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Measuring to the closest centimetre
from outer space

Space is an excellent obse
for studying the oceans, which i
constantly changing environment.
be put to use by scientists, the precious
information collected by the instru-
ments of an altimeter satellite must
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a high-precision positioning system. It R e " T it st

is a fundamental player in the study
of geodesy and geophysics. Its data,
which contributes to the definition of *
the terrestrial reference frame ITRF,
are essential for studying the form and
most minute movements of the Earth.
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Thus, DORIS plays a major role in the
remarkable results of the French-Ame- m
rican ocean study missions TOPEX/

POSEIDON, Jason-1 and OSTM/Jason-2.

As real space surveyor, DORIS will

meet new challenges in the years to

come and will contribute to the suc-

cess of future missions for observing

and studying our planet.
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On board the satellite:

As early as 1986, the CNES and the IGN installed autonomous stations worldwide f:wzr:zer;ﬂz 27'0":23

hich are used as reference points on the ground, to continuously cover the tra- receives thelradioelec
jectory of the satellites. Thanks to an exemplary joint project, the DORIS system tric waves sent by the

represents a network of some 60 stations uniformly spread across the globe. stations flown over.
An electronic receiver

makes Doppler frequen-
cy shift measurements.

At system level, the upgrades and improvements to DORIS are diverse and pro- f“ ”':La SFab'te °5C“'a£
found: in particular, the activity of the integrity monitoring team is now seaso- cfor'ck aid' nkse;l;rpiae
ned and effective, ensuring the immediate detection of a faulty beacon or its first system, ensures mea-

signs of aging well before its performances are affected. - surement precision and
) time tagging.

- In synergy with the work of this team, the network of beacons has been maintai-

ned and improved with renovated stations and a stability check of its antennas. On the ground:

Its homogeneity, maintenance and ongoing monitoring make the network of ; aAk')Lu"t"eeo’ S’;L‘gor‘:‘fe'rl]dit'

DORIS stations a major asset of the system and a guarantee of a stable perfor- a radioelectric signal

mance. ! received by the carrier
satellites.

The data acquired and stored on board the satellites is transmitted regularly to
SSALTO, the multi-mission altimetry, orbit determination and location ground
segment, located in Toulouse. It monitors the operation of the stations, processes
all measurements, calculates the orbit of the carrier satellites and archives and
distributes the data.

Since 1990, some ten satellites, including at least four simultaneously since 2002,
have made their contribution of measurements processed by the international
scientific community. Today, six contributing satellites are in flight and the future
missions under preparation guarantee such a constellation beyond 2020.
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Spectacular results
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Since its first demonstrator mission on
the SPOT 2 satellite, the DORIS system
has overcome every challenge. The ob-
jective set for the TOPEX/POSEIDON
mission was to know the altitude of.
the satellite with a precision of 13 cm.
A very ambitious gamble because the
best systems existing at that time only
provided measurements to the closest
meter, which is insufficient for space
oceanography.

The precision of the orbits calculated
with the DORIS measurements quickly
reached 10 cm, then 2.5 cm, a major
feet for this new concept that enabled
the success of the TOPEX/POSEIDON
mission. Over the years, the perfor-
mance required of the DORIS system
has grown steadily. Hence, the global
precision of the Jason-1 altimeter sys-
tem, of which DORIS is the orbitogra-

phic core, assumes that the “space sur-:

veyor” achieves the centimetre level.
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Monitoring ocean Levels

More a hot
topic than
ever, climatic
studies re-
quire indica-
tors to mea-
sure and in
some cases
better fore-
cast the consequences of global war-
ming whose devastating effects affect
a large part of the world population.
Therising sea level is a global warming
indicator that must be precisely and
continuously monitored using several
techniques. In this respect, DORIS data
combined with those from orbiting al-
timeters and tide gauges enable the
rise in the level of the oceans to be
monitored over several decades.

On a shorter time scale, the study of
the sea level by altimeters combined
with other observations allows the
detection of phenomena such as cy-
clones or climatic disruptions (El Nifio
for example).

Determining the movement
Of the tectonic plates

The Earth’s surface is made of tectonic
plates that move very slowly relative
to each other. The precision obtained
by accumulating DORIS measure-
ments over several years allows in-
creasingly minute horizontal move-
ments to be monitored.

It even allows deformations at the bor-

der zones of these plates to be moni-
tored, where most earthquakes occur.
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Participating in the
international reference
frame

The reliability of the network, combined
with its dense and homogeneous co-
verage, and the increase in the number
of satellites in the DORIS constellation
(>4 since 2002), has allowed the DORIS
system to characterize the positions of
the stations and their speed with high
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on a planetary scale that collects and
~ publishes the coordinates and average

- speeds of some 500 sbace geodesy.ins-
oy ..trum&ltSsGPS antennas DORIS beacons,
"

LASER telescopes and VLBI (Very-Long-
Base Interferometry) antennas.

This system is used by all applications
requiring precise positioning: determina-
tion of precise orbits, astronomy, geophy-
sics, climatology and all the sciences that
study the deformations and movements
of our planet.

The IDS service (International DORIS
Service, http://www.ids-doris.org) was
created in the early 2000s. It distributes
data and DORIS positioning products to
a scientific community of geodesists and
geophysicists. Beginning in 2007, the per-
formance levels of the DORIS system gave
a real boost to the IDS: seven internatio-
nal analysis centres contributed to a com-
bined DORIS solution for the ITRF2008.

Understanding the move-
ment of the Earth's centre
of masses

The Earth’s centre
of gravity is not
set. It moves wi-
thin a cube of
1 cm3 according to
certain redistribu-
tions of mass on
the surface of the
globe. These redistributions are due
to oceanic shifts, the soil moisture,

e weight of the snow cover, the vo-

Measuring variations in the
Earth's axis of rotation

The Earth rotational speed varies and
the planet continuously “oscillates”
very slightly around its axis. These
“movements of the pole”, set within
a square with a side of approxima-
tely 20 m, are measured day after day
thanks to DORIS with a precision that
increases with the number of satel-
lites (>4).

Observing the movements
of 3 volcano

The measurements made by the Mexi-
can station of Soccoro were used to
identify a specific shift and connect it
to the activity of the volcano Mt Ever-
mann located nearby.

Other applications:

monitoring the melting of a glacier,
detecting the seasonal movements of
stations, characterising the electron
content in the atmosphere, etc.




DOARIS: 20 years of success

The DORIS system is a technical, operational and scientific success. Installed on
various satellites and studied for new missions, DORIS ensures that its users will %
enjoy the quality and continued existence of an orbitography and precise posi-
tioning operational service. Over the next decade, the system will bring on new
partners as part of the International DORIS Service (IDS) and will provide the in-
ternational scientific community with yet more measurements and by-products.

With even more carrier
satellites, the DORIS

- system will increase its
. precision.
This performance in-
crease will serve nu-
merous fields in geos-
ciences.
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From the end of 20071, the third-ge-
neration DORIS stations were imple-
mented. They are more reliable and
have several upgrades, including the
capacity to shift their emission fre-
quencies to eliminate the risk of jam-
ming between neighbouring stations.
The existing network was expanded in
order to equip new sites, in particular
near tide gauges, in order to play on
the complementarity of the sea level
observations.

On board the satellites, the sizing of
the receivers has decreased. Simul-
taneously, the receiving capacity has
increased. Initially with just one chan-
nel, the last generation receivers DGXX
have seven and can therefore receive
signals from up to seven stations
simultaneously.
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More information:
Service International DORIS : http://ids-doris.org
CNES : http://cnes.fr

The use of the DIODE* (immediate
on-board orbit determination by DO-
RIS) navigator on SPOT 4 and then on
Jason 1, SPOT 5, Envisat and recently
on OSTM/Jason 2 and CryoSat 2, has
represented a milestone in the deve-
lopment of satellites towards real na-
vigation autonomy.

The measurements made by the
DORIS receiver are continuously
processed onboard by the DIODE
software, which calculates the satel-
lite trajectory in real time.

Today, by cumulating years of life in
orbit, DIODE has been shown to be
quite operational with an availability
of more than 99.5%. It provided SPOT 4
with a precision of a few meters, today
improved to 4 centimetres for the ra-
dial component of OSTM/Jason 2. The
DORIS carrier satellites can use this
information on board (pointing), on
the ground in their control centres for
trajectory monitoring, or for ground
processing of their data (images, alti-
meter measurements): DORIS/DIODE
is paving the way towards complete
satellite autonomy.
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