111111211211212112121121121121121111 *159159* Met hod and system for detecting
anonal i es on.satellite navigation signals and hybridizatio

konprising such a detection system5 The present |nva“m“m‘mm¥“mmes to
'a met hod and a system for detecting ahomalies on satellite nawgqga

Si gnal s and a hybridization system conprising such a detection™
applies to any satellite posi t| oning systemusing satellite positioni ng

r-ecei vers of %ﬁ)g‘g tRingHrdmdifes ovshtéifle AXAGaticHCh as GPS
(G obal Posit LigRLja%h .zaaron s&é.ﬁ oh?;ﬁ%'nﬂg?ééch 2dtd fioRyktenvl ar to the
terrestri al Srecelvers In a satellite pOSItIOI’lIng systemusmga

satellite positioning receiver of GNSS type arranged on board a
terrestrigl, maritine or airborne vehicle, the 15 data signals enabling the

receiver to cal U@l frekbit !R\%?ftl%)h PA530 tOhI H:tAEd Qné aoé%@'nf feeRtspt el lites

bel onging to a constel l'ation of positioning satellites. The constellation
conpri ses at aperaliest G satelliés | nﬁv&'ﬂt'P@)rs'ﬁ@z@érﬁﬁ‘qﬂ ghybwidization rawiesn

correspondi nQortn?nél U693 8RBEONCAREH NRIPDIies toY anyZ sﬁ@mté BBRRSfhg
coordinates t of the receiver. The positioni ng he vehicle by t he

receiver is PSEHEOr HEAO |%@t92'09t%§'t'§f‘@ﬂsfecﬁ'ﬁer§ P @‘{S%t(@f?bat Navidaten ver

acqui res 1'bad's%feﬂlﬁél'$§r§t‘é}ﬁ)~°t§/&n%b§h aousHd gGﬁBbé\QDdlﬁ?bh%tSﬁibn‘#)‘ &h@hife®r i gi nati ng
fromthe four satellites the constellation and i'n ‘a second step the

recei ver evalgreiuess, @ne mpaﬁ'@m@rég theclerreifipl{gNPREecRMIEl e from the four
satellites fromwhich the signals have been received and det erm nes the
position of the vehicle by using a trilateration 25 neth An error
comitted on the ‘ﬁo%ﬁ@tﬁlbtﬁ R?ﬁ'“ﬁ”‘()@zﬁ}’%?‘@ Usig a9l %%gpﬂ'ﬁgée%@&uences in

an applicati egjngsl 'd?&n{;é’d 6h \HobrdPY éttds@ial, R iRRAGCAl RN, the There
are many sources o ositioning error that can affect the validity of

posi ti on ¥nf @'ﬁ?@a@law gepllipgi th@dewea tg gelstiate s pastieninghprignale fiodim A

posi tioning 3frefint Qatchfdd BBoMLIRy 1t acdRenaicabr PosHrag ftelitde Teeeption of
the GN\SS signals, such as, for exanple, a failure of the receiver, or a

failure of tlsenstelielienraempiisesraieast thL@cﬁaW'tQShfé’r detesriaingdewonkapwast el | | tes,
or a satelligréoh4h§ to thEQeb§lab@Picbbrbitates x, y, z and temporal coordinates t

of the receiver. The positioning of the vehicle by the receiver is performed in
20 two steps. In a first step, the receiver acquires radiofrequency signals
constituting navigation signals originating from the four satellites of the
constellation and in a second step the receiver evaluates the distances
separating the vehicle from the four satellites from which the signals have been
received and determines the position of the vehicle by using a trilateration
25 method.
An error committed on the position of a vehicle can have disastrous
consequences in an application relating to civil aviation geolocated road toll.
There are many sources of positioning error that can affect the validity of
position information determined by a satellite positioning system. A positioning
30 error can be due to a technical problem on the reception of the GNSS signals,
such as, for example, a failure of the receiver, or a failure .of the information

transmitted by the constellation of satellites, or a satellite failure. The reliability

llIlllll||llIIlllIIlllIlllllllllllllllll

_ _*GO0002*




1111E11112111121121111111111 2 of the position determned by a satellite
posi tioni'ng system depends al so on the environnment in which the vehicle is
' ocated and a positioning error can also be due notably to a stray
reflection on a building, or to interference on the signal. 5In the case of
an aeronautical application, the receiver is not constrained by any
obstacle, so that the radiofrequency signals are received directly fromthe

satel lites, t‘r%%ﬂ&tré@éét&%ﬁé?ﬂrbﬁsﬁgm ilioni r%sfsﬁ—;'rr?d%@@s alsBBhGheal € SBAS

(Satellite-Ba ugnent at 1 on stems syste e It possrbleto
provi de conf ﬁd‘é@@@ehﬂﬂdrhmtthéﬁeh@ﬁaﬁt ﬁoﬁ@}e@ énd Reopibianing eorcan@lodteed by t he

10 receiver | mﬁ@a?ﬁ‘i&é‘% ) Efdct¥eBh &l rldand“%Flt%%ég ﬁéﬁ&féﬁw@% Sd?ﬁBlne”t ly

noni t or and e errors commtted on'the or ellites,
t he synchroni zati on of each satellite with the tinme reference of t he

constel |l ations and t he errors i nduced by the propagation of th
radi of reqiency si'gHf @S5 A7 Sﬁroa?%glﬁﬁ)(?ﬁ t'a'hd'ﬁ)? F?Cﬁg?rt'ﬁ B8 C&“sﬁrﬁ‘i”‘fqﬁe
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receiver o onaut.i icle to su t he position e vehicle
as well as a '}?o§$}?' 5 &(FW%‘? r?fyer‘r‘??” on any W?'ﬁqf’htg'sccaaf ﬁ'fe %r?r%gB@%guti cal
application, ($atter|rxﬂtsgabs@|Aammta®ba®yscwnst Fsy&&ersathat MeaeNbJdskibker td al
NavrgatronSste a I on te Syste ui prent item
Narbr o o nE RO HrIEER SURTATRG TR o ghS; moT aieRtet e He D

nmeasur enept s rédept bPen RigrdnbeticaRveidié. tmma&As@é@mswmemdtmmhmmg a GNSS
receiver, to obtai P téehi cle osr t| n ang‘8 i | NS/ GNSS
t

ed %n orm%t'.on. Th

hybri di zat i oA"Gr EH ‘c’:tﬁrlr%@ ans it % pes B?elhtt?ﬁ’ploinn %et veen a
Glr\]lSS r Iece: vesyérajhcbnmnbmef fbéctd sauécgr\tlg émﬂﬁhtaeamqordfmgnc;eaasf the odniterlaﬁbrﬁmer from

the cal cul ate sition of the receiver, or.fromrau _easur enent s
of the f requ@ﬂ%@‘eo‘?r ror, Rdpcad RYdhe POpPaaRtion O\égleé?ﬁ‘ﬂ‘ieécﬁ’eﬁ?yo%%lfeazﬁ‘éé}\egat i on

Si ?nal s receavmkpﬁémranﬁhrepaﬁtmdadm t@ron@phﬁmOMQMMmamr&L@bmmytary ]

i nformatign u ecel ver,.thls In ein
cal Lo ul B aSEASHREE RS T ESke o b Asrarpotsah ke ite %o BBl onowi th

little noi se pasitibri dfatie vehickcasiweall £ a poditiva esfoolihitt erm but the accuracy of
t he neasurenents is 30 degraded over the |ong term because of the drifts of
the inertial sensBrtge %%@%GPE&’@?“W' aprlicaioRs i ie AR teowD PAGIER iy t he GNSS

recei ver nmak@geidn INS/GNSS (Inertial Navigation System/Global Navigation Satellite
System) hybrid’equipment item combining the information supplied by an

20 inertial unit and the measurements supplied by the satellite navigation system
including a GNSS receiver, to obtain vehicle position and speed information.

The INS/GNSS hybridization architectures can use different types of coupling
between a GNSS receiver and an inertial unit. The coupling can be done either

from the calculated position of the GNSS receiver, or from rough

25 measurements of the frequency or the pseudo-distances determined from the
navigation signals received from the sateliites, or from even more elementary
information calculated in the receiver, this latter type of coupling being called
ultra-tight coupling. The inertial unit supplies information with little noise and

that is accurate in the short term, but the accuracy of the measurements is

30 degraded over the long term because of the drifts of the inertial sensors. The

accuracy of the measurements supplied by the GNSS receiver makes it



3 possible to control the inertial drift, and the inertial neasurenents
meke it possible to filter the noise on the neasurenents of the GNSS
receiver. This equipnent also cal culates protection radii around the
cal cul ated position which make it pos8ible to contain the position error at
a given integrity risk. The 5 protection radii can be cal cul ated by using a
channel filter for exanple a Kalman filter, which conprises a nodel of the

behavi our B&?blg\!?' Ht‘?cﬁetbé( %er@%\%rﬁug% the u?é?n:fi%%é?ﬁ?én%hté)frnafké%' ver
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di st ance i nf %y@g#%eﬁtﬁal%cél#ﬁat%?&% Ml r?ra"a[‘ gﬁ{ungftﬂet ﬁé@é&;h@{ﬁ%ﬁ SLQ'%H: is then
cal cul ated. Wasa it hessm&mcoutamometmltlpecﬁﬂovat agiverdpegrdy risk Thee nodel

i ncl uded §n bRGedihh (i ol Be! QlROVAL] B0 RRIAHEIBAdARCR HAkMmALGPE Lo zero.

Qt her wi se’ measu rerre I's er nnovat I on par amet er
therefore rraIKetmartfltposrm'dbi @mnnﬁes aenagiebef thé bamvicer ohthetGNS$ regepet cation, to
15 identify u Y ccurring
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appl i cations p@@mﬂ‘t@t cahiﬁdd@mevatpm Agrespendiegtte th%K’@‘f?FWeathé’ﬁ?@élﬁﬁh al

vehicle pr OV'nﬂ:m uréhr g%?&sfa‘ﬁﬁ@'u’{f@fmﬁleﬁl éuBglli%‘bl d by @tge %at%ﬁteuﬁﬁﬂ gd the

terrestrial ve e route taken is | ect Since the
billing it d@ptamt@ntof tms distenceonigrroation suppiied aé theiopdnut ﬁﬁbe clgsinel/fdter t wo

conpl ement ar y. yiah 0L WhEfTne BBREFGH M1 Reddifer QBRelRAs 1 fife PoSi i on
t he of her

of the vehicle and, he trajectory of the vehicle. Since
t hi s i nf or matmage! lgc!v@@ injthefiltes the b‘hDYatlﬁ@ Paiameit@' r@ﬁ@d/aiw&é@@éwenoo det er mi ne

trust 25inf oigppd,AR Wg:g\fﬁ gﬂeatsnf% Jn@h@céﬁ'r%réﬁ dmnghﬁloh %é?%btrey of a GNSS

position in a constrain exanpl e ‘ur ban, woody ar ea,
nmount ai nous &#haseforel ales fiti @Qﬂstblet, dn dhexrcase &f |6E1eaerﬁbﬁlél§ﬁ|yamfél§%i@§e tof the

i npreci sign efentifteciidelld herd &ALy PRLARASAS WP%&% The
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notably when a satellite has failed.

The geolocated road toll applications consist in determining the route

taken by a terrestrial vehicle provided with a GNSS receiver and in billing a
20 user of the terrestrial vehicle when the route taken is subject to a toll. Since

the billing is dependent on the road used, the receiver must deliver two

complementary information items concerning, on the one hand, the position

of the vehicle and, on the other hand, the trajectory of the vehicle. Since ihis

information gives rise to a billing, it is also necessary to determine trust
25 information concerning the trajectory used.

The integrity of a GNSS position in a constrained medium, for example
urban, woody area, mountainous area, is difficult to characterize, notably
because of the imprecision of the modelling of the local propagation
phenomena. The identification and the characterization of the quality of the

30 GNSS measurements produced by a receiver is all the more difficult.

Currently, the checking of the integrity of a GNSS position of a terrestrial



30 GNSS neasurenents produced by a receiver is all the nore difficult.
Currently, the checking of the integrity of a GNSS position of a
terrestrial 4 vehicle is done in the same way as for civil aviation. Wen
the navigation is perfornmed in an uncénstrai ned environnment, for exanple in
the countryside or in a fairly scattered town, this nethod is effective.
However, in the case of navigation in a constrained environnent, the

condi ti ons oo @G EPhbANIndhe RSl Rf LRFLEARN SWAGRLR AiRelbeh, Tore

conpl ex and nmuch lI'ess con 2d than 1n the case of an aeronauti cal
appl i cati on pedortied igiagreiconsteisodvenyiran@entu dor exemplantsi g ceratrysiée a nuch

weaker 1 ntengt iV aliScBiiml REShS iffo PRt Rle. HARARE I fi8lcaglisr of cl Vi

avi ation therefore orresp 0 the constrained environnents and it
i s not possi bbégatendhenrcodnstiathedtdnivironrhent, the conditions of reception of the

5 radiofrequency signals are much more complex and much less controlled
than in the case of an aeronautical application and the signals received are
much more noisy and have a much weaker intensity. The error models
designed for the applications of civil aviation therefore do not correspond to
the constrained environments and it is not possible to clearly identify the

10 position of a terrestrial vehicle on a traffic lane. Moreover, for a constrained
environment, no reliable GNSS measurement quality indicator is currently

available.

The aim of the invention is to propose a method and a system for

15  detecting anomalies on satellite navigation signals that make it possible to
detect an anomaly on navigation signals received by a satellite positioning
receiver in any environment, unconstrained or constrained, even when the

signals are of weak intensity and very noisy.

20 ' For this, the invention relates to a method for detecting anomalies on
navigation signals received by N reception channels of a satellite positioning
receiver, where N is an integer number greater than 1, each channel i, where
i is between 1 and N, comprising a carrier correlation circuit, a code
correlation circuit including spot, advance and delay correlators, a code

25 discriminator, a carrier phase discriminator, the code and carrier phase
discriminators being connected to a common channel filter suitable for
managing, jointly, the position of the spot, advance and delay correlators of
the N reception channels to reduce code and carrier phase error values
delivered by the code and carrier phase discriminators. The method consists

30 in extracting the code error values delivered at the output of the N code
discriminators, in comparing the extracted code error values with a same first
threshold value corresponding to an acceptable maximum code error value
and in assigning a confidence index to each navigation signal received on



10 position of a terrestrial vehicle on a traffic |ane. Mreover, for a
constrained environnent, no reliable GNSS neasurenent quality indicator is
currently available. The aimof the invention is to propose a nethod and a
system for 15detecting anonmalies on satellite navigation signals that make
it possible to detect an anomaly on navigation signals received by a
satellite positioning receiver in any environnment, unconstrained or
constrai ned, even when the signals are of weak intensity and very noi sy.
20For this, e iesortinn danpelll.dhe sonfidenceivdppdepadinganetbeireryltaidifal i es on
navi gati on scgnparsoheaiedanit by the coeleasptor oaluehannel s of a satellite
positioning receiver, where Nis an integer nunber greater than 1, each
channel i, where | is between 1 an(i!] N, conprising.a carrier correlation
circuit, a code coFEBIRIEPEHY. cihEcBRINOHNEANLAISAGCEE N FHVARNEY SHHCYel ay
correl at obs, phassodero?5valdes cadlimgnadt et ,tha outpul ef {ileade ahirdasr phéseat or, t he
code and car yisgfimPRaRE ificBRiphRhd BHe0bdrdeRidNGhri&HiHaGE /Frof QalBes WHARN Cchannel
filter suitable for nggﬁl%'ﬁﬁﬂﬁd%?' ntI%/ t he. Oﬁltlon Oft t he spot . advance
and del ay corf®@Fat%Ps &P r??ﬂ?”g'ﬂgn ef'd 6°} é%fﬁc@aﬁ%rg‘ and
carrier phasehease efron wiue anddn jageigeing (8 cerfiseneri indgndo eaeh inerigptinis e
gi Isszri m nat ?&@nameemai bl @agpRedeption 3Barindl, @ié caidenge Inaex aependaig or \éal ues
elivered,.a ode . r ring the
ext 1 act ed codd s SR by e cblfBplisdi et fitdthPRbAE ot UGRBRIGND . (00 i g
to an accept #f @HHANFERPEONRIWESr or val ue and in assigning a confidence
I ndex to each navigation signal received on 5 each reception channel i,

the confidence inﬁ@)sﬂn BSOS ﬁae%tﬁwcfﬁé%tco%sf eI HaSRALGAr i ed out
on the code error val ué€s. Advant ageous }g t he nmet hod, can al SO consist in
extracting c§l9pglsy having a confidence™ index higher than a reference minimum

15  confidence level and in transmitting to the channel filter only the selected
navigation signals.

The invention also relates to a system for detecting anomalies on

navigation signals comprising a satellite positioning receiver with N reception

20 channels, where N is an integer number greater than 1, each channel |,
where i is between 1 and N, comprising a carrier correlation circuit, a code
correlation circuit including spot, advance and delay correlators, a code
discriminator, a carrier phase discriminator, the code and carrier phase
discriminators being ‘connected to a common channel filter suitable for

25 managing, jointly, the position of the spot, advance and delay correlators of
the N reception channels to reduce code and carrier phase error values
delivered by the code and carrier phase discriminators. The system also
comprises a device for detecting anomalies on the navigation signals
comprising at least one comparison device comprising a first set of N

30 comparators respectively connected to the output of the N code
discriminators of the N channels of the receiver and a device for assigning a
reliability confidence index connected to the output of the N comparators'of

the comparison device, the comparison device including a first threshold
value corresponding to an acceptable maximum code error value and the

35 confidence index being assigned to-each navigation signal received on each



5 phase error values delivered at the output of the N carrier phase
discrim.nators, in conparing the extracted carrier phase error values with
a same second threshol d val ue corresponding to an acceptabl e maxi mum phase
error value and in assigning a confidénce index to each navigation signal
received on each reception channel, the confidence i ndex depending 10 on
the results of the conparison carried out on the code error val ues and on
the carrier phase error val ues. Advant ageously, the nmethod can al so
consi st in sé&cepiomehanagh a5 fusstian ofifhe seslief Kie @ninGHEPHedEed PHRL hi gher
t han a ref er grc@dsignomnuaiudSaanddliderdadyltey ebmpartbonmletitansnm tting to the
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of the ecept . e : r val ues
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conprises a QeVp@ssigoed aashiienigationtianal eacehiedineashveRiPbANINGhal s
conpri si ng atbslaasttionef henmpauli siihe tevipaEisaonpties iong oa the kete gebr of N 30
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di scrimnators o hannel s of the receiver and a for assigning

a reliabilityoPBATIORSRYEE] ndex connected to the output of the N conparators
of the colparison device, the conparison device including a first threshold

val ue correspondi g antagRBudly GRE RABINGIy Tt THAIR0EE iEEseckRl Biawasd the 35
confidence index. bein assi ned to eacﬁ favi at i,on, si @ath recei) ed on each
6 reception @T‘Faﬁﬁ&ﬁ'mggtoés foug'&? o of e ?e%%f‘f’ oﬁ] {r?g' c ﬁ‘paaﬂ'l%é h carried
out on the cdetecker deviceatissompribedd davioeddr sgleating navapiian signiuélg ce.
selection device being connected to the output of the device for assigning the
20 reliability index and to the input of the channel filter, the device for selecting
navigation signals being suitable for selecting the navigation signals that
have a confidence index higher than the reference minimum confidence level
and for transmitting to the channel filter only the code error values and the
carrier phase error values of the selected navigation signals.
25
The invention relates also to an INS/GNSS hybridization system
comprising a system for receiving navigation signals and an inertial unit.

Other features and advantages of the invention will become clearly
30 apparent from the following description, given as a purely illustrative and
nonlimiting example, with reference to the appended schematic drawings

which represent:
- Figure 1: a simplified diagram of an exemplary architecture of

a GNSS receiver in which a single channel is represented,

35 according to the prior art;



Advant ageously, the conparison device can also conprise a second 5 set of N
~ cofrpar at.ors respectively connected to the output of the N carrier phase
‘discrimnators of the N channels of the receiver and the device for
assigning a reliability confidence index is connected to the output of the
first and the second set of N conparators, of the conparison device, the
conpari son device al so including a second threshold value corresponding to

10 an accept abl e maxi mf_-rr%quy quQlasgf ar kQf e&g%ggéﬁ%g%{tngaupé)%ff flence i ndex

bei ng assigned to each vi gati nal” recerve reception channel
as a function of the rdéN$$ cfceptinn cmfﬁ'ﬂl sonpiEsing | @d GRS orec@her code error

val ues and on the car r |Iretrorm%§\/anre{ %cttff?% l(ye}%oﬁr’g;lclq@lc{ ?zgr%qom(n

conpari son devi ce. t ageous e anonm tectl on device is
connect ed bet ween the dihssprar@rthat or s of the receiver and t he channel filter

and the apomaly detectin, ?@Vb%ﬁd@\%fc%g%hﬁ%%eﬁtg%%}’b&@ﬂé&urescﬁlaECt' ng

navi gation signals, the ectio I'ng connected to the output of
the device for assigni fgN$$ereepliad i aiskam t pomnAdEg aﬁd GNS3 heeceivput of t he

channel filter, the devjce fQt4Se edqtl @/@agsga bl |b9”9cﬁ|t9§ g suitable
™ ‘ con Jg

for selecting the navi gati1on signals t at have dence 1 ndex higher
than the reference ni niacoerdingne thgenventivevel and f or transmttl ng to the

channel filter only thq:.@f?g&@rén%utf%weéura&d.ntutgﬁa rmeetreﬁaa§§ grror

val ues of the selected navigation signals. 25 The invention relates also to
an | NS/ GNSS hybri di zat ifenstiog of tmecefripe insiorglicn rajameters delivewedat g

navigation signals and g, ngrd u@atmm'f.tte.- o %eﬁyﬁre%ﬁa@%rahgaaﬁtvaﬂt ages of

the invention will becone clearly 30apparent fromt oW ng
description, given as altputli@gtgouplingdtneapecpsdingtp themriphati ng exanple, with

reference to the appenqgy|, s&BeHRLI . HRAWLESaNACRiItdRREE SR system
for detecting anomalies on GNSS ' navigation signals,
15 according to the invention;

- Figure 6: a diagram of a third exemplary architecture of a
system for detecting anomalies on GNSS navigation signals,
according to the invention;

- Figure 7: an exemplary algorithm for detecting anomalies and

20 selecting reliable GNSS signals, according to the invention;

- Figure 8: an exemplary hybridization architecture including a
device for detecting anomalies and for selecting reliable
GNSS signals, according to the invention;

- Figure 9: an example of a curve illustrating the frend, as a

25 function of time, of the outputs of the code discriminators of a
GNSS receiver, the GNSS receiver being incorporated in a
hybridization architecture of ultra-tight coupling type,

according to the invention.

30 The navigation signals emitted by the satellites of a constellation are

radiofrequency signals made up of data to be transmitted, spread in



Figure 1. a sinplified diagramof an exenplary architecture of

a GNSS receiver in which a single channel is represented, 35according to
‘the prior art; 7 Figure 2: a diagramof a first exenplary architecture of
a ‘GNSS reception system conprising a &\SS receiver incorporated in a
wvectorized |l oop architecture, according to the prior art; 5Figure 3 a
di'agram of a second exenplary architecture of a G\NSS reception system

compr i Si ng arEhAoy 89el dlab RERIORERALS botdboRiy LIS/ ARISEniEdhal | on

architecture, according to the invention; Figures 4a and 4b; two curves
i|lustrati ngtrﬁf*@mﬁ?'@‘h(ﬁeq@% baod by rTBeqWaopf Wil airangmisping C?H%vﬂlel on

paranmet ers dehieliff ?@sltﬂ)tmr{ghr%cé’i%rp&’t Gﬂfssatyb@kaiﬂﬁrléés,' 4 alimBtr éf &wdehdi zat i on
architecture of ul coupling , according to the prior art;

Fi gures 5a aREPcsBsing \%a@@éﬁrmaém 'érR9ﬁ$'g|§c‘t°uP@§e§§f ‘”aP%@g‘%'etH?fscﬁ”%Pet ecti ng

anomal i es 50N {ANRed ayh @ﬁfem sy, Srwol aiRE At dhtBfitdshvBediffdtymnddon; Figure
6: a diagramof a third exenplary architecture of a systemfor detecting

anonal i es ondergslaiad codas Whck mekalitposaieledpdlisrgciels HASIIAPIRYVeRT Figure 7:
an exenpl ary 4@l gaelifeBMrdol SRtaEt A REfcARMBRbhES t8hck QarliRe! Figarerel | abl e

GN\SS signals, according to the invention;
represents a simplified diagram of an exemplary architecture of a satellite
positioning receiver in which a single channel is represented. In reception,
10 the data contained in each signal 5 received by the satellite positioning
receiver 10 are extracted by two successive demodulations performed by a
carrier correlation circuit 20 intended for the suppression of the carrier of the
received signal, followed by a code correlation circuit 22. For this, the satellite
positioning receiver 10 creates a local replica Pl of the carrier generated by a
15 local oscillator 24 driven by a frequency and phase tracking loop, called
phase loop 20, and a local replica of the pseudo-random spreading code
generated by a local code generator 28 driven by a delay tracking loop,
called code loop 22. The techniques for tracking the received signal entail
creating a local replica of the spreading code, called spot replica Cp, and
20 other advance mode Ca and delay mode Cr local replicas. The roll of the
integrators INT is to produce advance Za, spot Zp, delay Zr signal samples
that are demodulated and unspread, and aggregated. When a code loop 22
is locked on, the code generated locally is in phase with the code contained
in the signal received from the satellite and the correlation function obtained
25 corresponds to a maximum. The phase loop 20, respectively the code loop
22, comprises a carrier DSP and code DSC discriminator 21, making it
possible to measure, using the values of the signal samples Zp, Za, Zr
delivered by the integrator INT at the output of the spot, advance and delay
correlators, the carrier phase differences, respectively the code differences,
30 between the received signal and the local signal, for retroaction in the

corresponding phase and code tracking loops 20, 22 in order to update the



Figure 8: an exenplary hybridization architecture including a device for
detecting anonalies and for selecting reliable GNSS signals, according to
‘the invention; Figure 9: an exanple of a curve illustrating the trend, as a
25 function of tine, of the outputs o® the code discrimnators of a GNSS
receiver, the GNSS receiver being incorporated in a hybridization
architecture of ultra- tight coupling type, according to the invention.
30The navi ga tfpéa“ a t| on are
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recei ved o Aiu grg%né%eé flétﬁre‘ét} gzmaﬁhénfa%@atc PR Gdhlabd efivingwe di fferent
and decorrel ate des possi bl e I ssoclate the signals

bet ween the Sawier igepergtaimf whichl surpiee ke dedel epeier USRArYethe gardath
satellite. Figibigich GifhliB%a! hodubbERLibA bPfhehR 3RS reeavwggpénar y
architecture of a sat ositioning receiver in which a single channel
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by a 15 | ocakomsgtipnaissteliiig Rsasutm@ﬁgw%tvqrr@r&n@?&yeam ethtagteofi eaeki ng | oop,

cal | ed phase y|seaRingr zﬂang GrisBSifbd, " @;PtHeCéodzef trhdkh PRBP I, tGdMBrSPr eadi ng
code generated by a | ocal code generator driven by a delay tracking

| oop, cal | edVeba&lasedp Zem toThainiadt Kisi %nggrop@pthry alckprigral Rede Bedi%ed signal
entai |l crgat ich@ie éeal replica of the spreading code, called spot replica
Cp, and 20 ot her advance node Ca and delay npde Cr local replicas. The roll

of the integrator§ha fincheonizatipn of theelogahaodes iszHhus fesferned safellitgybyr si gnal

sanpl es that saffitdGRIMRNEH ANk Yiep'RadiedNIhédHe R rediRp i@ code | oop
22 is locked on, the code generated locally is in phase with the code

cont ai ned i nUseROBjty RN, it iscvary SHfiqul derdently et rared Ba\égﬁi'oﬂt?@r@b?'?‘él ation
function obt gddigskition information obtained is not reliable.

20
The receiver 10 can be incorporated in a vectorized loop-type
architecture, as represented for example in the diagram of Figure 2, or in an
INS/GNSS hybridization architecture as represented for example in the
diagram of Figure 3. In these two types of architecture, the measurements of
25 position and speed of the receiver 10 are determined by taking into account
the error residues of an innovation parameter delivered at the output of a
channel filter 11, for example a Kalman filter. v
In the case of the vectorized loop architecture represented in Figure 2,
the channel filter 11, for example a Kalman filter, takes into account all the
30 information extracted from the N navigation signals 51,...5N received by the

receiver 10 to calculate the innovation parameter corresponding to the



25 corresponds to a maxi num The phase | oop 20, respectively the code | oop
22, conprises a carrier DSP and code DSC discrimnator 21, making it
'p035|ble to measure, using the values of the signal sanples Zp, Za, Zr
delivered by the integrator INT at tH& output of the spot, advance and
delay correlators, the carrier phase differences, respectively the code
differences, 30betmeen the received signal and the | ocal signal, for

retroaction HﬂeFéﬁ%e%Mé‘e%p@thé&uPé?ﬁérﬁ Ebreadsy fheaekdivg 10aRe 1D, 22 in
order to update the estimation of the carrier frequency of the received
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CRC 25 control'lj ng@a code oscill ator enerating a | ocal code phase

driving the E&derddin&lorpisr efigrt RRINgIue (o H1S ’@@VEF”B%’HIO‘CHI?Q%‘%G@ o o used by

the code cor pRlvahkAofCthe Gatial ogdliatdrbfané ASbeRRF bAN@ theaiheldrhdrR dp@sd tioni ng
receiver architecture, the output of each discrimnator 21 is constrained,

by the cdfe {eE&er AY T*@cﬁ?"@? 12tf6r ereficling thg Reprles elegslelivess 38 PYPEDL nai nt ai n

the synchronipg@tdogd aﬂ&cj phé‘é% 416 osfiBA CoMndna &ailies athddnl dré @pgiRdeao the The
synchroni zation of the |ocal codes is thus perforned sate lltgf«gy satellite

i ndependent | yPe8t oscigtass ke pf g cars [ooas. reW?éHV@t'YlE’ taRiesal excliaings used on

its own, it e )fefﬁééé Bbpd,i Fuhé N enarieny bf mear@c@mérowdw BRI g@tulpa@teSI gnal and
the position information obtained is not ecei ver 10

can be i ncorﬁﬁ*ﬂ‘éﬁaéﬁoqw éhev%‘&eoﬁ“ldz@'tfs?&!?ﬁk?? @" gﬁ&‘i’@f‘%@? fee o%?sar? present ed

for examplse iy tdifie @bdd@barBspEctive]PHRsE 7, @6mianaValuST kNS f it zat i on
architecture as represented for exanple in the di agram of Flgqure 3. In

t hese two tyﬂ%@ ofPraRARAY t £898F eusedh he%‘[‘?ur‘é’ﬁ'@l‘ﬁt'gn ofS 2HU§odii99e5% and speed

of the recei ¢@hulthRedishy neleamemérbmﬂei@ymalvemnidmtl@o@gn@amurtehﬁaer@rrore)r resi dues
of an innovation paraneter delivered at th outﬁut of a .chann ilter 11,

for exampl e glar@fs htaqps's‘bfe( t@rtake into account, jointly, a set of information o talne
from the discriminators 21 of all the channels of the receiver 10 to

20 simultaneously correct, by a same value, on each iteration, the position of the
spot Cp, advance Ca and delay Cr correlators, in all the reliable channels of
the receiver 10. In this vectorized loop architecture, the position of the
correlators of all the channels is therefore managed in common by the
channel filter 11, and the output signals of the code and carrier discriminators

25 21 are not constrained.

In the case of the INS/GNSS hybridization architecture represented in
Figure 3 which relates to a coupling of ultra-tight type, in addition to the
information extracted from the set of navigation signals by the satellite
positioning receiver 10 to calculate the innovation parameter, the channel

30 filter 11 also takes into account position, speed and acceleration information,

transmitted by an inertial unit 14 placed on board the vehicle in which the



In the case of the vectorized |oop architecture represented in Figure 2,
the channel filter 11, for exanple a Kalman filter, takes into account all
‘the 30information extracted fromthe N navigation signals 51,...5N received
by the receiver 10 to calcul ate the ifinovation paraneter corresponding to
the 10 difference between the neasurenents reported by the receiver 10 and
the prediction of these measurements made by a mathematical nodel included
I-n the channelcdfyel 46%s I%@atéaq:r@ﬁfjéw@x% |ﬁf9ﬁﬁ§foh%r§ae@$rbm@r%ngQflor{ he of fset
of the code ang carrier clocks of the receiver 10 relative to the N

satel lites 5sigagisnfl. endtt-e2Nt frrd Koy fhgantormatianpopined H@"béhfe'”@f“?bet
respectively uhf?94clﬂé§h§ﬁne@hie?elt1 Jouﬁﬁ";t éé’tﬁ'ﬁeﬁgs fhe ﬁeﬂépd%ﬂfoﬁ‘ﬂftﬁg spof€p channel
filter 11, is applie he i nput device 1 redlctlng t he
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15 the sane code 6, respecti ver phase 7, conmand val ue. The startup of the
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therefore makes it possible to take into account, jointly set of
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iteration, the posjtion of ;%t{ﬁaﬁ ,. advance Ca and

correl ators, air%a@q”!edtt%@er‘éﬂ’qté’[ﬁﬁ éPrsprﬁ@CfﬂWeth?&?é’Pl‘PéPﬁﬁ% °”Iﬂf‘|et hi s

vectori ze | @88e ahé e @FfhdHwhicH 160 RREVES BEdIRENal fh%rﬁ@ﬁérﬂr@ﬁ@rﬁlﬁe@ﬁy all the
channels is therefore nmanaged in commopn b%Et he chl?nnel ggﬁqtc 11, and the

out put si gnaltRe BcevRe 9,88@ sianple Qrginalingdrde thesaiglites an afe.andt

constrained. carrier offddls t HREARE Bbmt MBe | BRANGBISTitY br1. diTRat baditigha¢hi t ect ure
represented in Figure 3 which relates to a cougllnge? 13uItra tlﬁgt type, in

addi tion to tematios hiprmites by des &refvennPiine 407 BLAICH9 si gnal s by

the satellitendqrddplePnef@t cBmPlY¥EephBmeRdsRldatd ahe 4 ropayamyatdron
paranmeter, the channel 30filter 11 also takes into account pO?I tion, speed

and accel@ratqsﬁ'ﬁai“?ﬂ‘ JYMisht n@ﬁg(e it possible to deduce an approximation o
propagation delay of the signals originating from the satellites, this delay

being introduced notably by the ionosphere, the troposphere and by the clock
of the satellite. The device 12 for predicting the Doppler effect delivers, as
output, new code and phase clock position command values to be applied to
25 all the channels, 1 to N, to simultaneously and jointly correct, by one and the
same value, on each iteration, the position of the spot Cp, advance Ca and
delay Cr correlators in all the channels of the receiver 10. As for the
vectorized loop architecture, in this INS/GNSS hybridization architecture, the
position of the correlators of all the channels is managed in common by the
30 channel filter 11, and the output signals of the code DSC and carrier DSP

discriminators 21 are not constrained.



transmtted by an inertial unit 14 placed on board the vehicle in which the
11 receiver 10 is located. Fromall the information extracted fromthe

’navi gation signals 51,..., 5i,..., 5N, and fromthe information obtained
fromthe inertial unit 14, the channel2 filter 11 jointly estimtes the new
position of the spot Cp, advance Ca and delay C correlators of all the
channel's, 1 to N, of the 5 receiver 10. A navigation conputer. 13 connected
at the output of r i thE SRa¥BR RIS AN H0RgRd On
delivered by the fﬁ%ﬁ%?glédgﬁ%b é'Br&s g posi ti gns sp euedeg ne gccﬁerﬁﬁer ation
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8 transmtte receiver device 12 for predicting the
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spot Cp, advance Ca and delay Cr correlators in all the channels of the
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constrai ned. Tnddigher the noise level relative to the level of the signal, the more difficult -

20 it is to identify the errored signals with the innovation parameter.

Figures 5a and 5b represent two examples of architectures of a
system for detecting anomalies on GNSS navigation signals. The anomaly
detection system comprises a satellite positioning receiver 10 and an

25 anomaly detection device 15. The receiver 10 comprisés a plurality of
different processing channels 1 to N, each processing channel being
dedicated to a satellite and comprising a carrier and code discriminator 21
delivering a carrier phase difference and a code difference between the
signal received from the corresponding satellite and the local signal. In the

30 case where the receiver 10 is incorporated in a vectorized loop architecture

or in a hybridization architecture of ultra-tight coupling type, the code and



Figures 4a and 4b represent two exanples of curves illustrating the trend,
asa function of time, of the innovation paraneters delivered at the output
of a Kalman filter of a hybridization architecture of ultra-tight coupling
type, for noisy signals in which the 1%evels of the signal-to-noise ratio
‘G NO are 5 respectively 40 dBHz and 19 dBHz. In these two figures, the
si‘gnal s shown by fine |lines corresponding to directs paths between a

satel | ite and;@iep aisBlihinb@rd 9% ok | ume@gwérewm«eeﬁ@t QRYRaiAS tEPvaklLeN
parameter which fluctuates about the zero value, whereas an errored signal,
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di fferent processing channels N, each proceslsg%‘ channel being
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delivering ape@iddnef aid &S Bellictdeheiheadisdichidate@d® 6f diftas ensmdret ween t he
signal received fromthe corresponding satellite and the |ocal signal. In

the 30case whepktenEeceierilfelo sompare| the Soas rdifeiengenvalusredelyererety | oop

ar chi tect ur e gakh igiscAmiheldri i Wk Ns@hé ikt elresicd Qélualsw and k@ Belivepupl i ng
type, the code and 13 carrier discrimnators 21 of the receiver 10 are not

constrai ned the ESUbHPHE CORPEESA k8 PIBAINE PLOYRYES RER FOEIPPAEINBAR are

therefore reFUnéscﬁFmﬁéiPéc\éﬁtl&f chdmpelsl ved Naéfltﬁé%&fvet'hg Fh@matk Shreswsd ved by the
recei ver 10. Thus, the her the val ue delivered a discri m nator
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errored si gnalisSrminatorsigls The, Meaawemeahewe ifentificgfiansleyice tEROMBLSA%I v
det ecti on dew eforliferifibRIonSHBNFelE P8P aIBRS 0N 8Rlakée@toltfie ib0fplutiel thg fisst i 1 st
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25 device 18 is intended, from the results ADCIi, where i is between 1 and N, of
each comparison, to assign a confidence indicator IC1, 1C2, ...ICN to the
reliability of each signal 51, 52, ...5N received and to identify the errored
navigation signals, that is to say the signals corresponding to a confidence
indicator of low value, lower than a minimum confidence indicator ICmin.
30 Advantageously, as represented in Figure 5b, the comparison device

16 can also comprise a second set of N comparators 171 to 17N including a



10 discrimnators 21, and a neasurenent error identification device 18
connected to the output of the conparison device 16. The conpari son device
16 conprises a first set of N conparators 161, 162,...16N corresponding to
the N.channels 1 to N. The first set ¥ N conparators 161 to 16N is
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accept at st Ne;eafiditbn QEVlEQQS%ﬁCﬁérmtﬁ@Fé%ﬁﬁs 3f1eac-ﬁh€on‘fﬂa£‘§b'ﬁ g T or
identification device rises error identification channels 181,
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16N. The Meagyr §RAL &skOkhd @8ﬁ‘ﬁde§1b&@ﬁduéﬁlor2ﬁ:ﬁ%'!eﬂ é&gn%d' @ eggled, from
the results ADC, where | is between 1 N, conmparison, to assign

a confi dence reeiedatigial ip geterpped by t?&ﬂﬂt"@)totqféoﬁ”glth%b’??%“ﬁ%%@‘ #th signal

51, 52, ...SNprecghered .@Bdmeenmd@rm Nf %f tHeCcoMaRcerl Baingpén ek shgnal s, that
isto say the Si nals corres 2on ing to a confidence indicator of |ow vaI ue,

| ower thad ahandi rﬁmﬁh@cﬁWP engesd?Eiaansk on tha ethesoaudl e 4BR #1338/, as

represent ed ldﬂfeFér&ugq:ﬁbnelénb@ t6 QAP FrdtS st pdBiieftol theC 88oRlS hrEHE | S a
second set of ngarators 171 to 17N including a 14 second threshold
€

val ue S2 and\’é@ﬁr% éd to the output of all the discrinminators 21. The

conpari son devi ceTid é}%am%tec%mdemer gart Nge Rlkagetdichfyeroshie val ues
DPi, where i is between 1 and N, delivered by each discrimnpator 21 to said

same second tHeEeN Py ieUgliatylity gf thenrogigumessyrg@apistiepatebRY i ce 18

can, fromst hesddpmnl 105 1Af thRAEsS ARP Al cBiRfion AFt BE ThAGVatbe der@ngeiid f erences
DPi that are higher than the second threshold value S2. In this case t he

confi dence i MAFRaNGSH 3t delerMiERA A high £BaRE! é'é{%rhmefé‘épv%lbtrﬁ S i

det er m ned bylat,,ggg,d}gs,%ﬁmg) account the results ADC and ADPi, vvhere i is
between 1 and N, of e conparisons deriving on the one 10 hand from the
code differences Bioredhd 'Qﬁf‘t'f'%'oﬂt‘?feﬁheh%"l:ﬂie Séetshis pEe oyt #f diences DPi

relative to fo'&ﬁ)ui bf the co&@@B@‘%ddVﬁia)éeUSFicm@crﬁrﬁﬁ&B@ 21t67re%§lh@ﬂ1é11n‘éﬁlbyle S1, S2.
The anomal y detection device 15 can be used to aonly obtain |nformat| on on’

the reli a39| | iPPBRSAMES §A58I Y9eh IRRERst BB ST BB bEd MSFPEMETYYS Of ecei ver
10. In this GRsBthet Bignaa! e Wratdrnhe saimBEirsttARYAGIH GBIUBE BaMI Bbssitsly unchanged

and determ ned by the channel filter 11 fromall the GNSS navi gation
si gnal s. to one and the same second threshold value S2, the anomaly detection
device 15 can also be used to exclude the errored signals upstream of the
channel filter 11 and to perform, in the channel filter 11, an innovation
25 calculation solely on the basis of the code error values DCi and the carrier
phase error values DPi of the reliable estimated signals. The position of the
correlators is then determined with a greater accuracy than in the prior art
where all the signals, including the errored signals, are used in the channel
filter 11 to calculate the innovation parameter, and where the errored signals

30 are more difficult to detect.



Since the identification of the errored signals is carried out at the

out put of the code DSC and phase DSP discrimnators 21 of each channel by
*20 conparison of each signal delivered by the discrimnators, independently
of the other signals, to one and the '$ame first threshold value S1 and
possibly to one and the sane second threshold value S2, the anonmaly

det ection device 15 can also be used to exclude the errored signal s
upstream of the CIH%Q%%SJ 'agtrgdre%ént@dqﬂ Hi rQ%r E&fomm# b thBdwehasmele fil ter 11,
an innovation 25 cal culation so on e basi's t he code error val ues
DG and the eaehalyrdgieclion daviasr 19 Alspe sompiisess an Reditiangl a@vicee Sell9tht ed

signal s. Thegpagidn §aVvi 16 h@on‘?&fsfr@' é”‘tdﬂfrﬁht%l Df ikl ggﬁr%rc@dn@ddl%ﬁeht a greater
accuracy than in the prior art where al he signals, including the errored
si gnal s, ar eouipets afhe ereordgrifieationidevise 18 and@ @W&UI‘)&PE"F’PWé”‘PH ation

paramet er 5 apdpdhghfedditioths Ch&ithed Higdalts TROIERCHEN fovitief 1d BUhfendy det ect .
15 In this case, as represented in Figure 6, according to the

i nvention, tke seeshehe signaetthah hauei %ecq@d%@o‘mrl sigben il d ti onal

devi ce, call SRR R RnHARMA E@nfﬂd@ncec@mééio?ICﬂﬁlnEbeIHV\Wvﬁkh hafigatisput s
connected to different outputs of the error |dent|f|cat|on device 18 and a

plurality of S&G?'ﬁﬁtet?t'mﬁtteéﬁ‘éléﬂ asrofedl g FRNSEHERNY ey SRt tethigRaIs 19 | ter 11.
The sel ecti opdavdngl fierig dfrtt@oéaénzee 1860 a%.téa@re%rgdtahémmwve a

confidence indicator higher than a predeterm ned m ni num confl dence
i ndi cat or10] CarenitBErW THACelkuUlation ol atinnnyationypripmeter 43 thendiesaek¥ebe errored

and to transnihtisQpéy chiiedSsthemt e isenst the tveclohged apnathitdcturerbyl 1l of the
vectorized loop architecture or of the | NS/ GNSS 10 archl tect The

cal cul ati on GKIRHEY AU B Bier sptepleinfarmation exyragipdifrom | I'iee%% i s then

carried out, Jalightth §&%8s Rhvihd BedPELMRAEEds IroRBIaRdiin @l ¢ds8. of live t aki ng
i nto account on? the set of Information extracted fromt he GNSS, navi gati on

si gnal s havi MyS Sybridizatian asahitegiures hydaking intp pepprnt CaYethgset RE | NS/ GNSS

hybri di zafsi Ofnfaintdlioh eSlideRd #ymt BKi BEISENEQNAS CviHg B84 csli@arat aof 15
i nformati on extract ed fromthe GNSS signals havij n%ébeen estimated as

reliabl e and r¢li@8ie Qﬂﬁ’érqnhf't?r'ﬂfﬁfm@)tt?”cﬂ%‘w%@omrﬂaﬁﬁn? luniebhial unit 14.

Figure 7 represenggualy eewgatin@g xnaﬂxgmplawtmgfoﬂfhndmred‘étémgmwaiue@s and for
selecting reliabl e GNSS signals. a first initialjzation t he

first and se@@Adot pe'edingl raliqpie 6%%8555‘?'9%‘8 tpa Jini '?'H%"Z@B‘P’?@te&‘s}o[ ﬁ’ée m ni mum 20

confidence i Bkt GAHQechidihfeshoR! FI@SEEH1 ahd 2 SRCoRA/aRILHr thd m|hnhﬁm$0de
di fference values DCi and DPi delivered at the out ut of tﬁ‘q o crimnators

21 of eac¥ cleAfiRance ipdicatae IeNESare CBPSRSY 1102 Stﬁﬁ%’l’ ste {1q Yer number
bet ween 1 andnft&re@léa/att@;smtahwﬁ( deERs &dnhé eutpbeofithé aiscanidamespnd

t hreshol d val ues Si and ., the results of each conparison being denoted 25
ADCi , respectd \?@P@/ chpypiel 'I°|f| the GNS reeerFT 79, WhEEH D IeRAsr 1Y i and ADPi

of each CONP &ehvpdism, 1aaﬁ@ﬂﬂl d@“&@szde@ﬁbéryatcﬁmpb@h td Qe first. bAN stohde
reliability of each si recejved i S ass |rc‘1%§d to each

channel i. | ﬁhrﬁst‘?ﬂﬂlﬁ’?h‘gﬁsépa"ﬁ%sz th@dﬁ%}ﬂttslcg(?ﬁct‘ &QMPRUSQNDEING 4engied het ween
each confjisdengscii prdpeahek ASPi. RSs tieaded 02 s tiehas0rd ADCaaAd BD®i M ni mum

confidence of each comparison, a confidence indicator IC1, IC2, ...ICN on the reliability
of each signal 51, 52, ...5N received is assigned to each channel i. In a

fourth step 73, a comparison test is carried out between each confidence

indicator ICi assigned to each channel i and the minimum confidence

30 indicator ICmin. When the comparison test indicates that the confidence

indicator ICi assigned to the channel i is higher than the minimum confidence



30i ndicator ICmn. Wen the conparison test indicates that the confidence
indicator ICl assigned to the channel i is higher than the m ni nrum
‘confidence 16 indicator ICrin, the signal is identified as reliable in
step 74 and selected to be transnitted to the channel filter 11 in step 75,
when the anonmaly detection systemis incorporated in a vectorized |oop
architecture or in a hybridization architecture. herw se, the signal is
I-dentified aﬁwdﬁ‘éa(d?ﬁ@ﬁnrl 'i'hé& gﬁ’ a1 48 icaRfifid Sas>refhbl .ﬁ%ﬁ‘ﬂ%ﬁj {fedibitoshannel
filter 11. resents an exe I zat1on
architecturebg ﬁf@hsmliﬂﬁ@ t@th@@hpe@elfltwr deinstan V\é'ﬁbrﬁ‘iﬁ aramalndeteglionsel ect i ng
reliable GNSggiana| IorBEREH H B9eliBriddob WrMtbQlre JH hh% beﬁmzéﬁ&% ure

conpri ses the sanme devices and ﬁe sanme structure as architecture

repr esent ed 6Whﬁ$<§w|8e0§1%m§eaﬂ‘§o$l§l@l ishiglentifies! ap @I@Qﬁeéén f!?pf?fr agéfsect i ng
anomal i es anqolfpg Sﬁm Blﬂpt? rga‘?\}wbﬁmleﬁ NSS signals connected between the
recei ver 10 ter The device for detecting anomalies
and for sel ectl ng':lg'é‘ﬁl%MP@S@\QQ%BW'QWMF@EQWW@féh'tﬁ?tjléeé'qu&mg/al ues DC1

to DON and t hegdhilel fofdeRiRBSE aﬁBﬁ‘leesvgll]dJ?&r ddetihg rERNIdeINSEsRdagt the
out put of the discrimnators G\SS recel ver 10, conpares them

to the first ageridiagévthg ”F‘@é‘b%tTWﬁearﬁ'er@&’rﬁ%P@“E)%ﬁeﬁé%e saMe dovicefsRfittes
therefrom a Wgérﬂgr&ﬁjc{ A f{a%af[r)\%\lar%ﬁﬂe&&elr@b’re%@ﬁ*ea%ei‘?b@re@gn@ rAgsnits only

the code error values | the carrier phase error values DP1 to
DPN of tHeé singhdes adisvicadbdar defegimgramomalieeandior Releetingratiable GNSS 11,

20Fi gure 9 r%@h§l§%ﬁe&@d SXETTINAhY r@la'é:Vé} 1d |aH§tttﬁé1Tché\91e‘i BRed 1€Nfthe as a
function of time, of the outputs of the code discrimnators of a satellite

posi ti oni ng deves Jer detscting@npeglies, @pd 1ior helesling reliablso GNSR! signals
hybri di zat Oax@é&mﬁ&%a@ Pen%F vélufegaaé:« aHtpEQURJ B EXR8r ph&de BRbSY Signals

in which the | evel al-to-noise ratio CNOiIs equal to 19 dBHz.
In this conf N@'H?%lqunto @ENZB%'M@%rth@%I optput &f Hie dacenteEULESf theand 6, the

correl at ofs @Nrss;qe&é.@rl ¢l E&Q?&r@@rthfeﬂhofﬂ 3hd Girdtt a@PtdeBAd BsRLtiddhei r code
of fset, so that the discrimnators deliver error _signals which are not

constrai ned tieshaldhvalies |Sds S dedeges. thergfremea ggnidescs Hedigateh i1 tven when
the noise | eyey dng s%iéc@%ocem.gdom)ﬁtﬁéﬁ@ode%r \afuekfC FiaInai addre errored

signals delivered at the output of e code 30di scrim nators of each
channel are W& gardpenhdse W%’t‘far‘ig% @ﬁédo fRRnof Hee pignalalssimated to be

reliable to the channel filter 11.

20 Figure 9 represents an exemplary curve illustrating the trend, as a
function of time, of the outputs of the code discriminators of a satellite
positioning receiver 10, the receiver 10 being incorporated in a hybridization
architecture of ultra-tight coupling type, for noisy signals in which the level of
the signal-to-noise ratio C/NO is equal to 19 dBHz. In this configuration, as

25 described in relation to Figures 5 and 6, the correlators are controlied
together from a joint estimation of their code offset, so that the discriminators
deliver error signals which are not constrained to a value close to zero. This
Figure 9 shows that, even when the noise level is strong compared to the
level of the signal, the errored signals d(elivered at the output of the code

30 discriminators of each channel are very clearly distinguished from the reliable

signals and can be easily detected by comparing them to a threshold. The



signals and can be easily detected by conparing themto a threshold. The
17-threshold is chosen according to the desired application. The threshol d
'may, for exanple, correspond to a false alarm probability or to a desired
position and speed measurenent accurady. In Figure 9, a threshold of -20 dB
makes it possible to detect the signal represented by thick Iines and
corresponding 5to an errored signal. Al t hough the invention has been

descri bed i nyfrgdiid RenbSerPaddot®itt & theHaarbd Bsisatidrt The tRbBMHdMfalhat it is
innowy limted thereto and that it conprises all the technical

equi val ents &F SXAEPIee SALCIROFE 1P Balsg LIqnm ProBbilth &F (o B SIRBIrehPPEI i f t he

latter fall whyBpeed ReaduramBMOIdcuRicy LIRGidUR 8Nk itBsholdof 28 dB-MbREs 51. Met hod
for detecting anonalies on navigation signals received by N reception

channel s of & prossibleltpidstesbihe sigial Aepreeriied By thigkplnes\ i, OrRspdii i nt eger
nunber great & af BRtred sighach channel i, where i is between 1 and N,
conprising a carrier correlation circuit (20), a code correlation circuit
(22) including spdthouep)the dexpatier heedeeancesgabed, in (¢/§tidfoly BPEEYRS, a 10

code di scri mMehbaiMdntldS® is Sovidls! ihat _itﬂ_QaﬁQ]odiNﬁﬁﬂihﬁfbﬂahé}’etc{ BRPXhattine code
(DSC) and carrier phase P). discrimnators being connected to a common

DSP).
channel filt &PMPHIBS @hmegtsp it reamyRlegingf, thednernsydescHReh 88807 of t he
spot (Cp), agheomtlifatibng thedaltayall Within G fr@haherk of Ble ibfamtibh.r ecepti on

channel s 1too reduce code (DC ) and carrier phase (DPi) error



15 values delivered by the code and carrier phase discrimnators (DSC,
DSP) ," characterized in that it consists in extracting the code error val ues
"(DCi) delivered at the output of the N code discrimnators (DSC), in
conmparing (71) the extracted code erri® values (DC) with a sane first
threshol d value (S1) corresponding to an acceptabl e maxi rum 20 code error
val ue and in assigning (72) a confidence index (1C) to each navigation
signal received on each reception channel i, the confidence index (1G)
dependi ng on the result of the compagigee (71) carried out on the code
error values (DG ). 252. Method for A’et ecting anonal i es on navigation
signals according to Claim1, characterized in that it also consists in
extracting carrier phase error values (DPi) delivered at the output of the
N carrier 5phaske Methodifoi detecting aDSR3liesi on cevipatidnngigiaid Jrecdieedeky MNact ed
carrier phase erggeptRl aandIPBF 3 sifelife sosidAMgTEENE (10Y ®R6RI Nl jsvad ue (S2) 30
correspondi ng to an acce tablet max| gun%{%h se ei”%e] val ye, and Ln ssigni ng
(72) a confidenc® ﬁgﬁare\?!ﬁ‘%’ér?afb 8¢ neHAANGERT SrVIE g higIPEMEES LAY on each
recepti on channelN, carprsisingnd careiaceorraiation qredt §200ep et erratationtsicyibsul t s of
the conparison c@pyithdng spat (Opg sD@aceCay andlders (AXCcprrébryma t he
carrier phase er / [B - r I anonal i es
on navi ga1tIa i on si 60?;% (}s{@gﬁ@artfgi n%?q)bg)g?r{'%ﬁ?ﬁégf I%Cgﬁﬂjsaft% (grgggsﬁ%hg%act eri zed
inthat it also i 3 canfes phags i(%P)( ‘7“i§‘,3””7!ﬁ353t°ﬁ%1@le@5t‘F%‘ﬁe%tle@ﬁalas havi ng a
confi dence i ndexcdrhrGb) chargleefiltdr et saitateé éorenareagingnjontly) therdositiemce | evel
(10min) and in tangst idd) abdaeet Rt By emNeEn f édrieRitors 1) 1NN the
sel ected navigation signhals. A% %S%{%temfzf) etnsctl neg ano ézs on
navi gati on si gnaleCoRBRMEENHg 1 rehEsI e ORI GRS PR PP 0) with N
recept i onschannevayesaigivered by trencode egk icanienipbasq disatiminatdiatD3C, each
C_hannelt l( ,Zogmer eDSgb,Scl{b‘?éd’éi@@ﬂtég1in191_a@'i'tdpc{;\‘wsiéigrﬁﬁ’_réx%:a&gx_gatrféaE&%@genﬁ;” r eljat ion
circui , a code relatiqn, ¢ircui incl udi ng spo , advance
(Ca) and del ay (é?')'esc@;&jr‘)e eé'f'%rle ,at o %Uté’lg ﬁ"éa’)rl}J ﬁ?‘ﬁ%?‘S?”’?‘B%%S,( aS%r}arri er
phase di scri m nainogonmsPy (71 hecoxiraciepsope #1tpr catues dP Gohwiie a( oM
di scrimnators lbmisngwrémcvb@d (1) acotrespondirghanaal adceptable madimusui tagl g }‘or
managi ng,,.j oi nt t i ti of . S ’ : an el ay
(Cr) cor rzgjl at or sé{%df_e %ﬁoerR/%ﬁfre eéc@&{‘ ijag‘ﬁ'grélﬂégﬁze)laggénglgrgﬁ%?ulggg}c/gggq?Egéﬁ and
carrier phase (DPRYIaliepsianghlageyed onispsh secapyion KBarshb tamgorfidepser phase
di scri m nat ors (iD8€&x (IDBRjepentiiag avttee irgvd ofrthé lvatnpbhisons{ydy eanriatl Lot conpri ses
a device (15) fog, ﬁw‘aetc%%ie%r@é"lé?é@(lljcﬁﬁ on the navigation signals conprising
at | east one :
25 2. Method for detecting anomalies on navigation signals according to

Claim 1, characterized in that it also consists in extracting carrier phase

error values (DPi) delivered at the output of the N carrier phase

discriminators (DSP), in comparing (71) the extracted carrier phase

error values (DPi) with a same second threshold value (S2)

30 corresponding to an acceptable maximum phase error value and in

assigning (72) a confidence index (ICi) to each navigation signal

received on each reception channel, the confidence index (ICi)

depending on the results of the comparison carried out on the code

error values (DCi) and on the carrier phase error values (DPi).
35



20 conparison device (16) conprising a first set of N conparators (161 to
16N) respectively connected to the output of the N code discrimnators
(DSC) of the N channels of the receiver (10) and a device (18) for
assigning a reliability confidence ir@ex (1Cl to ICN) connected to the

-out put of the N conparators (161 to 16N) of the conparison device 25 (16),
t he conparison device (16) including a first threshold value (Si)
correspondi ng .t n accept abl.e nmaxi mum code_error val ye and the, confidence
hdex (1CT 1o % APl TRE Rt BOrEIER, o Raledl: SRhF At ved on
each reception ctithenel Claignsal budcehaserterized iethat 8 @lso ephsisisan seleptind son
carried out on (g ZOUGBEAG sYRILRSPELbnRAcsIPEX GCRtidher Bnhe

conparison device, (16). 5. System for det i.ng_anonal i es..on i gation
o & oacor di HEr R i e ie 8 Z iR o R A B R BT o et o
(16) al so5conpr i8eshannekiliaidl Hanlyghe Releslep Apdigatian giam@ls-t o 17N) respectivel y
35connected to the output of the N carrier phase discrimnators (DSC) of

the N channel g oBysténe foedeterting (@bOatierd onnnavigation heigriésy icomp(isisy & or 20
astSI gtm n? fhr e:c!%liitb%si{ﬁ@rﬂﬁ{;?@d@%r'(m?%tp(hll\lgélcebf?or{ EMinnks, Wg@ﬂé?@‘iseig N§0 Eggl
out put o e firs second..s Q onpar at ars. . Q :

to 17N) of the gé):g?g%gggﬁg_%Wrggte?ﬁ,tteﬁ_%h 8@%%5’ é'voﬁred'é\%ijbgéve(efé) al so

i ncl udi ng%a sec NhEQBRGIRE fataiier (aoprelatien csib RP)ng cpde &AelatiRitept abl e
lr)rrp(i mum carr i gr @eas 23 inoldingdpot (Gydadvaace D4 aheiniztayi (Odpcorelldrst o | Cll‘\ll) |
ei ng assigned t : i i re n .. eptd on channe
as a function ofgtcﬁgg:aésrs&ﬁﬁr%g#r_ @%9’(:gnﬂérﬂérsgr%lségﬁ?ﬁ?@ﬁ%ﬁ'{](%ﬁ%t Frq'](iaé code error
val ues (DG ) and®¥d§ (PRE)@ad creier phagse(CSH) sisciminaiers bejsg)CorRect8®lq ver ed by

t he conpari son daeommof Bannd Giltér. (13y stibief for mdebgiog, joigtiynberpbsiten on

navi gati og si gnasSinaCqek qtﬂa ddvaRtd n€s) Qhd Gelly"Rerf cBrelatorS BRRACINET 1 Zed i n

i sori m nat ors. {2E5P1GN HENGIS o (epp Ebs TOA AR E=BIRS ARErS FOT) 7O 11) and i n
t hat the anonul yvaletsedelivereddeyw ireecdds @b rauies phasarpiscimmatorsi¢NBCe (19) for
il b Th SEosPRcrbanees ki selb s e aIOES (0,10
ioﬁpﬁ'tj of the cha%eﬁ%(ﬁinéiqr{%nraﬂ?if ?ﬁ%ﬂgv@aeqﬂmcseiérfaéé CQ@P@S&%@ ﬁg%%gt\/?peati on
signal s 8i ng sutanasarieon geviee (Wa crrgrising arftisti sphef Brrosingraiers ({®hic have a
confi dence i ndex18N)Gegpdttigdigicotriated faethe output of the N code discriminators

(DSC) of the N channels of the receiver (10) and a device (18) for

assigning a reliability confidence index {IC1 to ICN) connected to the

dutput of the N comparators (161 to 16N) of the comparison device

25 (16), the comparison device (16) including a first threshold value (S1)

corresponding to an acceptable maximum code error value and the

confidence index (IC1 to ICN) being assigned to each navigation signal

received on each reception channel as a function of the result of the

comparison carried out on the code error values (DCi) and delivered by

30 the comparison device (16).

5. System for detecting anomalies on navigation signals according to

Claim 4, characterized in that the comparison device (16) also
comprises a second set of N comparators (171 to 17N) respectively

35 connected to the output of the N carrier phase discriminators (DSC) of
‘the N channels of the receiver (10) and in that the device (18) for



20 reference m ni num confidence level (1Crin) and for transmtting to the
channel filter (11) only the code error values (DC) and the carrier phase
‘error values (DPi) of the selected navigation signals. 7. | NS/ GNSS
hybri di zati on system characterized i4 that it conprises a 25systemfor
‘recei ving navigation signals according to Cdaim6 and an inertial unit.

assigning a reliability confidence index (IC1 to ICN) is connected to the
output of the first and the second set of N comparators (161 to 16N),
(171 to 17N) of the comparison device (16), the comparison device (16)
also including a second threshold value (S2) corresponding to an
5 acceptable maximum carrier phase error value and the confidence
index (IC1 to ICN) being assigned to each navigation signal received on
each reception channel as a function of the result of the comparison
carried out on the code error values (DCi) and on the carrier phase
error values (DPi) and delivered by the comparison device (16).
10
6. System for detecting anomalies on navigation signals according to
either of Claims 4 or 5, characterized in that the anomaly detection
device (15) is connected between the discriminators (21) of the receiver
(10) and the channel filter (11) and in that the anomaly detection device
15 (15) also comprises a device (19) for selecting navigation signals, the
selection device being connected to the output of the device (18) for
assigning the reliability index and to the input of the channel filter (11),
the device for selecting navigation signals -being suitable for selecting
the navigation signals that have a confidence index (ICi) higher than the
20 reference minimum confidence level (ICmin) and for transmitting to the
channel filter (11) only the code error values (DCi) and the carrier phase
error values (DPi) of the selected navigation signals.

7. INS/GNSS hybridization system, characterized in that it comprises a
25 system for receiving navigation signals according to Claim 6 and an
inertial unit.



