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How to become involved in the 
DORIS community?

• Processing DORIS data / Analysis of DORIS data 
• Improving modeling of DORIS / technique development
• Using DORIS products for (geo)science applications
• Hosting a DORIS beacon

Different levels of involvement:
❑ IDS Analysis Centers / IDS Associate Analysis Centers
❑ IDS Working Groups
❑ Research projects (MASTER, PhD, research work…)
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Become an IDS Analysis Center or an 
IDS Associate Analysis Center

• Role of an:
• IDS Analysis Center (AC): it provides at least one of the IDS products on a 

regular basis.
• IDS Associate Analysis Center (AAC): it provides specialized or derived 

products, not necessarily at regular intervals (precise orbits, station positions, 
Earth orientation parameters, ionospheric products, tropospheric delays,…).

• How? By mutual agreement
• Who to contact?
• IDS Analysis Coordinators

Petr Stepanek (Pecny Observatory, Czech Republic)
Hugues Capdeville (CLS, France)

• IDS Central Bureau
Guilhem Moreaux (CLS, France)
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Join an IDS Working Group

• What?
• IDS Working Groups provide expertise on particular topics 

related to the IDS components and on development of 
particular IDS product(s) or service(s) relying on the IDS 
infrastructure.

• Currently active IDS Working Group:
• Near Real Time (NRT) DORIS data
• Chair: Denise Dettmering (DGFI/TUM, Germany)

• Proposed IDS Working Group:
• Geocenter
• Proposed Chair: Alexandre Couhert (CNES, France)
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Few ideas of research topics

a) How to better model radiation impact on USOs. Previously suggested 
by Jean-Michel Lemoine (CLS, France)

b) How to leverage the long time series of data at DORIS sites for long-
term monitoring of climate through development of a troposphere 
product
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Few ideas of research topics

a) How to better model radiation impact on USOs. Previously suggested 
by Jean-Michel Lemoine (CLS, France)

b) How to leverage the long time series of data at DORIS sites for long-
term monitoring of climate through development of a troposphere 
product

c) How to infuse new technology into DORIS system
d) Non-conservative modeling (Solar Radiation Pressure) for DORIS 
satellites

e) Systematic test of improved modeling for ground oscillators using 
connected GNSS receivers

f) Processing phase data in DORIS RINEX files
g) How to use the NRT products of DORIS in an innovative manner

Possible topics for IDS Working Groups or research projects
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Study Particular Topics with IDS collaborators

Improve non-conservative force modelling for DORIS satellites:
• Satellites orbit at low altitude where drag is more important; They have shapes 

that complicate radiation-pressure or atmospheric drag modelling.
• Motivation is better force modelling, but to prevent aliasing into geodetic 

products, but also better POD.

Using GPS Clocks to better model local oscillators (USOs).
• USO behavior on-orbit and perhaps on ground is limiting error source.
• Stepanek et al. (2020, J. Geodesy) showed how using the GPS clock solutions can 

improve the modelling of the DORIS-on-orbit USO for the Sentinel satellites.
• Recently some ground stations have been connected in the same fashion.

Phase processing of DORIS data, as opposed to processing data as Doppler 
data. Closer to raw observable, but is more complex (as a start see Mercier et al., 2010, 
Adv. Space Res.).
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Use DORIS products

DORIS products:
• Coordinates and velocities of IDS tracking stations
• Geocenter and scale of the TRF
• High accuracy ephemerides of DORIS satellites
• Earth Orientation Parameters
• Ionosphere corrections

Applications:
Ø Realization of global accessibility to and improvement of the ITRF
Ø Monitoring deformations of the solid Earth
Ø Monitoring crustal deformation at tide gauges
Ø Monitoring variations in the hydrosphere (sea-level, ice-sheets,…)
Ø Orbit determination for scientific satellites
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What DORIS can observe
L. Soudarin presentation 1 in session 1

1) Tectonic plate parameters
2) Horizontal and vertical velocities of DORIS stations
3) Glacial Isostatic Adjustment
4) Earthquakes, present day ice melt of nearby glaciers, volcanic activity, 
subsidence
5) Contribution to the realization of the ITRF
6) Geocenter motion and scale of the TRF
7) Earth Pole coordinates and estimation of LOD
8) Precise orbits for altimeter missions contributing to determination of the 
Mean Sea Level
9) Contour of the SAA at the altitude of Spot and Jason
10) Vertical Total Electron Content of the Earth’s ionosphere
11) Detection of scintillations
12) Thermosphere perturbations during severe geomagnetic conditions
13) Long time series of tropospheric delays and precipitable water
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What DORIS can observe
L. Soudarin presentation 1 in session 1

1)
2) Horizontal and vertical velocities of DORIS stations
3)
4)

5)
6)
7)
8)

9)
10)
11)
12)
13)

10

From Moreaux 
et al., 2016



What DORIS can observe
L. Soudarin presentation 1 in session 1

1)
2)
3)
4)

5)
6) Geocenter motion 
7)
8)

9)
10)
11)
12)
13)
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Table 9
Estimates of Geocenter Annual Variations From This Study and Independent Results

X Y Z

Solution A (mm) ! (day) A (mm) ! (day) A (mm) ! (day)

GPS+GRACE 0.9 105 3.5 334 — —

SLR L1+L2 (CN) 2.3 61 2.3 317 6.1 41

SLR L1+L2 (CF) 1.7 59 2.7 322 3.6 39

DORIS Jason-2 1.6 13 3.2 322 6.4 18

SLR Jason-2 1.5 21 3.1 302 5.9 21

Note. A ratio = Amplitude ratio; "! = Phase shift; GPS = Global Positioning System;
DORIS = Doppler Orbitography and Radiopositioning Integrated by Satellite; SLR = Satellite Laser
Ranging; CN = center-of-network; CF = center-of-figure.

Comparisons from this study and published results of
other studies are also performed and presented in
Table 9 and Figure 7. The GPS+GRACE solution (3-day
estimates) comes from Haines et al. (2015). For its Z
component, the estimated annual geocenter motion
should be disregarded because of spurious signals at
the GRACE draconitic period (∼ 320 days). The two SLR
Laser Geodynamics Satellite (LAGEOS)-1 and 2 solutions
(30-day estimates) are provided by Ries (2016). The CN
monthly geocenter motion time series is consistent with
the definition of the ITRF2014 origin. In the “CF” monthly
solution, range biases were estimated for all SLR sta-
tions with a “relatively tight” a priori constraint. This
approach has similarities with the one advocated in this
study, except that we demonstrated in subsection 4.2

the necessity to also solve for station heights (DORIS and SLR solutions) without any constraint.

The three independent solutions (GPS + GRACE, SLR L1 + L2 (“CF”), DORIS Jason-2) corroborates to better than
1 mm, the smaller annual geocenter motion (0.9-1.7 mm) along the X axis (despite the uncertainty on the
phase due to the small magnitude of the seasonal oscillations), and higher amplitude (2.7 − 3.5 mm) along

Figure 7. Three-day estimates of GPS + GRACE (Haines et al., 2015; gray), 30-day estimates of SLR LAGEOS-1 and 2 (Ries,
2016) CN (green) and “CF” (orange), 10-day estimates of DORIS (blue) and SLR (red) Jason-2 geocenter coordinates (this
study) sampled at 60-day epochs for clarity. The solid curves are the results of the least squares fit to the geocenter
variations of a bias, drift, and annual periods. DORID = Doppler Orbitography and Radiopositioning Integrated by
Satellite; GPS = Global Positioning System; GRACE = Gravity Recovery and Climate Experiment; SLR = Satellite Laser
Ranging; LAGEOS = Laser Geodynamics Satellite; CN = center-of-network; CF = center-of-figure.

COUHERT ET AL. 10,154

From Couhert 
et al., 2018



What DORIS can observe
L. Soudarin presentation 1 in session 1

1)
2)
3)
4)

5)
6)
7)
8)

9) Contour of the SAA at the altitude of Spot and Jason
10)
11)
12)
13)
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obtained by numerical integration along the orbit of the
satellite according to the differential Eq. (4):

dðaccumulated doseÞ
dt

¼ dose flux

dðcurrent doseÞ
dt

¼ dose flux$ current dose
s

ð4Þ

with:

dose flux ¼ A % dose exposure

In Eqs. (4), dose_ f lux is the dose of radiation received
by the quartz per unit of time, while dose flux$ current dose

s

represents an effective dose rate, i.e. the balance, per unit
of time, between the incoming dose of radiation and the
dose dissipated by the quartz itself. We will see in Section 3
how the parameters A, s, l and ‘‘dose_exposure” have been

adjusted. In order to do so the partial derivatives of Df sat
f sat

with respect to the parameters have had to be numerically
integrated, simultaneously with the numerical integration
of current_dose(t) and accumulated_dose(t) themselves.
An integration time-step of 10 s was found empirically to
be adequate.

3. Data corrective model for Jason-1

3.1. Model parameters for Jason-1 DORIS USO n!2 and n!1

From January 15, 2002 until June 25, 2004,
covering Jason-1 cycles 1 to 90, the second DORIS USO
(USO n!2) was used on Jason-1. The parameters that are
solved for this model are A, s and l (one set for each cycle)
and a map of the SAA ‘‘dose exposure”.

3.1.1. 1! & 1! grid of the SAA at the altitude of Jason-1
The SAA map was determined on a 2! & 2! grid

(approximately 11,000 parameters) using the DORIS data
from 2002 to 2005. This grid was converted to spherical
harmonics, limiting the expansion to degree 60, and con-
verted back to grid points, with a 1! spacing in order to

allow a precise interpolation of the grid by users. The result
is shown in Fig. 1. The ‘‘dose exposure” grid in Fig. 1 is in
dimensionless units. Multiplied by A(t), it gives an upper
bound of the drift rate of Jason-1 frequency on the
2 GHz channel, at any date t and at any location on the
globe. This grid can then be interpreted only in a relative
way. Since the mean value of the grid and the mean value
of the A parameter are correlated one-to-one, an additional
constraint had to be imposed in order to enable solving for
both the grid and the A parameter.

3.1.2. Model parameters for Jason-1 DORIS USO n!2
Fig. 2 displays the time-evolution of the model parame-

ters for DORIS USO n!2. As can be seen in Fig. 2, the state
of DORIS USO n!2 is clearly worsening over time:

' The amplitude factor A increases quasi-linearly from 5
to 36. Converted to Hz/day through the multiplication
by the ‘‘dose exposure” grid, an amplitude factor of 36
represents a drift of more than 50 Hz/day on the
2 GHz band at the center of the SAA (where the maxi-
mum ‘‘dose exposure” coefficient is 1.48).

' The memory effect l and time constant s decrease
strongly; l from 53 to 10%, s from 16 to 7 min; this
means that the flow of protons in and out of oscillator
crystal is progressively becoming easier.

Because some cycles have a high noise level, and in order
to obtain a model that can be predictive, the final model for
DORIS USO n!2 consists of a series of polynomial or
exponential expansions for parameters A, s and l: see
Table 1. They are represented by the blue, dark green
and red curves in Fig. 2.

The final step is to use these parameters to compute the
modelled values of the Jason-1 frequency offsets. As men-
tioned before, this requires the integration of Eq. (4) along
the orbit of the satellite, taking into account the variation
of the model parameters with time. An example in April
2003 of the result of such modelling is shown in Fig. 3,
where the black dots are the pseudo-observations obtained

Fig. 1. Plot of the DORIS derived relative dose exposure in 2002–2005 at 1300 km altitude (dimensionless units).

H. Capdeville et al. / Advances in Space Research 58 (2016) 2628–2650 2631

Fig. 1. Plot of the DORIS derived relative dose exposure 
in 2002-2005 at 1300 km altitude 5.1.3. Determination of the model parameters for SPOT-5

DORIS USO
Here, we consider the SAA grid that is used to deter-

mine the model parameters. For that, we adjusted the
model parameters amplitude A and the memory effect l
(the relaxation time s being set to a value of 40 min) over
two periods. Fig. 19 gives the amplitude (top curve) and

the memory effect (bottom curve) adjusting from January
2006 to December 2008 DORIS data (black curves) and
adjusting from January 2009 to December 2011 DORIS
data (grey curves). These parameters are modelled by a lin-
ear function (Table 3). Fig. 20 shows an example in August
2009 of the SPOT-5 onboard frequency offsets DfSAT
obtained from DORIS data and the modelled values of

Fig. 17. Example of SPOT-5 frequency offsets on 3 days for 7 years [2006–2011].

Fig. 18. Plot of the DORIS derived relative dose exposure in 2009–2011 at the altitude of SPOT-5 (dimensionless units).

2642 H. Capdeville et al. / Advances in Space Research 58 (2016) 2628–2650

Fig. 18. Plot of the DORIS derived relative dose 
exposure in 2009-2011 at the altitude of SPOT-5

From Capdeville et al., 
2016



Attend an IDS meeting

IDS Analysis Working Group meetings:
• On the order of twice per year;
• Focused on analysis issues with data or products;
• Attendees: mostly from ACs, AACs, but all are welcome.

IDS Workshop:
• Bi-annual meeting associated with Ocean Surface 

Topography Science Team Meeting (OSTST);
• Next meeting: March 21-23, 2022, Venice, Italy;
• Most probably hybrid meeting (in-situ + virtual presence).
• See: https://ostst-altimetry-2022.com/

13

https://ostst-altimetry-2022.com/


Participate in the DORIS Special Issue

Previous DORIS Special Issues
• Journal of Geodesy (2006);
• Adv. Space Research (2010, 2016): Associated with ITRF2008, ITRF2014.
============================================

“New Results from DORIS for Science and Society”
Special Issue Adv. Space Research.
Nominal Submission deadline January 31, 2022.
Co-editors: 

Denise Dettmering (DGFI/TUM, Germany)
Ernst J.O. Schrama (TU Delft, Netherlands)

https://cosparhq.cnes.fr/assets/uploads/2021/05/DORIS-announcement.pdf
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Create your own DORIS mission

• Advent of Cubesat technology → easier to develop own mission. 
Open possibilities to exploit the DORIS network for:
• Various studies, e.g. time transfer (as in T2L2);
• Ionosphere (as in Bernhardt et al., 2006);
• Test-bed for new technology (new types of frequency 

oscillators).
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• Mid-2000’s: development of the CITRIS receiver 
by the US Navy Research Lab to use the DORIS 
beacons to monitor ionosphere scintillations.

Bernhardt et al. “Ionospheric applications of the scintillation 
and tomography receiver in space (CITRIS) mission when 
used with the DORIS radio beacon network”. J Geodesy 80,
473–485 (2006). See Fig. 1

474 P. A. Bernhardt et al.

Fig. 1 Major ionospheric propagation effects on space-to-ground links
(Adapted from Davies 1990)

Geostationary beacon transmissions to ground permit the
recording of temporal variations in the ionosphere at a fixed
ground longitude. The global navigation satellite systems
(GNSS), consisting of the current Global Positioning System
(GPS), Global Navigation Satellite System (GLONASS), and
future Galileo satellites, are placed in MEO near 20,000 km
altitude with about a 12-h period. Ionospheric measurements
made with these satellites have both spatial and temporal
variations. With the presence of over 30 GNSS satellites,
ionospheric data are provided in abundance with networks
of ground-based receivers (e.g., Saito et al. 1998; Mannucci
et al. 1998; Garcia-Fernandez 2005).

Many new applications of GNSS beacons employ receiv-
ers in LEO. The space-based receivers are used in limb-scan-
ning occultation geometry for ionospheric layer profiling,
which was first demonstrated with the GPS/MET satellite
(Ware et al. 1996; Hajj and Romans 1998; Schreiner et al.
1999). GPS occultation receivers have been included on the
Orsted, Sunsat, Satellite de Aplicaciones Cientifico-C
(SAC-C), Challenging Minisatellite Payload (CHAMP),
PICOSat (with the Ionospheric Occultation Experiment, -
IOX), and the six Constellation Observing System for Mete-
orology, Ionosphere and Climate (COSMIC) satellites (Lee
et al. 2001).

Moving down in altitude to LEO, integrated electron den-
sity or total electron content (TEC) has been monitored with
altitudes less than 1,500 km for almost 50 years. The first
LEO beacon study used the first Sputnik in 1957 (Bohill
1958; Garriott 1960). Ionospheric TEC was measured using
the transmissions from the US Navy Navigation Satellites
(NNSS or TRANSIT) and Russian equivalent (CICADA)
satellites (Leitinger et al. 1984). Following the concept first
proposed by Austen et al. (1988), LEO beacon satellites com-
bined with chains of ground receivers have been used for
ionospheric imaging based on computerized ionospheric
tomography (CIT). CIT algorithms have been discussed by a
number of sources including the journal edited by Na (1994),
the book by Kunitsyn and Tereshchenko (2003), and the
review by Pryse (2003).

Bernhardt et al. (1998) described combining radio
beacons with other satellite instruments to improve the elec-
tron density images recovered from CIT. The instruments
that augment space-to-ground TEC measurements for CIT
include (1) in situ plasma probes, (2) extreme ultraviolet
(EUV) detectors, and (3) GPS occultation receivers. Finally,
beacons on sounding rockets have provided TEC along prop-
agation paths from the rocket to ground receivers (Bernhardt
et al. 1993). The first application of rocket beacon data to
ionospheric tomography was presented by Bernhardt et al.
(2005).

Multi-frequency radio beacons in LEO have also been
used to detect regions of ionospheric irregularities respon-
sible for radio scintillations. This technique was first em-
ployed by Yeh and Swenson (1959) to observe fluctuations
of radio signals from Sputnik and was implemented for multi-
frequency use with the US Defense Nuclear Agency (DNA)
Wideband satellite (Fremouw et al. 1978). Recently the Naval
Research Laboratory (NRL) Coherent Electromagnetic Radio
Tomography (CERTO) beacon was added to the Air Force
Research Laboratory (AFRL) Communications/Navigation
Outage Forecast System (C/NOFS) satellite (de La Beauj-
ardière et al. 2004) to register low-latitude scintillations
recorded by the AFRL Scintillation Decision Aid (SCINDA)
network of ground receivers (Groves et al. 1997; Caton et al.
2004).

The last category of radio beacons can be found at ground
level. Beacons transmitting from ground sites have not had
extensive use for basic studies of the ionosphere. A satellite
receiver flying above the ionosphere is of course required
for these measurements. The only global network of ground
beacons usable for ionospheric TEC and scintillations is the
Doppler Orbitography and Radiopositioning Integrated by
Satellite (DORIS). The DORIS system provides a precise
orbit determination (POD) and ground location system using
Doppler shift measurement techniques (e.g., Tavernier et al.
2005). DORIS, however, has not found extensive application
to the ionosphere except for TEC correlations with seismic
events (Zaslavski et al. 1998; Trigunait et al. 2004; Li and Par-
rot 2006) and ionospheric corrections of Ocean Topography
Experiment (TOPEX/Poseidon) altimetry (Zlotnicki 1994).

All of the radio beacon measurements of TEC can be used
by data assimilation models to improve ionospheric density
specifications. Current assimilation models have been devel-
oped to incorporate many sources of ionospheric data includ-
ing ground GPS TEC, bottom-side ionospheric profiles from
ionosondes, and TEC from LEO beacon transmissions using
Kalman filter techniques (Hajj et al. 2004; Scherliess et al.
2004; Wang et al. 2004; Bust et al. 2004). One objective of
the CITRIS program is to demonstrate the added value of
space-based TEC measurements from ground beacons and
other beacons in LEO.

This paper describes a new space-based system for using
the ground-based DORIS beacons to yield high-resolution
reconstructions of ionospheric irregularities that affect trans-
ionospheric radio propagation. The next section describes a
new DORIS receiver called the scintillation and tomography



Key points
Ways to get involved in the DORIS community

• Join an existing or a proposed working group.
• Explore DORIS products.
• Look at station coordinate time series viewer.
• Partner with an existing Associate Analysis 

Center or Analysis Center in analysis of DORIS 
data.

• Help elucidate key modelling problems.
• Propose a new DORIS site that would support 

the network and satisfy clear scientific 
objectives.
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Show your interest!
Go to www.menti.com

Use the code: 9250 5668
https://www.menti.com/rin8am6pwq

• Level of interest. Participation in the DORIS community as...
• IDS AC
• IDS AAC
• IDS working group (e.g. geocenter, SAA, technology)
• Research project
• Science application
• Master or PhD study
• Teaching of geodesy
• DORIS Special Issue
• IDS Workshop (March 2022)

• Which topics are you interested in?
Examples: ITRF, colocation of space geodesy techniques, NRT products
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