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Abstract orbit and time estimation and taking precise pseudo
range measurements into account. A simulator of
Using the DORIS system, CNES has developed gseudo-range and Doppler measurements has been
on-board autonomous orbit determination softwareleveloped to analyze the performance on LEO and
DIODE, which computes the spacecraft position al-re MEO.
time. Based on a Kalman filter, it processes Dapple In addition, this software is tested with actualSGP
measurements from the ground-based beacons of t{meeudo-range and phase data collected by ground
DORIS system. The first version has been flyinglmn stations of the IGS network in order to compute the
SPOT4 satellite since March 1998, and successfulbrbit and synchronization of the GPS satellitesitas
provides the position and the velocity with a 5enét5 could be done on board.
millimeter per second accuracy. New versions of the After a review of the current DIODE performances,
software improve this performance by an order dhis paper will present the principles of the prega on-
magnitude and will fly on several spacecraft: ENXTS board filter. Then it will describe the results tme
(ESA - 2000), Jason (CNES/NASA — 2000) and SPOTéccuracy of the ephemeris and synchronization
(CNES - 2003). estimates for the GNSS2 simulations and GPS test ca
A new step for on-board navigation is to compute thWwe will also identify the critical points to reachis
clock synchronization with accuracy comparablehimt t performance.
of the orbit. The main applications are the GNSS2
(Global Navigation Satellite System) concepts &ddit 1 Genesis of the DIODE project
CNES, one with a LEO/GEO combination, the other
based on a MEO constellation. For these systermas, th The DORIS system
on-board clocks would be ultra stable crystal detits
(USO) or atomic rubidium clocks. In the mid-eighties, the French Space Agency
In both constellation concepts, we have chosen (€NES) designed the DORIS system in order to fulfil
compute each satellite ephemeris and synchronizatithe TOPEX-POSEIDON precise orbit determination
on-board and in real-time, and to refresh the r&tiog requirements.
message with these data at regular intervals. This This system uses a worldwide network of ground
computation uses pseudo-range and Doppl&eacons, which broadcast omnidirectionally on two
measurements collected over a dedicated groufr@équencies, 2036.25 and 401.25 MHz, and which use
network of navigation receivers. These measuremerittra Stable Oscillators. The number of operational
are then uploaded in near real-time. The goal is teeacons varies from forty to fifty. This network
contribute less than 2-3 meters in the UERE (Usgrovides a good coverage for Low Earth Orbit: 700 a
Equivalent Range Error) budget. This feature iSPOT altitude (830 km, see figure 1) and 85% at
therefore a critical point for the global performanof TOPEX altitude (1330 km). In addition, two master
the navigation system. beacons, one in Toulouse and one in Kourou, adietdie
For this purpose, we propose an evolution and atomic (Cesium) clocks and connected with TAI
improvement of the current DIODE, with a coupled



(International Atomic Time): they constitute thené The real-time orbit is sent with the image datdh®
and frequency reference of the system. Spot Image receiving stations, so the ground segmen
interfaces and operations are simplified. The SPOT4
performance requirements are to reach a position
precision better than 200 meters maximum and 100
meters RMS. Recently, POAM3 (NASA) and
VEGETATION (European Union), which are SPOT4
passengers, have shown deep interest for DIODE on-
board real-time orbit estimation.

For the second and third generation DORIS
instruments, DIODE is fully integrated in the reasi
software.

kN

LI 2 DIODE description
v‘;jfs . S = - ‘A;
g e e DIODE is written in Ada language using the HOOD
180 e 60 0 50 120 iso (Hierarchical Object Oriented Design) for its
Figure 1: DORIS beacon network at 830 km conception. It runs on a separate MIL STD 1750a&typ

) ) processor for the SPOT4 version, and will run diyec

The DORIS on-board instrument, driven by an Ultrgn the DORIS receiver processor (MIL STD 31750a-
Stable Oscillator, receives the dual-frequency a&n type) for the following versions.
and computes their Doppler shifts and the reception The size of DIODE software varies from 2500 to
time of the beacon synchronization signal every tepsog lines depending on the version.
seconds. The overall system noise is lower than 0.3 D|ODE is based on a Kalman filter. It uses numeric
mm/s for Doppler measurements. integration with a Runge-Kutta algorithm to prop&ga

The first _generat|0n instrument is on-board SPOTge state vector every ten seconds and it procebses
(launched in  1990), TOPEX-POSEIDON (1992)poppler measurements provided by the DORIS receiver
SPOT3 (1993, lost in 1996) and SPOT4 (1998) to correct this state vector.

The second generation instrument will fly on For the SPOT4 version, the propagation model is
ENVISAT (2000). This instrument performs moregnly a 15x15 Earth gravity field. For the more metce
accurate measurements and can track two beaceR§sions, we take into account:
simultaneously. «  40x40 Earth gravity field,

The third generation instrument is as accurate byt ynar.solar interaction with a simplified ephemeris
much lighter. It will fly on Jason (2000) and SPOT5 . el

(2001). ) . e solar radiation pressure, with a more developed
incﬁgat?()Pn()(Zuﬁasteggifor?gis;m%fgek rﬁiﬂ:ﬁugerb't: 98.7° geometric model for the latest DIODE versions,
TOPEX and \;/ason will h'ave the same 6rbit' 66° err_1p|r_|(_:al adjusted accelerations. o
inclination and 1330 km altitude : A S|g_n|f|cant effort has bee_n made to optimize the
' calculation of the 40x40 gravity field acceleratiomn
order to reduce the on-board computation time.
The state vector of the Kalman filter contains the
tc)position-velocity vector of the satellite and alsome

After a conclusive feasibility study from 1988 : .
1990, CNES decided to create the DIODE project iEi)lther adjusted parameters linked to each beacon pas

1991. The purpose was to develop an on—boarcrI ese parameters are:

software, which uses the precise Doppler measursmen & frequepcy bias due to the frequency shift of the
beacons’ USO,

from DORIS in order to compute a real-time orbit. . - .
a tropospheric coefficient, which allows a very

The first version is flying on-board the imaging’ implified h del to b d
spacecraft SPOT4 which was successfully launched in simplified troposphere model to be used. |
On the most recent versions, pole coordinates and

March 1998. As far as we know, it is the first coabd o ) ; o
. .empirical accelerations are also adjusted. Thisutiom

real-time orbit determination software, which is h i for the i t of th bit
continuously producing operational in flight resultith IS € main reason for the improvement of the orbi
determination precision.

commercial applications.

The DIODE project



The DORIS Doppler measurements are modeled asHereafter are the main characteristics of the iexjst
beacon-satellite range differences between two [BORDIODE version. At this date, the only flying versids
fixed events. The ionospheric errors are eliminateBPOTA4.
thanks to the dual-frequency combination. The big Table 1: evolution of DIODE characteristics

difference between the two frequency values (2(862/ersion SPOT4 ENVISAT| Jason
and 401.25 MHz) is an advantage because the recejiaate of qualification] mid-96 end-97 beg-99
frequency noise is not increased by this combinatio | Earth gravity field 15x15 40x40 40x40
DIODE uses each pass over the master beacopigh-moon potential | no yes yes
(Toulouse and Kourou) to adjust the frequency bias| Solar radiation no yes yes
the DORIS oscillator, and to update the differengBl€SSUre (precise)
Pole adjustment no yes yes

between on-board time and TAl. This differencéhen Ermpirical T
propagated with the adjusted USO frequency bias. ag;ﬁ;'ﬁ]ae nfrce no no yes
For orbital maneuvers, the control center of thrg

satellite has to load the main characteristichefthrust Drg;sltsadjustment nc? £ yenso yg: 2

(date, duration and acceleration vector). So, DIGBE| programmation

able to follow the maneuver without any divergen¢&elf-initialization no yes yes

problem. Quiality rating very very improved
DIODE has also other features associated with the simple simple

orbit determination. Accuracy (3D RMS)| 6 m 1m 0.4m

In routine mode, DIODE uses its orbit determination
to inform the DORIS receiver at each ten secongd, ste
about the next visible beacon and its expectedpl2op 3 SPOT4 on orbit performance
shift. So DIODE can program in real-time the DORIS
receiver which can therefore narrow its bandwidth For monitoring purposes, the position vector
around the expected frequency. This feature will bestimated by DIODE is stored on-board each 160
used for the first time on the ENVISAT version ofseconds and these data are transmitted about avdeg
DORIS. to the DORIS control and monitoring center. A very
An algorithm of self-initialization for low altituel precise orbit determination is performed on groand
and near circular orbits has been developed arlcbwil is used as a reference orbit in all the precisioelyses
used for the first time on the ENVISAT version ofof DIODE. So DIODE behavior has been monitored
DORIS. Without any orbital information, the DORISsince 26 March 1998.
receiver can perform some measurements by just The first three months were devoted to satellitd an
listening around a given mean frequency. DIODE seeaquipment tests and validation. DIODE has been
at least four beacon passes to estimate a rouggr staunning in a nominal spacecraft environment sindg J
vector by a least-square method. Then, the Kaliilten f 1998. From this date to January 1999, only one teven
is initialized with this initial state vector andriverges has forced DIODE to stop during 48 hours. So the

quite quickly. actual availability of DIODE can be estimated tocdy
In the most recent versions, the calculation of tharound 99%.
orbit quality rating has been improved. This catioin Moreover, during the first six months, only tenalat

now takes into account the covariance matrix of thgets have been uploaded to DIODE to take into adcou
filter, the correction vector at each step and mothesome changes in the DORIS beacon network and some
measurement indicators. This quality rating gives aorbital maneuvers. DIODE has proved to be very
order of magnitude of the estimated position ertsr. autonomous.
main advantage is that it can detect a divergefitkeo In order to estimate the routine accuracy of DIODE,
filter due to either measurement errors such asdmea we analyzed the data transmitted from 3 April to 4
failures, or model errors such as an unexpecteifabrb October. All the periods where DIODE was not in a
maneuver. So DIODE can autonomously decide to runrautine mode (orbital maneuvers, DORIS test mode, ...)
self-initialization. have been removed. The errors are in table and=figu
Finally, in the most recent versions, thrust ercas
be adjusted during maneuvers. This gives a position Table2: DIODE-SPOT4 routineerrors
precision comparable with the routine precisionreve Min. (m)|Max. (m)Mean (m}RMS (m)
during maneuvers, to make the filter more robust t{Radial -28.58 15.57 -0.10 2.68
unexpected thrust errors and to better follow iegl |Along track | -28.27 62.16 0.06 4.26
thrusts, which will occur with electrical propulsio Cross track -15.78 12.88 -0.1¢ 3.07
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Figure 2: DIODE-SPOT4 routineerrors All the DORIS measurements are also stored on-
board and transmitted each day to the DORIS ground
The 3D error is around 6 meters RMS, while théegment. We use this large amount of data (several
SPOTA4 requirement is 100 meters RMS. We notice th¥gars of continuous Doppler measurements on SPOT2,
the greatest errors are along track, with some peaRPOT3, TOPEX and SPOT4) to test the more recent
around 30-50 meters. This occurs during long period?!ODE versions (ENVISAT and Jason).
without measurement when the satellite is out of The Jason version of DIODE (the most recent) has
visibility from the DORIS beacons. In that casee thbeen tested on TOPEX measurements because Jason
Kalman filter propagates the state-vector and there will have the same orbit and the same attitude as
increases, especially along track. TOPEX. The statistics and the errors presented on
The behavior of DIODE during orbital maneuverdigure 4 and table 3 have been obtained on thea}0-d
has also been tested. The largest maneuver occomredcycle 148 of TOPEX. We must note that this DIODE
31 March. It was a semi-major axis raising in tworersion has been validated on the workstation tised
thrusts separated by a half-orbit. The global atunbé the software development, but not yet on the actual
was 8 kilometers (around 4 meters per second). [ODProcessor (expected date: March 1999). So we caén no
was informed of the expected thrusts, and it cdlyec e_xclude a small numeric degradation of these result
followed them, as we can see on figure 3. The aekie flight.
thrusts were different from the commanded ones by

about 28 meters on the semi-major axis and around Table 3: DIODE-Jason routineerrors
2.10* deg cross track. . Min. (m)|Max. (m)Mean (m}RMS (m)
After the maneuver, the estimated position has sorfradial -0.170| 0.180| -0.008 0.041

oscillations during five hours, but never greatearnt 60 |Along track | -0.469| 0.501| -0.032  0.13
meters. We were not able to calculate the orbibrsrr [Cross track -0.935 0.943 -0.00 0.3(¢
between the two thrusts because the precise referen
orbit was not generated on this arc, but we thivgk the The 3D error is about 33 centimeters RMS. Notice
error has the same behavior between the two thasststhe very small error in the radial axis: 4 cm RM&la
after the second thrust. This estimation is precisenly 20 cm maximum! This error is nearly comparable
enough to use DIODE as a first real-time estimatibn to the accuracy of the reference orbit.
the maneuver. To reach this level, we must tune all the pararseter
Since the end of the orbit raising phase, threiosta of the Kalman filter consistently. It was a hardka
keeping maneuvers occurred and have been vdrgcause of the number of parameters and becauge the
accurately followed by DIODE. But their amplitudesare highly correlated with each other. A compromise
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has to be made between the accuracy in converged These data are uploaded in quasi real-time through

modes and the robustness to some noisy measurementsa dedicated RF up-link,

or to beacon failures.  An on-board program using a Kalman filter
I computes these measurements to provide a precise

ue ‘ position-velocity-time estimation.
ES T W S | | AN NE! (1| IRER—TTIN | T * Then these data are used to compute the navigation
< Ll RPR AL A R \H_‘u i IHJ‘ fiia “‘\ I message parameters.

' (il '\“ ‘l ML ‘HU f In this architecture, all the measurements are
SRR (| A B L /1AL | performed in ground stations. These measuremeats ar
o : E S necessary to monitor the navigation signal for the

Error (meters)

integrity of the navigation system. Then these data
also used for orbit and clock determination.

Range is deduced from pseudo-range collected by the
! )| | ] stations by correcting these data with the estithate

station synchronization. Therefore, each statiorstmu
know its own clock synchronization with a given
o — - T precision, and transmit this information to theefie

Error (meters)

T with the pseudo-range measurements. This relative
synchronization of the station network can be actde

for example by ground processing (e.g. time-fitig}i

of the same pseudo-range and phase data as thexte us
by the on-board-filter. The precision of such autioh
depends on the station clock stability to a larggrde.
ey v v wm w w wm The on-board solution allows the navigation message

Error (meters)

Fiéure4: DIODEJason rolntinéerrors to be refreshed as often as needed for the perfmena

Moreover, each satellite is more autonomous thah wi

Until a few months ago, the ENVISAT version of@n architecture based on a centralized ground
DIODE had been running on all the real TOPEx:omputation o_f the orbits ar_1d clock synchronizati_thn
measurements for more than two years. Each ten d¢ids operational constraints on the ephemeris and
(duration of a TOPEX cycle), a self-initializatiomas ~Synchronization up-loading, which would have been
performed, so that we have around 80 differenstet N€cessary to reach a similar accuracy.
this function. In all cases, the time to delivdirat state 10 analyze this concept, we adapted the DIODE
vector to the Kalman filter is less than one orbigOftware to make a GNSS version. We changed the
(2 hours), and is around one half an orbit (1 haur) Mmeasurement functions to pseudo-range and. Doppler
average. In fact, this duration is linked to thenher of Measurements performed on ground. We also improved

successive beacon passes needed for this sdffe model of the on-board clock in the Kalman fiked

initialization. The minimum number is 4 passes ang We unified the orbit and time filters. So the piosit
sufficient in most cases. velocity vector and the three parameters of thalpaic

clock model are in a single state vector and are
5 Use of DIODE for GNSS projects simultaneously processed. _ _
We also developed a measurement simulator, which
generates pseudo-range and phase difference
measurements by taking into account:

Since 1997, CNES has studied several satellite Troposphere and ionosphere models,
constellation concepts for GNSS2. Like every Computation of the RF-link budget with tabulated

5.1 Architecturefor orbit and time deter mination

navigation satellite system, the capability to srait the diagrams of the station and spacecraft antennas,
ephemeris of the satellite and the synchronizatioits * Noise of the station clocks, from either a
clock very accurately to the users is a key paintthe mathematical model of the clock or a tabulated time
performance of the system. For this function, weeha and frequency file.

chosen the following architecture: * Variations of the clock frequency and electronic

» Dual-frequency pseudo-range and carrier phase propagation delays for the on-board and ground
data are collected over a ground station network equipment.
which is part of the GNSS2 mission segment, The output data are:



» Doppler (difference of carrier phase) and pseudo-
range measurements on each frequency,

+ The station synchronization model, basically a tirr
linear function. This model has to represent tr
estimated station synchronization at a given tim _
with the associated errors. B

5.2 Test of DIODE on real GPS data

We have evaluated the performance of this adapfC
version of DIODE with real GPS data. The
measurement simulator is not needed for this test. B —

For this purpose, we have chosen 14 stations of t | ==~ = -
International GPS Service (IGS). The criteria ¢’ e s : 5 =0 e
selection was good clock stability. We worked wath Figure5: The station network used
the GPS measurements collected over these stations
from 5 to 9 January 1998 (GPS week 939, days 1-5). There are some harmonic errors at the orbital

We have seen that the on-board filter needs tHeequency on the cross track axis and also on ldwga
synchronization of the clocks of each station. S® wtrack axis. This phenomena can be explained by the
determined the synchronization of the global GP#regular distribution of the measurements along th
system using an IGS-like method. For this compaiati orbit. Indeed, the 14 considered stations do neércall
we used JPL orbit solutions as input data. the GPS15 orbit. There are long time periods witk o

Finally, we adjusted a linear function of time overor zero simultaneous station passes in the southern
each selected station clock synchronization. Theemisphere when there are often more than five
stability of these 14 station clocks was good ehougt  Simultaneous station passes in the northern hemtisph
to need a quadratic model (the frequency driftsewser
small over these five days that they can easily |
neglected). This linear model is therefore repregare
of a realtime estimation of each statior g
synchronization. The RMS residuals of thes :
adjustments were all lower than 0.6 meters (; —— T v
nanoseconds). Mauna Kea station (MKEA) was chos : IO K
to be our time reference for the global synchraiora
determination. All the others clock synchronizatiol !
parameters were calculated relative to the MKE&Klo |~

For this test, we considered only the GPS PRN |}
satellite, because it is the only satellite withBetective
Availability in the GPS constellation at this datur
global time determination gave us the GPS15 clox
synchronization at a 30 second rate, which is &8 |
measurement rate. This synchronization and the Ji:
orbit solution were our time-orbit reference toetatine
the performance of the on-board filter. :

Figure 5 shows the 14 selected stations and t:
projection of the GPS 15 orbit. g

The Kalman filter started with an initial position-
velocity vector from the reference orbit, but w200
nanosecond synchronization error. The delay foulla f
convergence of the filter was around 12 hours, fviéc
the orbit period. This is a minimum delay because a
orbit determination needs at least one orbit petiode
able to observe the orbital parameters. Figure & a
table 4 show the errors on the 4.5 day period dfter
convergence period.
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Figure 6: DIODE-GPSroutineerrors

In these tests, only dual-frequency pseudo-range
easurements have been taken into account. All the
enefits of the phase data have not been taken into



account yet. At this time, we think that it is amportant propagated over a one day period as the station
way to improve the performance. synchronization knowledge.

96

Table4: DIODE-GPSroutineerrors

Min. (m)|Max. (m)Mean (m)RMS (m)
Time -3.15 3.00 0.01 1.10 *
Radial -3.10 3.04 0.00 1.18
Along track -8.92 4.48 -0.46 2.58|
Cross track -5.28 5.36 -0.14 2.4]

In a navigation satellite system, these erro
contribute directly to the User Range Error (URE :,
budget. To evaluate this contribution, we apply tr .
following formula which is a quadratic mean betwee , - \
the four worst conditions of view for a terrestrigder
(zero elevation from the user) and the best caomidif

RTEBEESTORK |

view (Zenithal elevation from the user). -180 -120 v 0 50 o 180
URE? = (Radial — Timé) Figure 7: GNSS2-M EO OSS network
+ 0.24/3 (AlongTracK + CrossTrack
The statistics on URE over this 4.5 day intervat ar Table5: Measurement errors
URE = 0,71 meter On-board clock:
Radial and time errors contribute the most to the  clock noise (Allan variancg)s. 10*°1%%8.5 10'%1%°
URE budget. Moreover, URE is very sensitive to the frequency drify 1.10"% + 2. 10" /day

orbital variations (thermal)3. 10*® amplitude
Station clocks:
clock noise (Allan variance)g.5 102t 05

frequency drifff 1. 10% + 2. 10* /day

daily variations (thermal)1. 10 amplitude
On-board electronic propagation
delay, orbital variations:
on L1 band 0.3 ns amplitude
53 Test of DIODE on a GNSS2-MEO L2-L1 differential effect 0.2 ns amplitude
constellation On-ground electronic propagation
delay, daily variations:
At the end of 1998, CNES and Alcatel Spage on L1 band 0.3 ns amplitude
Industries proposed a MEO design for GNSS2. In this L2-L1 differential effect 0.2 ns amplitude
solution, the on-board time/frequency referenceais| White noise on L1 and LR
rubidium clock. The orbit is very similar to thaf of PSeudo-range measurements (30S0 m
Glonass: 19140 km altitude and 64.8° inclination. jphase smoothing)

' . o . [ Fropospheric delay Calculated with each
eight Orbitography and Synchronization Station (PSS station meteorological

correlation between these two terms. That expldias
good performance of the filter with the URE criteim

comparison with the global performance on positiod

time. That is also a benefit of choosing the same
measurement channels for the orbit and clo
determination as for the users of the navigatictesy.

network is dedicated to collecting the dual-frequen conditions

pseudo-range and carrier-phase measurements %%spheric delay Removed by  dudl-
transmitting them to the GNSS2 satellites (seeréidgi). frequency combination

Each station has a very stable Cesium clock ama ti

and frequency reference. After a 12-hour convergence period as in the GPS

A 6-day long orbit has been generated using preciggst case, DIODE errors are as shown in table 6 and
numeric integration. On this orbit, pseudo-range anfigure 8. There are some error peaks, especiadiyast
phase measurements have been simulated taking ifi@ days. These errors are explained by a longgeri
account errors in accordance with the results ef thyithout visibility or with only one station in visilty.
Alcatel Space Industries studies (see table 5). This period occurs each day when the satellitevr o

We have seen that DIODE needs to know thgastern Asia where the OSS network coverage is poor
synchronization of each station to process pseudo-|f we calculate the URE as we did for the GPS test,
ranges. So we have adjusted daily linear modelhen twe find: URE = 1.29 meter. This value is very sensitive
clock errors of each station and we have useditbisel to the error peaks. We estimate that a URE of aBout



100 centimeters is reachable only with one or tvarem However, the synchronization stations have to be

stations in Eastern Asia. driven by very stable atomic clocks (Cesium for
instance) because they have to perform precisedpseu
Table 6: DIODE errorsfor GNSS2-MEO range measurements. A compromise has to be made
Min. (m) |[Max. (m)|Mean (m)RMS (m)| between the number of these stations and the isgedifil
Time -5.47 3.83 -0.27 1.78| the on-board clock. We estimate that with a good on
Radial -7.97 4.02 -0.74 2.26| board rubidium clock, five to ten stations are resbtb

Along track | -12.01 25.88 1.01 4.89 reach URE performances similar to the GNSS2-MEO
Crosstrack | -8.12] 9.23] -0.04 3.09 configuration.

y 5 5085 TEACK () 6 Conclusion
:”\’“\/A\/\ | \\/\’“ ”v/L/\ "/ G S\ On-board and real-time orbit determination has been
. studied at CNES for eight years thanks to DORIS
T e e e system. It has been successfully running for thst fi
i . /} /t/”\ time on-board SPOT4 since March 1998 with a 6-meter
AL ok A A e £ position accuracy and the most recent version gi@ti
e e . — A~ is about 40 centimeters.
e o Ty The main interest is the satellite autonomy. Indeed
a R the satellite localization is an on-board functéom can
. 1. A A Mo I be just transmitted to the ground by telemetry.
. VT N Y \r\[ Moreover, the on-board orbit knowledge can be ueed
ol S _ autonomously determine orbital maneuver and also to
10 10 perform them. Some such experiments are under may i
: several space projects. The satellite autonomyery v
(N “"\LJ/\F\”//\WJ\W / useful for all the satellite constellations whiale ander
study or development because it allows the
2 n a4

simplification of the ground operations for localimn
and for station keeping maneuvers.

A new challenge for on-board navigation is to
compute the clock synchronization with an accuracy
. comparable to that of the orbit. Our simulations
CNES and Alcatel Space Industries also prOposedd%monstrate the technical feasibility of this tdghe.

IBEOQGEO des(ijg? for GNSSZf' In this fsquLtIiEog, the ”c_’nThese results are validated by application with GRS
oarb time SEI reqluelrgcy rfe err?n(l:\‘/leEngNsszags 't Jata. The main application is the synchronizatiod a
can be a rubidium clock as for the - 0ESIWpit determination for navigation satellite syselike
or a USO. The orbit is around 1300-1500 km altitutle GPS, Glonass or the European GNSS2 project. The
is a p“’b'e_”_‘ for quartz oscillators b?cause theyfar accuracy of the determination depends a lot on the
more sensitive to radiation than atomic CIOC!(S' .. stability of the on-board clocks and on the global
The performance of DIODE in this configuration IScoverage of the stations which perform the

still under analysis. First results confirm th_an the. measurements on the navigation signal. The intésest
contrary to the GNSS2 MEQ case, the orbit and Mgl to simplify the ground operations and inteda.
determination are not very correlated as the statio
satellite direction changes very quickly on LEO.

Of course, a denser OSS network than for GNSS2-

MEO is needed in order to reach similar performance 1- A perspective for the positioning of Europe in
But these stations can be separated into an orhjiby GNSS2:GNS98symposium, Toulouse 1998

network and a synchronization network. J.P. Provenzano. J. Chenebault. B. Belon
The orbitography stations can perform only Doppler ~~ ° T T ’

measurements, which are very useful for LEO, sg the 2. A ; ; ;

) _ . - A precise on-board real-time ephemeris and clock
can be driven only by a USO. With aroqnd 20 stalion egtimation for GNSS2 concepts studied at CNES;
the expected DIODE performance is around NSS98symposium, Toulouse 1998
centimeters like the Jason version of DIODE. T. Tournier JP Berthias C'. Jayles, D. Blumstein

F. Mercier, D. Laurichesse, P. Cauquil,

Figureé: DIC;ISE grorsfor GNSS2-MEO

5.4 Test of DIODE on a GNSS2-L EO constellation
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