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positioning by pseudolites in a constrgi ned zone and neth
i npl ement ati on The present ‘i nvention rel ates MMMHWHHMWH
al l owi ng an object equipped with a suitable receiver to d I'ts
position in a constrained 5 zone. More particul arly;"*¥He
positioning systemaccording to the present invention is based on the use
of pseudolitgs, As is kno seudol.ites, contr CF.' on, of %segdo-s tellites,
are 10 devi AALoRRIRGYs FySiei IpE ionigbe seudplites i 2 CORSHAIASH| | { es

bel ongi ng to constel | ati REeANG Hiethpdifdmmgmamniatied i n the context of

G obal Navigation Satellite Systens (G\NSS), such as the d obal Positioning
System (GPS), or the Galileo system Unlike satellites, pseudolites are
depl oyed on the ground. Typically, 'they can be distributed in a building,
and in a general nhh@epresent iBverdiost relatesd te anesystem allowing dineoljecter al

principle ; e®h 5oLyi L tL QL ﬁwié) Lites.tles | t hat
sai d pseudg{nl“?égatr'angnig'lflfgggésﬁ%?%k%tg&élefgéza S (I)tF F\%ﬁslltizdr? ﬁhé%&ggﬁglﬁﬁé
identical &N&imlar to that of the nessages transmtted by the satellites

of a satellite naviesé ipamticlaye The fpdsitidnirtg Q*ﬁtéﬁﬁéccdr‘ainigd@%bfﬂ)rééeﬁlf the 20

sane fam | ast.that of (g Sﬂ'sﬁel |It§ I S &rt]era |y allocated to each
pseudol i t eMVPRLIOM S PASRAIN e UsR AEPEPYARTShs of satellites, . these
identifiers are called spreading codes, as is known to the person skilled
in the art. T n L i s tragnsmtie . 1 he
pseudolites is var'ﬁgbﬂﬁegﬁ?@ﬁdg%eeﬁégﬁtgg’ t% ﬁgﬂrg!:%%@veo? gér;gc}} ({%galt?mltjéssé' ar&)j ects
equi ppdd wievices iopamtingracqosdipgviertbe sameprotiplest aresatefites belonging o gnal s.
As in the g e@éti&s%ﬂ%%t@ilit&s”%p%%é% b LR tREVAARGAOSF &)oHaf RaigdtRincul ation
of distances between sald receiver anc{ the pseudolites of which it has
acquired t RatalitgraysiempENSS ) ssichi atheaPlaahBosrionHid By serm (GR§M @t i on,
al | ow the pesGhiiled sybtdrheunBeesatelitds) pseudelites Ereddploleea di thecdrbligd of
posi tioni n? thr @\E&F tri angulgat i.gr}ﬁids kanr?:. |t 38 .1 nvolves determning the
posi tion of YRI°P §¥cansbe GiSiouled R PHIAIPGLA0T IR HBSUPRLMAMG I ¢ he
t ransmst ecanstrinéezoneentre and the di stance between the recei ver and
transmtters as thej ' : [ an . ' out. N an
on- board manner, b;i/?h%ﬁ%ﬁgﬁ,?&nqb?%gﬁf&%ﬁsifﬁpg_c_’%gp%@gl%%%H%ér“ s'y a
comput er. in the fact that said pseudolites transmit positioning signals of which the
format is identical or similar to that of the messages transmitted by the
satellites of a satellite navigation system. For this purpose, an identifier of the
20 same family as that of a satellite is generally. allocated to each pseudolite. In
the context of constellations of satellites, these identifiers are called
spreading codes, as is known to.the person skilled in the art. -
The range of the signals transmitted by the pseudolites is variable;
it depends on their power and their use. Objects 'equip_ped with suitable
25 receivers can acquire these positioning signals. As in the case of a
conventional satellite navigation system, a calculation of distances between
said receiver and the pseudolites of which it has acquired the signals, then a
position calculation through triangulation, allow the position of the receiver to
be determined. The principle of poSitioning through triangulation is known: it
30 involves determining the position of a receiver as being at the intersection of
spheres with the transmitters as their centre and the distance between the
receiver and transmitters as their radius. The calculations can be carried out
in an on-board manner, by the object itself, or in a delocalized manner by a

computer.
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1111111211212112121212121212112112121111 2 As seen, the systens for
positioning by pseudolites are general L,y deployed in "constrai ned" zones.
These constrai ned zones can typically Be bui | di ngs i nside which the
positioning signals transmtted by satellites in orbit around the Earth
cannot be acquired due to masking by the walls, ceilings, 5 etc. It may
sinply involve zones that are not covered by the satellite navigation
system concerned. In a general manner, a constrained zone will be defined
as being a zone i nAstseen, flussystemantpr gicsitwinéng by mseutiolites Bre generaliyt es

cannot be 88%%288“?{ "ESHéﬂéuﬁé’d" QBHé@r'Pﬁééé c%ﬁ‘%réuﬁéd“zloﬁﬂgrbaﬁogﬁ call I?‘}%f s to

zones wher signal § transm t
acqui red bbuiidiags !W%Wﬂ'&bmﬁeﬁosﬂiﬁm'@@ﬂgﬂa‘%Hﬁéﬁmllti%%bbﬁatﬁ“lt@ﬁ i ofdtei ver

can theor ehidild the' Eaﬁhvc%nla@sbbléwu'»@dsm% fnalking Bytthe AR @efingke
rel atlve po I tjon etéﬁﬁn sal satelll%ﬁz and s lver are rlﬁerred to

ec
as "vispbl @C tld TRY PIERR)Y \IBVOlVGH 2PRES %ﬁh@?fa&zefsrq s the gafglite
const el l at navugan@n sgéient ednternas. Im@ngamarabhmnneThemnstramleﬁl zoriee Wit

"vi si bl e" S a sab] 5 C , the
appropri atenes H}P%H\éﬁ bB,nl‘a |\E/§néj i ﬁ'c():#s Egm%nﬁ‘ ?@‘Ea%f t%%gm% s case not
by the geogetellijfesfcannet ter fc@rgecatiyalacgwm Cbuvemlw Hee| fecml "opetkzage” whi ch
can adver spdryratd ehe E"\ﬁh?r‘eggééﬁoﬁﬁm t&gnaﬁ,eugﬁém&ﬁ% by satellites céﬁhq?e

definitions given above onstrairned zone open visib
satel | i*0e Bﬁqw%%ﬁ sitahle recriMer, iMeonsoyer, sso@tt%'l'ﬂeist@‘ ‘MP'CBﬁ[QRﬂ'YQFeCEprI y 20

to the enttHedréwdai ne@cremé poEHicHEAG T sighamn d@@d tds Othbh%pglr@pﬂme relative It
is known that.,.satellite rver gqeferred t

et hot < PORIRR rRtupe e B phtefed 9t S o BB rST 1o BV RUTET o he
recei ver ctmtter receivarheheoze tHd atheorsatdlliteataf] thetcamstellatibn agetreterpaasi ti on

25 of the yj 5L 5h6n IR tﬁé' '%%%eas{b%cﬂgch(sFmé"'ﬁ iblCdrld "rﬂ}n'—\ﬂglbjg*f‘alr?r&%ﬁi;es' ng of

t he positioning signals 0S| |on|ng b es can al so
have arl5asHi theagase @fepswdodjtesn m%appw@rlatenesaﬁutge é@lla iv® gesitions bging st ance

cal cul at | oacrfihel b € a3 dotasy %Q@m% Ryanee “S“fe‘*“‘%‘?‘?%é Bt B the
context. of theneoalBesknas wIUA Fah advpeshoaiast dhe SgmelbEhe paroraiesi on
perfectly in a con¥heaiefintiorzngivent dissie beCeonstraineédzonerat opanfzane”an

assi st ance.i&bie* satellite or pseudolite and "non-visible" satellite or pseudolite apply

20 to the entire remainder of the description and to the claims.

It is known that satellite positioning systems can have a server
referred to as the assistance server, the role of which is to send information
to the receiver concerning the constellation of satellites, such as the position

25 of the visible satelltes and other aids facilitating the processing of the
positioning signals. A system for positioning by pseudolites can also have an
assistance server of this type. In "assisted" mode, the assistance server can
calculate the position of the receiver on the basis of the calculations of
pseudo-distances which the latter supplies to it.

30 In the context of the present invention, the positioning system can
function perfectly in a constrained zone without receiving information from an
assistance server.

Known systems for positioning by pseudolites present a certain
35 number of defects. In particular, they do not allow the transition without



3 assistance froma constrained zone to an open zone and vice versa, in a
conti nuous and autononous nmanner. MoreqQver, they do not generally allow a
cold start-up w thout assistance or w t’hout know edge of the initial
position of the receiver. Consequently, known systens generally involve the
use of 5 receivers designed specifically for an operation in a constrained
zone and the acquisition of positioning signals transmtted by pseudolites.
In other cases, they require an intervention on the receiver so that the

| att er beghsasistamcacienr & wingtrainedt zamss 1o tanedpéy Zoneualnd ivices veisa, amya event ,

th d t t 10
generai 1y SonfRER AR auBnBiUShaRASGiBBCer ey o AB: GBREAfIT AioR "°
active. cold start-upuwitheuthassistaacergy wth@uhkn@wleudgetqf the ImlaalerrpsHmrooaccount

lies in thed Qé&e&@latcbﬁﬁdiférrﬁl?d'kﬂgmﬁp@?&eﬁfs b@ﬁeﬁa@l&eink/btv%stﬂflﬁ'&,@gbﬂg to
constel |l ati ons of[dséétellltes are reserved for salds [ites. fé}ils not

possi bl & t BPRErsArsIInedRReCHlicelv {Rr aOPHAPB "&iés‘?%ﬁ H&E‘l Zqne rtH&ver s,

si nce convem]gu'ziemah qfqa@eltroﬁr‘rfg ag&al&&raism@e@@xtpseadqhteéle posi tioning si gnal s
originating from sal t t.es. . . u |

overcone these proﬁ] g@?(?%ﬁ%%’stﬁgy RIArs SEé?Heﬁvger}t@) %ﬁs'leeﬁgme?t tngbreadl ng
codes of stheelatier geginsato aequireosigualsi trarsmitieh bmeswoittesmer@yt eéentecei ver

i s | ocat edel}é"ﬁ‘(&‘ﬂé‘% of bpralbR "a”b&r?ét?druﬁéﬁ& zgﬂeedg{dbfneéa{ dph. ZGRELNShSE Whi ch

do not benefit from ass] stance SSI stance server,
and whi'®h @8naly eesipativig. in the senge ﬁ@émqyochanmt@?@muﬁn%@uslmécw:e. ver .

A rece: ver of thi SFUMﬁ@rmdS‘l@t aQﬁgjroatbﬁgtramt /e sdIRm |ﬁﬁﬁ§0@ﬁlﬁ1tﬂl@§ nkﬂﬂéM ng its
initia
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determ ne its posi nvent i on
t echni ¢l ge&sn@dwtwcgutﬁ@@@swgnmg@gm@mommq@@guftqmrsawbsai?"ltﬁeudol ites
suitable for operating with standard receivers and able to acquire in a

transparent manner, fromthe
A known solutlon aiming to overcome these probiems consists in

allocating to the pseudolites spreading codes of satellites that are non-visible
from the point where the receiver is located. However, the problem persists

20 entirely for receivers which do not benefit from assistance data transmitted by
an assistance server, and which do not know their initial position on start-up
of the receiver.

A receiver of this type, not operating in assisted mode and not
knowing its initial position, is, according to the prior art, incapable of
25 recognizing that it is dealing with pseudolites. Consequently, it does not
acquire the positioning signals transmitted by the pseudolites provided in the
constrained zone in which it is located and it is impossible for it to determine

its position.

30 One object of the invention is to solve this technical problem by
proposing a system for positioning by pseudolites suitable for operating with
standard receivers and able to acquire in a transparent manner, from the
point of view of the receiver, positioning signals transmitted by pseudolites as
if this involved positioning signals transmitted by satellites belonging to a -

35 constellation of satellites of a satellite navigation system, to recognize that it



poi nt* of view of the receiver, positioning signals transmtted by
pseudolites as if this involved positi ani ng signals transmtted by
satellites belonging to a 35 constell affion of satellites of a satellite
navi gati on system to recognize that it 4 is dealing with pseudolites

wi t hout benefiting fromdata supplied by an assistance server.

Thus, the subject of the invention is a systemfor positioning an 5 object
in a zone of interest presenting a constrained zone, said system i ncluding:
a set of psedédaling esithli ptaudbiitesd withoshib@nefitisg rfaome dateosepplied daclan

presenti ng,aqi [code corresponding to the spreading code of a
satellite %%?'%‘%@fe‘%%bﬁge a constellation of satellites of a satellite

navi gation 10 system said constellation of satellites including a first

set of satellites fRgs ath%eﬁfb]éctséﬁ tl’féf wﬁz@hﬁb:ﬁ iid %Ssyétéﬁh ﬁ#tﬁﬁdltﬁdrﬁﬁ%@n t he
first and t&g second sets.of satel Hégpnon visib fromthe zone of

i nteres®, SQRIGCH AR 3 i308€ QEJ‘tFFﬁ-:Sts%r@éﬁﬂt'%t stained| zone BRIONYS®Mi sj oi nt

vi si bi lityinciutisgich a way that any one of the satellites of the first set
and any one of the aneously
visible froma poi At %i%k bé%@%olg SP%@@&%&E@SZ& %r%t%%g&f%oggr?%ghr% ense
that the sprasentingsaospreadingi cede acniraspondingotel thet spr@admtcodel af iave

posi tions suehtd F@éoﬁ@ag%s t egsBdiioR0 o ardifiRt! bof 85 safellhd ndvigstforset, and

signals transmt secon cel ved

si nul t dReoB¥itgmpypaid P@l&%ﬁk&%ﬂor‘ppa%%t&"'éﬁs Bchyling asf'fﬁha?te@lf etellitRs apd Bace of
the 2? Ear g&orﬁa@atmw@l{meh? tlg@rédﬂél[]mrgftﬁe&mﬁéﬂ hihd ﬂaeasmut somi 6l ,
Si gnal, an a, recelver Situal.ed, on e 0 In
ohien sar oSaRUSE BeftEl nBho el voR, K Pt fitinteladty Andfle 68 and theuch
way that, sécamd/sgisicitsatdllitehdeiranet digjomed/isibility, in sucts apeaysthat @anfyanet he
receiver OB{{H% é}anf‘éétoftt‘PueafﬁQPéé &J‘Sn@%ﬁétdf‘%ﬂé%tél BQ%lr?qé’Eeﬁ]nd ggst two

25 pseudol rtes presenting spr ea ing codes correspon e one, to a
sat el | itbe 6RNAQGiDE pimultangouslynisibierfropha mnhfesltuatt@d @nsgwmurfaqs of thene

Sl eF I, PLE el LI ACH HBIISCRR heSrkies ScBTbt 0
satg'.J ellites' eﬁ?t"f%eogﬁ?g"tpéll“l"'hﬁ]a&ﬁ'%‘la?%g?'é?'?‘qlqe@sbgﬁ@eg'@%%ﬁ{ﬁ@?}ﬁﬁ%@c@r m nes
in a total kignals transmitted by satellites of the second set cannot be received
simultaneously by a receiver placed at a point situated on the surface of the
20 Earth, each pseudolite furthermore transmitting a positioning signal,
and a receiver situated on the object to be localized,
in which said pseudolites are distributed in the constrained zone in
such a way that, at any point of the constrained zone, it is possible for the
receiver of the object to acquire the positioning signals of at least two
25 pseudolites presenting spreading codes corresponding, for the one, to a
satellite of the first set, and, for the other, to a satellite of the second set, in
such a way that the receiver receiving these positioning signals detects the
impossibility of them being signals ftransmitted by satellites of the
constellation of satellites and consequently determines in a totally
30 autonomous manner that it is receiving positioning signals transmitted by
pseudolites.

According to one embodiment of the invention, the constellation of
satellites having N sets of satellites, N been greater than or equal to 3, non-
35 visible from the zone of interest, and of disjoint visibility, in such a way that



30 aut ononmous manner that it is receiving positioning signals transmtted
by pseudolites. According to one enbodinent of the invention, the
-constellation of satellites having N s@s of satelli tes, N been greater
than or equal to 3, non- 35 visible fromthe zone of interest, and of
disjoint visibility, in such a way that 5 any one of the satellites of any
one of the N sets of satellites cannot be visible at the sane tine as any
one of the satellites of any one of the other sets of satellites anong the
N sets of anyeare béshd rsatelitepoofnangioneadbktheoiN sbis sfisbialidesfcanmet Ber t h, t he

pseudol i t eqisfie ofikad KL fifle! Jb bHF 78NS 3 BAAIRRNG: Zn) Bas'Wtng o t hat.
at any point of the constrained zone, it 1's possible foor The receiver of
t he obj ect sets efcspielitest amopgsheilsetsyot paiedites fiorma peiaksituated@mtheudol it es

bresent | NGsitsGAGT e EAARS 1OPSETRIIEL Bl LRARIIBL!h 1S BASAENERG R ¢ hr ee

di stinct sets of satellites armnig the N sets of satellites. Advantageously,
the positti BhPW 3Wavathat: 3tANPeINEAT Kie constreings gk it tScRossiMe PO cast

al rralnia_cs i cbimwerabfhthe tobjest tof atddres ahe! gositizming s@igm@]gmsmewaat ithneeOL
satellites, in such a way as to provide a continpit Y t the
Cransi (i onPBERRNEE ntsBtid Sriadtid Fhigs frffmetithe to Saeifey bERallng 't es
and an opeto thoee digtinbbsets pf eatadites asdng thel N setsnof saiellitescept i on of

posi tioni ng signal ) d thessatel | | f stel | atd on,
and, 15 vice ver sagd?érlﬁggghEl%?m@%asﬂ%é&gﬁﬁéﬂ g@%'ﬁoﬁ%’ﬁ%ﬂﬁft&? o@) sgiévi ce at
the traifsi prowdaites\ean bapadnash alibaracmideatied)iaithase ofi theopatellites of the

Advant ageodshstell@icrebl Satefiesy) &6 lsaeh tOwhlh st pivides g wdatihligs of Sesadef | gur ed

Lo 0Cat & NEoTahb bRaat o RHLDaI Sae KoRrhedl W SetogF, ohose”
zone of i npee@ddlites and an openlhene edibioue pssudaeliée bBudalldwiagdhe eeteptiorbe
posi tioned,£3RpbRRG LigAhis' FANMARE & thd SaldhitbO'Yr e WHsRIAEN BASS:
15 vice versa, in such a way as to provide a continuity of service at the transition
between an open zone and a constrained zone.

Advantageously, a server connected to the set of pseudolites is
configured to allocate dynamically to each pseudolite a suitable spreading
code chosen from codes allocated to the satellites that are non-visible from

20 the zone of interest.

The receiver situated on the object to be positioned can present at
least one of the following operating modes:

' e a "constrained zone" operating mode when the receiver is
located in a zone in which it is able to receive only positioning

25 signals transmitted by pseudolites; |

e an "open zone" operating mode when the receiver is located in

a zone in which it is able to receive only positioning signals
transmitted by satellites belonging to a constellation of satellites
of a satellite navigation system;

30 e a "hybrid zone" operating mode when the receiver is located in
a zone in which it is able to receive both positioning signals
transmitted by pseudolites and positioning signals transmitted
by satellites belonging to a constellation of sateliites of a
satellite navigation system.

35



a "constrai ned zone" operating node when the receiver is |located in a zone
in which it is able to receive only po%itioning 25signals transmtted by
pseudolites; an "open zone" operati-ng-node when the receiver is located in
a zone in which it is able to receive only positioning signals transmtted
by satellites belonging to a constellation of satellites of a satellite
navi gation system 30 a "hybrid zone" operating node when the receiver is

| ocated in a zone in which it is able to receive both positioning signals
transmtted by pselilel sysésmaisd aguantagenusly suitpide Jot rsavitching éwnbyone

satel li teso@@*ﬁqiﬂ%rﬂg%é?o an&Rst ellation of satellites of a satellite
yste

navi gati on The systemis advantageously suitable for
swi t chi ng from oneAdpentagpaygsitodre treceinet 1selects its operatingy andegdb @l y, t he
receiver sgli@mhatid inanfBErati ng node in an automatic manner.

5Advant ageously, th ositioning systemaccording to the invention can
"ncl ude Smans 10 1 ARKENBAEOUK, T FRPVRNIEO SYSIERR BperTaingsto hedDYPRURous | .

tEe Optera_t btagirmd@ m‘eatnbetoﬁ@@éitherotpﬁmirtgernohe&ﬁmhalaeuegakéry. 10 hert f
r r n n pyven . rom
The descripti on t naRCasABLARSR, the  BpelNECdh M Ind SeRfeEi ol e "I ¢

shows schenboseramapuallgonstel | ati on of satellites in orbit around the Earth
formng part of a satellite navigation system 15More precisely, Figure 1
shows a constellation of satellites including sub-sets of satellites SA,

SB, Sc,1051, S2. Thethesiichgsagteppliceennd asdvaniggesiad theingntiop Wik REgeMesATAZ

vi si bl e fregident esth Ve des&igibrathatofdliowd with térerenioef a6 ahef aftééhdaar t h.

Simlarly, the set SB represents all of the satellites SATBl, SATB2 visible
Fromtne r EGbgar WaEh SHOWS BoeRatsalh A (GRsgatiep of sateliies i orbi
around the Earth forming part of a satellite navigation system.

15 More precisely, Figure 1 shows a constellation of satellites
including sub-sets of satellites SA, SB, SC, S$1, S2. The set SA represents all
of the satellites SATA1, SATA2 visible from a receiver located at point A, on
the surface of the Earth. Similarly, the set SB represents all of the satellites
SATB1, SATB2 visible from the receiver located at point B and the set SC

20 represents all of the satellites SATC1, SATC2 visible from the receiver
located at point C. '

As shown in Figure 1, for a given constellation of satellites,
forming part of a satellite navigation system, sub-sets of satellites, S1, S2,
can be defined combining satellites, SAT11, SAT12, respectively SAT21,

25 SAT22, not simultaneously visible to a receiver located on the surface of the
Earth. Thus, in the example of a configuration of a constellation of satellites
shown in Figure 1, the satellites SAT11 and SAT12 of the set S1 and the
satellites SAT21 and SAT22 of the set S2 cannot be seen simultaneously,
notably here, by way of illustration, from the points A, B, or C.

30 - The basic principle of the invention consists in exploiting the fact
that the constellation of satellites on which the system for positioning by
pseudolites is based includes at least two sub-sets of satellites non-visible
from the zone covered by the pseudolites, for example, in Figure 1, S1 and
S2, of which the respective satellites are never simultaneously visible from

35 the Earth.



20 represents all of the satellites SATCL, SATC2 visible fromthe receiver
| ocated at point C. As shown Ln Figure 1, for a given
constellation of satellites, form ng part of a satellite navigation system
sub-sets of satellites, 51, S2, can be defined conmbining satellites, SAT11,
SAT12, respectively SAT21, 25 SAT22, not sinultaneously visible to a
receiver |ocated on the surface of the Earth. Thus, in the exanple of a
configuration of a constellation of satellites shown in Figure 1, the

satel lites SAT11 almdo®kT1@ lafe theereseiveSbfdhe abjectdhatkis| fot ks pSAiti@mednd SAT22
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cal cul ations can th%in%ehmwar@%oﬁutof@iévmheIréc@@epé\arbgéﬁéctwen:betw the
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The system according to the invention consequently operates on

the basis of standard receivers and a set of pseudolites distributed in a
25 constrained zone under consideration.

On start-up, the receiver, operating in non-assisted mode, seeks
to acquire all of the satellites of the constellation, i.e. all of the spreading
codes allocated to the satellites.

In an optional manner, the receiver can be manually forced to

30 switch to a "constrained zone" operating mode, in which it seeks exclusively
to acquire pseudolites. According to a different option, after having detected
in an automatic manner the presence of pseudolites, the receiver can
propose to a user to switch to "constrained zone" operating mode, said user
having the option of refusing a switchover of this type.



The system according to the invention consequently operates on the basis of
standard receivers and a set of pseudolites distributed in a 25 constrai ned

zone under considerati on. On®start-up, the receiver, operating in
nhon- assi sted node, seeks to acquire all of the satellites of the
constellation, i.e. all of the spreading codes allocated to the satellites.

In an optional nmanner, the receiver can be manually forced to 30 switch to
a "constrai ned zone" operating node, in which it seeks exclusively to
acqui re pseudol it eA. spreadingi ogde ds aallbichtezt émtthe ppseudolitefst By ahedynargiadet ect ed
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In operation, the behavior of the system according to the invention
is as follows:

20 e In an open environment: the receiver operates in a
conventional manner since it receives signals transmitted
by satellites belonging to a constellation of satellites forming
part of a satellite navigation system. The receiver may
possibly, in a sporadic fashion, seek to acquire positioning

25 - signals of theoretically non-visible satellites; it could thus
detect the presence of pseudoiites.

e At start-up in a constrained zone, the receiver seeking to
acquire all of the satellites of the constellation detects — at
least — two spreading codes corresponding to satellites that

30 should not be visible simultaneously; it can then switch to a
"constrained zone" operating mode to acquire and decode
the positioning signals transmitted by the visible
pseudolites; alternatively, the receiver only proposes the
switching to the user.



conventional manner since it receives signals transmtted by satellites

bel onging to a constell ati on of satell'étes formng part of a satellite

navi gati on system The receiver may poSsibly, in a sporadic fashion, seek
to acquire positioning 25 signals of theoretically non-visible satellites;
it could thus detect the presence of pseudolites. At start-up in a
constrai ned zone, the receiver seeking to acquire all of the satellites of
the constellation detects - at least - two spreadi ng codes corresponding to
satellites that 30 shoAt thentransitionibsityeen simopemzenasingd aiconstmirtsiden
switch to a "constrai ”egor?é)”ﬁ\e 9%&5@%{1 egpggli)%?cf Q '|\[ee I ofasQeR the

positioning signals transm't \K%/ pseudol ites, alternatively,
the receiver only proposaglifess is\hisasegitican ﬁ\é‘lt%éﬂeCﬂYatO Jeonskainadansi t i on

bet ween an open zone a”E'or?e"CBpéﬁa{tlﬁb”ﬁfi‘)déoréﬂterﬁé‘tﬂ/eﬁﬁcl‘ﬁleV%ce‘Rié? gefeet a
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the presence of pseudol bémsntnbanbsodedutéledewml cabmqw@ptmmﬂyprtheedure

descri bed above. Option th [ (o]

exploit the positioni ng%sc%vr?é Cg?' (;Oiﬁg#ﬁf) 'r(éséaﬁ E#&Pﬁgh%%gé@r" as it
receives them At the sngaatﬂtrarmnmtted\meaatalhte@nmspﬁarm@dt renevesrhern open
10 zone, the receiver, Cﬂmrsﬂeeh%ﬁ&.t.anmbgﬁdeéﬁstfémaa SoRk rRﬁﬁHquént es and

switch directly to "open zone"™ oper.a ternati ve receiver
det ect §0t he presence of Ze&i Klee reeRIve cABsI¢iREhIA Massives iR @f visibleui si t i on

procedure. Optionally, pSsuddtitsd \w@e SANcIE aiidchy etot fbp’é?ﬂ!ibh@" @p@ra‘m@ oit 15
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propose a systemfor poslstblI@sategjltbs'thmﬂqsdola spsradp:eaequmgomprd)d:mmna5| s of
dard 20 [ :

standar recelvers é@ﬂoﬂ’al f%@geé‘%%’r"&éﬁ‘%bwnﬁ gs&gu.@e?na%@ System

constrai ned zone and an Vi Ce versa
for poststi oni ng by pseutl@l pp@lﬂoa@@omnal@ transmisteidnby msesdolitess insa@i e f or
operating w thout assishaiGBcgi@bdtndmc! uding in the context of a cold
start-up of the receiver in a constrained zone, w thout know edge of the
initial position.

In summary, the main advantage of the invention is to propose a

system for positioning by pseudoiites operating on the basis of standard

20 receivers, and allowing a continuity of service between a constrained zone
and an open zone, and vice versa. Above all, the system for positioning by
pseudolites according to the invention is suitable for operating without
assistance data, including in the context of a cold start-up of the receiver in a
constrained zone, without knowledge of the initial position.



10 CLAIM5 1. A systemfor positioning an object in a zone of interest .
presenting a constrained zone, said systemincluding: a set of pseudolites
distributed in said constrained zone a 5 each presenting a spreadi ng
code corresponding to the spreading code of a satellite belonging to a
constellation of satellites of a satellite navigation system said
constellation of satellites including a first set of satellites (Si) and a
second set of satellites (S2), the tR ftes of the first (Si) and the
second (S2) sets of satellites beingﬁ‘ non-vi sible fromthe zone of
interest, and the first (Si) and the second (S2) sets of satellites being

O ST 2L S Gfchity PR ofiBY nPE % oR8orthidrdSt BRBhlng &
( SAT21, 5AT22) ofCODBtEaE@ddmﬂleséald(%)emammwlnle si mul t aneously visible from

a point situated ongtgg é\“EEéG@ohté@ d?§tnb[]%oE¢H tid 'c@n%ﬁﬁmé@”i&é hld the
satellites of the f| rst (SAT

t he secon é % SAT2 ? sets
present Srel at i vee%Pqu@rﬁ‘é'“Qu%k?ptrﬁ%\q‘ erd?ﬂﬂ SOVES Pg 48 B¢ SRIEEAING: es
(SAT11, SAT12) ofcddee ofid sdatslite bSiongail t6i gnedristélrarionnbt tsatelltessef &l | it es

20r ccel ver pl acet ATt RUBRIOE pYoiEML abh cone e FEEL P I RIS 43 Y Y
pseudol i te furt Hastrset of reatsliiest (31 angosiseicond ngptsofgaatefiites ( (Sahdthe
recei ver situat eéd’athI']tetsh@f tﬂglfﬁgtt %@ 4 rfécéédo%@d(z Q%&@B’F Eé%&lﬁé’s bg"ﬁ:at the

pseudolites are stribute constral ne I'n suc at, at
any poi'8t of then@uMisitieifrm thengonet of $nt32®tp@§§| H]eef'ﬁir ($Heaf‘€ct=ﬂe\/er of

the object to acgdiond (529 seesbt sabilits §e|ggaifajlgbmwslitﬁm tmtym:homlms,lol i tfes
Ite O

t d d
Pho tirst set (ot dnp@neranine setaier oATd 1oaLed) ot e it Sl Bk ser
(S2), in such a arvacmbabf tthe saiemtesel(SAweJSAT@)t ok glee mbhdoseingsz)l gnal s
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satellites of thé colr‘ﬁ e%/ atlon 0 consequen
in a toally athfndheusEafﬂhneﬂ tthat senses th@l‘ceﬁhﬁl rﬁjﬂtpkbast |an|t¥ig dirghal s

transmtted by peUeo] §h892) ahd the second (SAT21,SAT22) sets present relative
positions such that signals transmitted by satellites (SAT11,SAT12) of
the first set (S1) and signals transmitted by satellites (SAT21,SAT22)
of the second set (S2) cannot be received simultaneously by a
20 receiver placed at a point situated on the surface of the Earth, each
pseudolite furthermore transmitting a positioning signal,
and a receiver situated on the object to be localized,
characterized in that the pseudolites are distributed in the constrained
zone in such a way that, at any point of the constrained zone, it is
25 possible for the receiver of the object to acquire the positioning
signals of at least two pseudolites presenting spreading codes
corresponding, for the one, to a satellite of the first set (S1), and, for
the other, to a satellite of the second set (S2), in such a way that the
receiver receiving these positioning signals detects the impossibility of
30 them being signals transmitted by satellites of the constellation of
satellites and consequently determines in a totally autonomous
manner that it is receiving positioning signals transmitted by
pseudolites.



2. The systemas clained in claim1, the constellation of satellites having
N sets of satellites, N been greater t{han or equal to 3, non-visible from
the zone of interest, and of disjoint sibility, in such a way that any
one of the satellites of any one of the N sets of satellites 5 cannot be
visible at the sane tinme as any one of the satellites of any one of the
other sets of satellites anong the N sets of satellites froma point
situated on the surface of the Earth, characterized in that the pseudolites
are distributedThe shsteoorest ceimed rormtaiim 1subl eonstgllationt of ssateltitespoi nt  of

the constrained ey N LetsSo fpﬁél‘h%! S N %reehhfreﬁfé}%‘éﬁroroé ddl e RAGh.ect to

acquire the posi ng sig ree poeudoltes presenting

spreadi ng codes Vis#h! ﬁélﬂmrﬁhﬁ‘ Agne of lﬂi@'@sl |€tf1§is°ftﬁ$1@ﬁt§|Vﬁgb'{'W thsued ey nct

sets of satellitgst aﬁpreﬁ\et betHd ssichited ofHrfy bhé a5 theON- setofsyftibmtasas
cl ai nred |n any one of’ c

aracteri ze ositionin
" signal st ransni tc@QBOBQetVI'%blﬁs%JE%Iﬁamfsp’lﬂeo%%eafétonél ‘?f&ﬁﬁcsé‘tt‘?lh@ﬁt&@é\y to °
t hose of the satoplel dftthe otfiertdets Obssﬁeﬁitd&saammgahe%seﬂsloftmellmes frmgla a way

as to provide a é)%grglt él%&%ﬂ’ o?\f w%eét\{rlfri?c?e ?Tf él{l)@% do’lﬁfaﬁré&@n? drﬁ W §hattthe

constrai ned zon es and an open zone
wi t hout pseudol ipsegdol esare @thm@:teﬁen M@%@@Ntfmn@i zpoeiin Bueh AQVaY hadl s

transnitted by tan%@sdjm bt fie eénét%é@?éﬁélmbe&.b@% thé FEceifases 1 n

such a way as to pr e a contjnuit servicé at the {ransifion betuween
an operi%zone andh@ ebigst rtgi r@é’@l“!@nﬂ‘e ppsitioning  sigaalemoisat|lgastedhi®® any one

of cgai rrf 1to ?psegbérté§t tséﬁtllihg Bprd@ding (fcﬁe%eéo@?wtﬁﬁﬁ tbosettélﬂte%et of
seudolites I s 0 a oca 0 eac S
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are non-vi si bl e satallile80t he zone of int erest. 5. The systemas clained in
any one of the preceding clains, characterized in that the receiver
situated on the object to be positioned presents at |east one of the
fol | owitdg opetatlihegsysiemsas clegmed in @flysen&ioh &piment to @peharadtefizesdi®d when

the receiver is thQCeef oélﬁorﬁné%”%né@ tmwsﬁhttéa u Sth@bbfeddalufe%,cslio»aacagﬂ y
positioning signals tran {atlng

mode when-t he r EABADAES i @erptt;@gtttéotxpgg eol% t?\e satellltes of tﬁg const r’\Fatlo

satellites, in such a way as to provide a continuity of service at the
transition between a constrained zone equipped with a set of
20 pseudolites and an open zone without pseudolites but allowing the
reception of positioning signals transmitted by the satellites of the
constellation, and, vice versa, in such a way as to provide a continuity
of service at the transition between an open zone and a constrained
zone.
25
4. The system as claimed in ény one of claims 1 to 3, characterized in |
that a server connected to the set of pseudolites is configured to
allocate dynamically to each pseudolite a suitable spreading code
chosen from codes allocated to the satellites that are non-visible from
30 the zone of interest.

5. The system as claimed in any one of the preceding claims,
characterized in that the receiver situated on the object to be
positioned presents at least one of the following operating modes:



5 a-zone in which it is able to receive only positioning signals
transmtted by satellites belonging to constellation of satellites of a
satellite navigation system a "hybrid zone" operating node when the
receiver is located in a zone in which it is able to receive both
positioning signals 10 transmtted by pseudolites and positioning signals
transmtted by satellites belonging to a constellation of satellites of a
satellite navigation system 6. The systemas clainmed in claimb5,
characterized in thaa Tqonsyraingidt abhe" Idpfepatingni maodié n\gheln offeo neceiy@T & i ng

nmode to anot her. U&? e?yﬁtg'?oﬂé ﬁ'\ﬁhl@ﬁqt ls 618%%0 v@'cﬂﬁ ?o%ﬂloﬁnnrg

characterized in tha receiver select s opera
automati c manner. 208gndisdransmitiad Hy R:Se&lldﬁbtﬁsb n claim 7 characterized in

that it includes npagg "bgenh 2bAE" bberaﬁagrrabu@gvﬁ@ﬂmeoifecbh@rr@ﬁﬂjav&l in 9- The
systemas clained in one of clai char.acteri zed. ] t he

operati Bg node of th@ FGein, HNIG 'tcﬁoé‘&? I FRRIYS OndY pos't'on'”g Signals

transmitted by satellites belonging to a constellation of satellites
of a satellite navigation system;
e oa "hybrid zone" operating mode when the receiver is located in
a zone in which it is able to receive both positioning signals
10 transmitted by pseudolites and positioning signals transmitted
by satellites belonging to a constellation of satellites of a
satellite navigation system.

6. The system as claimed in claim 5, characterized in that it is suitable
15 for switching from one operating mode to another.

7. The system as claimed in one of claims 5 to 6, characterized in that
the receiver selects its operating mode in an automatic manner.

20 8. The system as claimed in claim 7, characterized in that it includes
means to force the operating mode of the receiver.

9. The system as claimed in one of claims 5 to 6, characterized in that
the operating mode of the receiver is chosen manually.
25



