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Objectives and organization
& Objectives

to prove the efficiency of space technigue combinations for computation
of Earth Orientation Parameters and Terrestrial Reference Frames
# technigues used: SLR, DORIS, 6PS, VLBI, LLR
# parameters: polar motion (xp and yp), universal time UTI-UTC,
nutation corrections (every 6 hours) and station positions (every week)
# homogeneous computational framework
(same software used for all individual computations)
# computations made over one year (2002)

# combinations worked out at the level of observations

% Organization
Computations based on GRGS' experience and expertise

A with teams of OCA, CNES, I6N, Noveltis, CLS and Paris’
Observatory

# work started in 2000 with P. Yaya 's PhD (July 2002, 1st)
under direction of N. Capitaine, D. Gambis (Paris’ Obs.) and in
cooperation with CNES team (R. Biancale)
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may be collocated...

—> additional constraints
between networks




Satellite Laser Ranging
OCA/GEMINI : P. Berio & D. Coulot

o Satellites LAGEOS-1 et -2 : 7-day orbital arcs
Hill's empirical modelling for orbital errors on three components
(Radial, Along-track and Across-track)

Station network



Satellite Laser Ranging
LAGEOS-1

-0.77 10-5 m/s along track
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Satellite Laser Ranging
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GPS
CNES/OMP/Noveltis : S. Loyer

o 2-day orbital arcs
oo Strategy
Solar Radiation Pressure :Bar-Sever 2003 for blocks II + 1 scale factor/day
+ ¥Y-bias/day
Atmospheric drag neglected
Undifferenced iono-free observations
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GPS

Average of orbit residuals and processed data per arc
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DORIS

cLS : L. Soudarin
& From Sun 06.01.2002 (GPS week 1148 day O) to Sat 28.12.2002 (GPS week
1198 day 6)

& Arc length: 3.5 days starting on Sunday 0:00 or Wednesday 12:00
(between 1 and 3.5 days in case of orbit correction manoeuvers or data lacks)

& Satellites: SPOT2, SPOT4, TOPEX, SPOT5H (start 16.06.2002 = 6PS week
1171 day 0) and ENVISAT (start 21.07.2002 = GPS week 1176 day 0)

& Reduced parameters: orbit, drag coefficients, solar pressure coefficients,
tropospheric zenital bias, frequency bias, Hill parameters
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DORIS

Average of orbit residuals and processed data per arc

Topex: 106 arcs, residuals rms O0.44 mm/s
18763 measurements (752 rejected)

Envisat: 48 arcs, residuals rms 0.53 mm/s
11174 measurements (1754 rejected)

Spoth: 63 arcs, residuals rms 0.41 mm/s
20929 measurements (4926 rejected)

Spot4: 112 arcs, residuals rms 0.45 mm/s
14719 measurements (1018 rejected)

Spot2: 113 arcs, residuals rms 0.45 mm/s
14273 measurements (892 rejected)
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Session E : sessions dedicated to Earth's rotation
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MNombre de mesures

Différence en metres

Résidus en metres

LLR
Obs. Paris : 6. Francou, CNES : J-C Marty

Only 2 stations: Fort Davis (Texas) and Grasse (France)

30 ] | ] | ] I I | I ]
i W= Histogramme des différences 1
10 —
r—r—|—4_|_l—| P i i i o
-0.06 0.04 0.02 0 0.02 0.04 0.06
Différence en metres
0.04 [ ' g ¥ | ' g 3 8 g '
o 3 %] CP b= % |
0 %o e =] o 45 % o o @ e .
o g ) 8 (=] %
2= o o ad
20.04 5 g o Différence GINS - CAROLL = -
0
O 1 8 [ i I | | | |
0 100 200 300 Rms:
Jours dans I'année ms.
SEr —1 ! - | GINS: 13.4 cm
aal.|— BeramiiNg CAROLL: 13.5 cm

—— Résidus CAROLL

100

Numéro de |"observation



Summary

1- Objectives and organization

2- Observations

4- Results
5- Summary

6- CPP participation



Combination

of observations
Software package

Measures

‘ Physical models ‘ A priori parameters

Continuity
constraints
on EOPs

Minimal constraints
for station positions

Z /o \

Weekly normals

DYNAMO-D

Tie

informatio

)

Weight for
each technique : : :
(based on Egps) Solutions in their TRF
EOPs (6 hours or 1 day)
l Station positions (7 days)

Weekly normals
« 5 techniques »




Minimal constraints (on station positions)
> To minimize global system transformation wrt a priori

for a station i X|2=XI1+T "‘DXl"‘RXl

translations T={ )Y(] / \ Xi

2 scale factor positions = Y,
_ ~ _ ZI.
rotations 0 -R: R J
R = Rz O _Rx
__RY Rx O |

and




Continurty constraints (on EOPs)
> To filter the high frequencies of EOPs

writing between 2 consecutive points :
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- Constraints of 0.2 mas. '
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2000 15100 19200

- Contraints of 0.02 mas ' | |

technigue Xp (mas) Yp (mas) UT (ms) _
LASER 0 181 0 164 0, 020 i
6PS 0,166 0,181 0016 |——F—1 L
DORIS 0 681 0 575 0, 055 1950 Julian Day
VLBI 0,384 0, 452 0,013 —> Relative weighting
is computed by the
COMBI 1J 0, 086 0 081 0,008 ,
Helmert's method of
COMBI 6H 0, 686 0, 669 0015 ap f/’,na/ variance
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Solutions with respect to EOPCO4
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rms Xp Yp UT1 Ref. | Xp/Yp | UT1 || Formal Xp Yp UT1
(mas) | (mas) (ms) IERS | (mas) | (ms) error (mas) | (mas) (ms)
LASER | 0. 146 | 0,131 | 0,019 CSR .40 .01 LASER | 0.056 | 0,053 | 0 004
GPS 0079 | 0083 | 0009 G6FZ .09 .35 GPS 0016 | 0017 | 0001
DORIS | 0706 | 0651 | 0,122 || CNES| 1.5 - DORIS | 0,292 | 0,301 | 0,048
rms | Xp o | urz | (2002solutions) Formal | Xp o | UTI
(mas) | (mas) (ms) 1cm < 3 mas error (mas) | (mas) (ms)
lday | 0075 | 0,070 | 0,010 lday | 0021 | 0,023 | 0,001
1cm & .02 ms
6 hrs | 0442 | 0433 | 0,013 6 hours | 0,129 | 0,129 | 0 002
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Summary

& Combination at the level of observations demonstrated
=> with GINS / DYNAMO software package

% 5 technigues are included
=> [nterest of LLR has still to be evaluated

& Weighting of individual technigues
=> with Helmert's optimal variance method on EOPs only

% Need to apply constraints on parameters
=> continuity constraints on EOPs
=> minimal constraints on site positions

& Nutation corrections still to be checked
=> with VLBI only?
& Processing improvement on going
=> G6PS integer ambiguities, VLBI, tropospheric delay

& Imminent participation to the IERS pilot project of CRCs
=> beginning of 2005
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Corwosd |
Cowavow> ]

Local tie Information

GRGS organization

VLBI GPS SLR LLR DORIS
CNES / Obs. Noveltis OCA CNES / Obs. CLS
Bordeaux Site Coordinates, EOPs Site Coordinates, EOPs, Paris

Site Coord., EOPs, Nut.
Quasar Coord.

Leer [Eizetens Site Coordinates, EOPs,

lunar reflectors

Site Coordintaes, EOPs

!

VLBI weekly
normal
equations
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J

GPS weekly SLR weekly LLR weekly DORIS weekly
normal normal normal normal
equations equations equations equations
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Obs. Paris : weighting and combination of weekly normal equations

Conwwoo>)| A

Combined solution of:

Minimal constraints on stations
Continuity constraints on EOPs

- weekly site positions
-6h /1 day EOPs

-« |

Conversion from DYNAMO format to
SINEX format




Time table

. Schedule objective :

week

>

Observations

Availability of
data

Processing of
individual techniques

Delivering of
weekly normals

 Beginning of processing : early 2005

Inter-technique
Combination

Delivering of
combined normals

» Still some processing improvements expected

* Period of running in from 3 to 6 months probably

* Need of validation and feedback

Validation &
SINEX

Delivering of
SINEX




