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determne its position within a 5 constrained area.

posi tioning systemof the present invention is nore particul aff¥*based on
the use of pseudolites. As is known in the art, pseudotites—— "

(pseudo-satel]ites). are devices 10 operating in . accordanc ith the sane
et ol oo abasifishing Sxtgi i5ing peehdoBles doetretin i 835tad daee”used i n
satellite navigation systens, krlown as G obal Navigation Satellite Systens
(GNSS), such as the d obal Positioning System (GPS) or the Galileo system
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nessages transm ttege byosaionlrg t §stémn aofsahel Igrésemavingaitiopn gy shera For
good co_rrpati'giicl ty with ex hStI ng s ste S?O_ notably the receivers, each
pseudol i t eP? Bl?ﬁ&rbzﬂsle CH]{ §c'it%eq éﬁ?ng’g?ﬁ 'fier corresponding to that of a
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which is identical or similar to that of messages transmitted by satellites of a

satellite navigation system. For good compatibility with existing systems,

20 notably the receivers, each pseudolite is generally allocated an identifier
corresponding to that of a satellite. In the context of constellations of
satellites, these identifiers are called spreading codes, as the person skilied
in the art knows. The range of the signals transmitted by pseudolites is
variable; it depends on their power and on their use. Objects equipped with

25 appropriate receivers can acquire these positioning signals. As in a classic
satellite navigation system, calculation of pseudodistances between said
object and the pseudolites from which it has acquired the positioning signals,
followed by a triangulation calculation, enable the position of the object to be
determined. The principle of positioning by triangulation is known in itself: it is

30 a question of determining the position of a receiver as being at the
intersection of spheres with centers at the transmitters and the distance
between receiver and transmitters as radius. The calculations may be
effected onboard the object itself or remotely by a server.

- (R ‘

I Tala Ve VeVt P




*nnahi -vt, k 2 Pseudolite positioning systens are generally

depl oyed in so-called "constrai ned" aregas. These are typically buildings in
whi ch positioning signals transmtted satellites in Earth orbit cannot
be acqui red because of the nmasking effect of walls, ceilings, etc. They may
be areas not covered by the 5 satellite navigation system concer ned.
Ceneral ly speaking, a constrained area will be defined as an area in which
positioning signals transmtted by satellites cannot be acquired correctly.
In contrast, the ekpeeddliteposiipemgpsysi¢émsmrelgenesaly deployexpicso-oblled eas in
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operation. 3
It is also known in the art that satellite positioning systems are
20 often complemented by an assistance system. This technology is well known
to the person skilled in the art as Assisted-GNSS. These assistance systems
are generally based on a server called the assistance server the role of which
is to send information to the receiver concerning the consteliation of
satellites, such as the position of the visible satellites, and other assistance
25 facilitating processing of the positioning signals. A pseudolite positioning
system may also have an assistance server of this kind. In so-called
"assisted" mode, this assistance server generally calculates the position of
the receiver based on calculations of pseudodistances that the latter supplies
it with. This mode of operation is also well known to the person skilled in the
30 art as MS-Assisted (Mobile Station Assisted) or UE-Assisted (User
Equipment Assisted) Mode.
The invention is used in such an assisted mode of operation.

The prior art discloses various technologies. Firstly, by way of
35 alternatives to pseudolite positioning, there are known WiFi positioning



techhi ques, but this solution is acceptable only in static environnents,
and necessitates the deploynent of dedicated equi pnent for |ocation in
constrai ned areas and relatively tedi ot calibration phases. Still in
connection with alternatives, there are al so used positioning techniques 5
founded  on the GSM or UMIS standards, for exanple, enabling a nobile

t el ephone to be located in the areas covered; however, the accuracy
achieved is of the order of a few tens of meters, which is not
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i n operiOar é@@Stéﬁ'@ege@@aaf“P ;ﬂm&Pe@oﬁfﬁa |«’=lﬂde vigen verR@ der@ ecantiatiousie3ndray not
be active SUfﬂHdrﬁdl%)Hﬁz'nher Moreover, th b@ﬁéﬁé’ll o&dﬂnbm@m@%rﬁ%&a @t to be

t ak t d t at the a codes of
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are design 0 acquire positioning'signals co
30An ob115ect35©tﬂdQ|l’6@S| nvention is to alleviate these drawbacks by proposing a

pseudol ite positiop a&éﬁssﬁﬁaﬂﬁé@é&sﬁtsteg@gér@éﬁndﬂ bR 1 RAAKH fOPRRI Ver s

able to ac%w re transr{)arentl fromthe recei ver,
t

posi tionin tier 02 1PEgHT 49 sRFPQYiEY sﬂﬂna&%et[ﬁﬂﬁm'ﬁég By mseqq@égew@cbogrq i oni ng
si gnal s tr wresified & Hyedhid ebfeécﬁﬁg ebesgpo@ntially upRhGWh itbahe dasbrklat i on of

a 35 satel lth'et volkt |on%ﬁ'er%%f syFo use sat%elhtes and that consequently know only the
20 spreading codes of said satellites. In any event, the modes of operation in
constrained areas and in open areas are generally not compatible, in the

sense that they may not be active simultaneously.
Moreover, an important constraint to be taken into consideration
lies in the fact that the spreading codes of satellites belonging to
25 constellations of satellites are reserved for said satellites. It is not possible to
use other codes without having to design dedicated receivers, because the
receivers commercially available are designed to acquire positioning signals

coming from the satellites.

30 An object of the invention is to alleviate these drawbacks by
proposing a pseudolite positioning system adapted to operate with standard
receivers able to acquire transparently, from the point of view of the receiver,
positioning signals transmitted by pseudolites as if they were positioning
signals transmitted by satellites belonging to a satellite constellation of a

35 satellite navigation system.



The general principle of the invention therefore consists in deceiving the
receiver so that when it acquires positjoning signals transmtted by
pseudol i-tes provided in the constrained area in which it is | ocat ed, said
receiver has the inpression of acquiring normally signals transmtted by 5
visible satellites. This is nade possible by the system defined by claim 1.
Accordingly, the invention consists in a systemfor positioning an object
provided with a receiver, which includes a set of pseudolites transmtting
posi ti oni ng si gnal $hangedesdir phntipk iof sheoimgentiometthessfore acshsistsi &t ance
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position of the object. o
In one embodiment of the invention the position of each pseudolite
of the set of pseudolites in the constrained area being known- to the .
25 assistance means, the position of the object is calculated by triangulation
from the known positions of the pseudolites and pseudodistance
measurements carried out by the receiver. _
In another embodiment the receiver may have access to the
ephemerides of the satellite constellation, the assistance means also
30 communicating to said receiver an erroneous current time corresponding to
the current time shifted by an offset so that the receiver consulting the
ephemerides determines that the spreading codes of the pseudolites
correspond to spreading codes of satellites of the satellite constellation
deemed to be visible to said receiver.
35



‘receiver a non-integrity flag for the set of spreading codes of satellites
of the satellite constellation not all gcat ed to pseudolites. The
server advantageously inplenents the assistance neans by neans of
appropriate programm ng. 10O her features and advantages of the invention
wi || beconme apparent in the light of the follow ng description given with
reference to the appended drawi ngs in which: figure 1 is a diagramof one
exanpl e of the disposition around the Earth of satellites of a satellite
navi gati on 15syst eithe p'sglmdcditesiad\mrrﬂagaywsvmwansmiepateibatanﬁrm difmd he

operating Eb'si%hi?\ es.gﬁalge?%l &Rl td the Bdi @@.g%?é B3t it ﬁega@uﬁég%f pgede- The

figure illustrat e nition given a e person
skilled i nsﬁl@é"tgﬁpns@ﬂlat'%“@éma"W§|06M@|C§ht|”@|}’|bQFES)W mﬁspr@@dmg &dst e 20

satellite" gt e &irgndsusloihemeimaet a given tinme, fromthe point A situated
on the surface of ipe Earth onI%the satellites SV are visible, whereas

the sat@ |ites SN AP AFSISIFNCE BlaansgaMagenushhalso eiNupisate ite said
si gnal s tr secmivdrtadohinteletyviisg fdrehe atetlof shasmadily eodésl obsalines bethdy a

receiver p'sgfe‘ﬁﬂ %n&@ﬁa@%\ Rbt @loﬁgg?é{bﬁ%seu%%hand as nentioned above, the

pseudolite BOSI TiroAT H Son uses an assistance server
controlling all of Thﬁéﬁﬁ%@u@ﬁﬂaﬂtw@@l& ppplegerte themssistanuedmeansa by

concer ned, rﬂé!a P}Q&,W%ram positioned is found. This assistance

server is not ormthe function of dynanic allocation
of a spieadi ng cod they deatHrest at’}‘i’e aevantagest 85 the inventiepswilhibesams ea.

30Fi gure 2app@|reeu$¢1mttﬁempm OETRY fllloWindéeBtiptin giveR-with reRremsestetid” nmode
of operati OB Ofdead arawmgé 'fnew ayl gation system (Assi st ed- GNSS, see
e figure 1 is a diagram of one example of the disposition
_ around the Earth of satelites of a satellite navigation
15 system,;
o figure 2 is a diagrammatic representation of the operating
principle of a satellite navigation system in assisted mode.
The figure illustrates the definition given above, and well known to
the person skilled in the art, of the terms "visible satellite" and "non-visible

20 satellite”. As figure 1 shows, at a given time, from the point A situated on the
surface of the Earth, only the satellites SV are visible, whereas the satellites
SN are not visible. Because of this, only positioning signals transmitted by
the visible satellites SV could be acquired by a receiver placed at the point A.

On the other hand, as mentioned above, the pseudolite positioning

25 system of the invention uses an assistance server controlling all of the
pseudolites equipping the constrained area concerned, in which the object to
be positioned is found. This assistance server is notably programmed to
perform the function of dynamic allocation of a spreading code to each of the
pseudolites of the constrained area.

30 Figure 2 represents the general principle of a so-called "assisted"
mode of operation of a satellite navigation system (Assisted-GNSS, see
above). In the figure 2 example, the assistance server S collects information
transmitted by the satellites of the satellite constellation SAT belonging to a
satellite navigation system and, optionally, information transmitted by other

35 satellites, for example geostationary satellites G belonging to a data



‘above). In the figure 2 exanple, the assistance server S collects
information transmtted by the satellites of the satellite constellation
SAT belonging to a satellite navigati o system and, optionally, information
transmtted by other 35 satellites, for exanple geostationary satellites G
belonging to a data 6 collection system The assistance server S exploits
this information to be in a position to supply a receiver R on demand with
assi stance data such as: location information, tinme references, such as
t he " GPS t caligctioh systergal heassisfancesddroer, Swplbiiasthtshafoepiaﬁﬁnrtbdxesineac]d t he
correctiong,apphi t I . | i es .to date
correcti on?og@ Bb ﬁgg%@glagretrcgﬁ/g? ﬁgﬁj 8%%@%'3%&%1?@@% da?é\-rg’ru (e:gtélg(')n
information for effectilogationinfoenatien, navi gati on,

o time references, such as the "GPS time",
5 e navigation information, such as the ephemerides and the
corrections applicable to the clocks of the satellites SAT,
e up to date corrections of the models relating to the

ionosphere,
e correction information for effecting differential navigation,
10 o information on the integrity of the positioning signals

received as a function of the transmitter satellite,

o the almanachs of the satellite constellation SAT,

o the list of the identifiers, generally the spreading codes, of
the visible satellites of the satellite constellation SAT as a

15 function of the area in which the receiver R is located,

e the ephemerides of the satellite constellation SAT extended
for a period of several days,

o etc.

20 | The principle of the invention consists in deceiving the receiver R
of the object to be positioned by appropriate programming of the assistance
server S. ' _

Firstly, the assistance server S is programmed to assign
dynamically to the pseudolites spreading codes which are those of the

25 satellites not visible from the constrained area concerned. This is possible
because the assistance server S knows the position of all of the satellites of
the satellite constellation SAT concerned and the corresponding
ephemerides. This point is crucial to avoiding any risk of interference, on the
one hand vis-a-vis users outside the constrained area, and on the other hand

30 vis-a-vis real sateliites in areas in which positioning signals transmitted by
satellites may be received even in a constrained area: for example, inside a
building, there may be areas located near windows. It might not be possible
to distinguish positioning signals transmitted by pseudolites from those
transmitted by satellites.



10 information on the integrity of the positioning signals received as a
function of the transmtter satellite, 7 t he al manachs of the satellite
constel | ati on SAT, the list of the identifiers, generally the
spreadi ng codes, of the visible satellites of the satelllte constell ation
SAT as a 15function of the area in which the receiver Ris |located, the
ephenerides of the satellite constellation SAT extended for a period of
several days, etc. 20The principle of the invention consists in deceiving
the receiver R of Aheordlirgtat theoinbenhimsithéalseistmea‘;mvelpSiatp@Iipsdxgtr&m*ri ng of
the assi st a0k, 598 ‘é§§| Since, e data mO('%lflg(JE hlay weW 'nﬁﬁ %%E‘(/%F RIS
programmed to assi ynal e pseudo es sp ng C0des whi ch
are those of the Z%h!’s"dﬂéﬁlﬂﬁdé’@t@]éupnﬂ%ﬂ by the awﬁan@e@@n@trrc@mmwear ea

concerned. This is pcsssmlseob@@@sﬁ.%atdheg é§§é§bﬁfﬂée §@Jdeﬂ1e§w§w'ﬁohhe
position of all of the gﬁoellltes 51 |te constel l at1 on SAT

concernéd and the corre ﬁan%a'esﬁe%@ﬁ I6fhitke geralver R ds Jesaled: o

avoi ding any risk of intemréspmmntieg torsptré@dmgecdwsdof/n@nansabl% gateligeput si de
the constrained area, apg, on the other hand 30 vis--vis real satellites in
areas in which positioning signals transmtted by satellites may be

recei ved even in a consPreferably & tiae fefereébcanwgnedrt@l cyrespand thi thg there

posi tiom ng i gnal o t1 agurehy S colbd BTG OP VSR OR Fudd  Bla oy, "
Eat el | ,1pesg 7g current time offset so that, if the recelver R has stored in its

internal memory the almanachs of the constellations of
satellites with the object of determining autonomously the
list of visible satellites, said receiver detects no
inconsistency between the list of visible satellites -
15 corresponding in reality to the list of visible pseudolites
supplied by the assistance server S — and the list of visible
satellites that it would be able to determine for itself. The
offset applied must consequently be chosen appropriately,
so that the spreading codes of the pseudolites correspond

20 to spreading codes of satellites deemed to be visible at the
modified current time, equal to the current time shifted by
said offset.

e Optionally, a non-integrity flag for satellites deemed not to

be visible at the modified current time but in practice liabie

25 to be visible at the real current time. A non-integrity flag is
interpreted by a receiver R as signifying that the signals

transmitted by the satellites to which the non-integrity flag

relates are erroneous and must not be acted upon. Such a

non-integrity flag concerning all of the satellites the

30 spreading code whereof has not been assigned to a
pseudolite may thus be broadcast to the receiver R. In this

way, the receiver R will not seek to acquire these satellites

and will therefore save energy; moreover, there will be no

risk of conflict in the case of calculating positions from



According to the invention, the assistance server S supplies to the
receiver R assistance data nodified with a view to deceiving said receiver
R This nodified data supplied by the si stance server conprises: A list
of the spreading codes of the pseudolites visible from 5 the constrained
area in_which the receiver Ris |located, corresponding to spreadi ng codes
of non-visible satellites SN. Preferably a tine reference deened to
correspond to the current tinme, called the Tine O Wek, but equal to the
10 current tine offset positibaing signalsecareingi vath fROMassasidolited amd ifiosn
internal nenory the al ”E?t%‘ﬁﬁé s @l the constellations of satellites with the
obj ect of determ ning autononously the list of visible satellites, said
recei ver detects no inconsistency between the list of visible satellites -

15 corresponding i Mdr@QJ/ért Ymt ‘Pné h@sélétéa Hodé ﬁJs'%HeerStﬁHd%hfe@@ Summé i ed by
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the nodified curr e‘?ﬁeté&‘?stQH&e'é%n?éra tbf'b%dlchgﬁﬁf m&?ﬂ%& fRisthitd e?t t he
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20 an assistance server enabling deception of said receivers.



‘The assi stance server S broadcasting nodified assistance data 10 nay be
constituted of separate neans conprisigg assi stance neans cal cul ating the
nodi fi ed assistance data to be broadcast and a server for broadcasting said
nodi fi ed assi stance data. The nmain advantage of the invention is to propose
a solution for 15 pseudolite positioning in constrained areas that is
transparent for nost standard receivers able to acquire positioning signals
in the context of a global satellite ation system No hardware

nodi fication is required and no part?ggﬁgg sof tware needs to be devel oped
to inplenent the proposed solution, which is based on progranm ng and on an
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transmitted by the pseudolites and communicate with the assistance
means (S) so that the latter calculates the position of the object.
20 _

2. The system as claimed in claim 1, the position of each pseudolite of
the set of pseudolites in the constrained area being known to the
assistance means (S), characterized in that the position of the object
is calculated by triangulation from the known positions of the

25 pseudolites and pseudodistance measurements carried out by the
receiver (R).

3. The system as claimed in any one of the preceding claims, wherein

the receiver (R) may have access to the ephemerides of the satellite

30 constellation, characterized in that the assistance means (S) also
communicate to said receiver (R) an erroneous current time
corresponding to the current time shifted by an offset so that the

receiver (R) consulting the ephemerides detefmines that the

spreading codes of the pseudolites correspond to spreading codes of



‘25 pseudol ites and pseudodi stance neasurenents carried out by the receiver
(R). 3. The systemas clainmed in any OE& of the preceding clainms, wherein
the receiver (R) nmay have access to the”ephenerides of the satellite 30
constellation, characterized in that the assistance neans (S) al so
comuni cate to said receiver (R) an erroneous current time corresponding to
the current tine shifted by an offset so that the receiver (R) consulting
t he ephenerides determ nes that the spreading codes of the pseudolites
correspond to sEateltiiesgoft thie satdllite 16orsi¢lidtiont deernedt oebs atisible te said
constell ation der@gglqetlg;{ e visible to said receiver (R. 4. The system as
claimed in claim3, characterized in that the 5 pseudolites transmt at
the current time positioning signals identical to the positioning signals
(13 b, i U Sl e osmin, o apamd gl
y w [ . us cu c time. 1f
system &s cl ai quﬁogﬁqfﬂ{@r@% ah’i\? ‘ﬂn"é‘?,’g&% P@P@PH@S $9R3!8d9HICALP i n t hat
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non-integrity ag fo .S . Sspreading codes of satellites of the
satellite constél Igi gﬂaﬁ'ﬁft §f I‘@E’ﬁﬁe & obﬁggYngﬁ 4eaqBg. ccﬁ]ee asty %m as
clained in any @teonsfousipurignédiowi.ng cl ai ns, characterized in that the
server (S) inplenents the assistance neans (S) by neans of appropriate
pr ogr anmi ng. ' ] ]
10 5. The system as claimed in any one of the preceding claims,
characterized in that the assistance means (S) also communicate to
said receiver (R) a non-integrity flag for the set of spreading codes of

satellites of the satellite constellation not allocated to pseudolites.

15 6. The system as claimed in any one of the preceding claims,
characterized in that the server (S) implements the assistance means
(S) by means of appropriate programming.



