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Co-location in space — motivation

GNSS - SLR - VLBI observations used for ITRF

realization

observations available for
co-location in space

SLR
GNSﬁ @VLBI
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Low Earth Orbiters

Mission Altitude Orbit period | Satellite macro | G | S | Receiver Data
model P | L | type rate
S |R
OSTM/ 1336 km | 6754 s box-wing X | X | Blackjack 0.1 Hz
Jason-2
Grace ~450km | 5724 s box-wing X | X | Blackjack 0.1 Hz
TerraSar-X | 514 km 5755 s cannonball X | X[ IGOR (JPL) | 0.1 Hz
Goce ~250km | ~5200s cannonball X | X | Lagrange 1 Hz
drag free orbit

Other missions:

ATanDEM-X

ATOPEX/Poseidon and Jason-1 (poorly data quality)
ACHAMP (mission ends 2010)
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Precise orbit determination
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kinematic reduced-dynamic dynamic
r(8) = R(&) - (ro (1) +12(8)) ;= —GM% +FtT, 7 Q1 - Qu Py, Py | 7 = —GM:—3+ F(t,7,7,0q, . 02)

AlIUB, Bern
= reduced-dynamic gives best accuracy for LEOs

= kinematic orbit for validation

= 6 Kepler elements, 9 radiation pressure parameters and stochastic pulses every 6
minutes in radial/along/cross direction (a priori sigma of 0.5 - 1072 Sﬂz
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Comparison kinematic — reduced-dynamic orbit

RMS of orbit comp. ETH kin vs. ETH red. dyn. (GraceA) RMS of orbit comp. ETH kin vs. ETH red. dyn. (Jason-2)
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A March 8 to March 18: problems with attitude control A drifts in X-SRF and Y-SRF
bias after IPU reboot

A during this time the maximum number of GPS satellites was lowered to 8 satellite

A Grace System Report, March 2011
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Comparison with external orbit solutions

RMS of orbit comp. GFZ vs. ETH red. dyn. (GraceA) RMS of orbit comp. ESOC vs. ETH red. dyn. (Jason-2)
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OSTM/Jason-2 A difference in modelling non-gravitational forces visible mainly in
along track (e.g. scaling factors for solar radiation pressure)

A Change in GFZ POD parameter setup on November 1, 2011 (Grace System Report,
November 2011)
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Non-gravitational forces

Air drag for GRACE-A
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A Earth radiation pressure (Albedo) Air drag for OSTM/Jason—2
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A satellite orbit height and attitude §’ —1e-09 - _2e-15 g
A satellite surface properties (values for reflection, BT T ~de-15 T
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absorption and emission in visible and infrared light)
A unique modelling for each satellite necessary

A box-wing models describe area and properties of relevant satellite surfaces
A different types of modelling, e.g. CNES, UCL...

A not available for all LEOs (if orbit accuracy on cm level is not critical A cannonball approximation)
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Impact of non-gravitational forces on precise
orbit determination
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Observation of GLONASS o
Satellites at Wettzell

A 30s GNSS data (GPS + GLONASS)
A SLR data for different GLONASS satellites

VLBI measurements on baseline 7211 — 7224 -
(Onsala — Wettzell) planned for the next months

A local survey data from October 2004 available
(used for ITRF solutions)

>\

local survey X [m] Y [m] Z [m]
(10.2004)

WTZR - 8834 -3.8237 -68.2017 15.5178
WTZR - 7224 -40.797 -118.3964 61.3209
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GNSS and SLR processing
VLBI simulation

AGNSS
Aone week, 4 station network

Adatum realization: coordinates of Onsala,
Potsdam and Pecny were fixed

ASLR
AGLONASS orbits and ERPs from CODE
Arange bias estimation

AVLBI
Abaseline Onsala — Wettzell, one day
AGLONASS satellites 106 und 109
Atime per observation 300 seconds
Awhite noise: 3 cm
A simulation of 57 observations

SLR observations at Wettzell for 2013 182-241
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Coordinates X[ecm] | Y[cm] | Z[cm]
repeatability

WTZR (GNSS) 1.98 0.27 1.99
8834 (SLR) 5.59 3.37 3.12
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Coordinates and local ties

_ *Trs% %2c s8g8| T sss
Coordinate results: T4 177 FTT FETL gysd OFF
coordinates 2 [ @
. ] 0 - L I = g 1.0 -
improvements w.r.t. g [ | 3
ITRF2008 and formal 2=t 1 - 505
errors for all 3 sites at 2 X i< e S B
FS Wettzell WTZR 8834 7224 WIZR 8834 7224
GNSS SLR VLEI GNSS SLR VLBI
E°TEEsE =2teg| ¢ 8888 =e§¢E
] ) 8 g o O O O o OI OI o B % - o © © O o o O| o B
Coordinate differences = | | | 2 I I |
vS. local ties (survey 8 0 — =~y I - § o4 -1 11 s '+
2004): g . | - L
. N p
ITRF2008 coordinates & 3
and own solution e XY Z3 X Y Z3D 2 X.¥ 28D XX .Z48D
WTZR - 8834 WTZR - 7224 WTZR - 8834 WTZR - 7224
GNSS - SLR GNSS - VLBI GNSS - SLR GNSS - VLBI

_TDFG Forschergrupp)\
/ Referenzsysteme

Benjamin Mannel | 11.10.2013 | 11




Summary

A Co-location in space as a chance to analyse systematic effects and for
additional combination of space techniques

A LEO precise orbit determination at a level of 1-2 cm possible, non-
gravitational effects should be considered

A first study for GLONASS observations at FS Wettzell A coordinate
accuracy mm/cm; differences to local ties below 1cm

A real VLBI measurements to GLONASS satellites A November 2013
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Thank You for listening

DFG Forschergruppe FOR 1503

N S p a-Time Reference Systems for Monitoring Global Change and
for Precise Navigation in Spac

www.referenzsysteme.de
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SLR validation
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Precise orbit determination

GPst apst
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kinematic reduced-dynamic dynamic
r(8) = R(&) - (ro (1) +12(8)) ;= —GM% +FtT, 7 Q1 - Qu Py, Py | 7 = —GM:—3+ F(t,7,7,0q, . 02)

= reduced-dynamic gives best accuracy for LEOs
= kinematic orbit for validation

= 6 Kepler elements, 9 radiation pressure parameters and stochastic pulses every 6
minutes in radial/along/cross direction (a priori sigma of 0.5 - 1072 Sﬂz
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Impact of non-gravitational forces on precise
orbit determination

Impact of non—-grav forces (Grace-A; 11-001)
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Air drag - Grace-A for 11-300.
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Co-location in space — motivation
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