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Introduction

e Highly accurate and stable satellite orbit and clock
products are crucial in precise positioning, navigation

and time synchronisation in Global Navigation Satellite

Systems (GNSS).

e International GNSS Service (IGS) provides clock

products in the form of time offsets in reference to

selected ground stations clocks.

e They are delivered individually by different Analysis
Centers (AC).

https://www.esa.int/Applications/Navigation/Galileo_clock_anomalies_under_investigation

2
WROCEAW UNIVERSITY OF ENVIRONMENTAL AND LIFE SCIENCES



|ntrOdUCtion G02 —G04  GO6 —G10 ~G12 —G14 G116 —G18 —G20 —G22 —G26 —G28 —G30 —G32
G03 —G05 —GO09 G111 —G13 —G15 —=G17  G19 G21 —G23 —G27 —G29 —G31

Frequency stability of RB clock (GPS) - 19-25.05.2024

Navigation Clock type
system : 103 s ~ 16 min
» ” 10" 10*s~3h
GPS B, CS 10°s~ 28 h
Galileo RB, PHM
: Group |
GLONASS cS 10712 Blocks IIR (1997-2004) i IIR-M (2005-2009)
BeiDou RB, PHM > . N
S
13 N
RB — Rubidium 10 = _
CS - Cesium
PHM - Passive Hydrogen Maser _ —_—— N
MDEV - Modified Allan Deviation 14| Groupl oy
10 - Blocks IIF (2010-2016) i 111 (2018 - )
-15
10 T T T T T T T T T T T T T T T T T T T T
10° 10° 10* 10°

Averaging Time 1 [s]
3
WROCEAW UNIVERSITY OF ENVIRONMENTAL AND LIFE SCIENCES



Motivation

e There is still lack of unified, combined
multi-GNSS clock products that includes GPS,
GLONASS, Galileo, and BeiDou.

e The purpose of our research is to develop the
multi-GNSS clock product combination for

user applications.

e It would increase the reliability and GLONASS

consistency of multi-GNSS positioning and azss

timing.

https://ggos.org/item/gnss-orbits-clocks/
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Methodolo 7 Helmholtz Centre
4 '//// GFZfor Geosciences
e The combination of orbit and clock products is

conducted by the Satellite Precise Orbit and Clock

Combination (SPOCC) software tool developed at P
GFZ Potsdam.

e Combined products are weighted average of the pgthon

individual AC solutions with weights iteratively
determined based on least-squares variance

component estimation (VCE).

Link to SPOCC page with references:
https://gnss.gfz.de/services/spocc
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SPOCC
Block Diagram
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Analysis Centers taking part in combination

Final AC weights for combination - BeiDou
(19-25.05.2024)

COD: Center for Orbit Determination in Europe ICOD IESAIGFZIGRG IIACIWUM
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|GS: International GNSS Service

IAC: Information and Analysis Cente

JAX: Japan Aerospace Exploration Agency

JPL: Jet Propulsion Laboratory

WUM: Wuhan University 0.0 -
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Clock correction comparison across combination steps

Offset corrections (ns)
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MDEV

MDEYV plots of clock offsets across combinations steps AC - Analysis Center

e Original

MDEV comparison for E15 (GFZ) - 19-25.05.2024
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MDEV

MDEYV plots after clock combination for Galileo
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Frequency stability of PHM clock (Galileo) - 19-25.05.2024
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Frequency stability of PHM clock (Galileo) - 19-25.05.2024
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Conclusions & further steps

|GS products still do not include multi-GNSS orbits and clocks. The clock combination can
increase consistency among satellite products and improve their stability and completeness.

The largest corrections come from Analysis Center alignment, therefore the choice of

@ reference AC is crucial.

The CODE Analysis Center as reference AC significantly improves clock stability in
combinations (instead of selecting AC with median clock value).

Future research will include various weighting strategies for the clock combination and their
impact on Precise Point Positioning (PPP).
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Thank you for your attention!

Jakub Biatas
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@ https://www.researchgate.net/profile/)akub-Bialas-3 https://gnss.gfz.de/services/spocc
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