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Satellite Systems for Multi-GNSS

sl Final system
system
GPS 31 MEO 31 MEO
GLONASS 25 MEO 24 MEO
: 3(4) IOV+4(6) 30 MEO
Galileo FOC MEO
BeiDou 5 GEO + 51IGSO + 5 GEO + 3 IGSO +
3(4) MEO 27 MEO
QZSS 1 IGSO 4 1GSO
SUM: /7 124
GEO: Geostationary orbit
[GSO: Inclined geostationary orbit Status: Jan. 2016

MEO: Medium Earth orbit
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MGEX activity at GFZ
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GBM Reprocessing

*Multi-GNSS data reprocessing.
*GNSS systems: GPS, GLONASS, Galileo, BeiDou, QZSS.

*|GS-Rapid like daily solutions with ~ 120 sites, IGS + MGEX
data archives.

Processing settings

Orbit Model: empirical CODE orbit model (5 parameter)
Ambiguity fixing: GPS, GAL, BDS (no GEO)

Antenna PCO/PCV: IGSwwww.atx +BDS (IGSO, MEO from ESA)
Observation model: undifferenced ionosphere-free linear combination
Intersystem-bias setup: GLO per sta/sat-link, GAL/BDS/QZSS per station
Attitude Model: nominal attitude; GEO: yaw-fixed mode; IGSO&MEO

yaw-fixed mode (B<4°); QZSS yaw-fixed mode (§<20°)
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GBM Reprocessing

Two years Multi-GNSS data were reprocessed.
Including 5 systems.
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GBM Reprocessing

Number of stations used for each satellite varies from 10 to 130

700 I' llll ,‘ ; I
600 w
' ' EENNCCEEEEEEENE HECEEEC 100
8,500 é
& 400 . .
3 o
< v ' y 60
@ 300 .
7 TN
o 8 u
()] 200 40
¥ v v
100 : 20
[

e iillil11R111111 NN | INEEERRSEISESIERRRRERDEERD S NRiNRLIRAIRIARENNRNIRERNIEE] 1
FN(’)?LOLONCOC)OFNO’)WNQ’@C)ONQ‘LOOFNO’)?Lf'XOl\COO’O‘—NO’)VLOLOI\m(D‘—NmV'-O(OI\WO)O‘—N‘—‘_NO’)Q'l-OLDNwO)O‘—NO’)ﬁ'LO(OI\wO)O‘—Nmﬁ‘(O
OCOOOO000O TOYIYIYo T (N Nm(")OOOOOOO T T T T (N ANONONON N oole/olele/ o] T T T AN
OOOOOOOOOOOOOOUJUJUJUJUJUJUJ UJOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO”OCKKO:OZDCKD:D:OCOCD:D:K[IOCD:KO:[IIIKO:OC[I

IGS Workshop, 08-12 Feb. 2016, Sydney Australia 8 # weLmnoLtz

Helmholtz Centre ASSOCIATION
PorTsbpAm |



GBM Reprocessing Validation
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GBM Reprocessing Validation

Orbit overlap: difference between 6 hour predicted orbit with
calculated orbit from next day.
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GBM Reprocessing Validation

6 hour Overlap for SAT: G04

Transition from yaw-steering to

Y — 100 . .
Along: e I yaw-fixed should be improved.
Cross: 4.0 cm
Radial: 3.0 cm 6 hour Overlap for SAT: J01
— 53] O N 180
600 Along: 81.0 cm
= Cross: 69.0 cm 160
o Radial: 96.0 cm
£ 20t} 500} — 5[] 140
" -
E : g 400 + 5 120
=y £ q , =
{3 tm 0 300 | 2
e = ‘ -
X o L Ry 1-20
2001 - £\ B : '
oL ———— o o > . .«: ¥ R 140
0 100 200 300 400 500 | 40 :& 4 O 4
DOY since 2014 001 : .f ke o B 1780
oLt — 5 B -80
100 200 300 600
DOY since 2014 001
GFZ
IGS Workshop, 08-12 Feb. 2016, Sydney Australia 11 # neLwnovrz

Helmholtz Centre
PorTsbpAm

| ASSOCIATION



GBM Reprocessing Validation

6 hour Overlap for SAT: R06
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GBM Reprocessing Validation

6 hour Overlap for SAT: E11
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GBM Reprocessing Validation

6 hour Overlap for SAT: C01
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Issue for GEO satellites.
Range correction should be
applied.
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GBM Reprocessing Validation

Orbit is fitted through positions of 2 consecutive days, RMS
of 2-day arc w.r.t. original orbits
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GBM Reprocessing Validation

Satellite Laser Ranging residuals: Independent optic technique
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GBM Reprocessing Validation
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- GBM Reprocessing Validation

SLR reisiduls for SAT: G06
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GBM Reprocessing Validation
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GBM Reprocessing Validation

SLR reisiduls for SAT: C01
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GBU product

GBU: GFZ MGEX Ultra-rapid products
Number of used stations for each satellite varies from 3 to 100.
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GBU product

Orbit differences: GBU (00:00 job, 6 hours prediction part) VS. GBM
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GBU product

Clock differences: GBU (00:00 job, 6 hours prediction part) VS. GBM
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Conclusions and outlooks

o GFZ provides operational Multi-GNSS rapid/ultra-rapid product
including 5 GNSS systems.

e The validation studies show, in GBM product the GPS and GLO

satellites have same accuracy as GFZ offical rapid product.

e For improvement further investigation and implementation of

individual attitude modes and solar pressure models are necessary.

e For comparison the multi-GNSS capable orbit and clock combination

software is required (See Poster by Mathias Fritsche).
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Thank you for your attention
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