [[]—— & Height
(| —=— & 20
0,2 R

[]—= & 3D

0,18

0,24

0,16
0,14
0,12

0,1

0,08

Displacerment Station Wwheal [m]

0,06

0,04

0,02

11:03:04 12:26:24 13:49:44 15:13:04
12:32:52 56 0,296 Local Time (10/10/2012)




@ Trimble.

@ Motion detection

| E—

Synchronizer [A11] 4 RTX Engine [RTX3 Moderate] | Integrity Monitor [Moderate] - Displacement Chart
= o I~

Station: [Wheel v] [ Refreszh ]

RTX Engine [RTX3 Moderate] % Intearity Manitor [Moderate]

0,22

0,28 —— A Maorthing
0,26 —— A Easting
094 —— A Height
' w|—— 42D
—— 0O 3D

0,2
0,18
0,16

0,14
0,12

0,1

Displacemeant Station Wheel [m)]

3

:

!
0,08 :'
0,06 .\'
0,04 f

0,02 W

14:06:24 14:39:44 15:13:04 15:46:24
15:43:47 53 0323 Local Time {10/10/2012)




& Trimble.

RTX-PP service

CenterPoint RTx

Gate

Database

Processors

servers

%



http://www.trimble.com/infrastructure/vrs3net-software.aspx
http://www.trimble.com/infrastructure/trimble-integrity-manager.aspx
http://www.trimble.com/infrastructure/vrs3net-software.aspx

RTX-PP Engine

60 minute expected static accuracy (1 o)
Horizontal 10 mm Vertical 25 mm

24 hour expected static accuracy (1 o)
Horizontal 6 mm Vertical 8 mm

G

@ Trimble.
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Tectonic Plate Monitoring

. [Statinn Data (1]
Station: Ceduna _
Station name Cedunz
Station code CEDU
Last modification time [UTC Time] | 10.09.2012 13:27:07
Reference: ITRF 2005 OPositn
Tyamc/plate Mone \
(Yea r 2000) K -3753472 3680
. i 3912741 0080
Observations: > T
01 01 2012 . 25 10 2012 Welocity X [mivear] -0.041700
° ° ° ° Velocity Y [mivear] 0.000700
\:-."elocit*,r Z [miyear] 0.051100
Reierence time 01.01.2000 00:00
—_— L
- Dbserver } é
Agency Geoscience Australiz
Observer Jens Boshme
General Position |E| A Il'lf -
Station Name:  Ceduna
Station Code:  Cedu Antenna calibration Type calibrated
Station ID: 888
Manufacturer ROGUE
MName ADADIM_T NOME
3 Serial number 194 ALST
2 % Antenna height [m] 0.006
‘ Manufacturer TRIMBLE
MName TRIMELE NETR&

1000 mi
" 2000 km

Imagery ©2012 NASA, TerraMetrics - Terms of Use i
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Tectonic Plate Monitoring
Known position / velocity

IGS Pivot RTX-PP
Position (m) Position (m)

x: -3753472.3680 x: -3753472.3578
y: 3912741.0080 y: 3912741.0027
z: -3347960.7180 z: -3347960.7261
Veloci ty (m /year) Fn>:<_-PP ;gmgwﬁaiau Irhegiby Moritor [Ceduna205] - Displaceenert Cha

x: -0.0417 o T

y: 0.0007

z: 0.0511

1
J|.II|I I\E

ﬁ o7 a : d
M&f\:{,w u%’;#*’g:‘r rf';\rﬁi it ""th“ wﬁwm.r\h ,_“; J:‘Trt{m

MK

-0,03%

0,085

26/12/2011 - 27/10/2012)
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RTX Clients in Trimble Pivot

 |P driven and post processing service
* Independent from a reference station

e Static and kinematic

* Absolute coordinate for monitoring of
your network

S v (Bl Vew tep

o~ Mapa View |
e -ERD Map accuracy: 10 meter * # &/

ree
= 8=
= ez

= Al stations

1090 Jakarta
Baa
Saigtd

[
Cigudego D&k
@ Sukabumi =
LY Reg
s
= deolinggd”
vang!
© ney y
1pureC o h
Soadimo 5
Denpasar
o P—
Indonesia

Coogle i1

'C"cp'rlbc::vﬂ"‘ ‘ i %
O8I d 100 1m Map data ©2012 Tele Allss, Google - lal | IR o i ey W A G T T
PRI 5 [ave| & |5/22/200954511 PMTC Tine)

Saved sysiem corfiguration T es23062005

18 data ©2009 Tele Atias, AND, MasiT, Ewropa Technologes - 9
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RTX Rover

v W o %

L-band Satellite

Data from Stations
via Internet

Oy

NTRIP Caster Commu.nication
Server

%
S
[ S

Cell modem

Orbit, Bias and
Clock Processor
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Trimble CenterPoint RTX™

Orbiting
GNSS Satellites
Geo-stationary
Satellite

(via Satellite)
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Data transmission

Real-time global stream (orbits, clocks, etc.)
GPS, QZSS, and GLONASS
NTRIP/IP and L-Band delivery

New messages based on Trimble CMRx technology
IODE-free
Negligible message inter-dependency

Bandwidth/Resolution/Update rate

600 bps to cover the Americas

1200 bps for global coverage
1 mm resolution for orbits and clocks
2-4 sec update rate



Static Accuracy (clear sky)
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@ Trimble.

B VBS
G2
XP

@ HP

@ RTX
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RTX vs Short baseline RTK

0.05 : : ; j | : : |

004L .............. ............... .............. .............. .............. .............. | * :RTK i

0.03

0.02

0.01

North (m)
o

-0.01

-0.02

-0.03

004k .............. ............... .............. .............. .............. .............. .............. ............... ............. i

005 i i i i | i i i i
-0.05 -0.04 -0.03 -0.02 -0.01 0 001 002 003 004 005

East (m)
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Convergence Runs

Cold Start and outage recovery, 3-min interruptions every hour

Horizontal error {m)

0.3

o
=
n

-
—-

0.05

RTX convergence

........................................................................................................

: : ; : Cold start - 90% |
..... __—Outage recovew-ea%
5 : | : Outage recovery - 90% |:

' i i i i i i . i i i
0 5 10 15 20 25 30 35 40 45 50 55 860

Convergence time after start (min)



Horiz error {cm)

©Trimble.

Position Convergence

Horizontal Error over 1h 10m

F’ercentlles 90% 1.0 95% 1.1 98% 1. 3 99% 1.5 (cm)

Horiz rms. 0.7 (cm)

201

-
h O on

53?000 537900 538800 539700 540600 541500

Time of week [Total Time 1hrs:10mins]

Converged to better than 5 cm over 15 minutes
2D RMS after convergence: 7 mm
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Horizontal Error [m]

0.1

o
o
oo

o
o
o))

©
o
Y

o
o
N

Benefits from QZSS

Convergence Time (95%) out of 1623 Runs

e S _RTX ______________
—RTX+QZSS
| | | i i i
0 25 30 35 40 45 50

Convergence Time [minutes]
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Dynamic Test

 lllinois, US

* 103 minutes

(,ooglc



Horiz delta (cm)

©Trimble.

Dynamic Test Results

10

5 | ; | * Comparing with

* 95% =4.2cm

413600

0 : -
408000 409400 410800 412200
Time of day [Total Time 1hrs:43mins]

i
415000
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RTX vs RTK (land application)

Fosition error{mm)

5 10 15 20 2% 3 * 40 45 50
Tirne(rmin

Mean (mm) 4.7 -4.2 7.8

o (mm) 10.9 5.3 21.0

RMS (mm) 11.9 6.7 22.4
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RTX vs RTK (airborne application)

@ Trimble

Errarfmm)

Pos

. l
0 a0 100 150 200

Tirne(rnin)

Mean (mm) -1.5 5.7 10.1
o (mm) 8.5 8.6 21.2
RMS (mm) 8.6 10.3 23.5
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Post-Processing RTX

Daily results from 31 days in July 2011

1 www.trimblert.com

0.015
B North RMS=3 mm
0.010 B East RMS=3mm L
'g' B Height RMS=5mm
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Static accuracy tests
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GNSS Performance Summary

Method Horizontal Vertical

Convergence
[95%, cm] [95%, cm] [95%]
RTK < 30 km 0.8 + 1ppm 1.5+ 1 ppm <10 sec
VRS < 70 km 0.8 + 0.5 ppm 1.5+ 0.5 ppm <10 sec
Trimble RTX RT 4 7 < 30 min
Trimble RTX PP 1 2 24 hours
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Summary
Future Proof NetR9 CORS receiver

Modern & Proven Trimble PIVOT App
Turnkey Solution
RTX — positioning anywhere, anytime.

Monumentation




