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“The Future is Here”
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Solutions
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Manufactures 
Solutions
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GPS the Original “NEXT UTILITY” and My 

Story

• First GPS Satellite Launch – February 22, 1978

• NAVSTAR 1

• 3 more launches that year!

• May 13th, October 7th and

December 11th

• I was working for Boston Survey

Consultants (Later The BSC Group)

as a Rodman/Chainman/Instrument 

Operator-in-Training

• GPS “Hype” was trickling into the  

industry



Early 1980’s Mid 

1990’s

Instruments I Used in My Career

“The Past Predicts the Future” 



Early to Mid 

1990’s

Today

Instruments I Used in My Career

“The Past Predicts the Future” 
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Game Changer #1 – Real Time Kinematic (RTK)

• Important Dates        
• December 8, 1993 GPS Initial Operational Capability (IOC) (DOD/DOT)
• April 27, 1995, GPS Full Operational Capability (FOC) (USAF SPACE CMD)

• Mathematics        Innovation        Technology
• Dr. Benjamin Remondi
• Charlie Trimble
• Javad Ashjaee

• Specifications
• 1 cm + 1 ppm RMS HZ x 2 cm +2 ppm RMS VT
• 6 miles (10 KM) 1990’s
• 12 miles (20 KM) 2000’s



Game Changer #2 –
Real Time Networks 
(RTN’s)

• My Introduction to RTN’s (2000)       

• Grand Junction, CO

• UHF Data Transmission from Multiple 
Reference Stations 

• Helped to find the body of Jennifer 
Blagg at County Landfill (2002)

• Became one of the longest 
operational RTN’s in the Country

• Internet Protocal

• Voids the “Weak Link” of UHF Radio

• Drastically Minimizes PPM Error

• Localized Corrections

• Drawbacks

• Internet Connection Required

• RTK Bridges

• Specific to a Geographical Area



Game Changer #3 –
GNSS



GNSS Constellations
• Global Positioning System (GPS) 

• Global Orbiting Navigation

Satellite System (GLONASS)

• Galileo Satellite Navigation System

• BeiDou 3 (BDS)

• Quasi-Zenith Satellite System (QZSS)

• Indian Regional Navigation

Satellite System (IRNSS)



GNSS

GPS
• US Department of Defense Satellite System

• 31 Current Operational Satellites

• GPS Block III Satellites Continue to be Launched
• First GPS III tracked January 13th, 2020 (SVN 74)

• 10 GPS Block III’s Developed and Manufactured by 

Lockheed Martin, Waterton Canyon, Littleton, CO

• Future: GPS Block IIIF (Follow On), will include 22 SV’s 

being developed by Lockheed Martin

• Discontinuation of Codeless/Semi-Codeless GPS 

Access       (2019 Federal Radionavigation Plan)

• Legacy L1/L2 Receivers – Plan to update

• https://www.gps.gov/technical/codeless/

https://www.gps.gov/technical/codeless/


GNSS
• GPS

• L5 – 1176.45Mhz
• Currently satellites broadcasting 

L5 = 12 IIF’s + 4 Block III’s
• 3rd Carrier Observable
• Positive impact for surveying

• Due to wide bandwidth and 
comparatively longer 
spreading codes, the L5 
signal is giving a high 
processing gain

• Improved Ionospheric 
Modeling

• Will enhance RTK vector 
lengths



GNSS
GPS

• High Precision Benefits
• Ionospheric Errors

• Reduced by Enhanced Ionospheric Modeling

• Combining Signals from at least 2 frequency bands that 

are sufficiently apart from each other

• Traditional L1 at 1575.42 and L2 at 1227.60

• L1C at 1575.42 and L5 at 1176.45





IONOSPHERE MAP/TEC

○ http://www.trimbleionoinfo.com/Images.svc/TEC

http://www.trimbleionoinfo.com/Images.svc/TEC

http://www.trimbleionoinfo.com/Images.svc/TEC
http://www.trimbleionoinfo.com/Images.svc/TEC


GPS Modernization
• Control Segment

• Legacy Accuracy Improvement Initiative

• Completed in 2008

• Expanded monitor stations from 6 to 16

• GPS Intrusion Protection Reinforcement – Nov ‘15

• Operational Control System (OCX)

• Dedicated Monitor Stations

• Improved Cyber Security



No Satellites



75 Degrees North Latitude On the Equator

Additional “Sky Plots”

No

Sat’s



SBAS

Satellite

Based

Augmentation

System



PUBLIC GLOBAL SBAS COVERAGE

WAAS – Wide Area Augmentation

System – FAA

EGNOS – European Navigation Overlay Service –

European Space Agency

GAGAN – GPS Aided Geo Augmented

Navigation/ Indian Government

MSAS – Multi functional Satellite Augmentation 

System - Country of Japan/Civil Aviation Bureau



PRIVATE GLOBAL SBAS SERVICES

** (PPP) Precise Point Positioning  Technology

StarFir
e / 

John 
Deere

TerraSTAR / 
Novatel

Atlas / 
EOS

RTX / Trimble 
Navigation

SmartNet / 
Leica -

Hexagon



TerraStar Correction 
Services / Novatel



WHAT IS TRIMBLE® RTX™

A true global positioning technology

Multi-GNSS positioning system 

Symbiosis with existing RTK technology

Introduced in 2011
Evolution of Infrastructure Pivot Software
Used by Agricultural, Geospatial, Construction

Updated CenterPoint RTX Performance in 2018
+/- 2cm RMS Horizontal Precision!

Trimble RTX (Real-Time eXtended) is a different type of correction technology known as Precise Point 
Positioning (PPP). 



High-accuracy GNSS/GPS positioning - RTK/VRS

Radio Modem

RTK Base station

Cell Tower 

or Internet 

Source

Orbiting

GNSS 

Satellites

VRS Network

1 - 2 cm Horizontal

2 - 3 cm Vertical



High-accuracy GNSS/GPS positioning - xFill

Radio Modem

RTK Base station

Cell Tower 
or Internet 

Source

VRS Network

1-2 cm + Drift Hz
2-3 cm + Drift Vertical
5 mins max

xFill Satellite
Orbiting

GNSS 

Satellites



RTK Base station

High-accuracy GNSS/GPS positioning - RTX

Radio Mode
m

Cell Tower 
or Internet 

Source

VRS Network

2 cm Horizontal (RMS)
5 cm Vertical (RMS)

RTX Satellite
Orbiting

GNSS 

Satellites

In less than a minute!
Keeps getting better!
0.03’HZ x 0.08’VT



High-accuracy GNSS/GPS positioning - RTX



RTX TRACKING NETWORK OF GNSS RECEIVERS

Trimble receivers tracking GPS, GLN, GAL, BDS, QZS



CENTERPOINT RTX REVIEW

Satellite delivered high-accuracy 

GNSS corrections
Global Coverage

● 2 cm (RMS) (< 1 in.) Horizontal

● 5 cm (RMS) (< 2 in.) Vertical

● Convergence < 1 minute in Fast 

Regions, or < 15 minutes elsewhere 

● Delivery via satellite or cellular/IP

● Available globally

RTX Fast RTX standard



NO  BASE 
STATION, 
RTN/VRS OR 
CELL REQUIRED

• RTX Requirements
• Good GNSS visibility
• Good view of the southern sky (where the 

L-band satellites are)
• RTX Compliant GNSS Receiver
• Mission Planning
• Be Careful working around Obstrucations

• Tall Buildings, Canyons and Heavy 
Canopy

Topography, boundary work, stakeout or as-built

Large Boundaries & Asset Mapping, Cadastral Mapping



WHAT DATUM AND COORDINATE SYSTEM IS MY GNSS DATA IN?

31

+

The correction source, along with any transformations taking place, 
determine the datum and coordinate system of the GNSS data

GNSS
Correction 

Source

(Accuracy?)

Transformations

(Accuracy?)

Datum and 
Coordinate System 

of Data

=>



NAD 83 origin

ITRF origin

hNAD83

hITRF

ITRF VS NAD83
LOCALIZATION/CALIBRATION 

OR RTK TO RTX OFFSET 

REQUIRED

Earth’s Surface3.256’

- 2
.3

0
3
’



CenterPoint 

RTX Recent 

Technical 

Enhancements



ENHANCEMENT 1: RTX “FAST” CONUS COVERAGE

Prior to May 5, 2020 Today



Strategic Similarities?
Similarities!!!



RTK VS. RTX — DETERMINING 
COORDINATE SYSTEMS

NAD83(2011) 2010.0 vector dX dY dZ

Local position at base

NAD83(2011) 2010.0
NAD83(2011) 2010.0

RTK position at rover

RTX 
Satellite

ITRF2014 @ Epoch of 

Measurement

automatically transformed to

NAD83(2011) 2010.0

RTX position at rover

ITRF2014 Current Epoch Corrections



ITRF2014 – constant frame, rotating plate

37



NAD83 – rotating frame, constant with plate

38



ITRF2014 to/from NAD83

http://drive.google.com/file/d/1xGWHYa24__eAJUd-vecw_kLtH24bX-o4/view


NORTH 

AMERICAN 

AND 

PACIFIC 

PLATE 

VELOCITIES



DISPLACEMENT MODELS: HTDP 3.2.9

at  https://frontierprecision.com/wp-content/uploads/Trimble-Def-Models.pdf 



Local displacement models



COORDINATE TRANSFORMATIONS
ITRF Global Coordinates

RTX Position
(Xecef, Yecef, Zecef)

ITRF2014 (epoch 2020.37)

Local coordinates

RTK Position
(Xecef, Yecef, Zecef) 

NAD83 2011 (epoch 2010) 

LOCAL coordinates
(Lat.,Long.,Height) 

NAD83 

GRID coordinates
(North, East)

Colorado North 0501

Derived Elevation Via Geoid 

Time Dependent Datum 

Transformation

Fourteen parameter

+ displacement models

(ITRF2014 and local 

displacement)

Static Datum 

Transformations

Molodensky 

Seven Parameter

Multiple Regression

Datum Grid 

RTCM Datum

Projection

& Site Calibration

Standard Projections

Projection Grid

Geoid Models

Ground Coordinates

Snake Grid

Horz.& Vert. adjustments



SURVEY 
REPORT OF RTX 
OBSERVATIONS

Covariance
Matrix



SURVEY 
REPORT OF RTX 
OBSERVATIONS

Covariance
Matrix



RTX / 
OPUS 
FIELD 
TEST

CENTERPOINT RTX / TRIMBLE ACCESS INTERFACE





CENTERPOINT RTX / NGS OPUS TEST







TRIMBLE 
CENTERPOINT 
RTX VS NGS 

OPUS VS VRS 
VS NA TEST



Trimble RTX – My Career, It Would  Have Been GREAT!!

Property Access and Emergencies



Trimble RTX – My Career, It Would  Have Been GREAT!!

CAMP PENDELTON – DEL MAR- Amphibious Assault Vehicles



Trimble RTX – My Career, It Would  Have Been GREAT!!



THANK YOU 
FOR YOUR TIME

AND
ATTENTION!!

Bob Green
Bob@FrontierPrecision.com

303-728-4984


