a receiver after reflection by walls in a satellite-based posi
system 5The present invention relates to a nethod for estimat
direction of arrival of navigation sigpals at a receiver—after ref‘P%l?:"t o —

by walls in a satellite-based positioning system The invention a

any satellite-based positioning system using receivers of G\Ism“"mﬁfﬁﬂmmmmll
Navi gation Satellite Systenm type such as GPS (d obal Positio

or Galileo 10receivers and nakes it possible to inprove the_rejectson«of
the mul ti - pdthod for@stimhling the ABRAPOS AHRHIYF mad§Aidn signals dth @
satellite-based positioning systemusing a receiver of the %NSS type pl aced
aboard a nradeivenaftecrefledtioniby avallgima satellitevbagedpositioningsystemal cul at e
its positioning originate fromvarious satellites belonging to a 15

~constel lation of positioning satellites. The constellation conprises at

| east four satellites for determ ning four unknowns corresponding to the
geographical x,_y, z and tenporal t coordinates of the receiver. The

posi ti &ni ng of Thﬁépfﬁﬁﬁnh@\tﬂﬁ]’ﬂéatrelﬁ% e ar et for estimatingeteodirestiont wo
steps. In & LLfS o?tr?é%%étfb% E@tﬁgs\’gf LIH&GvS bRér ?&I‘Pé&tggt b wAlls
radi oel ectri Cc signals navi gation signals orlglnatlngfrom
the four S@tellllte-basedafpdsit@nu@@yeidnat Tdne mvention aa;mieentd) sngpsatelier ecei ver

eval uat es the di stances separating the novin t he four
sat el | i t esbaHRES POSTANANG SRR b ENGr ERSRVR giﬁd&i@té @'ﬂgél q%m i on of
the novi ngSQt%llﬁ@tS)@[ed’lf'tyg% SudH 'a@r\%PlSagGI%Bap §ﬁloﬁﬁ{d"8?stem or_Galiledn error

made in the positi‘on o nmovi ng obj ect can ve di sasfrous 25consequences
i n an #ppl recaiveos anemakewit possibld ta mnpravidhe sejestiogeb the oatépathsmin tol | s.

There exist n our es of positioning error that may inpair the
validity of S?Wﬁ%ﬁ%ﬁ Wﬂ}gr@ﬁ?%'ﬁ‘ determ ned by a satellite-based

posi tioning In a satellite-based positioning system using a receiver of the GNSS

"1 Nethod-for estimating the di rection of arrival of navi gatlﬂ““mlw m |
0 80

type placed aboard a moving object, the data signais allowing the receiver to

calculate its positioning originate from various satellites belonging to a

15  constellation of positioning satellites. The constellation comprises at least four

satellites for determining four unknowns corresponding to the geographical x, y,

z and temporal t coordinates of the receiver. The positioning of the moving

object by the receiver is carried out in two steps. In a first step, the receiver

effects the. acquisition of radioelectric signals constituting navigation signals

20 originating from the four satéllites of the constellation and in a second step, the

receiver evaluates the distances separating the moving object from the four

satellites whose signals have been received and determines the position of the
moving object by using a triangulation-based method.

An error made in the position of a moving object can have disastrous

25 consequences in an application relating to civilian aviation or geo-located road

tolls.

There exist numerous sources of positioning error that may impair the

validity of the position information determined by a satellite-based positioning

" system. A positioning error may be due to a technical problem with the

30 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 used.



syst'em A positioning error may be due to a technical problemwth the
. 30reception of the G\SS signals, such as for exanple a failure of the
receiver or a failure of the information transnmtted by the constellation
of satellites used. 2 The reliability2of the position determ ned by a
satellite-based positioning systemal so depends on the environnent in which
the noving object is situated. In the case of an aeronautical application
relating to civilian aviation, the 5 receiver is not constrained by any
obstacle, so that the radioelectric signals are received directly fromthe
sat '?l 1i tt(agﬁhtelvieliia@iu@ éﬁeﬁdé ﬁgﬁition deteratyeday . satelliterhased gositioningr systemst  SBAS
systens atel | ite-Base ugnment ation Systens) naking .it. possible to

provi de a AsheeRRNMEON hegmienaient iwhicsithe T'H%Y'QQ)O?JH& 'Eégﬁ?tﬁan cal cul ated
by the receiver of an aeronautical noving object. The SBAS systens 10

nmoni tor and bound, permanently, the errors made in the orbit of the

satellites, infhe Eé{%l&epf Qﬂia%%ﬁélﬁﬁez %ﬁﬁﬁaﬁ&%éf&m & Hiilidh OBt e

reference of the cons ations an e errors i nduced by the propagation
of t he sr adieoeivecisrriot cengirained iby artyeohstacie, su thes frecradicaterctiie sigaptsiaral ar in

t he 1 onosphere. The | ti ' b . SB .
recei ver ?ﬁeg%'i‘e{%d ng‘é‘illyg g’&‘tn'%glﬁoa?ﬁlﬁ{?%xiﬁ’ﬂﬁ%ﬁ’te%{@&g%@i\?%z&ﬁlhmer?tﬂégpg?%Eeof t he
novi ng objhsfe agiseBARSysteRRS(SdteNtesBasdd Pagnéntation Systére) Intakitgdt r oad

tol I applications consist in deternmning the road followed by a terrestrial
novi ng objpassitieirtai previtlenia Isonfidass irfeenatian diem iralatiog ol thehPogitieder of

Lhe Ler restihalielii ng QBlGGlo et bhE ORI 9EH. TR SSClabs? Lol

Billing bef ent —on the road use ver nust deliver two
conpl efgent dbkitorHr@r Bairido Perrhanentiye tfas emgrsanatié e theeorbiotithetsatellitespiosi ti on
of the noving object and on the other hand, to the trajectory o he novi ng
obj ect. TH&se synelyepizetion of epaclhyi saieyite i witht 3he) F'mendj,e grene 9{ S{S‘e

25necessar y, J oo dabeS ThBend &SRB HRNESd by e BidpaBatidif o et 3hdiBBlebRict he
signals in the upper atmosphere and in particular in the lonosphere. The
information provided by an SBAS system allows the receiver of the
15  aeronautical moving object to provide the position of the moving object as well

as a position error bound.

Geo-located road toll applications consist in determining the road

followed by a terrestrial moving object furnished with a GNSS receiver and in

20  billing a user of the terrestrial moving object when the road followed is
subject to a toll. Billing being dependent on the road used, the receiver must
deliver two complementary information items relating on the one hand, to the
position of the moving object and on the other hand, to the trajectory of the
moving object. These information items giving rise to billing, it is also

25 necessary to determine a confidence information item relating to the
trajectory used.

However, in the case of an application relating to geo-located road
tolls, the conditions of reception of the radioelectric signals are much more
complex, and much less controlied than in the case of an aeronautical

30 application. It is then much  more difficult to bound the position error

determined by the receiver.



‘trajectory used. However, in the case of an application relating to
geo-located road tolls, the conditions of reception of the radioelectric
signals are nuch nore conplex, and nmuch | ess controlled than in the case of
an aeronautical 30application. It is tgen nmuch nore difficult to bound the
position error determ ned by the receiver. 3 In an urban setting,
the navigation signals emtted by one or by two or three of the satellites
of the constellation may for exanple be stopped by buildings and not arrive
at the receiver of the noving object In this case, the geonetry of the set

of satellites tjRadn arsan!s&ling OtheahHidaioR dig8alBEmittb@byddnd BE by twdyr Ng
object is affected and this nay render the cal culation of the position of

t he novi ngthegsg ettthe rﬁﬂi@lbtecsl ef the constelgtion seay for QNHFDhHGabGlﬁtQDIP%d by

const o | ar s, AL P AR alPb RRePpaBr R FRYRERRE Mdhagti ™ '™

recei ver. dJdurfetpf)onemeBenof ealdligst At tare RRkA, tofmcmatmhélmnfdrp@mhd mpact
on the precision of the position calcul ated the receiver. Indeed, the

route rﬁeasmpwgbgbj@qiés péestegeand this may rpaﬁgrewet GrigHlatinn of @@%l%@%r ating

t he rmV|n habh&Gha b esponding satellite. This results in an
error ?the t('r?r\?:l %EEIOH met%]od and therefore in the position of the

noVi ng Obl ect. Luaew:l@,es it aReuhf2RoGibRe tresttfall Settin®@f PlednavigatoroBignaks one
hand, the 15 position error is significant and on the other hand, the

recei ver hemitied mednsatsilit rfvihegcantsigliation sy rhad eefigeted oor certain walls

eval uat | ”gl?é B FEAHindBHS: rdMbert hl%u&gdr%' ?nﬁ?%&edé/ |l¥e§en{uﬁF athS' %1 | nduce

an error J udgnen regards the cons uén I nduce a

fal se 1o | Isuggf:cé’dtanmaexmt trecb@mm)rf of theepesutnong:anlnujlatednwtﬁte namwestl ng in
using an 20 arra of reception antennas and_in anal ysing the signal
recei ved bideagnther raute meaipdPYoine: IReepr & then IRsger Mg the €es of

arrival ofg a@é‘ﬁ"rl th"e%{pﬁﬁ%; Bt 1o I &R {)é%ﬁ%né‘irn élﬁtea’i‘w%f?gsulf%cnﬁiéfﬁr- An

exanpl e of t pe o i's descri not y Int ocunent
[ Mul ti pat henmnrt mg’drtel tﬂangatdhodsmbﬁmeldam tirerefma dn adhe gositbn Gothgemiozing ON NTM

2011]. Ho se 25 gch ff f h handi due t
the wavel SRUEH. OF HRccasegli SoBoHLIcHER di MPRIGAIC ANGOE P RaPf o
antennas, bhgidH értr@rnlg%l rf't“ahag)n%hér&tﬁ‘émﬁa%d”ﬂ% rde@iver Ras ®b rhBans Bﬁ' f the
wavel ength of the sig receive One of the rejection techniques

convent i onkdwing dhafi lﬂéa@dnactﬁ)amesm nor ¢foe\falm@lnghféeamtcurrfnad©e!&qw| thet he

di rection grfror%rrwage byo'Echet r%%efcdegrr]r?ally ﬁ%‘u%e an el¥or of judgment as regards the

road followed and consequently induce a false billing.

There exist schemes for rejecting multi-paths consisting in using an

20 array of reception antennas and in analysing the signal received by each of
the antennas of the array to determine the angles of arrival of signals
reflected by walls before arriving at the receiver. An example of this type of
scheme is described notably in the document [Multipath mitigation methods
based on antenna array, S. Rougerie, ION NTM 2011]. However, these

25 schemes suffer from a very heavy handicap due to the wavelength of the
signals considered. Indeed, in such an array of antennas, the distance
separating 2 antennas must be greater than half the wavelength of the signal
received. One of the rejection technigques conventionally considered, consists

in forming the antenna beam in the direction of arrival of the signal emitted by

30 a satellite, thereby making it possible to reduce the antenna gain in the

direction of the potential reflections exhibiting a different angie of arrival from



‘30a 'satellite, thereby naking it possible to reduce the antenna gain in the
direction of the potential reflections exhibiting a different angle of-
arrival from 4 that pointing i.n the direction of the satellite considered.
The directivity of such an array of anQanas depends directly on the nunber
of antennas used. Large directivity, allowi ng effective rejection, requires
a | arge nunber of antennas, and consequently an array of l|large size. 5In
nuner ous applications, such as vehicle geo-location applications, the size
of the arrays is constrained, and nay not permt a |arge nunber of

ant ennas. Wty firkfipaneARRTBH of Be LM EXhORcldie THRMNRAPGFuah of the

reflections of signals are inplenented to attenuate am
i denti f i edadi away iadnamendas etdpends. ditestyven theesembehafesntenhasrudedom

several performance. .10 probl.ens. As. shown by the docunment [Miultipath
mti-gation ﬁﬁ%éﬁ?%‘é’g@da@?’("'aﬂt%ﬁﬁﬁ'vﬁr Feigetias, aLyesi 8, lara Nermpenei], a

first probbameniekahg chRsbiRerthOfEaTay of I#gh sl i ng the angles of arrival
of reflected signals whi ch(mr%equi res %¥1 assgngﬁéon as regards the nunber of

ref | ect $ ondn PEMSECUS BPREGatiONs Thiechpas fvehinie geodbcation pppivatens dheesizé mat i ng

does canseShnsEiayels GRRFANL Bnd foby Ao BriEalnRd Mimp st MRS “pat ne
and their impdsicasenstiemasidon H}énﬁﬁyiﬁeq?ﬁ%'éﬁ@ér@f &tivhl oetHef refleghibnglopt ance

separating the receiver fromthe satellite. A second problemrelates to the
qual i ty of SigRalscare ralemsmted te métenuateythsr beameinrthe, idaatifigd direetidmonl edge
of the exa IHANERWRRA #d vard qu t fr one _anot her.
The perforﬁgﬁgﬁe In g‘s%tl ma?i ﬁ%é%%eé%%&%%ss %fﬁegr ?fo\?ﬁl %gpéf%epggﬂrgé?%%

si gnal $0 depeoidemen Ashshavam bgctheedscumhetthjMultipatr mitigationi inefhodEBagedn of t he
invention is t? solve th s§ Erobl ens and to propose a 25 nethod for

est i mat i ngOPRAEMRRIAYNS oRoHeeIGdONNTIMZ0J a1 isotirst peahier retatesde g in a
satel lite-pased A aTar i i i bl.e: W ]

"ol ecti on DUERe oy i epRYEGES BRI f rARSRESBbR WD IEAUESE ol i ¢y
of a neasupBmssumptiacteparrapants thes namber et reflentien GNSDer estiinatad. afiek at

I t tellit th tell ati t h [ th lit f
the. 30" moalaP RSB L PEUSRR: o caimedaesIalE bl e [ipRedsdiibar o’ a

movi ng19bj 8fd correctness of this assumption, as does consequently the performance of
the process for rejecting multi-paths and their impacts on the quality of
measurement of line-of-sight distance separating the receiver from the

satellite. A second problem relates to the quality of the calibration of the array

of antennas, namely the knowledge of the exact distance separating the

20 various antennas from one another. The performance in estimating the
angles of arrival of the reflected signals depends on the correctness of this

information item.

The aim of the invention is to solve these problems and to propose a

25 method for estimating the direction of arrival of navigation signals refiected in
a satellite-based positioning system making it possible to improve the
rejection of the multi-paths and making it possible to improve the quality of a
measurement of separation distance between a GNSS receiver and at least

one satellite of the constellation and to thus improve the quality of the

30 measurement of the position of the GNSS receiver situated aboard a moving

object.



‘5 Accordingly, the invention relates to a nethod for estimating the
‘direction of arrival of navigation signals reflected by walls before
reaching a receiver of a GNSS satellite-based positioning system the
positioning 5 system conprising at Iqﬁst one satellite able to emt

navi gation signals, the receiver, placed in a noving object, being able to
receive the navigation signals and to estinate the position of the said
receiver, the nmethod being characterized in that it conprises the follow ng
st eps: a. placing an array of antennas conprising at |east two
antennas on 10t he novi ng object, b. placing a three-dinensional

geographical map in the receiver of the noving object, c. estimating a

position of thed-gr@hyer tRE tlentiasi relfés tae anawitbed i fon estonatirg rteei ved by
an antenna of the array of antennas, 15d. on the basis of the

t hr ee- di melirsctinalof gyl afmavigatipapsignalsoefiepiedday wads fefowsiaachinDo? t he
receiver, 1n. i td Qni n S r i t ] i ronnent
vt oh’ (REER 41, 8T8 BaRIle UaRaP RBRROARIS SBRARL e ' Bodiford

startigg foyetdrh iy af least oneesatdtitkiablegto gatneavigatidh wignats,tthe basis

of the result of the ray 20casting, the nunb%a of 'paths hgg{‘lecte on wall's
present | feERiNescRIAEST N & dNRWPE nPPISRL NEYBY 13N P BCEE R INRY'9PHE angl es
of arrivalg ' i ifibn R&! 88A08HItRE rhethviddpéih
reflected T a\/{ﬁQHid fﬂoﬁ%‘{'}ﬁgﬁ{z}%ngy%'ﬁubrs’ggfg%rﬁ% by the nunber of rgflect ed
pat hs 25daetharaciedded in Saéj congnideddbadolinyvingetarfs: om t he angl es of arri val
of the paths reflefted on t

arrival of the %uP ch%?ﬂsarh%egﬁé%\%pﬁﬁﬁep&mQﬂ;irfg?é?ﬂé&%ﬁi@&élﬁﬁg%%ﬁpﬂnmgl gf] °
the bagis of an apal yvihPdbjebe 30signal s received by each of the antennas
of the array of antennas. ] .
b. placing a three-dimensional geographical map in the receiver of
the moving object, |
c. estimating a position of the receiver on the basis of the navigation
signals received by an antenna of the array of antennas,

15 d. on the basis of the three-dimensional geographical map and of the
estimated position of the receiver, in positioning oneself on a scene
corresponding to an environment in which the receiver is situated
and in carrying out a ray casting starting from the receiver, |

e. deducing, geometrically, on the basis of the result of the ray

20 casting, the number of paths reflected on walls present in the
scene,

f. selecting an algorithm for estimating the angles of arrival of multi-
paths, the multi-paths corresponding to signals reflected by walls,
initializing this algorithm by the number of reflected paths

25 determined in step e and deducing therefrom the angles of arrival

of the paths reflected on the walls.

Advantageously, the angles of arrival of the multi-paths are -
determined, by the selected algorithm, on the basis of an analysis of the

30 signals received by each of the antennas of the array of antennas.



6 ~Advant ageously, before carrying out step ¢ relating to the
estimation of the position of the receiver, the method conprises a
prelimnary step consisting in estimting a distance information error due
to a multi-path, the prelimnary step consisting: 5 in estimating a first
pseudo-di stance corresponding to a first information itemregarding the

di stance between the satellite and the receiver obtained on the basis of a
processing of the signal received by a first antenna of the array of
antennas, 10 in estimating a second pseudo-di stance corresponding to a

second information itemregardi ng the di stagnce between .the satel|i d
the receiver olﬁtdé(ﬁﬁtﬁge@HSItthegH§ic§"c¥fn%°‘b‘i'%88§srle NGk Otth%e§ﬁ anlro geia\r/]ed

by a secopd. ANERR & tid\GeBEIRY, fhe AR Tomidbs H IpfélitinaR) dep

differenc et ween {wo estinmations obtained in steps a an and
deduci ng tdoasatingim @stimishieged disihnes aformatiereerrar dog toct Medipeath.igeto this
di ffgrence, o in bsg_undi ng the distance information error due to a
mul ti - pat prelypipagn stepdr AN 9dependent on the nat hematical standard

devi ation. Qther particular features and advantages of the invention will

be 25 “clearly appar ‘%Hteéti"mefti‘r% SURSEBYBDHO MRsIEHED CorasEbNENg iy andiystof
purely illustrative and nonlimting exanple, with reference to the appended

schematic drawi ngs whinfdimatipneisemtregaiding éha distancedeiwedn tha salallitgl ary
typical road system gr?(fa{edlrgc%i&e?' cgbr}giniegvoermﬁeogaéis of a processing of the
signal received by a first antenna of the array of antennas,

10 - in estimating a second pseudo-distance corresponding to a
second information item regarding the distance between the
satellite and the receiver obtained on the basis of a
processing of the signal received by a second antenna of the
array of antennas,

15 - in carrying out a difference between the two estimations
obtained in steps a and b and deducing therefrom a
mathematical standard deviation corresponding to this
difference,

- in bounding the distance information error due to a multi-path

20 ' by an indicator dependent on the mathematical standard

deviation. -

Other particular features and advantages of the invention will be

25 clearly apparent in the subsequent description given by way of purely
illustrative and nonlimiting example, with reference to the appended
schematic drawings which represent: |

- Figure 1: a diagram of an exemplary typical road system,

according to the invention ;



7 Filgure 2: An exanple illustrating the determination of the position of a
novi ng obj ect equipped with a GNSS receiver, according to the invention ;
Figure 3: a diagramillustrating an urban environnent, 5according to the
invention; Figure 4: an exenplary array of antennas, according to the
invention. Figure 1 represents a diagram of an exenplary typical road
system 10 conprising two possible roads Rl, R2. Road Rl is a paying road,
road R2 is non-paying. Several noving objects equipped with a GNSS
receiver, travel on the paying road Rl. The positions P1 to Pi of the
various noving objects, where i is an integer nunber greater than 1,

det erni ned by the GNESgukes & v sexsmplec lugBiating thej @%t?!'mﬁ}aé'oﬁaPEéﬁeby

errors. The errors made.my 15 i nduce a | ds the
road followed and corpsoesdt{%ﬁﬂl? oy g\@sgﬁ]gf:f%ﬁ%p% W'Xﬂggggﬁﬁaz?é&gé{
determ nation of the peordihgno the mveRlbAY obj ect equipped with a GNSS
receiver 4 is represented schematically in Figure 2. 20 The receiver 4
det er mi nes t he -di st arfdeyradl 3: ¢@, diagrampn ilugd@tiegn ans Ushan nEBYEYRERber

great e, than or equal_tQ fiaur atibRg it fromat |least four satellites
51, 527..., 5n of theacg:coﬁslﬁélt?g?gﬁ,re g!r)ll’y three satellites are represented

in Figure 2, and therFigacudesarn beemplasynartay pbiantersiasi @ceorsing itorthe4 of at
| east four spheres, centred respectively on the four satellites and having
a 25 circunference pad8¥eM¥P%hrough the receiver 4, each sphere having a
centre demarcated by the position of a satellite 51 to 5n of the
constellati on and having a radius corresfpondi ng to one of the distances dl
to dn. The posifigune dfrepresediss diageimed! an exemplanyr ypital raad nyetel obj ect

equi pped with this receiver 4 espopds ,t9, t hj i f ] ection
T4 THE mereeniisiig e Posopirdack Bhose: HRopdR by  oa3RioMoal stdt R 6he
receiver 4 phAagi BavERE nbVihy AbjédtEReRipparnitl #GNES @icghver stravel
constituting a navigation nessage originating 8

on the paying road R1. The positions P1 to Pi of the various moving objects,

where i is an integer number greater than 1, determined by the GNSS

receivers of each moving object, are marred by errors. The errors made may

15  induce an error of judgment as regards the road followed and consequently a

false bill.

An exemplary determination of the position of a moving object

equipped with a GNSS receiver 4 is represented schematically in Figure 2.

20 The receiver 4 determines the distances d1, d2,..., dn, where n is an integer
number greater than or equal to four, separating it from at least four satellites

51, 52,...., 5n of the constellation, only three satellites are represented in

- Figure 2, and then deduces therefrom the point of intersection 14 of at least
four spheres, centred respectively on the four satellites and having a

25  circumference passing through the receiver 4, each sphere having a centre
demarcated by the position of a satellite 51 to 5n of the constellation and
having a radius corresponding to one of the distances d1 to dn. The position

of the GNSS receiver 4, therefore of the moving object equipped with this
receiver 4, corresponds to this point of intersection 14. The measurement of

30 the distances d1 to dn is carried out in the receiver 4 by logging the arrival

time of radioelectric signals constituting a navigation message originating



‘fromthe satellites 51 to 5n. The radioelectric signals enitted by each
satellite consist of information itens necessary for the cal culation of the
position of the receiver, these information itens bei ng nodul ated by a code
whi ch may for exanple be a periodic psgudo-randon1spreading code. The
bitrate of the 5 information itens is Slower than the bitrate of the code.
By way of exanple, in the case of a GPS signal, the spreading code
possesses a period of Inms and a bitrate of 1023 bits per second whereas the
bitrate of the information itens is 50 bits per second. The whol e of the

data added nodulo 2 to the spreadin _c?de is. tr nsm.Left’ded on c{ar"rier.
Typi cal | y,fram thesatelitesox! tg %ﬁrhﬁ r@%gae: e¢tHe Sm‘a@a?’ﬂ't Py e@&ﬁé? glige
L. 57542G Zeanbite GSffihiation! iRk HRehry !B IdailRidme i Posiieh satel lite

via the navigation nessage and that nust be processed by the receiver 4
consi st ofthehectiver thbsenmfeanatiomitemsebeing Tagdulated! bha gasis whioh @Ryt he

satellite at the instant of the em ssion of the radioelectr.jc, si |. O her
i nf or mat | A" PXEMP!RPE %PEBO‘{“F&?EHH] -trgagw %R{Ea@aﬂéﬁdﬁ ,%estﬂkﬁteaé%g certain
corr ectsi ONgtdr BN TRASs [<OsibWer MRARCRE bilfhtacds thé cbbe. Bpirelyl dftexanisie anet er s of

corrections of speed of propagation of the signals in the |ayers of the
t err est r i gheaasesyfeBESasignahtheppreadineaeedpasassas agreriaskoitmeand

tellit f th tellati [ t I - lit
Cransi s 7 i G RET R ok didisds sk Hfa @ SR TRp s e 1 o)
20 al | owi ng gohsitd LI The WilI6 of eHeedatacaduisi inodulod? td the seetingte in a
reference datumtied to the Earth. In the case of aO?DS@'C%naI tlht%[e
ephener i deePdBoifsiransmitietsop & aaieer SYRieabatRdhev8sg Ar 3N the
oAt _ > _ Lt .
obt ar . SATRLaERual ty 1R The et AR RO el O 1 o

t he nessagomoeach satdllitd i tiid @aZigafion pagstdgenand rieatohushbe girgeedsedi t t ed

by the corresponding satellite, the distance separating it fromthe said
satel |ite Bhdhe H@C?'aargsc%ﬁé'%th%f H&F‘%Bﬁ&i"ﬂ@s@ i be RsSe95at tim osi on
of the TeSp8dfion of udedit ][httt'Pu% PR BNt ERSSSER OF Ardeagibelextridie

satellite a in the case of a GPS system is repeated every six seconds.
However i tsigsakfpthepinfatreatian #pmisyare a6e drarismitted bydbk sadellitsctsush aso t he

time read fromthe nayi gati on nmess sg as 9 to refer ti .
transmu t eae'ii%”aCPHFQP%fg%etos§§t Q?ﬁcﬁegﬁﬂoﬂ“? Ooratrqarﬁhgl%ggt 8f hﬁ?eé‘.%ljﬁ?’s
correcti onphsrh&aRs BT EbRECRINRIOf splilitof prepagation diftbe sidreals inttheolayers ssi on

of the nessage is decoded and corrected, the receiver deduces the
propagat i oof thegevestria atapisobewcendcths gparoppate dositonsnel te ribekeen t he

e o SR 7 NEathl . VB GG S SoPReGR! B, s T

rrors of spee propagation of the
si gnal s i nirhASmitarih aesSnaystich Alesthge tis episdmendesi(Kesiptien pasamktas) t he

! onospgoer eéllc?v(/i%\gl;l tcri\gsretcgi?/eﬁ Ectgic\g?éulg\{ettneagos?tisgri (r)T]p tthleogatellite in a reference
datum tied to the Earth. In the case of a GPS signal the ephemerides consist
of 16 parameters repeated every 30 seconds in the navigation message.

The position of the satellite having been obtained, it remains for the

receiver 4 to detect the time of emission of the message so as to deduce the

25 propagation time of the signal emitted by the corresponding satellite, the
distance separating it from the said satellite and the radius of the
corresponding sphere. The time of emission of the message is included in

the navigation message broadcast by the satellite and, in the case of a GPS

system, is repeated every six seconds. However it is appropriate to apply a

30 satellite clock correction to the time read from the navigation message so as



‘'of the distance separating it fromthe satellite. By using the signals
originating from 10 at |east four satellites 51 to 5n of the constellation,
the receiver 4 deduces therefromits position 14, and therefore that of a
nmobile user in which it is situated, by a known triangulation schenme. In an
urban setting, as represented for exanple in Figure 3, certain 15 signals
15a, 15c arising fromthe satellites are reflected by walls of buildings
12a, 12b surrounding the receiver 4 and do not arrive at the receiver 4,

ot her signals 15b arrive directly at the receiver 4 and other signals 15d
arrive at the receiver after having bee reflected by wal | s of ﬁ ﬁﬁllding

12a such a9 #Efeeshaefime fréf‘sﬁ'bktéﬁgplt@ aTeeiaRelice 8Y$i8Ms CPAMRR efnf t he
di st t | t tant t
e N O A B SRR g L5 rporant 1o

be able t Sirgnal's re s such as building walls
and t her ef wirerhtng ﬁmeu@fden‘rm*m i thé phesgegeh diédodtmf and caarrectedxgtf‘@t t he

receiver 4. Accor di ngce%/, %he i nventi on con5|ft% a (%éa recej v
pl aced on RCRIET| defldess the, REQRARANOT, tiBR oot (ihen rBfogIqRuS 199 yl ng in a
movi ng vehyghfon r OO&(@éq He ‘?iﬁﬁ?%f BEERAS aRd AREDined df emidBIbNNGF Bl ect ,

for exarrple on t a vehicle, the array of antennas nmaking it
possi bl e tnavdgiahnmm&ssage ahiyl ieforafatir itaral cofrestiegref| thererorscefespasd wal | s

of buildin Each ante | s _respectively i.n cessi ng
the signal &Sr%@B?g%t&Prbyo Mk nt"en}n/r!ae éﬁ'%‘g Er??feg?yog%gy t%r?éStH%fe)nnas
conpr i si ngafreedphié 80BRasAhe |6FospherangrofiidsthdRetsipeewitntapdedtimatiqgur e 4.
The four antennas are spaced apart by a distance equal to a half-wavel ength

A 2 and aref thecdisiasicatseparating ibfremafin etelliteRhusisttensienaregionatinodseanpl e

consi Sh% of 4R & sbt%lht%@tsq ho %Hdoftﬁtf@cér@téﬁatﬁﬁt @elré&lveﬂ-@ d@@ﬁc%@%ré?@ﬁf gspondi ng
to the Tour antennas may e dinmension and di sposed in a sqware To

det er m ne P9fEiopatdheng é'ﬂefr%ferteeﬁ‘abﬁf BuF‘Pmenbsewé” [véich; if i §'t%ée€e§’¥aar n

ascertain tiaegunticiedhet. refl ected paths to be sought. For exarrpl e, when the
novi ng object is situated near a wall, because of this'5 wall, a first
part of the navigation signal emtted by a satellite which reaches t he
recei ver has a dnfan:tth;mt hettlagsesmedrmtted)fort exansplenial Fiduret3, wertéiithes t he

wal |l and is. th 0 e ver
Waen t hereS QP@FStQ/\%a\Ajaﬁe %”?'ﬂg 3?06& rr‘r?tsﬁ %"b[ 'fls grrgﬁzé‘%t&e?g’ ﬁ%‘ergp%ﬁb

successi ve1pgf h 26 5LRBEN@RG RS rédvEivard lshdied abeartrive étltbéaécélme@thwe
receiver. 10 To seek the nunber of reflected paths, it is possible to

proceed by signatetsh aelwetcbmlwcﬁiéheyewk@rr@ and oihet signals 154 arHve ad %, t he
f t t f t
TS S ik Wl oed) ) VT A A8 b

al gori t hm rgsigessk tfor exarhple. bosi svofd téreorsnﬂmrdmt’ermmlmg ether afistadtes) t he

nunber of reflected paths, 15 analyse the signal recej veg éeach f t he
ant ennd® oSepa@tingragaighiée femeihe F\%C%‘ffg’b gds dﬂ‘pﬁFt?m/t&l be ablento gliging

reflected Aaf‘rs ‘?éﬂé&'%éh 1nspél1c?hth§nsecpﬁldﬂ¢eg ang? P irdrefite ﬁa\g*‘tr)tf' Ity

i ndi cat or advi as to e rell abi es of arrival ai ned.
Wien al | tluadet@rmt imoltipld aathst eﬁmMredarrwrﬂgyatth@ eseivept4. (ﬁ&ﬁd@ﬁd’lhlb t he

best indicator of qual |t |s retained. This rre 200 but
exhi bits tfiRe PR EkCQﬁ #8i IRgUSIBRY2 I"8REIRY % C&g D ehbife user 'fof

example a pedestrian or a user travelling in a moving vehicle, and an array of
25 antennas placed on the moving object, for example on the roof of a vehicle,
the array of antennas making it possible to determine the angles of arrival of
signale reflected on walls of buildings. Each antenna is respectively linked to
a chain for processing the signals received by the said antenna.. An
exemplary array of antennas comprising four ante.nnas A1, A2, A3 and Ad is
30 'represented in Figure 4. The four antennas are spaced apart by a distance
equal to a half-wavelength A/2 and are decorrelated from one another. Each

antenna may for example consist of a metallic patch and the four metaliic -



consum ng a great deal of conputation tine. To seek the nunber of
reflected paths, the method according to the invention consists in using a
t hree- di nensi onal mapping information item25 neking it possible on the
basis of an approxi mate position of tq recei ver and for each signal
emtted by a satellite, to determ ne tﬁe nunber of paths reflected on walls
before reaching the receiver. Accordingly, the GNSS receiver 4 is equipped
with a three-dinensional geographical map. For a given position 14 of the
GNSS receiver, with the aid of the three- 30di nensi onal geographical nmap, a

ray casting starting fromthe recei ' i ed “to.make. | :
e St ol b b ey S ey e Y e il e~ ' °

gr aphi cal | A hhR Qc‘[junér%f Thafabmingfths Ptk ididicrasos vunemgdiae, ithe sai d

receiver. e ray casting is carried out b%/ a conventional graphi_cal
met hod, uswtebsaryetamstertain the riunebet of refleded opatbs glanbs soUGMy &or

di nensi ons, consisting, on the basis, of two Lnts_in k. .seekin

al | the r&EMR'Rel eﬁamsfnodfr}gee jegh 8 rsétP?'eepéfgaaroﬁ Wg@eﬁégm eugf é@si n theg
scene, gwhigdy nak@t 'ptanpcﬂstﬁbbrh&li?é’ticgﬁgiﬁﬁbréﬁﬁttéd/bj/ @i satbiies evhickorgamhess. Thus
in Figure 3, the know edge of the environment in three djnensions

zlrjlr r pun?! dgetrheeiV?tba$@r Iregienasl, 2 tsepesd ipgreot thecrigral firaly Eeachesdbei on
i natin rom. : [ '
by Sothe SapbARA s e Tefiectalirary bue, AeMOBeoRE pftifla R dndirebaveh wiheh em tied

radi of r equeBEY afd SAWaIOM PedXientyito gharbtavahitodrei raapbeaivveslaessive basi s
r.oxi mate since the

Fefl octi orenaRianien B Brg waho RBa"e i1 SHNPh BTG A IE i he eat | mat | on
o oct e Sl TR B3 Bl Sphee i BBMID osteg e po
hand rat hegudsessivealtbeations by making assumptions. In this case, the first
assumption is that there is a single reflected path, then two reflected paths,
then three reflected paths. At each iteration, an algorithm is used to, on the
basis of the information item regarding the number of reflected paths,
15 analyse the signal received by each of the antennas of the array and
determine angles of arrival of the signals reflected on walls of buildings. At
the end of each iteration, a quality indicator advises as to the reliability of the
angles of arrival obtained. When all the iterations have terminated, only the
assumption having the best indicator of quality is retained. This method
20 operates well but exhibits the drawback of being very fengthy and of

consuming a great deal of computation time.

To seek the number of reflected paths, the method according to the

invention consists in using a three-dimensional mapping information item

25  making it possible on the basis of an approximate position of the receiver and

for each signal emitted by a satellite, to determine the number of paths

reflected on walls before reaching the receiver. Accordingly, the GNSS
receiver 4 is equipped with a three-dimensional geographical map.

For a given position 14 of the GNSS receiver, with the aid of the three-

30 dimensional geographical map, a ray casting starting from the receiver is

carried out to make it possible to determine the various reflections on the



‘According to the invention, the result of the estinmation of the nunber of
mul ti-paths, obtained by using the three-dinensional geographical map, is
thereafter applied as input to an algorithmfor estinmating the angles of
arrival 20 of the nulti-paths so as tﬁ initialize this algorithm On the
basis of the information itemregardi 6 t he nunber of reflected paths, the
al gorithmthen anal yses the signal received by each of the antennas of the
array -and determ nes angles of arrival of the signals reflected on walls of
bui | di ngs. The method according to the invention allows good estimtion of

the 25 angles of arrival, of the various reflecte ign I ; it
possi bl e, %Eﬁjlsapﬁ%??ﬁ%f‘tﬁﬂ Frapticale n epHﬁE’E ?’g\/\%c%@hg% ?tggetp?tuﬂglﬁgghannel s
of the antsﬁ:ﬁ%@%dﬁfg tihe aHidYreRbivent erEsrayt Gaatihgniat eartibeé aot ebpaapat tern
in the sai irections of arrival of the said multi-paths. Finally, as a

functi on aonvaetionatbgrapbicalmethogatsed donsxasmie indha figldt¢feclgGHBRIE of

antennas of the 30array of antennas... .l . i t iavention
nmakes it mgwr}eg}rgeéﬁw—:ﬂgpgst%%nsggtg]daﬁré:m%? g%‘ﬁs% urggéléggtsolﬁ ét Egeﬁél’ )
neasur gmenh .sebRing &8 shalvattiineanpathk? diredt aatiaefleftequa fdgetofituated in

measur enent of distance separating the receiver fromthe satellite. The

esti mat i orthefsaame, whisht Make ibpospibie, 4 gronpeiEcally 490 fheRE R8IN*S-as 5 the

ray casti chens r i Of AHASENLO; iad
operati ongﬁn oﬁhopﬁsilfn'%zg’ Eﬁ%mﬁgm%dc};% g? r{ggt%r}r@ti ng qth@ gﬁ%@?{gﬁgﬂs arrival

of the mulddrrquaidisy thdvesdehgmodsmakeshé posshle dm deteromepa geflection
prelimmnary step consisting in timati th vel. .of nmul ti- efore

| aunchi ng QHENHY ﬁﬁm e ﬁ&eHB%i%ae rigoﬂ% H@&‘ehﬁ%&g\}%@ Sﬁ‘@ﬁ gg’?ﬁ%@ﬁ on of

t he Ie1\6el t% qu?mélgj_- pat hs consists on the basis of the navigation signals

received on at least two different antennas separated by half a wavel ength
and bel ongiimg deternination @f tbé refiectionssof radidfsequenayi signalsooniretiesfing

i stance Depke B PLEIREE BT bus e iRt sda S REaRRRH! o7
consi sts i H\gﬁ% eheraly asproRfnatel fitdetrercliechetyernnsthsurtiyoge@heti. G

pseudo- di stances obt’ai ned on the basis of the two antenpas., In the case
wher e t he thevathephandi the-gsdimasionghuggarriaskoul Makes HROSERI A @ENEA

esti mat ed each _of . the .spr LG cade. [ i h@dhefly W th each
ant enn® gi %smﬂﬂggrl %BE'E%églo'%?lgéﬁt}ﬁs' ?g‘r%r'rteés'gggéél? %Sl'%%g(?@g?gu%y n)c/)i se, this
backgr oundgR e 8tHep MapgnatErngréiatidie t hermal noi se 20 of the 2 reception

chains of the two antennas, a good appr oxi Imatfi on of, V\/(‘Ej ch f]t?] pﬁl?r\ﬁl)gred by
Gaussi an whi t e Aesading to the invention, the result of the estimation ot the
of multi-paths, obtained by using the three-dimensional geographical map, is
thereafter applied as input to an algorithm for estimating the angles of arrival
20 of the multi-paths so as to initialize this algorithm. On the basis of the
information item regarding the number of reflected paths, the algorithm then
analyses the signal received by each of the antennas of the array and
determines angles of arrival of the signals reflected on walls of buildings.
The method according to the invention allows good estimation of the
25 angles of arrival of the various reflected signals. It makes it possible, by
applying an amplitude and phase law to the reception channels of the
antennas of the array of antennas, to attenuate the antenna pattern in the
said directions of arrival of the said multi-paths. Finally, as a function of the
number of multi-paths considered, and of the number of antennas of the
30 array of antennas, the method according to the invention makes it possible to

estimate the residual of disturbance on the measurement. This residual is an



In the case where the level of multi-paths is high, the variance of the
del ay difference delivered by the spreading code tracking | oops applied to

the two different radiofrequency chains will be high. Let pi', be the

pseudo- di stance 25neasured by the sprgﬁdi ng code | oop processing the signal

of satellite k received by the first

tenna, and |let p2k be the

pseudo-di stance neasured on the spreadi ng code | oop processing the signal
recei ved by the second antenna. The difference gpk = Pk' - Pk' represents
the difference in journey |length between the satellite and the 2 antennas.

13 The standard devi atjo th tical ' ' .
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VE(Jjk ), f}oﬁn??egghi”ﬁg;or of the power of the noise added by the

envi ronment . ows fromthis that the precision of neasurenent of
pseudo-di stance on E(C5k 5 an antenna can be bounded by:
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the ray casting schemes are complex in terms of number of computational
operations. To optimize the method for estimating the directions of arrival of
the multi-paths, advantageously, the invention can comprise a preliminary
step consisting in estimating the level of multi-paths before launching the
estimation method described hereinabove. The estimation of the level of
multi-paths consists on the basis of the navigation signals received on at
least two different antennas separated by half a wavelength and belonging to
the array of antennas, in determining two distance information items, called
pseudo-distances, relating to the separation distance between the receiver
and the satellite. The method thereafter consists in calculating the difference
between the two values of pseudo-distances obtained on the basis of the two
antennas. In the case where the level of multi-paths is low, the difference
between delays estimated by each of the spreading code tracking loops
associated with each antenna gives an almost zero result corresponding to
background noise, this background noise corresponding to the thermal noise
of the 2 reception chains of the two antennas, a good approximation of which
is provided by Gaussian white noise.

In the case where the level of multi-paths is high, the variance of the delay
difference delivered by the spreading code tracking loops applied to the two
different radiofrequency chains will be high. Letp'x be the pseudo-distance
measured by the spreading code loop processing the signal of sateliite k
received by the first antenna, and let p’« be the pseudo-distance measured
on the spreading code loop processing the signal received by the second

antenna. The difference dp, = p,' — p, represents the difference in journey

length between the satellite and the 2 antennas.

\'2 This indicator

and
.



‘i 0Al't hough the invention has been described in conjunction with particul ar
enbodi nents, it is very obvious that it is in no way limted thereto and
that it conprises all the technical equivalents of the nmeans described as
well as their conbinations if the IatH%r enter within the franework of the
invention. 14 CLAIMS 51. Method for estimating the direction of arrival of
navi gation signals at a receiver after reflection by walls in a G\SS
satellite-based positioning system the positioning system conprising at

| east one satellite (51, 52, 5n) able to emt navigation signals, the

Sl RS iR B S Al
bl ac1 ng. arfo8t PR vaLATwh ml el Ris WHEITE: A5 PPl ERRS e Bennas on
the novi ngarf%%@rﬁég)lr o{jﬁe B?W?;S%er r%igg'aagg?élé/wmggejrmrgﬁ%n?ﬁa' geogr aphi cal

map in the € noving o estimating a position of

t he recei vigfollchs fomt thes tragitise pretisionmeEfuhgasiremeritgpigiseudeatistande oy an
antenna of the array of antennas, d. 1 t he basis of the three-di nensional
geogr aphi cal rmeﬁ‘l and of hhe - |E\WS5,0, estimated position of the
recei vér () anfgngsan PYRPHGIEHBY el on a' 20scene corresponding to an
environnent in which the receiver i's ~

This indicator makes it possible to detect the presence of an unfavourable

environment and as a consequence to directly bound the pseudo-distance

measurement error.

10 Although the invention has been described in conjunction with
particular embodiments, it is very obvious that it is in no way limited thereto
and that it comprises all the technical equivalents of the means described as

well as their combinations if the latter enter within the framework of the

invention.



‘situated and in carrying out a ray casting starting fromthe receiver, e.
deduci ng, geonetrically, on the basis of the result of the ray casting, the
nunber of paths reflected (15d) on walls of buildings (12a, 12b) present in
the scene, 25f. selecting an algorithpfor estimting the angles of arrival
of nulti- paths, the nulti-paths corrgprnding to signals reflected by
- walls, initializing this algorithmby the nunber of reflected paths
determned in step e and deducing therefromthe angles of arrival of the
paths reflected (15d) on the walls before reaching the 30receiver (4). 15
2. Method according to Claim1, characterized in that the angles of arrival
of the multi-paths are determ ned, eid{he sel ected algorithm on the basis
of an analysis of the signals recei IMB each of the antennas of the array
of antennas (Al to A4). 5 3. Method according to Claim1, characterized in
that before carrying out step c relating to the estimation of the position
of the receiver (4), the nmethod conprises a prelimnary step consisting in

estimating a distance information error due to a | ti-path (15d th
prel i msnarl: Method debestimating: thendieagtionaet ARl ﬂfﬁuﬁv'éﬁ%dﬁ'ggﬁgt é‘hé‘e ©

fhe sarel 11 By S e By e b B e e T s
system, the positioning system comprising at least one satellite (51, 52,
5n) able to emit navigation signals, the receiver (4), placed in a moving
object, being able to receive the navigation signals and to estimate the

10 position of the said receiver (4), the method being characterized in that it

comprises the following steps:
a. placing an array of antennas (A1 to A4) comprising at least two
antennas on the moving object,
b. placing a three-dimensional geographical map in the receiver (4) of
15 the moving object,
c. estimating a position of the receiver (4) on the basis of the
navigation signals received by an antenna of the array of antennas,
d. on the basis of the three-dimensional geographical map and of the
estimated position of the receiver (4), in positioning oneself on a

20 scene corresponding to an environment in which the receiver is

situated and in carrying out a ray casting starting from the receiver,

e. deducing, geometrically, on the basis of the result of the ray
casting, the number of paths reflected (15d) on walls of buildings
(12a, 12b) present in the scene,

25 f. selecting an algorithm for estimating the angles of arrival of multi-
paths, the multi-paths corresponding to signals reflected by walls,
initializing this algorithm by the number of reflected paths
determined in stép e and deducing therefrom the angles of arrival

of the paths reflected (15d) on.the walls before reaching the

30 receiver (4).



"15prrocessing of the signal received by a first antenna of the array of

antennas (Al to A4), in estimating a second pseudo-di stance correspondi ng
"to a second information itemregarding the distance between the satellite
(51 to 5n) and the receiver (4) obtai Hsd on the basis 200of a processing of

t he signal

recei ved by a second anten of the array of antennas, in

carrying out a difference between the two estimations obtained in steps a
and b and deducing therefroma mathenatical standard deviation
corresponding to this 25difference, in bounding the distance information

error due to a multi-path (15 b I ndi
mat hemat i ca®- N%ﬁ@grﬁ%@é@ipét@%}i?i% 1?rcl:hlarr<1=1%lt<§r?zte%rindtﬁBFR'ndeegrtlglgg otf rz]a(:f‘rival
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of the multi-paths are determined, by the selected algorithm, on the
basis of an analysis of the signals received by each of the antennas of

the array of antennas (A1 to A4).

3. Method according to Claim 1, characterized in that before carrying out

step ¢ relating to the estimation of the position of the receiver (4), the
method comprises a preliminary step consisting in estimating a distance
information error due to a multi-path (15d), the preliminary step

consisting:

in estimating a first pseudo-distance corresponding to a first

information item regarding the distance between the satellite

(51 to 5n) and the receiver (4) obtained on the basis of a

processing of the signal received by a first antenna of the

array of antennas (A1 to A4),

- in estimating a second pseudo-distance corresponding to a
second information item regarding the distance between the
satellite (51 to 5n) and the receiver (4) obtained on the basis
of a processing of the signal received by a second antenna of |
the array of antennas,

- in carrying out a difference between the two estimations
obtained in steps a and b and deducing therefrom a
mathematical standard deviation corresponding to this
difference,

- in bounding the distance information error due to a multi-path

(15d) by an indicator dependent on the mathematical

standard deviation.



