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fhe error affecting the position indicated is greater than an alarm threshold. The
20 - standardization and the certification of these indicators and of the algorithms for
implementing them are currently under way. |
One of the main problems raised by the community of satellite navigation
experfs is that, with the current standards, the integrity of the measurements can be
obtained only on the imperative mathematical condition that the distribution of the
25  errors is not affected by systematic effects, in particular bias. If such is not the case,
even if the errors of each satellite are individually controlled via an allowance level
broadcast to the users, the resulting error at the user’s level cannot be controlled.
Given that the bandwidth of the navigation data broadcast channels is strictly
limited, it is irﬂpossible to broadcast more than one orbit and clock prediction error
30  characterization parameter. _ o |
To resolve this problem, attempts have been made to arfiﬁcially increase the

integrity indicators so as to improve the allowance level of the distribution of the
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integrity indicators so as to inprove the allowance |evel of the
distribution of the prediction errors, However, this artificial increase
has a strong influence on the avail abi Fity of the integrity service,
because it leads to nunerous false alarns. It was therefore necessary to
inmprove the quality of the corrections of the orbit and clock data. 5The
limtations inherent in the quality of the predictions are not always
clearly identified. Nunerous factors may be the cause of this limtation.
Such fact opgdictioh Ugtrs.i Hopavdrj ciis artificidlhincrensec bay acstrong infleenvedal thef t he
Earth' s gravi i the fact of

dati | field, . . | ect i th
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observations 1nto predictio that are“insufficiently tried and tested,
i nstabi |l itgataf the onboard navigation signal generation hardware,

i naccuracy of t deling .of the, sqlar radiation pressure effect, 15-
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center of gleady {déntifEE Num@Bek RS mhAbt BieScaisd oCthis 18hidtionl He¢H fabioed. Most
of the factors cited above are either inherent to the limtations of the 20

state of t mehadet in(pantécularr st four), or subject to parameter drifts

t hroughout the lifg of the s L Lit e-last three). current '
- solutions that ar etgﬂﬁ?%%?ﬁcgftcfﬁ?gmfiglaéjfgee%%%ﬁ%agg%?%qal EE@% factors are
primarily the fol |l@wifAg:of negleclifpihRViapRsiior@dr tidaé effeasioache Miultiphebody
geophysical data, for exarrpFe i nprovenent of the quality of the nodels of
the Eaf®h's gravi teffects(fr oxpple, dsgthesplangts of theesolar sysigfabvenent of the
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i nprovenent of the mance s“of the computation circuits In order
to enabl e them t o iaeuffvicatlptricdrapdnessgdant ity of data with greater 30accuracy
for.longer iterative processes, i, ovenent of the stability of the
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- inaccuracy of the modeling of the solar radiation pressure effect,
15 - inaccuracy of the satellite mass data, of the position of the satellite’s
center of gravity, etc.,

- and other factors not currently identified.

Most of the factors cited above are either inherent to the limitations of the
20  state of the art (the first four), or subject to parameter drifts throughout the life of the
satellite (the last three). The current solutions that are implemented to reduce the
| impact of these factors are primarily-the following:
- improvement of the accuracy of the geophysical data, for example
improvement of the quality of the models of the Earth’s gravitational field
25 | or of the tides, _
' - improvement of the accufacy of the data relating to the current state of the
satellite, : |
- improvement of the performance levels of the computation circuits in
order to enable them .to compute a larger quantity of data with greater
30 accuracy for 10nger iterative pro.cesses, |

- improvement of the stability of the onboard hardware (by thermal control,



3 refinenent, of . the electronic.circuits, etc.). Al these known sol utions
present limtations, in particular: the accuracy of the geophysical data
can be inproved only at a relatively 58 ow pace, fromanal ysis of the
results of the scientific mssions, the accuracy of the data relating to

t he equi'pnment and to the conponents of the satellite is very limted
because of the very limted possibilities for observing themafter the
satellite has been | aunched. -For exanple, such is the case with paraneters
such as the opti cakfinahtrof the disctohictdreuiigtesd).i t e 10f ol | ow ng t he

i nevi tabl e degradation of its reflective outer coating which plays a

predom nant role in the solar radiation pressure effect, it is not
possi ble to inpr GQl i T RLRBAC S, LEUELIS:: Mor e rapi dly
than it is possﬁbqq/tge%eggﬁonpigg\%i%%gﬁﬁgﬁlor rérlancé(?rf%veﬁs of the integrated

circuits, which-nayeacamaayesche gbaihysinadaraican evigtprowegroniyef a relatively

15m ni aturization reaches the atom c. scale, The subject of the present
inventi®n is a netHdH PRe OB Xsfsrfbftﬁ%@“g?séﬁﬁﬁ? f%ﬂlt ¥ YEP08% of signals

With time variati ofie db&fralyDShd Yatd 3ETa0MS td ke AahipaldnBbhEto the comypch@tRt i C
effects, a nethod that is not subject to the abovenentioned |limtati ons and

20 which is easy taf therpatellitmis.very limitedhecamse ofotie acyolimitedypessibiliteesifav ent i on

is characterized in that it conptises.the follqwin teps for, the, .
correction of the %ﬁ@&?‘%ﬁ t:hSWsa?%P{l? Sﬁ%ﬂ&ﬁ@ﬁe%@ﬁ%‘f“ﬁﬁ%@ I«:%E CKIPRIGTURE i gnal
and varying in tinfe df waNSardbébisOchfas tthe opficdll @efedtilvity g the eateltitd on

error based on a first batch of values estimated a posteriori_during a
det er ni'fied tine pefollowingihe Aneyiteble dearadationeof it jeflepéyepHer easting ayhidy:
‘restored val ues') C i e . bat ch of the
val ues previously %lfgistﬁ @{gg%h?%gt I{D%eﬁg}é%r%ﬁ%rce}% @rgtrhg%%‘g%féﬁéeﬁ%&ri od, 30anal ysis
of the predicted titi®nor peRike 16 éhpRTeahe povgutation pedompnse Dyvels more
rapidly than it is possible to improve the performance levels of the
integrated circuits, which may soon reach their maximum level when their

15 miniaturization reaches the atomic scale.

The subject of the present invention is a method for correcting the prediction
of values of signals with time variation disturbed by various uncontrollable
systematic effects, a method that is not subject to the abovementioned limitations and

20  which is easy to implement.

The method according to the invention is characterized in that it. comprises
the following steps for the correction of the predictions of a parameter included in a
received signal and varying in time: |
25 - construction of the history of the prediction error based on a first batch of
“values estimated a posteriori during a determined tiﬁe period, with
sufficient accuracy (hereinafter called: ‘restored values’) by comparing
these restored values to a batch of the values previously prédicted for the
same determined time period, .
30 : - . analysis of the predicted time-oriented series of prediction errors .by a

method for processing the signal and isolating the contributions of the



met hod for processing the signal and isolating the contributions of the 4
systemati.c effects, extrapolation to a,new prediction tinme period of the
behavi or of the contributions of the sﬁstenatic effects identified during
the tine period concerned (E1) and correction of the predictions using the

duly 5extrapol ated val ues. The present invention will be better
understood fromreading the detail ed description of- an enbodi nent, taken as
a nonlimting exanple and illustrated by the appended draw ng, in which:.

figure 1 is a timspgeslbfi@erentd,| | ustrating a sinplified exanple of a 10batch
of val ues obtai ned from neasur enent sﬁéecei ved and correspondi ng foredi cted
val ues, accor di ng &5apHatioreihdaney nrediction, daye period p élEﬁ'BelﬁaVi‘%r of theni ng

di.agram of the Varcioﬁ&jbglﬂgrg of (I ﬂé@q{.aﬁeie ct@rifl&{tﬁiegﬁﬁlgﬁngr}h@%rﬂéﬁg?rmdedi cted

val ues of figure 1, an I gure 'S a diagramin ourier ane
illustrating the syatenat i (& efdndctcerre@mnl toif nthei predigions edsing i te dolyor s.
The present invention i s described hereinbelowwth reference to the

si gnal s5recei ved rHAPAatedyp¥R%vi gation satellite, but obviously it is not

limited to this sipglgred iRARALibE Al 88 bet@RGinlibrs©dA e tABINgTROE&H 4
various applications in which signals are received that have to vary in

time i n andescripgersof paembedingnty takenns emontimiténg exathpidand dlastrased By sheur bed by
various systerrﬁt%(ir causes,.and for which there is a history of the
vari ation BFPPAE a&?‘é&mﬁhﬁﬁ- signals. The present invention is based on

the fact that an acculgute® 105 timpigediagtanOMlustrating a simplified example of a
10 batch of values obtained from measurements received and
corresponding predicted values, according_ to the method of the

invention,
- figure 2 is a timing diagram of the variation of the prediction errors
concerning the predicted values of figure 1, and _
15 - figure 3 is a diagram in the Fourier plane illustrating the systematic

effects resulting in the prediction errors.

The present invention is described hereinbelow with reference to the signals

received from a radionavigation satellite, but obviously it is not limited to this single

20  application, and it can be implemented in various applications in which signals are

received that have to vary in ﬁme in an at least partially nonrandom manner and that

can be disturbed by various systematic causes, and for which there is a history of the

variation of these disturbing signals. | |

The present invention is based on the fact that an accurate orbit prediction

. 25  algorithm works in batch processing mode (processing a large number of consecutive

values contained within a time peri.od or “arc”), its first step mandatorily being the

accurate estimation of the position and orbit parametérs_ of a satellite along an-

estimation arc related to the past. The estimated positions are then extrapolated for a
prediction period in order to provide the predictions of the orbit parameters.

30 In the present caée, the periods used 'for the determination of the predictions

are always overlapping with one or more estimation arcs used in the last arcs of the



25 al'gorithmworks in batch processing node (processing a | arge nunber of
consecuti-ve val ues contained within a %IHE period or "arc"), its first step
mandat orily being the accurate estinmation of the position and orbit
paraneters of a satellite along an estimation arc related to the past. The
estimated positions are then extrapolated for a prediction period in order
to provide the predictions of the orbit paraneters. 30ln the present case,
the periods used for the determination of the predictions are always
over | appi ngreddctlbn qnecessmngthormtth@mcwmey of ¢k irestdrbd viahets ismmschof t he

5 predictip S|n Fur i he he accuracy of. t restored val ues
s mich i BB GAReE e aeteiel b ThEdopaRiRe (e BRp B el y
their di ffgf@@@@a seas to'?e\%ﬁJeTsVQ S o8 aBbutY e UkFe 3OS e lp?édl&ﬂ@%eﬂﬁ@ def ects
of . the predictive nethod Knovvn si gnal processing nmethods may be applied to

the time- oKmewnetgnabprDe@smg mdﬁb@e nhaychd dpplieth tetheitimeseriknted sgriexof thpssl at e t he

behavi or he defects and co t .t hem bef or hey mana t o produce

their etf eé‘tf Tences In orqgrlo ﬁé‘??‘ﬁ? ﬁ"etl}?ga\”ﬂ’{/%%tﬁ? gﬁfte gc?rlr theny E‘ngret 0

signifi can{Heyn;a%q @ﬂrb&ldéqﬁ@fléﬂf@lts systematic effects (of the type of those

nenti oned above%rh virtue of their observation in the past, which leads to
eli

predi ction errofhelinathodaf theninverian mﬁbe%ﬂmsilb}?oioe&gf!i@ﬁ@mm mdacg §1et he
Pge?frpffe rrég?e%‘l&t?%e %t«'g%l?{tbc SR (”‘tf'ﬂ?{tézﬁé %%r inen 08 RY gg%e}p%rth'é'%f% yention

para epen ent on

time, whi chbdEmatiosliatiee pﬂitt\hﬁlCE'l&QﬂS tOI’prédictidiﬁer@drbdlttnbﬁtl@ssmheirbIrhl&h Thi s
paraneter X may be either a point of the orbit of thls satellite with X =
X, y of0z WereIPPERREIA® tBpaeqdsiof hedper b mmtation standgds.gef i ned 15by X =

dt, that is to %ﬁé(mtehﬁd%fffftlﬁ%vgftlohhﬁuﬁﬁlkﬁ‘llehﬂe&Qs BlpWack. The method of the

i nventi on conprises t oW n ree main steps: estimation of the
prediction erroLet X(t)abgan)Spmhmbtm, depetdans os yistee whidhcahy yel:aéft(edtel qil@ckt he
prediction err t hese

steps are %M 'i‘?r?é‘af%grglgg%[e litg- r'gl{lF ;’Qfeal“r‘?éer% %iﬁlygl?‘isﬁﬂ’eéflrfl?ﬂnt of tﬁ%f’ﬁ’r‘rta? d on
tv gleuggs' s aﬁs baQ1RAN AR &S=1f yRE SAIGER QR tHaLHRR chdrdfnates of kabf Be @bfifidedi ction
15 by X = dt, that is to say the offset of the satellite’s clock. The method of the invention
| comprises the following three main steps:
- estimation of the prediction error,
- analysis of the factors systematically affecting the prediction error,
- correction of the predictions. 7
20
In detail, these steps are explained below. Firstly, the prediction error is
estimated on the basis of two batches of prediction values.
A- First batch of prediction values
The computation of the orbit of a satellite begins with a recording of
25 measurements over an estimation arc E;=[ty,,t.1] which is relatively long (more
often than not from a few days to a few weeks). This estimation arc is used to
estimate the restored values as restored by the conventional computation circuits of
the parameter X orbitography and synchronization instruments. Let Xi(t) ble' the
function making it possible to obtain the restored values of this parameter during the

30 time period t € E;. The details of the restoration method are unimportant in the

- context of the invention, and it is only necessary to have X.(t) for the duration of the



The conputation, of the orbit of a satellite begins with a recording of 25
nmeasurenments over an estimation arc Elz[tb,1,te, 1] which is relatively | ong
(nmore often than not froma few days tg a few weeks). This estinmation arc
is used to estimate the restored values as restored by the conventi onal
conputation circuits of the paraneter X orbitography and synchronization
instruments. Let Xri(t) be the function making it possible to obtain the
restored val ues of this paranmeter during the 30 tinme period t e E1l. The

det ai | s of afct®y. Th&deatabiedvalies baq nesreoven) orjgindtaffom asduree thaniselifferefit t he
invention, and it is only necessary .to have Xrl (t) for the duration of the
6 arc E1. TrABsBe predicioB SOmRIEESN €4t npr eover, originate from a source that

is different fr Zg@: tr&‘?orﬁ& Saugs iar%nlilﬁ&m?tﬂ?é Qi Atoh G dertain paraméigﬁt(f)ﬁﬁtt or ed

values are linked to the estimation of certain parameters (orbi
par anet er sparameters, Earthtsaboiation paraanatrer siellitatrefldctivay mefdeb ctd. /ity candete| |,

“etc.) that be , . 5Suged leulate th I f. X.at I ts aft t
(1o 1 o e cotoiie R vohes SFof =t nfols gl & AR5 S sl B K€ uy '

for: t GPlx | {PoevdiflestdBran&NRESWa9Tor:t P, | is the last prediction instant.
These val ue$ of X1(t) provide a first prediction of the paraneter

concerned. |t witld PaFdig; gt hoted here that the details 10 of how the

prediction nethod is. inplemented is.uninportant for .the ipvention, and it
's onl'y nelbUEPPTEioRale ISHERSRASRUEHRR TSELL (BEcora it At provide 4

Figure 1 shaws, ddiQich! JTBhY phraieic? Bolerddaetasilll A% bedhbtad Bére (Rt th&detlis et c. )
and of the corresponding prediction arcs (P1, P2, P3, etc.). In this tine

di agr an t h€howlthapredictior methodrie pnplsmentsd thienimpertantder thglinnestion, axd ivher eas
t he broken:line curve se { el ate. to.the edicted values of X In
figure 2, f%‘g’I%B?Wfsfr%é’quaﬁf%F@ﬁér@Sldﬁlaaﬁllofl «gtﬂ%euarrgié"correspond to the

predi ction errofggued 1 Xhewé eentifle daridtion ofithd estignion RedsWEEIES Be, dic. paidt ed
val-ues and the restored values of X at the sane instants. B- Second batch

of predi ct pbthevarngereniing nrpdictiencarch dtic R &, @e-biln this dmedipgamy fegelid- t he
preceding PRE rc%tr\i/eo?fgprggeﬁts’ fhe restored values of X, whereas the broken-line curve
15  segments relate to the predicted values of X. In figure 2, the points defining the
solid-line curve correspond to the prediction errors of X obtained as the difference
between the predicted values and the restored values of X at the same instants.
" B- Second batch of prediction values

For the next Batch of orbit prediction valueé, the preceding operations are

20 repeated for a second estimation arc Ez = [ty2, te,'z] with te < t,;. Furthermore, for

most of the time: t,» < t.; because the estimation arcs must be longer than the

prediction arcs in order to obtain a‘ good prediction quality, and then P; < E,.

Typically, but in a nonlimiting manner, in the present application, these estimation
arcs may last from 1 hour to 48 hours. The measurements performed during the time |

, 725 period E2 make it possible to obtain a set of restored orbit or clock parameter values
X;2(t) corresponding to this period E and being able to be prdpagated during the
period P2 = [t.», tp»] and bbtain for this period orbit or clock predictions Xp»(t).

It should be noted that, for the time period P, two values of X are available
because P; < Ez_,- namely X, 1(t) and X;(t) for [te1, tp.1]. Given that Xp,1 and X, are

. 30  both approximations of the same orbit or clock parameter at the same instants, but



-e -'-p,1 20repeated for a second estimation arc E2 = [th,2, te, 2] with t <
t Furthernore, for nost of the tine: t z t _-e, 1
because the estinmation arcs nust be | ohger than the prediction arcs in
order to obtain a good prediction quality, and then Pi E2. Typically, but
in anonlimting manner, in the present application, these estimation arcs
may |ast from1l hour to 48 hours. The nmeasurenents performed during the
time 25 period E2 make it possible to obtain a set of restored orbit or

cl ock par awithehushabettes actuzdcl )foc Wy 5y ¢apdadXpg ahappblixémmgon ofithEdradictidaei ng
able to be prqpagated during the Lt? -p2J period P2 =, , rt 1 and obtain
for this p@Frerdsobiaped feyrthe HBeHPE il & ons Xp2(t). 1t shoul d be noted that,

for the tinme pegipd_RE, twowwa f re avail abl e because Pi E,
namely X, 1(t) a%ef(r !:%‘(’lt(gt) f())(;’/’2 ng&l [?e,lt%§11€]- Gven that Xp,1 and X ,)2 are 30

bot h approxi nations of the sane orbit or clock paraneter at the same

i nstants, but W th ch. better accuracy for Xr2 than for an
appr oxidrat i on o}z of {ae JPUeN s BW%é‘inPBrg?tgh%bt‘%i heqsams Yave i ﬁ(t})e‘?’?sod P1

by: dX(t) &tafished by compilring thé prefiRfioh beXi in thfifstbatch to its feQiordtida iA eid OW ng

prediction batches,” in the sane way as dX(t) was established by conparing.
~ the predi csdcond,ofn Xstimatidue of ithes pradattion ¢reori ¢an besbtainad fw 2 rbatqi/len dvcond, an

estimation of the predi.ct.ion r can be pbtained for. abatch n by
conpari ng FHEPPFEL %Pﬁe_g'r’? 8F °§<§?-ﬁ8§ f%r%f’%?attcﬁinsfo G TERORIP ){3'h+é((\t estoration
Xr, . +1 (t): dX( HX_(t‘f=>§Qg,,n (t(4 Ko 30 potak [t f )t our [t,,n, tp,ni(B) 10 This
succession of estimation and prediction batches, and the prediction error
esti matd on f uncThisrsuecestiyn phessintpsion ané prediciiondgtahas, fapg theeprediction error To sum

up, the fi LS} aq}%in %ﬁ?gﬁ{(t\)g?seQ&Bf}%&egﬂte{dﬂﬁﬂ%ﬂygfti0” consists, for a

batch n + T0 predi ues, cons ng a tine-oriented series
dX(t) of To sum up, the first main step of the method of the invention consists, for a -

batch n+1 of prediction values, in constructing a time-oriented series dX(t) of
- prediction errors for each orbit or clock parameter X by comparing the restored
15  values of the available batches with the predicted values of the preceding batch or
batches.

The next step of the method of the invention consists in isolating the
systematic effects in the prediction error. The time-oriented series of prediction
errors. supplied by the function dX(t), as represented in a simplified manner in

20 figure 2, contain all the information relating to the prediction error. If this prediction
error resulted only from the measurement errors, the curve representing dX(t) would
have a random variation. In most cases, this is not true, and, for example, a wavelet
analysis or Fourier analysis of the time-oriented series of prediction efrors, as
represented in figure 3, reveals the characteristics of these time-oriented series of

25  errors which clearly show that it is not a purely random variation. These
characteristics correspond to systemétic errors affecting the pfediction process, and
they are due to the presence of errors in the model used to predict the orbit itself or
due to limitations of the prediction process.

Figure 3 shows a diagram of an example of Fourier analysis giving the

- 30  spectrum of the error on the power | dX(f) | * according to the normalized frequenéy f.

In this example, the components of the spectrum whose value is significantly greater



prediction errors for each orbit or clock paranmeter X by conparing the
restored .15 val ues of the avail abl e bafches with the predicted val ues of
t he precedi ng batch or batches. he next step of the nethod of the
invention consists in isolating the systematic effects in the prediction
error. The tinme-oriented series of prediction errors supplied by the
function dX(t), as represented in a sinplified manner 'in 20 figure 2,
contain all the information relating to the prediction error. If this
predi ct i onthan itley avepelviabd ofiheyspecomm t(the fiveamoenmildes ehiat cais be bdea in titev e

representing dX(t) would have a random varjatigon. In nost cases, this is
not true, ﬁwar,arrwdianés@amﬂbésedaro\ﬂa%ﬁéﬁtm%ma?f%fss %BFSWROQFI‘%&&W%H%‘ of the

time-oriented serie j.Clj.Qn.er , . ted i fy:fjoqure. 3,
reveal s t h¥en gﬁa?%sgt(zfr ?%t Fé@%&&r{aﬁg& t% %r%-cg?ﬁjebﬁlltﬁg%e?%g{(@s o&l)fflS _ eﬁ?rr ors

whi ch cl eagifferént @vteivdathy valueSoNdl) i thelsicitumasdodmadr i ati on. These
characteristics correspond to systematic errors affecting _the prediction
processy and th&g sameupiiike sesondaain sisprod dhomegodoristhe invicpiomsensistuiied t o
predict the orhit .itself or due. imtatio f e L CtIon. cess.
Figure 3 sﬁ%ﬁg"ég 8?%%‘?‘5?%“%? tegnS%ggk%r%%lpg‘]’ d%fhto o%?‘?rgru S%‘Ea?@é&gb@%‘?ﬁg’% ]ﬁe 30
spect r um oprocbsingr methodn(Foberpanstysid, wiXeler adalgsicpoovdiotigr tsignaheravessing i zed
frequency f. In this exanple, the conmpgnents of the spectrum whose value is
si gni fi.canfehogpeanddsolatime the gontributigps oi e systemstio eifetivd¥pldt rum (the five

narrow pul ses that n&?rkt Ceorsists ihg;eﬁaﬁn %49& gFQdi&i%H A8 R Lo RUbRdr i the
cts. n respond, I1n th

systematic effe hese conponents co n e case of the Fourier

anal ysi®, tytdnhicqmedictiduénansOniésthe (cbintribuﬁéris)c@’(;g(l) éfothe diftémmatenetfovtt ewor t hy
val ues of co(i) in . the.spectrum.caoncerned. 5To sum yp, .the second. main step
of the et RO B HEm e Tk 1aRLORS, SEBE 17 Py AT el REhaY e 201 181 eq
series of &l el Rifur PrfiGioAStine pRAo® PR/, OPhéR! @niitiidhs P ERESHRGbTEL hod

‘(Fourier analysis, wavelet analysis, or other signal processing nethods)
and i sol at iseg toiverredtrthe iptadidtions infhetpredistjant atelt ntl bf fsebfrastidxshel¢fectsThe next
step consi s in.performng th redi ction_.and t orrection of the 10
syst emat | cot@gdﬁgg?soﬁ?ném”gggs. f’%qg(g%flﬁ%oé:tgﬁmcg‘ﬁ? F{gﬁti dXs,; (t) of the
systemps i ¢ ef f eqbssubavp, heaRird dedih istdpesk thetméthiod OF Ahd URkeitic BRlsastd th
extrapol ate their behavior and tine during the future prediction tine

peri od Pn+éxtrapetatiag tmbehiawigr pbths conmibutiersedicghe systemaisetiestsdBri(®dn thhe
predictions in.the predicti bat,c +1 by subt.racti l{é of the
vari ous copﬁerd RiilaR Orfcﬁg&\(/laa\%gectsz’r%?&x%ééﬁefp&%%%t?%nﬁ d&l% .ge ?%Béﬁoﬁ% up, the

third mainvsluep of the method of the invention consists in extrapolating
t he behavi or of the contributiaons of the qiys,terra,tic effects dXs,i(t) in the

prediction int eftvall Sefotdntbat teamethod ft thia gnyentiop cag; ke ingplemepted, fohese
contri byt i eqh. t i i on can
be i rrp?grre%{}éé?‘lfd(;r ﬂbeﬁg%J} é{:‘%agcéﬁgé Iglﬁ{’:’g? % é’g‘ltag‘éggr%%?%’tg frggﬁ%sdfﬁ?\ég @Eéi he

pr edi ct i ontiarec perfaisr PesPonBi mepresentdde irt ifigurgel)i ads adianta@2ousB3 mwpalbsent ed

in figure 1) are advantageously mutually overlapping, but not necessarily.
J ozzer apping, but not gecessarl y. y pPINg . y



9 CLAIMS 1. A nethod for correcting the prediction of values of signals
with tine 5 variation disturbed by varous uncontroll able systematic
effects, characterized in that it -con%rises the follow ng steps for the
correction of the predictions of a paraneter included in a received signal
and - varying in time: construction of the history of the prediction error
based on a first batch of values (E1) estimated a posteriori during a
determined tinme period, called restored 10 val ues, by conparing these
restored values to a batch of values previously predicted for the same"
determ ned tinme period, analysis of the predicted tine-oriented series of
prediction errors by a nethod for pﬁHé@E@ ng the signal and isolating the-
contributions of the systematic effects, 15- extrapolation to a new
prediction time period of the behavior of the contributions of the '
systematic effect sl.iAen¢théd éut cmettmg theeprediotionped vabaesodsigratseditf EMe and

correction of the, predjigctions usin dul y extrapol at.ed yal ues.

> The. ot Hotatios GRaPRLEY iRl BRls b b i TS B A
processi ngjMBiheded the Folf@Wink &lep? ol B¥&lofectidrABShe piediddas of AGatdhdiad as
claimed in clairm1 or 2, characterized in that the prediction time periods

(P1, P2, PBiclued imarasaivied signalrandyjsrying in time: 4. The nethod as clained in
I I L e s A
the orbit  pf edi&t (B estiffadd@posttidrodurimiesetemtintd fihepeadd dahed festogder ence
25 ¢l OC1I§)' values, by comparing these restored values to a batch of values previously predicted
for the same determined time period,
- analysis of the predicted time-oriented series of prediction errors by a
method for processing the signal and isolating the contributions of the systematic
effects,
15 - extrapolation to a new prediction time period of the behavior of the
contributions of the systematic effects identified during the time period concerned
(E)) and correction of the predictions using the duly extrapolated values.
2. The method as claimed in claim 1, characterized in that the signal
processing method is a Fourier or wavelet transform. _
20 .3. The method as claimed in claim 1 or 2, characterized in that the
prediction time periods (Py, P2, P3) are mutﬁally overlapping.
4. The method as claimed in one of the preceding claims, characterized in
.th.at it is implemented for signals received from a radio navigation satellite for the

correction of the orbit prediction information for these satellites and their reference

25 clock.



