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L%égll11111111111111111111111111 * 59159* METHOD FOR
NG A :
ABERRANT PSEUDO- RANGE MEASURENENTS. SThe pr st

invention pertains to a nethod for protecting a ssorsos

radi onavi gation receiver user in relation to aberrant ——— —

pseudo-range neasurenents. The error in the
geographi cal position indicated by a satellite-based
METHOD FOR PROTECTESEI A/ RADIEP BASIGATION RECEIVERWUSER

mar WREATRSE WABFRRAN OPSEVBORANGE VEXSBREMENTSned
by the algorithmused by this receiver and on the

errors 1l0Ocontained in the navigati on nessage broadcast
by the satellite. In order to limt these errors
and The masut envichgop patant foom noftthads forr protiettirigsa nel@myapation
to have _mealns rraﬁ%ng it possible to identify such
resiyeg Mserdp relpAN OREGTRY PSHIOZPNER MEIUEFHE t 0 cal cul at e
a bogRRR ih hRe PASUAIHL §oLifbn 38didatd BG bl QEE1XE-Hab& radio-
avai | abl e nmeasurements, while taking account of
navightign recgivandemods omtha ¢rrdrS vdpacingi thetheassremehtsr efrpseudy-
the context. of use (lapdin f, an .aircraft tc..).
ronghS SRR Buntis plbp B aRed nl if GShlG: tns iy Hisgemors
corrilddGRefeEH v BfatiON hREQITB BFoaldBAse BY tHelsatdlitEt Or i ng)
function. Current GNSS receivers for civil aviation
may lpordpretauliedt tiesth strersaarAioVesyF thieoproteactipn @ftusers, it is
uj t wi.th | M. f ion . r.S..f
eGP Sl Sph i MBS, 1B e GRS Mhat hey can
bd dlisgartiead tbhalkibye sit@nhd Yvhnge pbsition terfos apat fup&rssi f the
to separately choose the item of equiprment which o
avadehle r Bsaswmaneid guhileorfakipgnagcoyntd athdntsEetywing b continuity
ositi ¢ . au . .
spEREEHIGRL St OBk colibxElor uif (ah ik Ut SRR b TEe
méas egbnotitusd ger bidinref af déves hasiqyar ®AIM) [§Reawtvee hditgnomous

' 1”??2211@8 L élgggﬁ\ﬁ‘ﬁ?%qpte :Futr%rgte §§&%ie{eg%igeer% ré&g%gllf Saviation may not

bd Wbl Withesi MRMIMOEnttdg. error which affects these
nmeasur enents, thereby posing problens with the

r el | @lir¢nit equipfmenhwitipe KAIM Mmnstdw suftens frpmdpogachlemie

subj ect of the ent_invention is nmet hod., f or :
- SHObEOPmAY 1 SPu AL gt ey eyt 1 5 Bt aoshle
tolsepA eIy HdbsdHe WeR- 3T GDnIBRASHICE HBiMifes thdha/igdioneigngitand
possi bl'y being inplenented by an item of equi pnent
the wee pdndealcwttes e nasdiopifdhe Heguifregyipmeat waidhgriovidas the
. Sl gna nd. whi ch cal cul ates the position of the item
mgﬁggquﬁllngtrlr%ﬁt provi di ng the int egPi ty functions, and
- ¥ eduipMenob bdeslt @bilkoriehsyf 1édsesquares type which is destabilized

by the presence of erroneous measurements whatever the amplitude (even
infinitesimal) of the error which affects these measurements, thereby posing
problems with the reliability of the position solutions proposed.

The subject of the present invention is a method for protecting a
radionavigation receiver user in relation to aberrant pseudo-range measurements, this
method possibly being implemented by an item of equipment independent of the one
which acquires the navigation signal and which calculates the position of the item of

equipment providing the integrity functions, and which is not destabilized by the
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1111111112121 11 121111112112111 *300002* 2
presence of erroneous neasutenents, whatever the
anplitude of the errors aff®cting these neasurenents.
The nethod of protection in accordance with the
invention is characterized. in the nost general case,
in that the N residuals of the estimtion of the state
‘vector 5 are weighted during the estimtion of the

 progivit@af biPoned0s tichQitemérlts, WRitGRE ittgahisliti@e 6B1he e2fbrobffecting

in accordance with the estimated statistic of the
thgsermagasugmentiese measur enent s, usi ng robust statistica
esti ngho Bfét}{o%%rgtﬁcﬁ la@&ﬁaan-@é 'v@getﬂe %Wéﬁﬁ?r?is characterized,
Esti mat or varlance term na
inHh¢ moat generab icadd ﬂSthlamiiedﬁ residualy-ofithe Edtmdtion\dfitRe sﬂate, Lector
imators or this melghtlng p033|bI¥
arséy%%llt@%pgpn%F ep%ﬁtlfr}agpn qffthe( payigatjog; sq uthnhgle weighting bemg
ct RO I RET AL LQRr@hcd h@ltﬁ &fik ddsghsidds sfaﬁgl?r! ’ofV\thehel"i‘ors of these
wei ghting factor equal to 1 or equal to O ¥
measutansants, , usargl ropyst j statisticad aestingdtors t (sechweis gﬁmel hgast abtimmed

lies nd 1. .The.cas f tot ti )
S%W‘ér%?w%re?rolxﬁﬂgm (RVSHSES Bttt bR or Myestimator,
orf AbPS GMCHENRS-P- RS- Hh 8V G388 a0ts &aMST@) e %Igw&% pos31bly
covers the robust schemes of "RAI M M estimtors"

bz, tpsal or@aéttaét It isciatal.ethe icpmpidaratinr of th@lrﬁsmhrﬁdﬁ_m o Fwith a
W&%Ptn?nq'a f’% I bgr e ua?rto Gbx?r}‘p sFoglm:aﬁg !afdlcti it é)ggna? the

an be f SUd At

wacghﬁng faefhr\Mek bpdcn D(Hhe/l\l\ll"ﬂhb/cﬁkbbchﬁtbtae Silci giftih @ lcovas, ikt hlia,
in the references cited at the end of this article.

tha TARNGSTR" aamet RN HeakSic robuss sehomss, end theeapt jodrpartial
WE:lt?;ﬁtlr?é‘ b&SErsChd) b6RE WBlRies of "RAIM-M-estimators" type. Robust

statistical estimators are well known per se, and are described, for example, in the

"Wikipedia" article that can be found at the following address:

http://en.wikipedia.org/wiki/Robust_estimator, as well as in the references cited at
the end of this article.

According to another characteristic of the invention, the subset of h residuals
of the estimation of the state vector of least variance is selected, and this variance,
augmented by an adaptation coefficient, together with the mean of the same subset,
are used to center and then normalize the N inputs, which, on;:e squared, are
compared with a statistical threshold and rejected if they are greater than this
threshold, with h=N-1 and/or N-2, N being the number of residuals. The aim of the
comparison with the statistical threshold is to not have to systematically isolate the h
residuals of the estimation of the state vector. This is the "RAIM-MSTD" scheme.

According to another characteristic of the invention, the subset of N-h

" residuals of the estimation of the state vector is selected such that the sum of these

measurements squared is a minimum, the mean and the variance of this subset are
estimated, and this mean and this variance (the Iatter advanfageously being

multiplied by an adaptation coefficient of greater than 1) are used to center and then
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20 of the estimation of the state vector of | east
variance is selected, and this variance, augnented by
an adaptation coefficient, Bogether with the nean of
t he same subset, are used to center and then normalize
the N inputs, which, once squared, are conpared with a.
statistical threshold and rejected if they are greater
than this threshold, with h=N-1 and/or N2, N being
with the statistical threshold is to not have t
thegpheldrpad ireiasteq ifitbey are graates thanrtbisitbgsliadd.oFhis ts¢he "RAIM-LTS"
s imation of the state vector. This is the

FM MBTD' schene. Accordi ng to anot her

néiR1iRE TRE N Ohpit8S halie, %ncghguﬁfem Ofre té&ﬁlp%l':_éd W?ﬂg ar dS@ical

~ char agéRdingttb Gnofhet BRarb&¥IMc GMNthe tikFenBidRS Bk 1Wiredtilhls of the

resi dual s of the estimation of the state vector is

esdiglagion @f thadaic tvaetor fiseveightedby tandtpsativeasshereermmich consists, at
. ' LN t nd_the varij,ance. of

RS 3p "B The BBaRR A Sl B VTR g of e
estiaratianae the keatd atdter, incahniatiggousikits beith ghehidt 6k ivedehting

by .an gdap.t ation coefficient of greater than 1) are _
fugston yhosnPWs assthegsmisredarepidpala mpmaalized by the yagance, and in

W f rSei ' I SticC
e PR e FpEde ety hBedt HopBlgrPhen he
sunh p bk otyenresTdfithe differdnees RAWRL TS casbmmiee residuals is less than a

Accor.di to another characteristic of the_ invention. .
thpkEOKE (B mcha anchrihe ATARE (G il PIEMENER Ao ape adapiation
coUFRCiVR) GRIBGArRY fiof this§rédesy Eeiﬁ% E?é@feco \é@xilt&harfa?tﬁéi Rériatidd the

each iteration, in estinmating he mean and
Nyaputsddclofoneh equaessh, digadompafed: Wigh e staitinttal dweshibld 4rel rejected

A UG e P LA RS DU B2l 2

residual s normalized by the variance, and in
mul tjiplying the residuals by these weights, the '
i t er @t pyveetyledcmsnnagy dhpimihethofh nrpfsction isaecetlandgewith the
. i {fere t W0 _consecuti.ve .
inS QHRAS BBl iy AP SGRRREGEF ot lal RRRT S inine me
ingrity irekcafdrhiey kalctiating tigmesidedisbyf ava@anésd o@Pseudo-ranges
coefficient '\mtjhtgh arise from¢this process being used
ohtgingd pp dhe f ero ARt Fal @opitign and disueleck sikftamovided by a
AN Bion&Vi SatoAMREL G At oA
P r ejhigct egni flg%they arlegg%a#e@efbhgi% O? E%egﬁteﬁ%ugérﬁ%ﬁ%{l&?%lgthe
priganylrecel RAtML Wkimshéseabbies” scheme. 15 In a

det ai | napner e t hod. of. .protection in

accord rf’é%laaﬂ ﬂf‘i‘lhg‘eisﬁsﬁﬁ?f&ﬁmfi aly phrardinal h-Nd and/or s, N
it conpydistse hbiRbbodfoniings, st eps of cal culating the
integrity 1 ndicator by calculating the residuals of

measur drieilatiar ohthetrndauindeydativnt ofi saell sobset hed Hetsitsinafion,
t he geographi cal, position and the .cl.ock shift provided
by a 20Sg E%ﬁ%lgy{ agp%];eﬁgiSéaé’afiréinlaF‘é‘&té‘i’W@PaaWdo t"f?_égqlt the
basi s absitils, RaStheeriY §f bsidmhabYort WRicR'd [TRAY% b&REIHShed,
to obtain these values: Formation of all the subsets

of resi Yuaths VEFtoE af enirresponeing cardingl/homm, ApDMmN treeap @ nin,

nunber of residuals, Calculation of tth
devi at i f..ea ubset and det er m natitBbr,m 25 s min
bei ng t(gagcug?‘%qnlo satt%rﬁvaeiﬁ"g)é?lﬁgﬁféﬁ?yat”reanz and_used to

wei ght the residuals, him the value of carftlinal for
whi ch sheRdAas rRgene AR 8thendiTL drdd? 8o YHIGHO rrs"ffﬁ
correspondi ng cardinal hm," and m'"n t he neatf of

Ym n, Calculation of a first vector defined by: r,,"

= 11(Y - .. )2
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4 calculation of the factor f defined by: f = (X2 )

hmn N, , where (X2 )-1(,]1) is the inverse of the x2
di stribution with one degre® of freedom s mn is then
re-wei ghted in the foll ow ng manner: cal cul ation

of a new vector of residuals: rvec., - nimm)2 amn.?2

definition of a threshold T such that: T = (z2)

1(P, 1), where P is a probability whose opti mal val ue

nmust be determ ned by probabilistic siml at i on, 1QEach

el ementcabfulativecof the factwpaf eltfmed hbyT. ﬁqé(;g‘, (E—zi;l T, where

fault is ‘ : _ N _
()(2)_1 (.',1) is the inverse of the y* distribution with one degree of
freedom, '

- Smin 1S then re-weighted in the following manner:
o

= *
O—min. 2 = f O i

. . (Y - mmix; )2
- calculation of a new vector of residuals: 7 =

vec,2 .
(o}

min,2 -

- definition of a threshold T such that: T =(;(2)_1 (P.1), where P is a
probability whose optimal value must be determined by
probabilistic simulation,

- Each element of 1y, is compared with T. If r

vee,2

(()>T, a fault is

declared to have been detected, and satellite i is excluded.

The present invention will be better understood on reading the detailed
description of an embodiment, taken by way of nonlimiting examplé and illustrated
by the appended drawing in which:

- the single figure is a simplified diagram of. the successive steps for
implementing the method of the invention.

In the diagram of the drawing, 1 symbolizes a conventional primary satellite-
based radionavigation receiver providing on the one hand, on a path 2, the solution
estimated by the primary receiver (geographical position and clock shift), and on
another path 3 the measurements of pseudo-ranges used by the primary receiver to
obtain the solution. |

If the measurements transmitted by the primary receiver are not preprocessed,
they should be made to undergo a preprocessing, known per se, ridding them of

propagation and measurement errors, as is symbolized by the dashed rectangle 4.
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decl ared to have been detected, and satellite i is
excl uded. - The present invention will be

bett er understood on readlnﬁ the detail ed description
of an enbodi ment, taken by way -of nonlimting exanple
and illustrated 15 by the appended drawi ng in which:
the single figure is a sinplified diagram of the
successive steps for inplementing the nethod of the

| NVeTHd @lculation of the idtb&itdliRHEASR Bbn LHRPHERWHE Qollolwmg steps,
nbol i zes a conventi onal primry sateFllte based

onr gibasiaef gwtqatmlam@@ of ﬂ@rre@d@w (ﬁ)mé myasuriments of pagudo- -Tomges

RN phAE SR AR P A SuBFTIR e

nudibeabOthess repidbiiis3 t he measurenents of pseudo-ranges
used by the primary receiver to obtain the solution..

| l| fFormaiqneefallrtherahsets of ssidvnlstad gandypal heNph andéenyN-2,
u
B on A B Bk B AR e B sach et (L8 o ST RE s
mhiiag'aituonnﬂmﬂdttueamkeeaﬁmferemaqﬂ}& Washensiefyebol | zed
by the dashed re ta le. 4 The cal cul at.i on of

t he i nfegfiie 5% tcé’idut%é‘ﬁ"télaﬁkb?mlsé%s}fq% optsinegwi ng

steps, pONyt h%@m& AlootrBohding Whiida0R,0f the
resi dual s Fg) of measurenents of pseudo ranges (said

resi dual smhpethegnefandtag.. Yi , where i is the index of
t he satellite, and N is the nunber of these
residuals): 1. Formation of all the subsets of

3.resl dvalsed @b »eagﬂh 0l rRidals. AN vt G is2 cal@@llaﬁf:kll alchOfhat:

of the standard deviation of each subset (6). Let s

mn Qniﬂe ﬁnallest standard deviation. The latter is
vLakeﬁ~ae—fe+erence (7). We then define: a. h,,,, the
val ue d%meardlnal for which s m n has been obtained b.

i AR o R SRR LGSR sl e
re3|duals A first vector is calculated s '

objtgit:_nifj2. Alsbreakenlakai istthefacer ifoleSnahbel fi=t éﬁ [; jl ®here
vectors ‘rvecj are sorted in ascendlng order t

1%qbtain: rvseozied Also calculated is the factor f
( f(Apih tbgl inverse of #2);” istribution with one degree of freedom.

sorted
rvec.l (hmin) *

f min

_ 5. Smin1s then re-weighted in the following manner: Cring =

(Y - mmin )2
O

6. A new vector of residuals is calculated: »

vec,2
min, 2

7. The threshold T is defined by: T =()g7‘)—1 (P,l), where P is a probability
whose optimal value must be determined by simulation by a probabilistic

technique of "Monte-Carlo" type.

8. Each element 0f ryec2 18 compared with T. If 7, ,( ) > T, a fault is declared to

have been detected, and satellite i is excluded (8).
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, where (x2 ) (.,1) is the inverse. of the x2
distribution with one degreg of freedom 6. A new
vector of residuals is calculated: r,,".2 = (y - m
mn )2 Cmn. 2 7. The threshold 'T is defined
by: T =(x2) | (P,1), where P is a probability 20whose
opti mal val ue nust be determ ned by sinulation by a
probabilistic technique of "Monte-Carl o' type. 8. Each

eber®sie thé ddtecticd dfposAPRAEdwhéRurbmehts(Hdz bden Ferfirthlell, the
is declared to have been detected, and satellite i is
‘exclaghatatiog)of thegprotection radii (10) can be done in the customary manner

~ having regard to the number of measurements adopted. -

It will be noted that P, which represents the probability of excluding a non-
flawed satéllite; cannot however be directly likened to the probability of exclusion
specified by the OACI. Moreover, the test at point 8 is performed independently for
each satellite: there; 1s therefore no detection without exclusion.

The outputs of this device are therefore: ‘

- A possibly corrected position solution (11), if an error in the input measurements
is detected. ‘ »
- A value of protection radius (12) which makes it possible to guarantee the

position solution for the device, possibly including an alarm.

The method of the inventiqn makes it possible, in a manner which is
autonomous of any ground segment (therefore implementing a RAIM
functionality): '

- to boost the perférmance of an off-the-shelf receiver (termed "primary") without
any integrity function, | _

- to detect possible errors contaminating measurements on input to the calculation
of the position, through the use of a robust estimation statistical algorithm, that is to
say one truly unaffected by measurement errors, and implementing a dynamic
criterioh, ' |

- to calculate a robust correction for the position provided by the primary receiver
by excluding such ah error if it is detected, |

- to calculate bounds on the position error as a function of the available
measurements, and by taking account of integrity and continuity specifications
inherent to the context of use (for example in an aircraft landing phase). These
bounds are thresholds which must not be exceeded more than once for N range

measurements, with N=10 to 10, for example,
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9. Once the detection of possibly flawed neasurenents -
has been performed, the calgulation of the protection
radii (1 0) can be done in fhe cust omary manner havi ng-
regard ta the nunber of neasurenents adopted. 5/t wl|
be noted that P, which represents the probability of
excluding a non- flawed satellite, cannot however be
directly likened to the probability of exclusion

- 15 REKieTd QheRYr pdiforiaAbde. to Mt @OHRI stanldBRl R ARV addorileth IThsiSg the
Is performed independently for each satellite: there

legss squasgseschemec)no det ection without excl usion. The
out pyt s of is device are. re; =~ A possibly .
cor Pt b & SRUEF nf A QERRLRER: il (PARE b pfearit

fuh Euit tolNBREEH T &M hSoviding ¢t #Gbade, thé dwdkercofahe priot &€tih @nder
radius (1. 2) which makes jt possible to guarantee the

top@8tatn oHIUEGIaR | BRFEFOY YD | RETOTHERCS bfapnphdisadihifg usual
uERET To e TRl Yoy LR BRKESOb ve o us

segnaiati os Blerbrg protéseings,dnue, simqel tberenddrtagying ¢¥8ubh processing for

functionality): . to, hoost the perfornance of a
oSO AT 1o elg BRegy AbgaT TBF FaRPYEy O bk Gtxamgle of
the r&G" ot & sEURaL if9NeivACippliLatfbRl e6lt RRSIBIPLE tRN $1AES of several -
contam nating nmeasurenents on input to the cal culation
huyidredheeqonds twith effe¢tiveufhiennm, thase 08 w otisudotally autonomous

stimation.statistical.algorith that is to say one

s L HAPF Bk PLAPEY ST S AERPIEPPERS, and

- TR 866 I0Tdha ifydhaibh Cmakdst i€rgoddible to optirhi2e GBé GHbRE Eofathe
robust correction for the position provided by t

: . . y the
hasdwangr {orr eqaminner thps pyvigstenugighgl dudencndenty rofr that for RAIM
prggésgﬁl ed, to calculate bounds on the position error '

as a function of the avail abl e neasurenents, and by
- Thk RagMVemedod reriferddoB@st iatgording t6 et infetitioys makes it possible to
specifications i nherent to the context of use (for i
endiaBeRythe rEabality Qi Rosiiiop asamation) (gpegpeicaliprsiion) ol gaproving

I: a i . d
ORI TR B ML B B ORI, T B .
- Bkamethod afords AbhMBility t\datetthod éxgiudpribivedt GNGS aneasurements

. .radi onavigation recejiver. user.in tion to aberran .
tigE & AR o™ B deee it SEhanrd I, I8 helienfile 't pdkeg it

pbSHld URkipRle e a@StabiIR) kAR o?fa GRESSHRIEN LBRmbRibIaNth civil
wei ghted during the estinmation of the navigation
agalian iegwrentdmds. wei ght i ng being carried out in
acco;i.g asﬁr%?navr\fzte,hthg rI]neethod of the invention offers much better performance
than that of the standard algorithms both in terms of integrity (detection) and
availability (false alarms, optimization of the protection radii) and may be applied to

a radionavigation receiver not possessing any source of RAIM protection rendered

. robust against measurement errors.
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5estimated statistic of the errors of these

measur enents, using robust gtatistical estimators. 2.
The nmethod as clained in cldim1, characterized in
that the robust statistical estimator is-one of the

- followi ng estimtors: Least Trinmed Squares Estinmator,

or M ni num Covari ance Determ nant Estimator, or
M estimator, or A-,D,GW, 10L-,MMP-,R,S or
Westimators or MSTD. 3. The nethod as clained in
claim1 or 2, characterized-in that the wei ghting is
total, with a weighting £&dSequal to 1 or 0. 4.
The method as clained in claim1l or 2, characterized
in that the weighting is partial with a weighting

1.f ac tmexthddyfon grdtedtingen radli aagtightionl @it ngeroin tehugion ab ubkrrant

15statistical schene |g§lemente 5.. The net hod ?
c| RECRERITANEE JREAYFeTRINAS, nhasacig1zgd o that cthey Ny gesidypls of the

t h&hmaﬁ@n ' Wlﬂf‘em%{%&e %@topfaré h\?eﬂ'gHtQHSauﬁitthétésﬁﬂldtmn of the
schenes, the subset of h residuals of e estimation
ofnavigmsn aobutivec tlor weightieg dteingacaraied eouit Snsmcenlae@h wathdthe

L osemHBH SR AR ot P wERERDLs pugE rogpe S

toesgﬁm&g and then normalize the N inputs, which, once
squared, are conpared with a statistical threshol d and

2 dihecmethiod faStqhzeyleérle C@m@aﬂeﬁhatrﬁaﬁmcﬁu 8 that dehisbust smttshcal
= s o A TS, Pl S ptfnator,
t het MiliguaCowiagced Betetthinhid E€hddyr, anMadapiasd, oA A-,D-,GM-,
coefficient of .greater -than 1. 257. The method as

| ki MO Pr - S a1 W-estmpdiams2EMYTRed in that the N

T esi f e .. .

o{ SPASHBLRgok SORES ) Dol b BAILE YRR B Fffhins
eatobal ) il aWetghxinglﬁacmatdqmttongartOhe mean and t he '

varlanc of t sidyal s of the estimatjon of th
styi*eem\? qi“ﬁ‘e AP | 19g %\éﬁﬁﬁ?@ﬂ%ﬁdt 1 thakths; ‘aelg@tmg is
%1%91%'&9 ﬁtH&Cfabt%P 1%@%%&“}6@& @t ahdaf e Bgﬁin‘fge Bh ?Heelq)bust
re I dual s nornallzed by e varil ance,
nu*tamqulcylmgemhenplemﬁntaal s by these wei ghts t he

r at rocess, stoppin of the
"histig B SRGRR db GRRLER SRR h (0. Dottt va that, to
r eﬁﬁﬂé&ﬁkﬁ dn@ delSeSrdbh@tnstzﬁlsthﬂes%H&h&g tHe RbER T h%ﬁdﬁzh? of the
variance which 5 arise fromth process bei ng used

t oestlemﬂen drifie tsken vaosomaf least t/manme iisyseleeted,wiridcthis warzamce,

- square

a e co tati tlc hreshol and
: efu&?e@aﬂd G R Bf0 il fhiRGr B b PICR ame
7, sublar éi@h@éd #Eéeknted ahdl WentddemYREd @B @eldﬁﬁtsnﬂ'h{dhpbﬁ&@qb%ed
an adapt ation coefficient of greater an.1
are compared with a statistical threshold and rejected if they are greater than this
threshold, with h=N-1 and/or N-2, N being the number of residuals.
6. The method as claimed in claim 5, characterized in that the variance is multiplied

- by an adaptation coefficient of greater than 1.

7. The method as claimed in claim 1, characterized in that the N residuals of the

estimation of the state vector are weighted by an iterative scheme which
consists, at each iteration, in estimating the mean and the variance of the

residuals of the estimation of the state vector, in calculating weights with the aid .
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109. The nethod as clainmed in claim1, characterized
inthat it conprises the follow ng steps of

calculating the integrity iHRdicator by calculating the
residual s - (5) of neasurenents of pseudo-ranges L
obt ai ned on the basis of the geographical position and
the clock shift (2) provided by a primary

radi onavi gation recejver., and on the basis,

medlsy MerHNg frngtionswhossinpue afsy ﬁhﬁaaeg)tefeéicr@ﬁ%ﬁﬂs tnarmahzed by
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r el e ORGA t(n%) prb&es¥e@i3t usell Qo c@terl YAd ShenBralife meak l'i?lputs
of- cardi nal for which mn has been obtained, Ymn th _
vewhish, oficecgyuamsslperediangpared aiithad statrstival swdshotd and ln@ected if

mean of Ynmin, c. Calculation of a first vector defined
by #¥kc. 1 = 1/(37 Mrin )2 Onmin d. the vectors
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vec.1"min * .sorted cal cul ati on of a new vector of
r eby aladaptatippesegftiicientef gregter than 1. 1. defini ti on of a
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,rvecp is conpared with T. IfT, a fault

(5) of measurements of pseudo-ranges obtained on the ba51s of the geographical

position and the clock shift (2) provided by a primary radionavigation receiver

and on the basis of the measurements (3) used by the primary receiver to obtain

these values: a

~a. Formation of all the subsets of residuals of cardinal h=N-1 and/or N-2, N
being the number of_-residuals, B

b. Calculation of the standard deviation of each subset (6) and

determination, omin being the smallest standard deviation and used as
reference (7) to Weight the residuals, hmin the value of cardinal for which |
omin has been obfained, thin the vector of corresponding cardinal hmin,

and mmin the mean of Ymin,

c. Calculation of a first vector defined by: 7 =

vec 1

sorted
v ee,

d. the vectors ry 1 are sorted in ascending order to obtain: r

e. calculation of the factor f defined by: f :(Zz)_l(lq‘“T“‘,lj, where

, ( z’ )_1 (.,1) is the inverse of the 3 distribution with one degree of free_dom,‘

-f.  Omin is then re-weighted in the following manner:
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‘decl ared to have been detected (8), and satellite i is
excl uded. 10. The nmethod as clained in.claim9,
characterized in that the ﬂ obabi | i stic sinulation -
used for the definition of the threshold T is a schene
of the "Monte 10Carl 0" type. 11. The nmethod as cl ai ned
inclaim9 or 10, characterized in that, when the
neasurenents transmtted by the prinmary receiver are
not .preprocessed,| 1ty aje made to undergo a

pr epr ocessidag.» d%n%rtﬁeﬁVaf propagat i on and
nmeasurenent errofs (4). 1512. The nethod as clained in

one of clains 9 to 11, characterized kgéfha%—ai—
correctgltc ﬁﬁsition %t jf éulated K ammelfror in
the $nf QLB LAERY S PO S 13" The nethod as

clainmed in one of clains 9 to 12 characteFT ed in _
that, a c rrecte _ al, gu ed whe

an ebr&f Wﬂ Bh Pﬂ%ﬁ?ﬁﬂéat % %&e e 2)153
The ne 0

The, TevReoRy SURLIb NRhue| 3T %ﬁ%d?ér phapilistic
to thesimastisrenents are calculated in a customary
manner . 15. The method as clained in_one of clains

to 14, Eephrelementi feticiznistsompazed ANt i (f.2)...18) >hi é’@ﬂt is

when an erraor in the input neasurenments.is detected.

16. Théleplatedde hage Qqeaﬂﬁ@ateii Koprd ttellitedingxcinded. 15,
16hehachahdded Lkintdadin dalﬁa592§ﬁé}9été§£édt th Bhat the prgb%bfilistic

radi onavi eation receiver not possessing any sourc _
r chslatign atedcfor dre dedmititat ofnthashredwkhT iearsohane of the "Monte-

Carlo" type. .

11. The method as cla’irried in claim 9 or 10, characterized in that, when the
measurements transmitted by the primary receiver are not preprocessed, they are
made to undergo a preprocessing ridding them of propagation and measurement

~ errors (4). -

12. The method as claimed in one of elaims 9 to 11, characterized in that a corrected
position (9) is calculated when an error in the input measurements is detected.

13. The method as claimed in one of claims 9 to 12, characterized in that a corrected
clock value (11) is calculated when an error in the input measurements is
detected. |

14. The method as claimed in one of claims 9 to 13, characterized in that protection
radii (10) relating to the measurements are calculated in a customary manner.

15. The method as claimed in one of claims 9 to 14, characterized in that an alarm
(12) is emitted when an error in the input measurements is detected.

16. The method as claimed in one of claims 9 to 15, characterized in that it is
applied to a radionavigation receiver not possessing any source of robust

protection against measurement errors.



