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ÅReal-time networks in the United States

ÅNGS goals and guidelines for RTNôs

ÅHow will NGS evaluate RTNôs?

1. Current NGS Activities in Support of 

Real-time Networks
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NGS GOALS FOR RTNôs

Å All RTNôs in the U.S. provide coordinates that are consistent with 
the National Spatial Reference System (NSRS)

ïAnd hence with each other é

Å Equipment from different vendors can operate with services from 
different RTNôs to the greatest extent possible

Å Reference stations contained in each RTN meet prescribed criteria 
in terms of stability and data quality

Å Best methods for RTN users may be advanced via future guidelines

Å NGS will promote the use of RTCM 3.x messages via NTRIP
software



NGS SINGLE BASE GUIDELINES
Released Jan 2010

http://www.ngs.noaa.gov/PUBS_LIB/NGSRealTimeUserGuidelines.v1.0
.pdf

WHY?
-LEGACY USERS
-CLOSEST BASE NETWORKS
-AREAS WITHOUT CELL COVERAGE

-APPLICATIONS OPERATING WITH 
SINGLE BASE, E.G., MACHINE 
GUIDANCE, PRECISION 
AGRICULTURE, DEFORMATION 
MODELING, PROJECT BASE 
STATIONS

Download It!



Draft Guidelines ï95% Confidence

Find the application at the bottom and work up



RTN GUIDELINES FOR 
GNSS POSITIONING ï

WILL NOT SPECIFY OR 
DEFINE A STANDARD, BUT 

WILL HELP 
ADMINISTRATORS AND 

USERS TO BE AWARE OF ALL 
THE ISSUES INVOLVED 

WITH THIS NEW 
TECHNOLOGY

60+ CONTRIBUTORS :

ÅNGS ADVISORS
ÅDOT

ÅSTATE GEODETIC 
SURVEYS

ÅGNSS MANUFACTURERS
ÅSRCs

ÅBLM, NPS

Coming Soon!



ñWHAT IS TRUTH?ò
Å HOW ARE STATION COORDINATES COMPUTED? WHEN SHOULD RTN BE 

READJUSTED?

Å ARE THE RTN REFERENCE STATIONS MAINTAINED WITH VELOCITIES? IF 
SO, HOW ARE VELOCITIES COMPUTED?

Å DO OVERLAPPING RTN PRODUCE COMPARABLE COORDINATES?

Å IS THERE SUFFICIENT METADATA TO KNOW THE PRECISION AND/OR 
ACCURACY OF POSITIONS OBTAINED?

Å ĊIS LOCAL PASSIVE MONUMENTATION WITHIN ACCEPTABLE TOLERANCE 

OF THE RTN STATIONS? IF THERE IS SUBSTANTIAL DIFFERENCES, WHAT 
WILL BE HELD AS TRUTH? SHOULD RTN MANAGERS PLACE CHECK 
POSITIONS ON KEY PASSIVE MARKS?

Å THE NATIONAL CORS NETWORK IS THE BASIS OF OUR HORIZONTAL + 
ELLIPSOID HEIGHT TRUTH AND REPRESENTS THE REALIZATION OF THE 
NSRS- AT WHAT ACCURACY ARE THE RTN ALIGNED TO IT ? 



ALL CORS FIXED?

ALL CORS WEIGHTED?

OPUS (Average of 10 days of 24 hour data sets)?

OPUS + HARN?

BEST FIT TO ONE MASTER STATION?

THE NGS RECOMMENDATION : Process at least 10 days of 
GPS data from all RTN stations using a simultaneous 
network adjustment while ñconstrainingò several CORS 
coordinates with weights of 1 cm in each horizontal 
dimension and 2 cm in the vertical dimension. OPUS-
Projects can do this.

REFERENCE STATION COORDINATE DERIVATION:



HOW WILL NGS VALIDATE RTN?

1. TOP DOWN: OPUS POSITIONS ON RTN 
REFERENCE STATIONS AT APPROPRIATE TIME 
INTERVALS COULD PRODUCE GRAPHICS THAT 
WOULD SHOW BIASES AT A GLANCE.  

2. USER UP: PHYSICAL MONUMENTATION 
(PASSIVE MARKS), ESTABLISHED WITH BEST 
TECHNOLOGY, COULD BE USED AS FIDUCIAL 
STATIONS TO HELP THE USER VERIFY THAT RTN 
ARE PRODUCING ACCURATE COORDINATES.  

ñDevelop guidelines for both the administration and use of 
real - time GNSS networks and especially for ensuring that these 
networks are compatible with the NSRS .ò 



#1. Include a sub -network of the RTN into the NGS (National) 
CORS network. This would be three stations if RTN has less than 
30 stations, 10% of RTN with greater than 30 stations. Most 
RTNôs already haveé?

#2. Align all RTN reference stations coordinates to the 
(National) CORS network at 2 -cm horizontal and 4 -cm 
vertical. Againémost haveé?

#3. For each reference station in the RTN, use a version of 
Online Positioning User Service (OPUS) at 
http://www.ngs.noaa.gov/OPUS/ to test for the continued 
consistency of its adopted positional coordinates and velocity 
on a daily(?) basis, and revise the stationôs adopted 
coordinates and/or velocity if the tests reveal a need to do 
so. OPUS-PROJECTS looks promisingé

VALIDATING RTN REFERENCE STATIONS:



2. Height Modernization in Oregon

Gravity Measurements (2007 NGS & ODOT Gravity 
Campaign)

Absolute and relative gravity measurements throughout Oregon

óOPUS Databaseô(publishing GPS observations on 
bench marks)

A grassroots campaign to encourage GPS surveyors to make 4 hour+ 
observations on existing stable benchmarks (NGSIDB)



óOPUS Databaseô(publishing)

ÅCurrently only works with OPUS -Static

Å> 4 hours of data required

ÅFixed height antenna preferred but not required

ïAccurate antenna ARP height required (mm)

ÅOPUS Database is separate database from the 
NGS Integrated Database (IDB)

ÅAntenna model properly identified

ÅOccupations on bench marks highly desired



Correlation between session duration 
and accuracy

4

4 hours is good 

but more time is 

even better!!!



How you can help?

ÅIn order to have a future relative and accurate 
vertical transformation (NAVD 88 to NAVD 
2018?) for Oregon and CONUS the NGS needs 
data from you by obtainingé

ïAccurate ellipsoid heights (<2cm RMS) on 
bench marks all over the state, particularly in 
mountainous locations

ïSubmitting and publishing the data to OPUS 
DB

ÅFollow OPUS DB guidelines for submitting 
GPS observations



Observe Bench Mark with GPS (GNSS)

BM

NAVD(2018?) zero height surface = geoid

16

Technique:

Find bench mark (1 st order) 
preferred 

4+ hour occupation time with GPS 
dual frequency geodetic grade 
receiver

Fixed height (2m) tripod ( quadpod ) 
preferred (NOS/NGS59)

Submit to OPUS for publication into 
the OPUS DB 

Your user name (email address) and 
business name will identify you as 
the submitter



Map of Oregon marks in the OPUS database 

as of Sept. 28, 2010

We have ~8 years to fill in the state



Photos

Suitable bench mark observations

Control station requirements

Stable

Permanent

Unique

Recoverable

Safe



Acceptable, but not 

useful for future 

geoid improvement 

& vertical datum 

transformation use



Where? 

The first 2000 marks
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Åonline positioning user 
service 

OPUS
www.ngs.noaa.gov/OP

US/

Å your 
position

Åyour
GPS data ÅIERS geophysical models

IGS satellite orbits
ITRF reference frames
ÅNGS antenna calibrations
NGS CORS base stations
NGS geodetic toolkit
ÅNGS site information files
UNAVCO teqc conversion

Å(optional)

Åpublish in

NGS
database

Åcalibrated antenna type

Åmark info (optional)

ÅJGE 2008v3

Ågeodetic
data



óOPUS Databaseô

Select óviewô to 

register and retrieve 

datasheets

Select óoptionsô 
to publish to 

database



For occupying an existing BM ïyou will identify 

the mark by PID etc.






