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This Working Group COL was created in 2009. Its main objective 
is to bring together groups able to perform combinations of space 
geodetic techniques (DORIS, GNSS, SLR and VLBI) at the level of 
observations (similar to the Normal Equation level) searching for an 
optimal strategy to simultaneously solve for geodetic parameters, 
in particular Earth Orientation Parameters, terrestrial and celestial 
reference frames and tropospheric delays. This implies to improve 
the accuracy, the time resolution and the overall consistency of 
the geodetic products derived. 

The activities of the Working Group over 2014 were mainly 
focused to the participation of the French COL/GRGS to the 
ITRF2014 realization. At an internal meeting, the GRGS discussed 
on the strategy to apply at the different levels of analysis: proces-
sing of the individual techniques and the combinations.

•	 Organization of storage space for the normal equations 
delivery

•	 Test on the exchange of binary files between centers
•	 Update on the preparation of the normal equations derived 

from the processing of the individual techniques: VLBI, 
SLR, GPS, DORIS

•	 Update on the adoption of the IERS Conventions for models
•	 Particular point on the construction of DORIS weekly solu-

tions from solutions initially derived over 3.5 days, keeping 
information on satellites for further studies (SAA)

•	 Test period: each technique is required to provide the NEQs 
on the test period of 2009 if possible before the end of 2014 

•	 List of stations to take into account (DOME numbers)
•	 Compatibility of DYNAMO with the file containing the dis-

continuities of station positions and what is the procedure 
for the database management. 

In the beginning of 2014, different GRGS groups involved for each 
technique have made available 12 years (2002 – 2013) of weekly 
normal equations (NEQs) which were then processed at the Paris 
combination center. Table 1 shows the different techniques deli-
vered by the GRGS Analysis Centers and their contribution to this 
campaign. Table 2 shows the parameters to be considered for this 
comparison campaign and their a priori values 

Computation and analysis of 
normal equations derived by 

the GRGS for ITRF2014
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Table 1: Techniques used for combination, GRGS Normal Equations (NEQs) and Parameters

Table 2: Recommended geodetic parameters for the GRGS multi-technique combination
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The daily GNSS NEQs are stacked to generate the weekly NEQs 
with respect to the GPS week numeration. The DORIS NEQs for 
satellites ENVISAT, Jason-1 and 2, SPOT-3, 4 and 5 and by arcs 
of 3.5 days long are stacked without any weighting. The weekly 
SLR and LLR NEQs are stacked using the Helmert weighting 
method. The VLBI NEQs session R1 and R4 are weekly stacked 
with respect to the GPS week numeration.

For each weekly NEQ, tropospheric parameters which do not 
belong to a selection of tied stations and outside the list of recom-
mended parameters are reduced (Table 3).

In order to combine the different geodetic techniques, we need 
to consider the systematic effects of their terrestrial referential 
frame relatively to the a priori TRF. To take into account inconsis-
tencies between techniques, Helmert parameters are introduced, 
i.e translations and scale for satellites systems and scale factor 
for VLBI technique. Station coordinates for each technique are 
transformed into a common reference frame Rc by applying the 
Helmert parameters by the transformation equation:

XTech = XTech_ITRF + A.ΘTech

The station parameters of each technique expressed in the 
ITRF2008 referential frame, XTech_ITRF, are reduced from the nor-
mal equation, the station parameters XTech and systematic effects, 
handled by ΘTech, are kept for estimation. For more details see 
IERS Annual Report for 2012.

NEQs are stacked using the Helmert weighting algorithm. Table 
3 shows for a dedicated week the weighting factors applied to 
the variance.

Table 3: Weighting factor computed by the Helmert 
algorithm for DORIS SLR/LLR and VLBI weekly NEQ 
available – here for GPS week 1514

Technique DORIS SLR/LLR VLBI
Weighting factor 0.0072 1.246 0.043

In order to cancel the influence of EOP measurements outside the 
week processed, we introduce a constraint consisting to force the 
outside EOP to equal to their a priori, or the EOP corrections to 
be null for dates outside the nominal week processed:

d[EOP(tk)] = 0 ± σ with σ very small (0.1mm)

This process is applied on the weekly DORIS, SLR/LLR, and VLBI 
NEQs. GNSS weekly NEQs are not concerned by this process. 

Strategy to prepare the 
normal equations derived 

from the individual 
techniques 

1. Stacking the weekly Normal 
Equations for DORIS, GNSS, SLR, 

LLR, VLBI techniques

2. Reduction of parameters

3. Systematic Effects

Combination of DORIS, 
GNSS, SLR/LLR, VLBI Normal 

Equations
1. Stacking DORIS, SLR/LLR, VLBI 

Normal Equations without GNSS

2. Cancellation of Earth Orientation 
Parameters measurements outside 

the considered week



3.7.2 Working Group on Combination at the Observation Level

IERS Annual Report 2014 133

The sub-daily EOP (sampling 6h) resulting of the weekly stacking 
NEQs DORIS, SLR/LLR and VLBI, are daily linearly constrained 
between 0h to 24h, and then all EOP except those of 12h are 
reduced from the NEQ. DORIS, SLR/LLR, VLBI NEQs provide 
daily EOP at 12h and ready for combination with GNSS NEQ 
containing EOP also at 12h.

DORIS, SLR/LLR, VLBI NEQs are then stacked with the GNSS 
NEQ using unitary weighting factor. This NEQ weekly stacked 
constitutes Normal Equations delivered.

Additional constraints are added to the combined NEQs before 
the inversion, such as the No Net Rotation condition on quasars 
set (NNR), minimal constraints on DORIS, GNSS, SLR and VLBI 
network stations respectively (7 transformation parameters: 3 
Translations, 1 scale factor, and 3 Rotations), stability constraints 
on station coordinates and loose constraints on tropospheric 
parameters.

Preliminary results have been obtained over January 2009. 
They show a good consistency for pole components and for the 
terrestrial frame. The computation of combined Normal Equations 
over the whole period is planned for the year 2015.

D. Gambis, J.-Y. Richard, C. Bizouard, Observ. de Paris/GRGS
R. Biancale, J.-M. Lemoine, CNES/GRGS
A. Pollet, D. Coulot, IGN-LAREG/GRGS
S. Loyer, L. Soudarin, CLS 
F. Deleflie, IMCCE
G. Bourda, A. Bellanger, Observatoire de Bordeaux
M. Seitz, R. Heinkelmann, M. Gerstl, H. Müller, M. Blossfeld, DGFI
R. Schmid, TUM
D. Thaller, M. Mareyen, S. Bachmann, BKG
R. König, D. König, GFZ
T. Springer, D. Svehla, ESA/ESOC
H. Krasna, K. Teke, TUW
C. Sciarretta, ASI/e-GEOS
M. Kudryashova, ORB
F. Lemoine, GSFC

Richard J.-Y., Gambis D., Biancale R., Bizouard C., Handling sys-
tematic effects before combining space techniques at the level 
of normal equations, EGU General Assembly 2013, held 7–12 
April, 2013 in Vienna, Austria, id. EGU2013-7604

Richard J.-Y., Biancale R., Gambis D., Bizouard C., Carlucci T., 
IERS COL-WG Project at GRGS, COL meeting, PARIS, October 
2013

3. Linear constraint on sub-daily 
EOP corrections and reduction to 

1 point per day at 12h

4. Stacking GNSS with combined 
DORIS, SLR/LLR, VLBI Normal 

Equations

5. Combination solutions

Participants in the Working 
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