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Multi-GNSS: the systems  2016
From Montenbruck et al 

(2016)
Status: October 2016
4 global systems (GPS, 

GLONASS, BeiDou-3, 
Galileo), 

3 regional systems (QZSS, 
IRNSS, BeiDou-2)

GPS, GLONASS, BeiDou-2 
and IRNSS operational 
with 31, 24, and 9 
satellites, respectively

Galileo, BeiDou-3, QZSS are 
“under construction”

IRNSS is fully deployed, as 
well.
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Multi-GNSS: the systems  2016

>80 GNSS & RNSS
satellites with
different orbit
characteristics (semi-
major axes a, eccent-
ricities e,  
inclinations i) and 
different signals, 
tracking modes.

QZSS and Galileo FOC1 
satellites have elliptic
orbits (e ≈≈≈≈0.075, 
e≈≈≈≈0.16, respectively)
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The MGEX ground-tracking network

Currently, about 170 Multi-GNSS stations track a co mbination of 
Galileo, Beidou, QZSS, in addition to GPS and GLONA SS. QZSS is of 

interest in the Western Pacific and Oceanic regions .
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MGEX Analysis

MGEX Analysis Centers (ACs) and products (orbits, cloc ks, 
coordinates of ground tracking network, Earth rotation 

parameters, intersystem biases)
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MGEX Analysis

Current orbit quality per coordinate, from MGEX comparisons:
GPS: 1-4 cm

GLO: 4-12 cm
Galileo:  4-14 cm

BeiDou: MEO < 20 cm, IGSO: < 30 cm, GEO: < 400 cm
QZSS, Yaw-Steering (YS): < 50 cm, Orbit-Normal mode (ON ): < 160 cm
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MGEX, SLR Validation

SLR is the only independent 
validation technique for 
GNSS- and RNSS-derived 
orbits. All, except the GPS 
satellites, have SLR 
reflectors! Offsets indicate 
orbit model deficiencies! 
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MGEX@CODE

Ultra-Rapid solutions are available four times/day with a latency of 
three hours, rapid solutions once per day with a latency of about 
half a day, final solution once per week with a latency < 1 week, 
MGEX solution once per week, with a latency < 1 week 
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MGEX@CODE

CODE participates as COM Analysis Center in the IGS MGEX  
(Multi-GNSS Experiment and Pilot Project).

COM regularly analyzes five systems, namely 
� GPS, GLONASS, Galileo, Beidou, QZSS 

About 80 satellites and 160 permanent sites of the M GEX 
network contribute to the COM solutions.

COM solutions include satellite orbits, satellite clo ck correction, 
ERPs, inter-system biases

In the long term CODE plans to incorporate all GNSS in to its 
routine solutions.

In the framework of the COM solutions CODE contributes  to 
implementing ``exotic’’ satellite attitude/SRP model s 

Public access to MGEX monitoring results via FTP:
=> ftp://ftp.unibe.ch/aiub/CODE_MGEX/
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MGEX@CODE   

Satellite-fixed Cartesian coordinate system (x,y,z) , unit vector esun
pointing from satellite to Sun is perpendicular to s olar panels 
under Yaw-steering.

QZSS and BeiDou switch to orbit normal (ON) steering  mode, when 
the Sun is close to the satellites’ orbital planes. 

۞

esun
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MGEX@CODE

YawYawYawYaw----SteeringSteeringSteeringSteering SRP (SRP (SRP (SRP (redredredred) ) ) ) isisisis notnotnotnot suffisuffisuffisufficientcientcientcient forforforfor ON modeON modeON modeON mode
Experimental ECOMExperimental ECOMExperimental ECOMExperimental ECOM----NNNN………… modelsmodelsmodelsmodels ((((greengreengreengreen, , , , blueblueblueblue) ) ) ) betterbetterbetterbetter representrepresentrepresentrepresent SRPSRPSRPSRP
Additional Additional Additional Additional ChallengeChallengeChallengeChallenge: : : : switchingswitchingswitchingswitching epochsepochsepochsepochs betweenbetweenbetweenbetween YS and ON YS and ON YS and ON YS and ON areareareare unknownunknownunknownunknown

SLR SLR SLR SLR residualsresidualsresidualsresiduals of QZSof QZSof QZSof QZS----1 1 1 1 withwithwithwith SRP  SRP  SRP  SRP  modelsmodelsmodelsmodels ((((arcarcarcarc----lengthlengthlengthlength 1 1 1 1 daydaydayday) ) ) ) 
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MGEX@swisstopo

swisstopo
� is the national mapping agency of Switzerland, 

responsible for Swiss first order network 
(“Landesvermessung”)

� operates “AGNES”, a multi-purpose GNSS network
� is an Analysis Center of EUREF, the IAG Commission 

establishing the European Reference Frame. 
� and AIUB/CODE closely cooperate in the field of GNSS 

research and applications.
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MGEX@swisstopo
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MGEX@swisstopo: Motivation



International Association of Geodesy
5-Dec-16 16

MGEX@swisstopo
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MGEX@swisstopo
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MGEX@swisstopo
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MGEX@swisstopo
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MGEX@swisstopo
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