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Introduction 

About me
ü From Oregon, USA
ü Outdoor enthusiast
ü Oregon State University

- Bachelor of Science (B.S.), Civil Engineering: 2015
- Master of Science (M.Sc.), Geomatics: 2017

ü University of Nottingham
- 2nd Year PhD, Nottingham Geospatial Institute (NGI)
- PhD Title: PPP/RTK algorithm development 
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TREASURE project

ÅTraining, REsearchand Applications network to Support the 
Ultimate Real time high accuracy EGNSS solution

ïhttp://www.treasure-gnss.eu/

ÅA Marie {ƪƱƻŘƻǿǎƪŀ-Curie Actions(MSCA) Innovative 
Training Network(ITN), funded through the European 
Union's Horizon 2020 Research and Innovation Programme.

http://www.treasure-gnss.eu/
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TREASURE project

+ 13 Fellows (Early Stage Researchers ςESRs)
+ 21 Associated partners (Oregon State University, ... )

2017-2020

9 beneficiaries

Lead beneficiary



Aims and objectives:

Å Improve Precise Point Positioning(PPP) user performance 
with the addition of multi-GNSS Galileomeasurements.

Å Incorporate external ionosphereand external troposphere
information in the PPP user model.

ÅMitigate ionospheric scintillationeffects on (multi-GNSS) 
PPP users in collaboration with TREASURE fellows.

ÅStudy effects of new external information on integer 
ambiguity resolution(IAR) for PPP-RTK.

Å Implement new algorithms in commercial softwarethrough 
collaborationwith TREASURE fellows.
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Background

Advantages

ÅAbsolute, cm-level positioningin globalreference frame

Å Ionosphere-free (IF) LC eliminates 1st order ionosphere

Disadvantages

ÅLengthy convergence timewith non-integerambiguities

Å Ionosphere-free combination amplifies measurement noise

ÅExternal network information is required

Precise Point Positioning
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Precise Point Positioning

RTK PPP

Eliminate errors Model errors

Double-differenced Undifferenced

Observation-space State-space

RTK vs PPP

Note: PPP-RTK is mix of both

Background



Background

Å{ŜǇŀǊŀǘŜ άǎǘŀǘŜ-ǎǇŀŎŜέ ƛƴǘƻ network and usercomponents
ï Individual satellite error states estimated by network analysis centers

Precise Point Positioning
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Estimate:
Å Satellite orbits
Å Satellite clocks

Estimate:
Å Coordinates
Å Receiver clock
Å Troposphere
Å Ambiguities

Global Network component Usercomponent

IGS, CODE, CNES

Product 
type

Orbit Accuracy 
[cm]

Clock Accuracy
[cm]

Availability

Broadcast ~100 ~150 Real-time

Ultra-rapid ~5 ~90 Real-time

Final ~2.5 ~2.5 12-18 days

http://www.igs.org/products/data

GPS precise products

http://www.igs.org/products/data
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Constellation status update

Galileo
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Source: Springer GNSS Handbook (2017) chapter 9, pp. 248.

Fully operational next year!



Constellation status update

ÅAccuracy (i.e. product agreement between analysis centers)

Galileo
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Constellation Orbit Accuracy 
[cm]

Clock Accuracy
[cm]

Galileo ~5 ~5-10

GPS ~5 ~3-10

Å26 satellites in orbitcurrently[1]

- (2) Testing, (2) Not available 

Å22 usablesince 11 February 2019[2]

Å12 additional FOC procured[3]

Note: Values from Motenbruck et al., 2018

https://www.gsc-europa.eu/system-status/Constellation-Information
https://www.gsa.europa.eu/newsroom/news/latest-batch-galileo-
satellites-enters-service
ESA Galileo-App-Competition PowerPoint Oct. 16, 2018 

[1]
[2]

[3]

https://www.gsc-europa.eu/system-status/Constellation-Information
https://www.gsa.europa.eu/newsroom/news/latest-batch-galileo-satellites-enters-service


Benefits

ÅAltBOC modulation

ÅSeparate pilot and 
data channels

ÅHigh power 
transmission[1]

ÅFive carrier 
frequencies
E1, E6, E5, E5a, E5b

Galileo
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https://gssc.esa.int/navipedia/index.php/Galileo_Signal_Plan

[1]Steigenberger et al., 2017


