Systemfor determining a direction of arrival The invention
relates to a nmethod of gonionetric processing using a plurali-ty.-of antennas
form ng an antenna array. This type of method makes it possi to obtain
the direction of arrival of radio signals arriving on the 5 \?@E ,Iﬂmﬂ"mmm
antennas .of the antenna array. 1 Systens naned phase
interferonetry systens are known to the prior art. These systens*an@-based:
on the cal cul ation of Iﬁ@teﬁh?&'ede‘iﬂ‘lﬁlh inf a 8iré Si 4Rk received on two
di fferent antennas. ver, 10 these systens do not rrake it possible to
obtai n adequate precision and are subject to anbiguity. It is

al so known that to flimdtventior miatestd § metrxtofgomicpmricetessingeusingli st ance

separati ng t'aebh!rm f‘&ﬁ@ﬁﬁa% f%ﬂHrhg%hed?theﬁnﬁ atn'@ﬁ mQWp%tdf%tﬁ& ﬁ%ﬁé’é‘ency of
t he received. sr constraint. a?e{)ossr ble to

have yst ems taisigBELy Sk e bEpRAY SCHAR, &agBoaRAS e o B or ent
separati of be@m@rﬂnéﬁméﬁﬁé@efaﬂtef@a@lﬁap}arr However, the di mensions of these
systens are increased and the adaptability of t hese systens to the

bandwi dt h of the si [ a

Systens i npl errentl n%}g{ {r% ggmgégﬂgs%%? aﬁ]ebrm%e 'R{e %tr#ﬂ'@ Q%Qqqﬁét eon

processi ng of"®¥afR rr'ﬂj adTeTh?ﬁ%\ﬁMStFB‘Stq{é %SP%P”atP? Cal%ﬂﬁ@%ro tehese

nmet hods requiphasegshaﬁtoéra sapng sigadli reneived eadwoaﬂﬁaremtchmrmmsstwaw 25 t han
are requigedlag g ﬁF R TR MBS & BELARIHalE B9, afdicRe et hods
are therefore I cu I n systens g snal dlnen5|ons or

| ow power coﬁgtﬂﬁ‘ﬂt?aﬁ‘ 'g’f'ﬁ\é present i nvention therefore ains to renedy these
probl ens by

It is also known that to function correctly these systems must have
a distance separating the two antennas equivalent to the modulation
15 frequency of the received signal. In order to overcome this constraint it is
possible to have systems composed of a plurality of antenna pairs, with a
different separation between antennas for each pair. However, the
dimensions of these systems are increased and the adaptability of these
systems to the bandwidth of the signal depends on the number of antenna

20 pairs.

Systems implementing methods known by the name of high-
resolution processing or beamforming are known to the prior art. However,
these methods require greater computational resources and memory space

25 than are required for phase or amplitude interferometry methods. These
methods are therefore difficult to implement in systems having small
dimensions or low power consumption. '

The present invention therefore aims to remedy these problems by

30 proposing a system making it possible to determine the direction of arrival of

a radio signal, requiring fewer computational resources than are necessary

for the implementation of high-resolution methods and a greater precision
than that obtained by interferometry systems.
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30 proposing a systemmaking it possible to determ ne the direction of
arrival of a radio signal, requiring fewer conputational resources than are
necessary for the inplenmentation of high-resolution nmethods and a greater
precision than that obtained by interfgronetry systens. 2 The
present i-nvention proposes a systemfof determning a direction of arrival
of a radio signal conprising at |east three antennas, neans configured for

determ ning at | east has i ft Cj i i t enna
pairs respectively, Tsh%;,\ﬁre%ﬁgtsznvgﬁil'% ?r%‘g".ssﬁg %ﬁ%’%gelﬂfge%%h%ﬁ%?men a
phase of thediegiiqal ofr aEialveliaf fagia sigaalocorpprisingn ek inast tyeeanpiennasand a phase
of the signameanseonfiréd ondefembliipat leastenoaphate ishifts padsociatdiewitty st em al so
conprises ne 0 - : . ey

di ff erences, Q@ﬁodﬁf %ﬁtgwngglrg %CS(?%#L L}Jgggﬂ}f Bbgﬁ%ﬁf‘%ﬁﬁ’ﬁ lthg dsig%‘ég . paraneters

n
respect i vél ybﬁ@éeSEiaaP'é%F%\S%tt € $'9gbiRoe¥ad diomeens shthsrandeinagA @ A" based on
t he summat i oand laypleEsk miltie siggalt feeeided fremethe eotlimrtamteamat dfehe paimatheon and a

reference sSugPRbhOAlsAeeRplsdsChedhd RodlRire RP ABRFNIAG a8 FdsPwdlor @d 1 val .
Finally, the ﬁgstem conprise fsetcond msang COI’lffl ?uc%ﬁed tor deternmning the
direction of PRFH PUETeLeRe ARE THe METpRCORONPY JBF IASTETBINg A 981 Chesoci at ed
Wi th the par apiamatersargspectively assarigtash wih i@ supgosed direction ofharriyglst em

t her ef or gonakgsed torpQﬁéinrﬁnéﬁbrdebprdamﬂhtmEeméi [dRffdréie etvidenl i of the
radi o signal . Mreover unctron Otfiont

symmafion “arid aaS %efenc u ae gcr.etggen@/ tRf L he rg ei ved
signal it is POTE"BY A% dffPRICl niUREIYL SPOARPLNET J8P r P8P Wi ch t he
phase shift Fsediomrt@rivehiRnslykie systespsamprisestsecand Maapp £Pniguethnge t he 20
separ at i on bé&rveserniitieg ang eireetion of arrival as béinguhe slippodedbditestiorhef case i n

whi ch the pal[g,plsB3BLRANAH tﬁé@g{a@%ﬁf‘rﬂgv tg%éjﬁ'ﬁniﬁwgmhﬁa‘ﬁf'e.an artificial

separati gn between antennas gr n the maxi mum separati on between two
ant ennas.!°25
The system therefore makes it possible to determine the direction

of arrival of the radio signal. Moreover, as a function of the frequency of the

received signal it is possible to modify the choice of antenna pairs for which

the phase shift is summed. This makes it possible to artificially change the
20 separation between the antennas.

Figure 1 exhibits the case in which the pairs of antennas are
chosen in order to have an artificial separation between antennas greater
than the maximum separation between two antennas.

25
Advantageously the antennas are distributed in a line.
Advantageously the antennas are evenly distributed in a circle.

30 Advantageously the system comprises at least four antennas and

said means configured for determining at least two phase shifts are
configured for determining phase shifts associated with various antenna pairs
having one antenna in common.



Advant ageously the antennas are distributed in a |line. Advantageously the
antennas are evenly distributed in a circle. 30Advant ageously the system
conprises at. |l east four antennas and said nmeans configured for determ ning
at | east two phase shifts are configurﬁd for determ ning phase shifts
associ ated with various antenna pairs having one antenna in comon. 3

The present invention also proposes a nethod for determ ning a direction of

arrival of a radio si MIiSi e f LI N . | east two
Phase shifts, assoc dbaacrg it iehiorbied sibadied o, BehBt Rl badibinp i s o ¢
phase shi ft sdisestiog of RErival off & Faskie sighRl (CREWHSIAY FHdeR obdetemainian @hlgast ecei ved 5

fromone of tiae phaseBhifis, 8dsodiafl witkveriGusd BAaRAnN®palrd eespeatialy, reaei ved from
the of her antonashifs bBRGPAR iidBRod BLREn A BRaGOBPIETnA BLaRP! summ ng

at least two _of t eiphas shitts, a step of determ ni n? a set of paraneters
respect i vél ya8sens &t t08 apenag ok gAY aPhara plove sIngt receiyrd 9k ed on sai d
summat i on, bWGccahemmerinaggfttlhrepair.ﬂﬁermetbed laksb\mmprisgaei ais&pmfrstninmhgmd a 10

L second st ap RESQUESERRIcHeS SHilga s B BEBRRRNG\L B6L o e R ¢ eupposed
i recti on of PPPOE SboBel Wil & 3urPores fictind ok el HageT 8 S mim

val ue. summatiipe by¢alculating e [diffeeenset hatweemn geaids swamationd aod Heer

advant agag Wrdfkreapd e@nmation 8ssdiciated With thetsabpestddfieetiordél pfivalli araa by way of
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di ff erence béirogtien chatreapssocigteg wyits the pargmetelhaging S MEMUBivaluge syst em
according to the i nv@etinviemtion will bébettdraundesstspasaranotasadlian®iges il part of
the device BQBpéé?rorqerE&fiﬁ@ %@%e@@ga&&cﬁatiicfnt ﬁiven by way of nonlimiting
15 example and with reference to the figures among which:
— Figure 1 shows the choice of antenna pairs in order to extend the
difference between antennas
— Figure 2 shows an embodiment of the system according to the invention
— Figure 3 shows an embodiment of part of the device 302 for determining
20 phase shifts.

Figure 2 shows a first embodiment of the system. In this
embodiment the system comprises three antennas 301-A, 301-B and 301-C.
The system also comprises a device 302 for determining at least two phase
25 shifts. Each phase shift is associated with a pair of antennas, and it
corresponds to the difference between the phase of the signal received by
one antenna and the phase of the signal received by the other antenna.

The system next comprises a device 303 for summing two phase
30 shifts. This summation makes it possible to artificially change the separation
between the receiving antennas by creating a virtual antenna.

Thus in the example in Figure 1, if the difference, between the phase
of the signal received from the antenna 3 and the phase of the signal
35 received from the antenna 5, is summed with the difference, between the



Figure 2 shows a first enbodi mrent of the system In this enbodi nent the
system conprises three antennas 301-A 301-B and 301-C. The system al so
conprises a.device 302 for determ ning at |east two phase 25 shifts. Each
phase shift is associated with a pair of antennas, and it corresponds to
the difference between the phase of the signal received by one antenna and
the phase of the signal received by the other antenna. The
system next ¢ riSes a v ce phase shlft Thi s
Strmat | on maROed ¢ e sGnaf orted Pomyiht aBleRye AtbndiBe PHASS R0 RE AdrBh bet ween
the recei vi ngecgived i thg, astesea iinthea the separatiombetwegn tre@atemnas ie exanpl e

in Figure 1, Mdenbbe Tﬂisf flvﬁ‘iléﬂé@esepbl%‘h@@%rrb@&orﬂha@etr@f disfhﬁhcé'tﬁé’@\ﬂéerf ecei ved
fromthe ant en receive he ant enna

5 T cummod SETRE chang 7 FURD anfoae £ Thf gl RGEESe W ppilal 12
recei ved promakae itpessiiie s dateamingethp lirestiosy of ﬂ@'V§'| efheigndlebévived from t he
antenna 1, t hevertfrejueepaitiadn that betiiskeeant the datdrmimedswitisoutd tHe rsgydtemlhi s

ity Sepa’dééér@Berjoer?WQH&? "s?a nf‘@allg't‘ﬁéa}%ﬁeﬂ? Hﬁﬁé' sfdga @Bf"cé-kgnd the

virtual anten rease 1n S it

possi bl e to 88t BORPIREd: ABPRNdselR i BR Brerse ol &te St%'?cﬁné?%arﬂtéﬂﬂ MF a | ower
frequency thantenhas (vhi oh victaal) bthedsorer e medrenthishdistanchengrgasasmtitiescri bed in

this invegti %erstﬂ%cfréd@cb%ech%sf TREURNSY tife bheesitdRAabblalial K@an be
processed depend verse of.the distance separating the ‘antennas

(real or vira&" QO?HE?EQ"BYV@gt%@%PB Sthis di stance increases, the 10 | ower
this frequency beconeleﬁmf@GC%@ﬁ@quyﬂbe dhaseslithe sngnabmegwédrcmy thear ryi ng out

the foll owing summati ogHiendd #f gicenise phasyes nhe hagiaseeivdd tilae henal
received fromthe antenna 1 and difference between the phase of the signal
15 received from the antenna 4 and the phase of the signal
received from the antenna 2. The summation corresponds to
the distance between the antenna 4 and the virtual antenna 2’
- Difference between the phase of the signal received from the
antenna 5 and the phase of the signal received from the
20 antenna 2 and difference between the phase of the signal
received from the antenna 5 and the phase of the signal
received from the antenna 3. The summation corresponds to
the distance between the antenna 5 and the virtual antenna 3’
- Difference between the phase of the signal received from the
25 antenna 1 and the phase of the signal received from the
antenna 3 and difference between the phase of the signal
received from the antenna 1 and the phase of the signal
received from the antenna 4. The summation corresponds to
the distance between the antenna 1 and the virtual antenna 4’
30 - Difference between the phase of the signal received from the
antenna 2 and the phase of the signal received from the
antenna 4 and difference between the phase of the signal
received from the antenna 2 and the phase of the signal
received from the antenna 5. The summation corresponds to
35 the distance between the antenna 2 and the virtual antenna 5'.



antenna 4 and the phase of the signal received fromthe antenna 1 and

di fference between the phase of the signal 15 received fromthe antenna 4
and the phase of the signal received fromthe antenna 2. The summati on
corresponds to the distance between the antenna 4 and the virtual antenna
2' Difference between the phase of the>signal received fromthe antenna 5
and the phase of the signal received fromthe 20 antenna 2 and difference
bet ween t he phase of the signal received fromthe antenna 5 and t he phase
of the signal received fromthe antenna 3. The summation corresponds to the
di st ance between t hd@harsyetemastovemin Eigerev2 ratsoadonptises adirst dedidef #l4ence

bet ween the W?&&eﬁﬁiniﬁ&ea Sdey 3| pér%ﬁ*%itéf@dedcchoﬂésro@%t@witﬁnéeéUb%oéeoand the
phase of thed5| nal frecel ve hfromt e antenng; %t%g di fﬁe;fg&ce bet ween t he
phase of thedL§9RAI O BENRL oS PAFPRE SIS FRY T N HALIER { he si gnal
recei ved frohetweendhe esummationTard suraienehem symmatiop @sdeciatedt with thest ance

bet ween the asmpRbaA dire@tivh dilerivalrit alor @Ré@PRASibRO ddef thei@Mminget ween t he
phase of thereﬁ%t%rp@,l‘i received fromthe antenna 2 and the phase of the signal
recei ved fromthe aRtenna 4 and difference between the phase of the signal
received fromthe antenna 2 and the phase of the signal received fromthe
antenna 5. The summati on corresp s to 35tihe b stance between the antenna
2 and the virtual antenna 5' .0 %) |[A0mes — A g@ system shown in Figure 2

al so conprises a first device 30#ifor determining a set of paraneters each
associ ated with a silppuseauatioredpinanatd A i(@hrespepidveyarepnesest thear e

B | o ag B s e D e pbEe T or
exanpl & possPBroncSt, Aseland 47 1BRERGHE dhé asaBrieh csBpdat o the & b s
equat i on Acpaupposad disegiionef poivak@&specti vel y represent the

The system also comprises a second device 305 making it
15 possible to determine the minimum parameter and the value of the supposed
direction of arrival associated with this parameter.

Figure 3 shows an embodiment of part of the device 302 for

determining phase shifts. This device comprises a first sub-device 401

20 making it possible to switch between the reception antennas (301-A, 301-B

and 301-C) and the reception paths (402-A and 402-B). This sub-device in

particular makes it possible to use a number of reception paths less than the

number of reception antennas. The reception paths are made up of two

analogue RF sub-devices 402-A and 402-B and of an analogue-to-digital

25  conversion device (also known by the acronym ADC) 403. The two analogue

RF sub-devices in particular make it possible to filter the signal received in

the useful band, and to amplify the signal received by using low-noise
amplifiers.

30 The various devices may be produced in the form of dedicated
circuits (also known by the acronym ASIC for Application-Specific Integrated
Circuit), in the form of an FPGA (Field-Programmable Gate Array) or in the
form of a generic processor coupled with a computer program product on a



10 neasured phase shifts and the reference phase shifts. 0 is the supposed
direction of arrival and D represents the paraneter associated wth the
supposed direction of arrival O The system al so conprises a
second device 305 naking it 15 possible to determ ne the m ni num paranet er
and the val ue of the supposed directiof of arrival associated with this

par anet er. Figure 3 shows an enbodi nent of part of the device 302
for deterninin% Ehase Eifts.,Thli deV|ge cgg& bses a first sub devi ce 401
20 making it CPOBYIeHIRA9BR'es S h b BR%IN e MAYc BBt PIBFrANR eMAZRetiC301- A,

301- B and 300pial,agiectidnmagneticeprinay pashsnf(ate broagnasting 2n&JiumTBueh sub- devi ce

han the nums oo lide, RBP SIS, SosfEoruEtr Emitey A R e U of

o o og. e HeEnl s Head b MG, RV i b e B Mool P51 o1 of
25 conver §i oopticaldisks (Gorsradt Biskn- Byaql RalyademapniCABRPMIOGompaet Risio anal ogue
RF sub- devi ceRddamatet (COURAY) akKBVD). possible to filter the signal received
in the useful band, and to anplify the signal received by using | ow noise
amplifiers. 30The various devices nmay be produced in the form of dedicated
circuits (also known by the acronym ASI C for Application-Specific
Integrated Circuit), in the formof an FPGA (Fi el d-Programmabl e Gate Array)
or in the formof a generic processor coupled with a conputer program
product on a 6 conputer-readable nmedium The nmedi um nay be el ectronic,
magnetic, optical, electromagnetic, or may be an infrared broadcasting

medi um Such nedia include, for exanple, sem conductor nenories ((Random
Access Menory RAM Read-Only Menory ROM), tapes, diskettes or magnetic or 5
optical disks (Conpact Disk - Read Only Menory (CD-ROM, Conpact Disk -
Read/ Wite (CD-RNV) and DVD). _



7 CLAI M5 1. Systemfor determining a direction of arrival of a radio
signal conprising at 5 | east three antennas, neans configured for
determning.at | east two phase shifts, associated with various antenna
pairs respectively, said phase shifts being the difference between a phase
of the signal received from one of t hel antennas of a pair and a phase of
the signal received fromthe other 1l0antenna of the pair, said system being
characterized in that it also conpri(ﬁ’gﬁ' means configured for summ ng at

| east two of the phase shifts first configured for determ ning a set
of paranmeters respectively associated with a supposed direction of arrival,
based on said 15 sunmation, by calculating the difference between said
sunmat i on and. Systedoretaterminingratdirectionss awivat efts wididhsigmad comppisisgdt di rect i on
of arrivals |east hfseodfled@nNs configured for determ ning the direction of

ey anot er - 20nav M e g Ed (oh ARy & Bk Brod S S el T 1%
whi ch the ant enna%itthvariqlissantemia pairs fespectivaly, said phase shifts being the
difference between a phase of the signal received from one of the
antennas of a pair and a phase of the signal received from the other
10 antenna of the pair,
said system being characterized in that it also comprises:
- means configured for summing at least two of the phase shifts
- first means configured for determining a set of parameters respectively
associated with a supposed direction of arrival, based on said
15 summation, by calculating the difference between said summation and
a reference summation associated with the supposed direction of
arrival
- second means configured for determining the direction of arrival as
being the supposed direction of arrival associated with the parameter
20 having the minimum value.

2. System according to Claim 1, in which the antennas are distributed in a
line.

25
3. System according to Claim 1, in which the antennas are evenly distributed
in a circle. ‘

4. System according to Claims 1 to 3, comprising at least four antennas and

30 in which said means configured for determining at least two phase shifts are
configured for determining phase shifts associated with various antenna
pairs having one antenna in common. '

5. Method for determining a direction of arrival of a radio signal comprising
35 - a step of determining at least two phase shifts, associated with various
antenna pairs respectively, said phase shifts being the difference



3. Systemaccording to Caiml1, in which the antennas are evenly
distributed in a circle. 4. System according to Clains 1 to 3,
conprising at |east four antennas and 30 in which said nmeans configured for
determ ning at |east two phase shifts are configured for determ ning phase
shifts associated with various antennaapai rs having one antenna in conmon.
5. Method for determning a direction of arrival of a radio signal
conprising 35- a step of deternnin t least two phase shifts, associated
GTh vari ous ant dtiene PRSREETE sial on 88T ol el IRe pRENtRS 1 b

di fference 8 betpaieanda phaseoidthe tsignakiegaied fronethe athdrrantanoaef die t he
antennas of a paipggjand a phase of the signal received fromthe other
antenna of the pai i.d nethad.bei.n haracterized in that it al so

ot see.  sasgPRhod Bl MEAAAE R A A IARLRIRES L0 TN (18 2 Srep of
deternininy a seta 8epPPhrsamatieg at lpasfpwe of theinhage skt at ed with a supposed
gi][]?ction OL ?r-ria/adep_d@as@ﬁnmmgsaé@ldlpmm’ﬁét@@,reémcﬁml;ca&@biaw wikre: Cod with
i fference betwee Rt ng..a..f n .associ ated wi
the supposed di roat poat TREbtAY! of pial FLREACGE ST BhnARE P! 7
direction of arriSPfulaliegdas fiffarpreesbehysen fald sURmAteN 8rd & reffrarceissoci at ed
w th the paranet esunmaationpssbeated withiine sepposed disection of arrival

10 - a second step of determining the direction of arrival as being the
supposed direction of arrival associated with the parameter having the
minimum value.
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