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Introduction

• OPUS-Static
• Popular in US
• User submits single, static GPS observation

• Limitations
• GPS-only
• Files decimated to 30 sec logging rate

• Other services available
• AUSPOS – Geoscience Australia
• CSRS-PPP – Natural Resources Canada
• GAPS – University of New Brunswick
• TrimbleRTX – Trimble, Inc.
• And more
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Objectives

1. Compare accuracy of online static GNSS post-processing services
Submit identical data files

2. Investigate accuracy using increased logging rate and addition of GLONASS
Submit 6 variations of data files:
10, 15, 30 second logging rates, each with GPS-only and GPS+GLONASS
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Background on Post-Processing Services
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Relative Positioning vs Precise Point Positioning

• Relative Positioning
• Use differencing to remove errors
• Dependant on active stations
• Believed to be more accurate

• Precise Point Positioning (PPP)
• Only mathematical models to remove errors
• No active stations needed
• Relies on precise satellite ephemerides 
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Summary of Post-Processing Services

*During batch processing, CSRS-PPP decimated our data files that were more than 4 hours in duration to a logging rate of 30 
seconds. However, CSRS-PPP processed our data at a 1 second logging rate if they were uploaded individually. 7

Service 
Name

Positioning 
Technique Satellites Minimum Duration

(Recommended)
Process 

Rate
Orbit 

Source
Solution 
Format

OPUS-S Relative GPS only 2 hours
(4 hours) 30 sec IGS Email, XML

AUSPOS Relative GPS only 1 hour
(6 hours) 30 sec IGS PDF, SINEX

CSRS-PPP PPP GPS, GLONASS None 
( >2 hours)

Down to
1 sec* IGS and NRCan PDF, CSV, SUM, 

POS

GAPS PPP GPS, Galileo, BeiDou None
(2 to 3 hours) 30 sec IGS and NRCan HTML, JPG, 

KML, etc.

TrimbleRTX PPP GPS, GLONASS, 
QZSS, BeiDou

10 min
( >1 hour)

Down to 
10 sec Trimble PDF, XML



Methodology
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Data Source

Gillins, D. and Eddy, M. (2016) 9

• 2014 height mod survey
• 18 marks 
• 10+ hour observations
• 1 second epoch
• GPS and GLONASS

• “True” coordinates
• OPUS-Projects + ADJUST
• Uncertainty at 95% confidence

• 0.4 – 0.5 cm horizontally
• 1.1 – 1.3 cm vertically

• Chosen for analysis
• 6 marks

• 3 minimal multipathing potential
• 3 moderate multipathing potential



Setups
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Moderate
Obstruction

Minimal
Obstruction
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Skyplots

Moderate
Obstruction

Minimal
Obstruction
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Windowed Data and Sample Sizes
Number of windowed files on each mark, organized by observation duration

Mark Duration of Observation
Total

Name 2h 3h 4h 5h 7h 10h

B726 20 12 8 8 4 4 56

GLAS 20 12 8 8 4 4 56

LBCC 35 21 14 14 7 7 98

BICK 50 30 20 20 10 10 140

Y683 30 18 12 12 6 6 84

U727 20 12 8 8 4 4 56

Total 175 105 70 70 35 35 490

Figure Credit to Nick Forfinski



Results
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Evaluating the Results

• Computed HRMS and VRMS for each 
sample on each mark
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Objective 1

• Compare services using identical submissions
• 5 services: OPUS-S, AUSPOS, CSRS-PPP, GAPS, TrimbleRTX

• General takeaway:
• Relative positioning and PPP can perform similarly
• Services converge at 4+ hours

• Problems
• AUSPOS – two 10 hr solutions with huge residuals
• GAPS – files cropped at GPS midnight. No 10 hour session 

solutions available. Unusually large RMS on B726.
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Post-Processing Services Results - HRMS

Moderate
Obstruction

Minimal
Obstruction
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Post-Processing Services Results - VRMS

Moderate
Obstruction

Minimal
Obstruction
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Post- Processing Services  Pooled Samples

VRMS

HRMS
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Objective 2

• Assess impacts of:
• Faster logging rates
• Addition of GLONASS observables in 2 services: 

TrimbleRTX and CSRS-PPP

• General takeaway:
• Faster logging rates marginally improved results
• Addition of GLONASS observables improved results 

significantly

19



Moderate
Obstruction

Minimal
Obstruction
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TrimbleRTX
HRMS – Faster logging rates, GPS+GLONASS



Moderate
Obstruction

Minimal
Obstruction
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TrimbleRTX
VRMS – Faster logging rates, GPS+GLONASS



VRMS

HRMS
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TrimbleRTX
Pooled – Faster logging rates, GPS+GLONASS



Moderate
Obstruction

Minimal
Obstruction
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CSRS-PPP
HRMS – GPS+GLONASS



Moderate
Obstruction

Minimal
Obstruction
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CSRS-PPP
VRMS – GPS+GLONASS



VRMS

HRMS
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CSRS-PPP
Pooled – GPS+GLONASS



Conclusions
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Conclusions

• All services (except GAPS) have relatively similar results
• 5 hours or greater

• Services vary by less than 1 cm
• HRMS and VRMS are similar for minimally and moderately 

obstructed sites
• Limited improvement in HRMS or VRMS with longer durations

• Increased logging rates minimally improved results
• Addition of GLONASS reduced RMS by

• Minimally obstructed
• HRMS – 17.1%
• VRMS – 7.7%

• Moderately obstructed
• HRMS – 36.7%
• VRMS – 8.4% 27



Limitations and Future Work

• All durations tested greater than 2 hours
• All marks in same area
• Only Minimally and Moderately obstructed locations

• Additional services
• JPL-APPS, SCOUT, MagicGNSS

• Additional/other GNSS constellations
• Galileo, BeiDou

• Rapid vs Final ephemerides
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Questions?

Marian Jamieson 
jamiesom@oregonstate.edu

Jamieson, M., & Gillins, D.T., (In Press). Comparative 
Analysis of Online Static GNSS Post-Processing 
Services, ASCE Journal of Surveying Engineering.



Additional Info
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Further Reading

• Paper in press
• Jamieson, M., & Gillins, D.T., (In Press). Comparative Analysis of Online Static GNSS Post-

Processing Services, ASCE Journal of Surveying Engineering.

• Preliminary Study 
• http://gpsworld.com/a-comparison-of-free-gps-online-post-processing-services/
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OPUS-Static
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AUSPOS
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CSRS-PPP
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NOTE: Canadian NAD83 is 
not the same as US NAD83.
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GAPS



TrimbleRTX
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TrimbleRTX
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Raw XML file

Formatted 
XML
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Bias Study
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