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POSITIONING TECHNOLOGY-
A CARTOON GRAPH

TECHNOLOGY

YEAR

0.5' SAT IMAGERY,
TERR. LASER 
SCANNING, 0.10' 
AERIAL MAPPING, 
INTERNATIONAL 
NETWORKS, INDOOR 
POSITIONING, 3‐D GIS

GNSS‐ GLONASS, 
GALILEO, 

COMPASS/BEIDOU,

GPS

RTK

RTN

TOTAL STATIONCOMPASS
THEODOLITE

STICKS AND 
STRINGS‐
W.HENNING BORN

GISTHE CHANGE FROM LABOR 
INTENSIVE TO TECHNOLOGY!

“Human knowledge is doubling 
every 10 years. The scientific 
knowledge produced between 
1987 and 1997 is greater than 
that produced in all mankind’s 
history”. 
Michio Kaku- renowned 
theoretical physicist



GPS GROWTH

(Source: University of Washington Olympic Natural Resources Center.) 

2000
1.5 MILLION 
USERS
ECONOMIC 
IMPACT = $6.2 
BILLION

2010
1 BILLION USERS
1 BILLION 
RECEIVERS
ECONOMIC 
IMPACT = $50 
BILLION



ACCESSING THE NSRS VIA ACTIVE STATIONS







NAD 83

ITRF 2000

SILVER SPRING, MD



NAD 83 
VELOCITIES
(GOLD)

ITRF 2000
VELOCITIES
(BLUE)

SANTA CRUZ, CA



combined









How to get better results…
collect more data…





COMMENTS ABOUT RESULTS WITH CORS DATA

• MAJORITY OF TIME YOU ARE LESS THAN 300 KM FROM 
CORS (CONTINENTAL U.S.)

• BASELINE LENGTH HAS LITTLE EFFECT ON POSITIONAL 
ACCURACY
– NO SETUP ERROR OR ANTENNA MEASUREMENT 

BLUNDERS
– < 300 KILOMETERS
– USING NGS’ PAGES SOFTWARE
– PRECISE EPHEMERIS, TROPO MODELS, AND ANTENNA 

PATTERNS

• HORIZONTAL AND VERTICAL SPECIFICATIONS CAN BE 
MET IN ONE 4-HOUR SESSION



PASSIVE MARKS  VS. ACTIVE STATIONS 
CONUNDRUM

1,500,000 MARKS IN THE NGSIDB
1850 NATIONAL CORS
107 RTN
OPUS/CORS POINT (SOON PROJECT) PROCESSING

PASSIVE MARKS GET DISTURBED, DESTROYED, AND CAN 
BE HARD TO RECOVER
EVERYTHING MOVES, BUT WE KNOW WHERE THE 
ANTENNAS ARE 24/7/365.25
GNSS POSITIONING IS GETTING MORE AND MORE 
PRECISE
GNSS POSITIONING CAN EASILY USE OUR NATIONAL 
DATUMS, MAKING GIS FIT TOGETHER AND YIELDING 
HOMOGENEOUS DATA



Disturbed Geodetic Control
Coordinates/Elevations
Questionable!

Destroyed Geodetic Control
No Coordinates/Elevation

Monumented Points
Deterioration

MISSING MARKS-
TYPICAL EXAMPLE



WHEN WAS THE PASSIVE MARK ACCESSED?



EXPANDING GPS MARKETS

GIS INFRASTRUCTURE

MOBILE MAPPING 
SYSTEMS

MACHINE GUIDANCE



• BETTER ORBITS
• MORE TRUE VELOCITIES KNOWN (1200 STATIONS +/- WITH 

>2.5 YEARS OF DATA-OTHERS MODELED WITH HTDP)
• ABSOLUTE ANTENNA CALIBRATIONS
• BROUGHT TO A MORE CURRENT EPOCH (2002 to 2010)
• IMPLEMENTED JULY 2011

MULTI-YEAR CORS SOLUTION (MYCS)
= NAD 83 (2011):

PASSIVE CONTROL ADJUSTMENT TO MYCS:
• ORIGINAL OBSERVATIONS!!
• NO VELOCITIES KNOWN (MODELED ONLY)
• NO RIGOROUS ADJUSTMENT
• 5000 GPS PROJECTS SIMULTANEOUSLY VIA “NETSTAT” TO 

95% CONFIDENCE
• IMPLEMENTED SPRING 2012
• WILL HAVE NETWORK & LOCAL ACCURACIES

http://www.ngs.noaa.gov/web/surveys/NA2011/



• Active sites
1850+

• 1250 used 
in NAD 
83(2011)

CORS 
Network 

continued
growth

RTN AND NGS “FOUNDATION CORS” WILL 
BE THE PRIMARY ACCESS TO THE NSRS



NEW NATIONAL VERTICAL DATUM

•A PURELY GRAVIMETRIC SURFACE
•BASED ON A HIGH RESOLUTION, 1 CM GEOID
FROM GRAV-D PROGRAM

• OBTAINABLE PROJECT ACCURACY TO 2 CM
(ALLOWING FOR GNSS ERROR) 

• ACCESSABILITY: BROUGHT TO A PROJECT SITE 
VIA ACTIVE REFERENCE STATIONS (NATIONAL 
CORS), DENSIFIED TO PROJECT ACCURACY NEEDS. 
(ALTERNATIVE: USE BMs PREVIOUSLY TIED TO THE 
DATUM-CAVEAT EMPTOR)

• ETD: 2022?



IN TEN YEARS…….
• 115+ SATELLITES

• 1.5 DM AUTONOMOUS POSITIONING

• NEW GEOMETRIC DATUM – ITRF ALIGNED GEOCENTER 
BUT PROBABLY FIXED ON NORTH AMERICAN PLATE. 
NSRS ENTIRELY REALIZED BY ACTIVE STATIONS OF THE 
FOUNDATION CORS

• NEW NATIONAL GEOPOTENTIAL DATUM – 1 CM 
GRAVIMETRIC GEOID, ORTHOMETRIC HEIGHT SITE 
CONTROL TO 2 CM RELATIVE TO THE NATIONAL DATUM.

• MORE REMOTE SENSING: 2 - 3 DM SATELLITE 
IMAGERY/MAPPING , MMS

• INDOOR AND UNDERGROUND POSITIONING





WHAT CAN AFFECT THE GPS SIGNAL?
WHAT SHOULD I BE CONCERNED ABOUT WHEN 

COLLECTING DATA?





Antenna
Type A

Antenna
Type B

Different
Phase Patterns

Note that SV elevation and 
varying phase patterns affect 
signal interpretation differently



VARIATION IN THE ELECTRICAL PHASE CENTER

UNITS:
MM

DECLINATION



RELATIVE & ABSOLUTE ANTENNA 
CALIBRATIONS



ANTENNA PHASE CENTER MODEL: ANTEX



MULTIPATH

θ

θ

= EXTRA DISTANCE



ON-LINE DATA 
RETRIEVAL/SUBMISSION:

UFCORS & OPUS





RECEIVER INDEPENDENT EXCHANGE FORMAT:
“RINEX” – A TEXT FILE THAT YOU CAN EDIT

ALL MAJOR GNSS MANUFACTURERS SUPPLY A 
CONVERSION UTILITY TO CONVERT FROM 
THEIR PROPRIETARY FORMATS TO RINEX

Package
C:\Presentations\
INAL REPORT FI

Convert to RINEX.lnk
Adobe Acrobat 

Document



•Submit GPS data to OPUS – www.ngs.noaa.gov/OPUS
•Processed automatically on NGS computers

•OPUS-S (2-48 hours): ties to 3 CORS          or
•OPUS-RS (15 minutes–2 hours): ties to <= 9 CORS

•Solution via email - in minutes
•Fast, easy, consistent access to NSRS

Online Positioning User Service
(OPUS)



THE VALUE OF OPUS SAVED THIS SURVEYOR’S 
LICENSE AND BUSINESS! OPUS ON BENCH MARKS IS 
ALSO VALUABLE TO PLACE ACCURATE POSITIONS ON 
LOCATIONS THAT COULD BE JUST SCALED FROM TOPO 
MAPS. THIS AIDS IN THE MONUMENT’S RECOVERY 
(AND LOCATES THE BENCH MARK ACCURATELY FOR 
INPUT INTO THE GEOID MODELING DONE BY NGS)



NGS WILL PROVIDE A POSITION FOR YOUR 
GPS DATA VIA “OPUS”

ONLINE EXAMPLE?



Is Your OPUS-S Solution Good?

• > 90% observations used
• > 50% ambiguities fixed
• < 3 cm overall RMS

• < 5 cm peak-to-peak 
errors 

• check antenna info

• check ephemeris 
type

…and which CORS were used? … 
resubmit later for better CORS scenario & ephemeris





• 15-minute to 2-hour sessions
• ties to 3 – 9 CORS (< 250km)
• uses RSGPS vs. PAGES software
• P1/P2 code & L1/L2 phase observations
• resolves all ambiguities with LAMBDA
• similar to Real-Time Network computations
• RSGPS solution modes:

–network: solves ambiguities, tropo, iono
– rover: tropo and ion interpolated to rover

• ~10,000 lines of code

OPUS-Rapid Static (OPUS-RS)



OPUS-RS REFERENCE STATION SEARCH ALGORITHM



THE 28 NERRS, BEING ALONG COASTAL REGIONS, 
MIGHT HAVE PROBLEMS USING OPUS-RS!



“#Fixed Ambiguities” replaced by “Quality Indicator”
•average of W-ratio (separation between candidate sets of ambiguities) 
of last 3 epochs
•reported as network mode / rover mode
•look for values > 3 for confidence in solution

NGS OPUS-RS SOLUTION REPORT
USER: william.stone@noaa.gov DATE: October 29, 2007 

RINEX FILE: 1207287x.07o TIME: 14:39:04 UTC 

SOFTWARE: rsgps 1.09 RS11.prl 1.12 START: 2007/10/14  23:27:15 
EPHEMERIS: igr14490.eph [rapid] STOP: 2007/10/15  00:00:15 

NAV FILE: brdc2870.07n OBS USED: 1962 / 2082 : 94%            
ANT   NAME: ASH701975.01A QUALITY IND. 34.21/ 37.91
ARP HEIGHT: 0.0 NORMALIZED RMS: 0.307 

REF FRAME: NAD_83(CORS96)(EPOCH:2002.0000) ITRF00 (EPOCH:2007.78627)  
LAT: 36 2 52.79767 0.008(m) 36 2 52.81498 0.008(m) 

E LON: 252 2 18.45532 0.013(m) 252 2 18.41156 0.013(m) 
W LON: 107 57 41.54468  0.013(m) 107 57 41.58844 0.013(m) 

EL HGT: 1974.304(m) 0.005(m) 1973.396(m) 0.005(m) 
ORTHO HGT: 1995.280(m) 0.026(m) [Geoid03 NAVD88] 

OPUS-RS Output

*



“Overall RMS” replaced by “Normalized RMS”
•unitless quantity, “expected” = 1
•aka standard deviation of unit weight
•if > 1, noisy data somewhere
•typically <1, meaning noise less than expected

NGS OPUS-RS SOLUTION REPORT
USER: william.stone@noaa.gov DATE: October 29, 2007 

RINEX FILE: 1207287x.07o TIME: 14:39:04 UTC 

SOFTWARE: rsgps 1.09 RS11.prl 1.12 START: 2007/10/14  23:27:15 
EPHEMERIS: igr14490.eph [rapid] STOP: 2007/10/15  00:00:15 

NAV FILE: brdc2870.07n OBS USED: 1962 / 2082 : 94%            
ANT   NAME: ASH701975.01A QUALITY IND. 34.21/ 37.91
ARP HEIGHT: 0.0 NORMALIZED RMS: 0.307 

REF FRAME: NAD_83(CORS96)(EPOCH:2002.0000) ITRF00 (EPOCH:2007.78627)  
LAT: 36 2 52.79767 0.008(m) 36 2 52.81498 0.008(m) 

E LON: 252 2 18.45532 0.013(m) 252 2 18.41156 0.013(m) 
W LON: 107 57 41.54468  0.013(m) 107 57 41.58844 0.013(m) 

EL HGT: 1974.304(m) 0.005(m) 1973.396(m) 0.005(m) 
ORTHO HGT: 1995.280(m) 0.026(m) [Geoid03 NAVD88] 

OPUS-RS Output

*



Peak-to-Peak replaced by Est. Standard Deviations
•approximately 95% confidence
•derived from scatter of single baseline solutions 
•formal standard deviations (optimistic) available in Extended Output

NGS OPUS-RS SOLUTION REPORT
USER: william.stone@noaa.gov DATE: October 29, 2007 

RINEX FILE: 1207287x.07o TIME: 14:39:04 UTC 

SOFTWARE: rsgps 1.09 RS11.prl 1.12 START: 2007/10/14  23:27:15 
EPHEMERIS: igr14490.eph [rapid] STOP: 2007/10/15  00:00:15 

NAV FILE: brdc2870.07n OBS USED: 1962 / 2082 : 94%            
ANT   NAME: ASH701975.01A QUALITY IND. 34.21/ 37.91
ARP HEIGHT: 0.0 NORMALIZED RMS: 0.307 

REF FRAME: NAD_83(CORS96)(EPOCH:2002.0000) ITRF00 (EPOCH:2007.78627)  
LAT: 36 2 52.79767 0.008(m) 36 2 52.81498 0.008(m) 

E LON: 252 2 18.45532 0.013(m) 252 2 18.41156 0.013(m) 
W LON: 107 57 41.54468  0.013(m) 107 57 41.58844 0.013(m) 

EL HGT: 1974.304(m) 0.005(m) 1973.396(m) 0.005(m) 
ORTHO HGT: 1995.280(m) 0.026(m) [Geoid03 NAVD88] 

OPUS-RS Output

* *





VARIOUS OPUS SOLUTIONS USING 
“CORB”

Adobe Acrobat 
Document

4/1/12.15M

Adobe Acrobat 
Document

12/1/11.15M

Adobe Acrobat 
Document

12/1/11.1 H

Adobe Acrobat 
Document

3/09/12. 1 H

Adobe Acrobat 
Document

4/1/12.1last RS

Adobe Acrobat 
Document

4/1/12. 1st4 
H

Adobe Acrobat 
Document

4/1/12. 2nd4 
H

Adobe Acrobat 
Document

4/1/12. 2last RS

Adobe Acrobat 
Document

4/1/12. 2last S
4/1/12. 1first RS

Adobe Acrobat 
Document



N E h H
CORB: PUBLISHED 

(OLD) 2060045.533 3598666.726 37.252
"CORB" REFLECTS A PERFECT SCENARIO 

FOR A 
CORB: 8 HOURS AS 

"TRUTH" 2060045.532 3598666.740 37.239 POINT POSITION
SOLUTION D N D E D h NOTES

DAY 92
OPUS-S: 1ST 4 
HOURS 0.000 -0.002 0.005

THESE ARE NOT INDEPENDENT 
OBSERVATIONS

OPUS-S: 2ND 4 
HOURS 0.001 -0.002 -0.011

THEY SHOW DIFFERENCES WITH SLICING 
A PIECE OF 

OPUS-S: 1ST 2 
HOURS -0.005 -0.003 -0.005

THE PIE, AND PROCESSING WITH THE 
TWO PROGRAMS

OPUS-RS: 1ST 2 
HOURS 0.006 -0.007 0.002 "
OPUS -S: LAST 2 
HOURS -0.004 0.003 0.015 "
OPUS-RS: LAST 2 
HOURS 0.004 -0.005 0.011 "
OPUS-RS: 1ST 1 
HOUR 0.009 -0.008 0.008 "
OPUS-RS: LAST 1 
HOUR 0.006 -0.007 -0.009 "
OPUS-RS: 15 
MINUTES 0.009 -0.006 -0.005 "

SOME OPUS COMPARISONS WITH A 
“PERFECT” SITE



DAY 69
OPUS‐S: 9 HOURS ‐0.001 ‐0.004 0.000 THESE ARE NOT INDEPENDENT OBSERVATIONS
OPUS‐S:MID 2 HOURS 0.012 ‐0.010 ‐0.021 THEY SHOW DIFFERENCES WITH SLICING A PIECE OF 
OPUS‐RS: MID 2 HOURS 0.008 ‐0.008 0.000 THE PIE, AND PROCESSING WITH THE TWO PROGRAMS
OPUS‐S: 2 HOURS ‐0.014 0.013 ‐0.003 "
OPUS‐RS: 2 HOURS 0.010 ‐0.009 0.022 "
OPUS‐RS: 1 HOUR 0.010 ‐0.010 0.002 "

2011 DAY 335
OPUS‐RS: 15 MINUTES 0.009 ‐0.008 ‐0.005 THESE ARE NOT INDEPENDENT OBSERVATIONS
OPUS‐RS: 1 HOUR 0.006 ‐0.008 ‐0.017 THEY SHOW DIFFERENCES WITH SLICING A PIECE OF 

THE PIE, AND PROCESSING WITH THE TWO PROGRAMS

COMPARISON WITH 3/9/12  &  12/1/11



ASHTECH 700936E ANTENNA AT CORB



http://www.ngs.noaa.gov/OPUSI/Plots/Gmap/OPUSRS_sigmap.shtml





OPUS –DB: 
CREATE A POINT IN THE NGS OPUS DATABASE

• OBS USED ≥ 70%
• # FIXED AMB ≥ 70%
• OVERALL RMS ≤ 3 cm
• PEAK TO PEAK ≤ 4 cm, 

8 cm ellipsoid
• DESCRIPTION
• PICTURES

http://testwww.ngs.noaa.gov/web/GoogleMaps/RTN/RTN.shtml







OPUS – PROJECTS: 
PROJECT SESSION PROCESSING

VARYING LEVELS OF ACCESS



OPUS - S
• DUAL FREQUENCY DATA
• ≥ 2, ≤48 HOURS DATA
• PAGES ENGINE
• OBS USED > 90%
• # FIXED AMB > 50%
• OVERALL RMS < 3 cm
• PEAK TO PEAK < 5 cm

OPUS - RS
• DUAL FREQUENCY DATA
• ≥ 15 MINUTES, ≤2 HOURS 

DATA
• RSGPS ENGINE
• ≥ 3, ≤ 9 CORS, 250 KM
• OBS USED > 50%
• QUALITY INDICATOR ≥ 3
• NORMALIZED RESIDUAL ≈ 1

• OBS USED ≥ 70%
• # FIXED AMB ≥ 70%
• OVERALL RMS ≤ 3 cm
• PEAK TO PEAK ≤ 4 cm, 8 cm 

ellipsoid
• DESCRIPTION
• PICTURES

OPUS - DB

BLUEBOOKING



USING OPUS-S OR OPUS –RS 
WITH REAL TIME 

POSITIONING FOR SMALL 
PROJECTS






