‘1 Method for sinmultaneousl y locating and mapping via resilient non-I|inear
filtering. The invention is concerned with the detection._and
| ocation of objects and the mappi hg of zones, by nmeans of a detection

device. It is nore particularly concerned with the donmain

sonars and the mappi ng of seabeds. 5 1 Carrying out t "WM%,I"WF
zone of terrain consists mainly in pinpointing the geographical, gosition of
the prom nent el enents Iocatlﬁd O%AE t he ?ne considered, relief elenments or
fixed objects in artlcul ar. ‘b"ﬁqgr al | carrl ed out by neans
of detection syst 'fﬂﬂjﬁi‘@d“%ﬂp'i‘@ ‘é!ﬁ &g F‘d‘érﬂ%ﬁ‘ “9%‘h BeENYt he vehicie
traversing the ground of the zone conS|dered or overflying this zone, as
the case may be. In practice, the detection systemdetermnes the relative

position of the ﬂ{é;;nvgggg ‘?‘%Egﬁ&irﬁew mh%scﬂ)@te&nérpah&%aé%hcdfeo@é&sthe

absol ute position enent 1S et erm ne asgom ating the neasured
rel ative pRY themapeingnhef FOSEEi &Y, meangsal %@efﬁ%@!ﬂ ¥icg.nklt K%el’ﬂ%?e at the
i nstant  of éiﬂ&l@lﬁ?ly%n@éﬂ\édwm the dbﬁfauﬁmm@lt&ti@@twn@r@@ddbcnetrﬁ@pmagl gation
syst em of theax?eﬁﬁ Thus for exanple the mappi ng of an energed
zone of t S8 y be carried out using a radar system having sufficient
resolutson, this radar being nounted on an aircraft, a renotely controlled

ft | f
s Gepl oyed abora g banehe mmabaBYcorE Fonk) O frhaRScotae iy hrcral (|
posi ti on” afinpaioting therigeegrantlicatmosition cpfetaa@romlmeré ah@ragms‘alﬁ@meg P f or ned

by the rad@e, z¥hé C&br@nd’é‘eﬁhqefﬁ @Fe'rﬂc,ﬂ'\@oér' tixed %Jebl*éelrm%marcoﬁ%dered
with respect to the ai rc

I nformati o t the ahl al

DSt 1 on TRaphBCF aserally SArpagaut B T85Gs RbARIAEOnSy SIS P Rh Ot he ai d
of a systemOép@Bﬁnat@ceﬁeMMetyrw Verticie ettasdeing thbegmundr @fttheHeone t he
ol erent | corRIHEBY" ayPisaaRE Apl et By e bR poy B FALC I s e
measur enendeteptiarv sglﬁénbyletdnmlmmlﬁte tedativer pesities iof due prarvinent elens@Mewever ,
there exisyy t‘?'r'é%@@@tt \)@Pﬁnﬂé éribe ﬁ&ta%rsmue@}pdmi of *é%}c}:ﬂoélifeﬁé?ﬂ igf the
prom nent ol enen anno be carried out I'n | ¢l ent
pr eci si on.datermined by associating the measured relative posifion and the position,

15 assumed known, of the vehicle at the instant of detection and which is for

example determined by the navigation system of the vehicle. '

Thus for example the mapping of an emerged zone of terrain may be
carried out using a radar system having sufficient resolution, this radar being
mounted on an aircraft, a remotely controlled aircraft or eise an automatic

20 - system of Drone type. Hence the aircraft is deployed above the zone
considered and performs the determination of the position of each prominent
element by means of the measurements performed by the radar, which give
the relative position of the element considered with respect to the aircraft and
information about the geographical position of the aircraft, a position

25 generally determined with the aid of a system of GPS receiver type located
aboard the aircraft. Hence the position of the aircraft being known with
precision, the position of the element considered may be determined with
great precision, as long as the measurements provided by the radar have the
desired precision.

30- However, there exist circumstances where the determination of the
position of the prominent elements cannot be carried out in this way with
sufficient precision.
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‘2 Such is notably the case if the determ nation of the relative
position of the prom nent elenents with respect to the vehicle tasked with
carrying out the mapping is not carried out with the desired precision; .
because the neasurenents carried out bg the detection system do not have
the desired 5 precision for exanple. Such is also the case if the
geogr aphi cal position of the vehicle is knowmn with insufficient precision.
Such is for exanple the case if the vehicle is an aircraft which does not
have any GPS sySuemis Sotdbly theatase if hee datsemirigtiohaof the aeiative polsdionasfe t o be

mapped | s %dégftﬂﬁfn%ﬁ@' eléfH&'r%‘WhPFesﬁéggt%Tﬁ@ véﬂic{?&%k@& with E%@gi_ngﬁﬁti ed out

with the ali sonar system car ! an autononbus or ononous
under wat er tReeHn@PRINgwWisi BAL camiast opbwith|thejdesirad meegisionpdsicapss et h t he

ai d of the{d23uPsRbAY cafiedidift By Rk Rsteb®IMaystem o K®\WavEBRBesired
I naccessi ble tao a_vehicle being depl oyed under water. 15ln these last two

cases, thePRAYPHTXEXBAPISF the position of the vehicle at each instant of
i ts displacemenSuch isaalsd etle addsebly thepjesgraphiogl positiemtofoheal vetdelasis

i i al f | i.ch f ! ition,
nosuned t orievR it Ry ABGEdn. SRENEF Renddma® e 2Rbut BRI ikEren: of
the vehi cl & an@ircraibpbish daps Motshavei anGPEIYstems Suchlis etscdivedcase if,
reckoni ng- Reve,aRhhIeN tHESOHE H1Be d Is #eEBhTrGed, UrRfthivatdr&dnde TRRSI i on

of the vehicle at any instant. The neasurenents carried out wth the aid of
such neH¥hs MARPIRG &) them saried, opb wdthpthec aigk of gosensfesysierar ¢artied bhdhed i n

t hﬁ- course taﬁfortdmmsnb; hbﬁ:{&ﬂﬁérﬁfr}‘ﬁ)whhtdénﬂétet h@hi@léts, cw(m@? cﬁﬁggt bgﬁsilblfyt t he
vehicle w respec 0 its real, position. ma 5.absql ute

posi ti on oPe{q{B"’g‘? d{“ﬁ R8ﬁ#'°%l‘@ﬁéﬁp id %fgﬂ?eng%%% stq{xi é—g’g%rmﬁ?r ?'onn, a
preci si on Wweingh in & Kpowhimasnery éradcessibfa ti entehicle being Aepiwedr ursdérhe

mappi ng Ofvsﬁa@ lunderwater zone, the latter is generally carried out by neans
of an undef\water vehicl e, an underwater drone for 30 exanple, equipped with

a laterdl sonar Inaiesedasigwaeisisesethedrioeninaéion ohthe pogitomapedyehiole
proximty g0 Ehe, bﬁ‘\%’can"fh%fIO]EE§I HisPlacBRATHT KTetdfied’ BuPCHE! fhbntéHiinged out

eV ant ageaGOMYETHATEL MeaNse T iAl nea s 1R XM oW It COBBTRETGEOTBY t he
echo that istartied besitisnpassliyed kebe knoust with psécsion datetitie the reitive on t he
bed. Det ecti o RASSS IS GOMR! \itts RAYRY {StRabhGicy! arly
20 This so-called dead 'reckoning-na\'/igation technique makes it possible
to estimate the position of the vehicle at any instant. The measurements
carried out with the aid of such means are then generally less precise.
Moreover a drift is noted in the course of time of the determination of the
absolute position of the vehicle with respect to its real position. Ultimately the
25 absolute position of the prominent elements is estimated with lesser
precision, a precision which is sometimes even insufficient.

As regards the mapping of an underwater zone, the latter is generally

carried out by means of an underwater vehicle, an underwater drone for

30 example, equipped with a lateral sonar and being deployed above the zone

to be mapped, in proximity to the bed. The position measurements are
generally carried out by grazing insonification of the seabed.

This type of insonification advantageously makes it possible to chart a

prominent object not by the echo that it reflects but by the "acoustic” shadow

35 that it casts on the bed. Detection based on acoustic shadow is particularly



‘3 advant ageous for charting certain objects, certain stealthy underwater
mnes in particular, which hardly reflect, if at all, the sound wave
emtted by the sonar but which nonethel ess act as a screen and therefore
produce an acoustic shadow. It is recalled here that the acoustic shadow
cast by an 5 object can be defined her & by the bed zone for which the

obj ect considered constitutes a screen preventing its insonification.
Hence by inplenmenting any known appropriate processing, it is possible to
det er ni ne afearigaeous forotharting sedaist ¢hjestisademainastealtlyy angenvatereminasbj ect
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obj ect is inson |e 0s1 t'1 on vehi cl e
i's known aPOSSiDle {at a@lerminen the ecaripurs, of hiber QPQWNﬁe shasdion Gasbibyt lee obj ect

Wi th reSpepﬁorﬁﬁuehh%b}é%’[“\ﬁh@h c@rﬂ\@olﬁ@r}ﬁsﬁé’%@éxblé%?&téﬁﬁ:ﬂ Uhe mRdd on. can
ias due to the shift between the
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pos?/t i i ofNH Hea R éqg?lafg%%\?ta'ﬁ#'fﬁﬁg t9f CaMRe OrUéaa? Cdﬁﬁséftqat'on of the
gurt her nor bcatdae cztmm%tsl n b remEedmizaineg thasoohf ihed bbsrsn“loflathgoé&oehs

i rections C vehi.cl e above, this zone,
" Somer | nRRAEBR RS pBlects el BRI ibis des el Bnds 2 hldn 1 g
25 sever al lrtamreytomafm fmaanent directions. It then produces di stinct
acoustic shadowpioyiayeh 18 Wetdririatidh bl BkalBOGdPRr hobng fofme fhe same

obj ect, of several t ections havil n? er ent (g i ons, and
whi ch 1'8adtasis Felher agoustic shagpwothat iepragiticaanisi soragtimes difficuliang ineal

obj ;act : reaﬁy event épbﬂ@tﬁmmcﬁiiia;}\f eYid&an rp%f'mc%lﬂar{Mﬁﬁ@ﬁﬁgl@%ﬁﬁﬁéhlﬁ@btﬁiﬁ b%/ 30
i mpl ementin ate nmea soci at j.n e observations so as to
det er m ne aﬁ%gﬁg Eﬁﬁoq B‘C‘ﬁh'FBZBe E’hﬁ""‘géﬁ @?PQF‘?@ é?@ﬁ%n‘?‘éerh 'Eﬁ'a SPIHbs:
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out the pairing of the observa relatin ect.
Hence, 2Pheapsrluts pasitienagaropnlyde datarnywedarewmate@ wiibjeebiasafuentd thep| e

shift between the position of the acoustic shadow and that of the real object.
Furthermore, the zone to be mapped being insonified from various
directions, on account of the displacements of the vehicle above this zone, it
sometimes happens that one and the same prominent. object is insonified
25 several times in different directions. It then produces distinct acoustic
- shadows which give rise to the determination, for one and the same object, of
several detections having different estimated positions, and which ieads to
several observations being identified for a single real object.
Hence it is then necessary to refine the mapping carried out by
30 implementing appropriate means for associating the observations so as to
determine whether two localized characteristic elements do or do not
constitute one and the same element considered from different angles.
In the zones of low or mean density, the known solutions successfully
carry out the pairing of the observations relating to one and the same object.
35 Hence, the position of an object having formed the subject of multiple



"4 | ocations, these |ocations having been recognized as relating to this
sane object, can then be re-estimated with greater precision by techniques
for cal culating wei ghted averages. On the other hand, no particul ar benefit
is derived fromthis 5 readjustnent operation as regards t he ot her

prom nent objects which have forned thé subj ect of only a single detection.
The resulting mapping therefore nakes it possible only to fuse the
observations representi ng one and the sanme object, and thus to inprove the
preci si on iicafings.chesadecationss haviag deesn reseanizachps relgtiegtto this eae not
make it pogpjeet Ecdrd théFP'HéVPe-bQﬁm%é!p%thlaréﬁtéﬁ'p?’éélgloﬁf b%h@ci‘rrﬂ&é‘éé 4gr of the
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sonar det ecti on systemcarried by a vehicle belng depl oyed 30 above the
bed, an'®object bei ng detect ed by the observation of its acoustic shadow,

thi s observati oAngaiv g ﬂhtesmvtemubheiscrﬁ@tablyorb qfro éé & inbdatS ndliggtit oOr
cont act, whose stl mat ed 203| ti is initial t associ a@ed with the

obser vat i OROWI'P 1o 'Q‘\PéOY? Iae tpée?'F'OQn %ﬁl ﬁpP @'Pnt"g‘dfeﬂ’é( o2 80fed obj ect .
The et hod padcwralhwrgart thet later rwrmmedrmm@mrahestmrs vbap lundeswvateb vehicle A

{115t Phase GANSLILS U ,CROSHNGI 09 Bl [REh iR SnEEhBy WHEaRETS, Of the

observati ons he cour se ng constructed by

repr eseift i iﬁe@ééﬁn@b%red whendhersigtedtiareans jhe, datriminatinreolibel Rasitien of t hat of

the observgid grbrﬁm@nmsbre@rmeﬁrhélgoh@ear@ca%eﬁea Qﬂ@tbryeaetaxnﬁg ey a%u&fr&t | tious
-elastic lin Each new observation, is, a socrate wth a hode which is

connected f a%°‘1"§ et ths eeeesRIRgHFRY Py dheiattesi  uat ed on the seabed, by a
first fictitiousnethestdin dfi this. invehtornde Irrﬁrtlthé&@ﬂlrﬁrﬁfé oMthe wdegarst i ng

oo O, bRkl erb: 1Py o o 1 B

obser va#si onbjesteardibndhe determination of the absolute position of the vehicle.

For this purpose the subject of the invention is a method for estimation
and dynamic correction of the absolute position of objects observed on the
seabed by a sonar detection system carried by a vehicle being deployed

30 above the bed, an object being detected by the observation of its acoustic
shadow, this observation giving rise to the creation of a fictitious object, or
contact, whose estimated position is initially that associated with the
observation which gave rise to it and which represents the detected object.
The method according to the invention comprises two phases.



10 the observation considered in tinme. A node associated with a new
observation is noreover tied by another fictitious elastic link to the node
associated with the contact corresponding to this new observation, a node
whose position is that of the observatjon site. The elasti.c |links thus.
~established have initial |engths such ? hat having regard to the positions

of the 15 various nodes they do not exert any tension on the nodes to which
t hey are connect ed. A second phase consists, when two observations
are consi der ed A firstephase sansiste imsanstrectinge fistifieds mash ouhe fasiscele

observat i ofg @bséﬁ/%%hét Bﬁohﬁég‘sm thed SUPEE € of OffhBCT theMAESH pBéi‘nb' on is

dependent on the use ervations., The fusion is manifestéd at the
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this object; %QBQV\@%%%CB[FS'%% mﬂ?lﬁeﬂ?ﬁ 1o0¢ %rekﬁ%nvﬁ[ﬂ) %'ﬁjdett?t havi ng
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According TO a pa ar fo atjzocorf ing to
t he |n\2@nttwml-t$@ wtwrﬁoﬁbeén@ﬁnawﬁ@wﬁeféed @éme &yebat tf‘@fﬂﬁ@ﬁhttﬁ’e second

phase, congd fp‘F;%dlﬁ@tHé“n(B@é@é%Hc"i’éthgvﬁmﬁleeédrﬁtﬁ%%n%ﬁbhdm@ lﬁlfuaﬂygﬁ) ¢ehicle on

t he basis at e stimations Q ositions o
obser vat i o‘a%servat'ons bA@c%Pahen@OCS%aaS%?ﬁﬂdow'ti?ﬁB@ é‘ﬁ@h?%ﬂt?%%émeﬁhg hifet hod
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.25 observation to the node associated with its contact. The introduction of this
common node into the mesh induces on the nodes associated with the fused
observations tensions which are transmitted to the other nodes of the mesh
by the diverse fictitious elastic links and which are resolved by a modification |
of the positions of the nodes constituting the mesh. The modified position of
30 each node is assigned to the observation or to the contact associated with
the node considered. ,

According to the invention, the first phase is implemented throughout
the duration of the seabed analysis operation, while the second phase is
implemented each time that the fusion of two observations is decided.

35



".1 KO =2 a si corresponding to the uncertainty in the

measur ement of the position 25 of the observation i. According to a
formof inplenmentation of the nethod according to the invention, the
fictitious elastic link tying a node i .corresponding to a new observation
to the node of the nesh corresponding Bo an earlier observation j 30 is a

| ink whose length is determned by the positions of the nodes at the nonent
of the establishnment of the link in such a way that the node corresponding
to the new obséierardiog trsa fugn of m@@m@}tatlmp}lm metherkaggarding t© techori ng
poi nt (42)ingektidrNavh&RSpdrtitiial BbTePRAtich ¥ lconBidePdd @8 Sctfedpdndnirien |

consi dered, .and whose stiffnes L is defined th | at i A
(1, .1) zzotéﬁq:whj)se regl position ISS nown, a varpant o?%he s%ccr)‘r?d as%elp? ?sscarrled

out consisting in modifying the position of the node associated with the

5 contact corresponding to this observation in such a way that it definitively

occupies the position of this object; the association of an observation and of

a known object having the same effects on the mesh and therefore, on the

.positions of the other observations and contacts, as the fusing of two
observations.

.1 KL

10
‘According to a particular form of implementation, the method
according to the invention comprises a complementary phase, carried out
after the second phase, consisting in recaiculating the estimated position of
the vehicle on the basis of the updated estimations of the positions of the
15 observations.

According to a form of implementation of the method according to the
invention, the fictitious elastic link tying a node i corresponding to a new
observation to its ground inking point is a link of zero initial length, whose

20 stiffness ka is defined by the relation:

Ka )= —

2
G

s; corresponding to the uncertainty in the measurement of the position
25 of the observation i. ' '

Accdrding to a form of implementation of the method according to the
invention, the fictitious elastic link tying a node i corresponding to a new
observation to the node of the mesh corresponding to an eariier observation j

30 is a link whose length is determined by the positions of the nodes at the
moment of the establishment of the link in such a way that the node
correspondihg to the new observation is positioned vertically in line with its
anchoring point (42) and that the link does not exert any stress on the nodes
considered, and whose stiffness k_ is defined by the relations:



"si and sj corresponding respectively to the uncertainties in the 5
measurenents of the positions of the observations i and j. Accor di ng
to a formof inplenmentation of the nmethod according to the invention, the
fictitious elastic link tying a node i corresponding to a new observation
to the node corresponding to its contaét is a link of zero initial |ength,

whose stiffness kc is defined by the relation: Kc(i,k)= 12 61 : Si
corresponding to the uncertainty in the nmeasurenent of the position 15 of
t he observation i. According to a formof inplenentation of the

met hod accordi (r)llg to the invention, ghe—prppagati on of the stresses inposed
by fusions of s@rJ%ﬁtT’"gjn@nQei fig Trgfli fe8ted by a nodification of the

posi tions of the vari &is nodes 20 constituting the mesh, a vector Pl of the
initial positions of the various nodes is defined, whose size varies in the
~course of tinme as new observations are perfornmed and whose conponents form
a list of N corfpopedts; admespondingNabspedivebndat the einoertaigties irhdhaodes

associated with observations .and t | ast N-Nobs. components relating to the
rodee b dnPardstiRR LEbie Ate B0t b e A tarka A R - aepondi ng (o The
position occupi ed by a node upon its introduction into the nesh, and a
vector PC of 't Ne-Rbingabeldfsbf ImBRnRinthitsh YRHIHRIRRASSHERR!b!HEI N0 the
mesh at a given instaft whose size varies in the course of ti as new
obser vat i dRventian, gapf intitieds splastie linkstvines at arde j| preespeRdingel®t 8r N®E bei ng
defQiO nted orbdsléevéii&ﬁmq tHe hbéevcﬁﬁﬁéﬁpoﬂﬁiﬁ@’ﬁ] ite o%ihttécﬁlié ]gaf\fltnﬂg of Q%@i inlcmﬁl g’Cl = Pl
+ Qop n i Cl represents e .vector o e opti mal noda

di spl a?:Qenéﬂ?gtheéﬁ’mSSfS?%%ngJﬁt@%ﬁ%"ff{]gy(t,l'(‘)‘? Felefidhds to the correction term
to be applied to the correspondi ng conponent of the vector of the initial
.positions Pl so as to determ ne the correspondi ng conponent of the vector
of the correcteﬁcQJﬁdﬁfﬁions; each conmponent of the vector Qopt being
dependent on the confifuration of the global nesh at the instant considered
and the characteristics of the fictitious elastic |links connecting the

nodes t oget her. According to this formof inplenmentation of the
met hod accor di nyj QF eppondiag; tavBaUNsertainiy i the meaéwr%@wt&étth%ps%aal
di spl agemaiftiee @dRErvERYnhe defined by the following relation: Qopt = [M 15in

which Mand C represent two square matrices whose di nensi ons

According to a form of implementation of the method according to the
invention, the propagation of the stresses imposed by fusions of observations
being manifested by a modification of the positions of the various nodes
20 constituting the mesh, a vector Pl of the initial positions of the various nodes
is defined, whose size varies in the course of time as new observations are
performed and whose components form a list of N components, the first Nops
components relating to the nodes associated with observations and the last
N-Nops components relating to the nodes associated with contacts, each
25 component corresponding to the position occupied by a node upon its
introduction into the mesh, and a vector PC of the corrected positions of the
various nodes constituting the mesh at a given instant whose size varies in
the course of time as new observations are performed and as fusions take
place, the vector PC being defined on the basis of the vector Pl by the

30 following relation:

PC = Pl + Qopt



“are equal

20- a first phase during which the values of the elenents (i,

to the nunber of nodes of the nesh at the instant considered,
these matrices being previously initialized to zero; t he
establishment of the matrix Mbeing carried out gradually in two phases:

on the diagonal of the matrix, an el enént of the di agonal characteri zing

the link of each node associated with an observation i
are calculated on the basis of the following relation: 25Mi, = MI,

to its anchorage,

)+

KA(i ) wi t hKA(i ) I8 wiigh Qop represemssbeaadtopnaym dptimagnedal displaeeroantse of
each el emegdcH bf whos€lcohibo Hgntté 'corre %)etrhbzéd?'ﬂecﬁ‘loh t8#m 8 'b%té jeget ween

t he nodes of an observatlon I
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pOSItTons eagh component of the vector Qqp: being dependent on the
configuration of the global mesh at the instant considered and the
characteristics of the fictitious elastic links connecting the nodes together.

According to this form of implementation of the method according to
the invention, the vector of the optimal nodal displacements Qg may be
defined by the following relation:

Qopt = - [M + CTCPI,

in which M and C represent two square matrices whose dimensions
are equal to the number of nodes of the mesh at the instant considered,
these matrices being previously initialized to zero;

the establishment of the matrix M being carried out gradually in two
phases:

- a first phase during which the values of the elements (i, i) situated on
the diagonal of the matrix, an element of the diagonal characterizing the link
of each node associated with an observation i to its anchorage are
calculated on the basis of the following relatlon

MC(i, i) = M(l, 1)+ ka(i) with  Ka(i) = 1/s2

- a second phase during which the value of each element (i, j) of the
matrix, characterizing a link existing between the nodes of an observation i
and of an observation j, is calculated on the basis of the following relations:

MU, 1) = MG, 1) + ke, J),
MG, 1) = MG, J) + kG, )

and
M(i, j) = M(i, j) - kaJ)

i) situated

servation |, Is calculated on the

D_



"the establishment of the matrix C being carried out gradually in two
phases: - a first phase during which the value of each element (i, k) of
the matrix, characterizing a link existing between the node associated with
an 10 observation i and that associateg with a contact k, is calculated on
the basis of the follow ng rel ations: i, i) =C(i, i) + ke(i, k)

15C( Nobs+k, Nobs+k) = C(Nobs+k, Nobs+k) + kc(i, k) C(i, Nobs+k) = C(i, Nobs
+k) - kec(i, k) C(Nobs+k, i) = C(Nobs +k, i) - kc(i, k) 20 withKe(i, k) =1
I's i2 \Were Nobs represents the nunber of observations carried out. 25The
subj ect of the invenM(@n)+dM(j,nki kiginf)al |y a method of non-real-tinme nmapping
of a seabed zone this mapping being carried out on the basis of the
positions of objects observed by a sonar/_dg_e.cj_i on systemduring an
operation of obwithvi Kg(itjhe Wegzrd zm.e=gmjls+d>g?ed during which the sonar
measures the position of the detect ed obj ects, characterized in that it 30
i mpl enefts the nethod as clainmed in any one of claims 1 to 3 on the stored

observat i ons, 1 i BeiblsAABNOb e 1ORART(IAIdINA SalUiF LRGP haRE N

used to fiIL in the map of the zone consi dered.
phases: :
- a first phase during which the value of each element (i, k) of the
matrix, characterizing a link existing between the node associated with an
10 observation i and that associated with a contact k, is calculated on the basis
of the following relations:
C(, i) = C(i, i) + ke(i, k)
15 C(Nobs"'k, Nobs+k) = C(Nobs"'k, Nobs'*'k) + kC(i, k)
C(i, Nobs"'k) = C(L Nobs +k) - kc(i, k)

C(Naps*k, 1) = C(Nops +k, 1) - ke(i, k)

20 _
with  Ke(i, k) = 1/s2
Where Nobs represents the number of observations carried out.
25 The subject of the inventioh is incidentally a method of non-real-time

mapping of a seabed zone this mapping being carried out on the basis of the
positions of objects observed by a sonar detection system during an
operation of observing the seabed zone considered during which the sonar
measures the position of the detected objects, characterized in that it

30 implements the method as claimed in any one of claims 1 to 3 on the stored
observations, the positions of the observations thus recalculated being used
to fill in the map of the zone considered.

Advantageously the method according to the invention makes it
35 possible to exploit the improvement of the estimation of the position of certain



"obj ects observed several tines by fusions of the observations, considered
to relate to one and the sane object, so as to automatically inprove the
position estimation for the set of objects observed. Still advantageously,
it makes it possible to inprove the esjgmation of the absolute position of
the vehicle that 5 perforns these observations by readjustnent effect.

The characteristics and advantages of the invention will be better

[ j f . i pti whj ¢ch follows, which description
2brs Tort hopfbts’bbietFed oebffey SERE, b hudihs LS. ciasvalins Caaeras fo
nonl i ni ti nipla® exenmpaed theisamieaibjest, suppdo atbrbgtidaily impredie fostivres,
whi ch 11 Quegimbfidl 98€He sefbflbcls obBSaANSHR'ddahtddkRLGR! iORhaREs
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i1l ustrati perfofres eddenebseri@ats! bebadfistinenpbfféde 111 ustration of Figure 1;
- Figure 3, a basic flowhart of the method according to the invention;

Figure 4, an illustration of the principte of constructing the fi __ctiti ous
20 network of elhstclarbtikisties coddiadgatiagebeofi theemivedtion will be bEfigures 5

d 6, ill | i erat | rinciple of the nethod
:(r:]cordi Ing ?%br{eﬁ?t?ﬁ? L\ﬁél'tgénl;dﬁ?rr‘]é t(a ﬁé%&%e‘é’ﬁéchpg Icli_(g\g%’r\f"b'f%oqﬁs’.cf'ﬁ Orl’@? od
accor di ng fasth fee iinventiarothrogghsa d@'ﬂcﬁllbécﬁrif\bodlmnaﬂpkérmfas oontimitany .

dor . ; : ; pon y an
inder wat or CranpieananGhTH & SUbbIET by i Soppndfd auts ARG bR,
desired t o"SRBSe™thi s particul ar application is, of course, not linmiting of

the field and scope of the invention. Any . application of the nethod

according to thegi nyention to a .context. of ing.or pinpointing 30 of
posi tions nat ur aﬂ%lyéﬂt g}essqq?én?tfce'ﬂﬁset@t'o&ﬁg?) tigp Olt? RRIP@AZONEI gure 1
presents aoktieeseabad by laueehiclei equipped withsz eetadtionafystermazmgia Iaiessli on
carriedsougoyr- @ vehicle. The object of such a mission is generally to
chart and to locate as precisely as possible diverse obj ects lying On the
35 seabed. The vdjigdies gf anntilsstationr grepandinge gemaagnified adetaiay thiej ect s
whi ch illustration of Figure 1;

- Figure 3, a basic flowchart of the method according to the invention:

- Figure 4, an illustration of the principle of constructing the fictitious

20 network of elastic links according to the invention;
- Figures 5 and 6, illustrations relating to the operating principle of the
method according to the invention:;

In the subsequent description, the method according to the invention is
25 described in its application to an underwater mappihg operation with the aid
of a sonar system carried by an underwater vehicle in motion above the zone
of the seabed that it is desired to map. This particular application is, of
course, not limiting of the field and scope of the invention. Any application of
the method according to the invention to a context of mapping or pinpointing

30 of positions naturally enters the field of protection of the patent.

Figure 1 presents a schematic illustration of the scenario of a ‘mapping
mission carried out by a vehicle. The object of such a mission is generally to
chart and to locate as precisely as possible diverse objects lying on the

35 seabed. The objects of interest are here generally stationary objects which



"11 may equally well consist of wecks, relief elements (boul ders) or else
manuf act ured objects |lying on the bed or partially buried. To | ocate the
objects present in a zone 11 to be observed, use is generally nade of an
underwat er vehicle 12 equi pped with dejgction neans, a lateral sonar for 5
exanple, that is nmade to nove above the zone 11 along a transit 13. The
shape and the duration of the transit is mainly dependent on the
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which estimtion LS aL nor e gncer taln ext ensi ve

shadow. Thi@nsis dgyma '”Qs't 88§§H{9a§%69§yt%t0®§€\rﬁt@lﬁ‘ﬁe‘éftthﬁr%%ﬁ?ﬂd fram he zone
11 for m t heiffondnte perspbctivsee r Bhud ke éﬂﬂlm@ssalﬁéﬁbgjéc?eﬂ BYeddift @l fs 15
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vari ous estheraainertgansitrariiedhecousspaf titeesycomssivhdrdrasits performed by the
15 underwater vehicle carrying the detection system.

As stated previously the mapping of an underwater zone is generally
carried out on the basis of the observations of the acoustic shadows of the
objects 14 detected on the bed. Now, the observation and the analysis of the
shadow 17, 18 cast by an object makes it possible to perform only a simple

20 estimation of the real position of the objéect, which estimation is all the more
uncertain the more extensive the cast shadow. This is why it is advantageous
that each object present in the zone 11 form the subject of several
observations, symbolized by the arrows 15 and 16, from preferably different
angles. In this way, as illustrated by the detailed illustration of Figure 2, the

25 joint utilization of the various estimations carried out separately on the basis
of each of the observations 15, 16 and symbolized by the crosses 21 and 22
in the figure, makes it possible to carry out an estimation of the position of a
common contact associated with the two observations 15 and 16, and
symbolized by the star 23, the position of this contact being closer to the real

30 position of the object, which position is symbolized by the cross 24. It is
recalled here that according to the invention in contradistinction to an
‘observation which is actually real, a contact is a fictitious object characterized
by a position and an uncertainty in this position, the position of the contact at
a given instant is presumed to represent an estimation for this instant of the

35 position of an object for which observations have been carried out. In this



~of each-of the observations 15, 16 and symbolized by the crosses 21 and 22
in the figure, nakes it possible to carry out an estimation of the position
of a common contact associated with the two observations 15 and 16, and

- synbolized by the star 23, the positiqge of this contact being closer to the
real 30 position of the object, which position is synbolized by the Cross
24. It is recalled here that according to the invention in

contradi stj, gé%étogc&ﬁ Ot?%eir X{ghtlétpa%tfs@rvagtlcﬁpﬁuﬁl/s)aﬁ/s rRbciated@fthact is a
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for which observations have been carrie 2 respect
accor di ng 'fsopftfﬂ"éori ipiBAt PBWea{?Pﬁ%‘é%WdPl%‘r?srgnal ways associated with a
contactg a contact p055| bly being for |ts part associated wth several

observati ons. nce tact d

ts posi t1on i & B SoreERBtoBsw R aATER GOLE By Bctorihg 18 HREC YS! O
presents ainbarstian. fﬂtmmxtb]acttofdhlstmethmdtlhwcatry@udftwg nné_ijntflhrecthm%nt ion. The
obj ect of thi Ss'f‘t’?é apd fhﬁcttlcfh %Bﬁ§|¥ts°fr'|t f&rmlétm il 4"&dritPRdus manner, Hie first

functi on consi I'n fornu ont I ndous nmnner, as tne

obser vat i ofhe @S@T‘é%tmseafediﬁmeéoﬁtcﬁf'@ﬁ'tm @lpgtis MesheaaNsItiNGi ANMPSof nodes
10 connected together by a network of fictitious elastic ties. Each node

represents, for the mesh, an observation relating to a detected object, an
observation whose position represents an estimation of the position of the
object from which this observation originates. The construction of this
fictitious mesh is carried out by the successive tetherings to the already
15 existing mesh of nodes corresponding to the appearance in the course of
time of new observations. According to the invention, a new node is hitched
to the existing mesh by way of fictitious elastic ties these ties connecting the
new node to the nodes most recently hitched to the mesh. These fictitious
elastic ties have nominal lengths such that the tethering of a new node,
20 representing a new observation, does not impose any constraint in terms of
position at the nodes of the existing mesh. Each addition of an observation is
manifested moreover by the ‘addition of a further fictitious node
corresponding to the contact and of an elastic link between the node
representing the observation and that representing the contact.
25 The second function consists, when two given observations may be
' associated with one and the same object, in manifesting this association by
the fusing of the associated contacts and by aséociating the two observations
with one and the same contact. This fusion is manifested by the tethering of
each of the two nodes to the node corresponding to the single contact.
30 Hence the tethering being carried out by means of the elastic links initially
connecting the node corresponding to each observation to the node
corresponding to its contact, its effect is to cause the nodes corresponding to
the two observations concerned to come closer together and, by a
phenomenon of stress propagation, a modification of the positions of the
35 nodes of the elastic network as a whole, in causing a modification of the



" 10 connect ed together by a network of fictitious elastic ties. Each node
represents, for the nmesh, an observation relating to a detected object, an
observati on whose position represents an-estinmation of the position of the
obj ect fromwhich this observation origi nates. The construction of this
fictitious mesh is carried out by the successive tetherings to the already
15 existing nesh of nodes corresponding to the appearance in the course of
ti me of new obser | on ordl | ntion,. a nod hi t ched
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causi N9s2 5@\% Fijsg%itﬂg 8kgse§rt)§tior%33re modified and benefit from the increase in
precision assisting the determination of the positions of the fused
observations. The estimation of the position of the corresponding object is
thus advantageously utilized.

t he

20 For this purpose the method according to the invention comprises two
main steps 31 and 32, as illustrated by Figure 3. Figure 4 more particularly
illustrates the functioning of the first step 31, while Figures 5 and 6 illustrate
the functioning of the second step 32. Figure 5 presents a schematic view,
from above, making it possible to understand the consequences engendered

25 by the 'fusing of two observations. Figure 6 presents a partial view of the
same situation in a plane A-A.

The first step 31 consists, for each new object observation carried out,

in ensuring the tethering of a node corresponding to said observation to the

30 network of existing fictitious elastic ties. As illustrated by Figure 4, the
tethering of a node 41 to the already constructed mesh is carried out by
means of fictitious elastic ties, 46, 47, of given stiffnesses whose lengths are
such that installing them does not cause tHe appearance of any tension in the
already existing network, the fictitious elastic network being in an equilibrium

35 position. The addition of an observation is also manifested by the addition of



"positions of the other nodes of the nesh. Thus, the position of the nodes
of the nmesh being nodified, it is possible to assign to each observation
associated with a node of the nesh, a corrected position corresponding to
the position taken by the correspondlng node. 5Thus, the com ng cl oser

t oget her of the nodes corresponding to the f usi ng of two observations nakes
it possible to associate with the obJect frontmhlch the two observations
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20 which is manifested by a global modification of the positions of the nodes of
the mesh corresponding to the other observations. The perturbation created
thus leads to the installing of a new equilibrium state of the elastic mesh
which is itself manifested by the displacement of certain nodes and the
modification of their positions.
25
As stated previously, the observations performed by the vehicle are
associated with fictitious nodes anchored on the seabed and connected
together in tandem with their construction 47, 46. In practice as illustrated by
Figure 4, each new observation 41, that is to say each new node, is firstly
30 anchored to the ground at a fictitious anchoring point 42 by way of a fictitious
elastic link 43, of zero length and given stiffness ka. This inking point
occupies a fixed and invariant position. It is for example positioned on the
ground, vertically in line with the estimated initial position of the new
observation. .
35 This new node 41 is also chained with a certain number of nodes of



"14 a fictitious ground anchorage 42 and of a fictitious Iink 43 between
this anchorage and the node 41 corresponding to the observation. Finally
the addition of an observation is also nanifested by the addition of a
further fictitious node 48 correspondi to the contact associated with the
observation and of a fictitious link, not visible in Figure 4, between the
node 41 representing t he observation and the node 48 representing the
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initial |t ydneepteﬁtme leggtHs?mndoys?&b{ Qwénﬁs%ﬁh?aéé‘@kmﬂﬁ& 511 and 52%1 4 5o
associated w it ont.ac i cayse an

of the two obse’br“%/gb?fj'f)ﬁ tﬁedﬁﬁ%”tt%i'é‘? T‘?’@Z’(ﬁ ﬂgﬂ‘,e @rﬂﬁssi% ﬁ gt&%}”P&Qt ed by
t he appearthecrodsf assoniatedswitiitios qhxsepmyanefwviandithetrimeleelmbcnterbsmth The
resol ugp O”th%fpre{?l%ﬁg &b‘%@ﬁ}aﬁl&ﬁ s! #2474 48 é”re”t?é’?‘npe@ﬁ%)} fr%fa.E@n%g ‘é’@gggtﬂngf t he

mani f est ed catron of the

mesh corr é&‘ﬁdﬂ'&?ﬁ%‘)ﬁ'ﬂpﬁ%@f herrhsasyaiiansA 1, (Msanqﬁé syeh thatihe nededleist ed t hus
l eads to tﬂmmmﬁdabémean;oin ﬂnéﬂmﬂ?%'éndhbhh@ﬁdﬁﬁ@%fndtt'ﬁgt tHafhks 48BSh
which is I%?fF ? mani f est ed % t he di SR’: aceérenﬁ certgl n nodes and the
modi fi cat i YIF Bf dPHAAa5SEIE ARy stressto the no Et‘%ﬁ digAdogether he

obser vat i ons pdt sboukldbbyndtbe thehtid &eragtie cﬁstbecar&ﬂednwltnlk 43 cloekimats nodes
anchor e ﬁ%ﬁ C e t r.

constr uctl on§/%‘;]y gﬁaﬁwgcﬁ%e%eeﬂq %8{1 Igi{ta'lisn% '@?gmﬂm’%}‘ e?j}q Rew

obser vat | Jiepaasentehin thiee dlmaysleaslmnlyem faoilitate iits répresehtati®d. anchored to the

ground at a flctltlous anchorlng point 42 by way of a fictitious elastic

link 43, of zero gt% given stiffness kA. This_ inking Rm nt occupi es
a fixed and i nx)éﬁ %‘ﬁ' 59 |bﬁ Boted that, dn g cerigxpoé thoivenderadhefusine gr ound,

vgr ticall yofi thgql_t:]&rWﬂdhstlbatoﬁitldeﬁ@d ﬁlﬁbe Nhé rédulPersa FrdUESQfof ttaaeocnenbn f
opserv 1 S, Qew noade | S SO e ertal er o
nodes é q“é’%'ﬂ%g ndsthe QRReTHatiRns P8 ?crﬁ‘f%&‘ fseﬁ?ré‘g‘@i?‘fﬁbpﬁﬁgép\’)’gpl ons 44

and 45 whitbk methpat abtoyrdmgacb@dbetnheenrtmm oltserpaating prodesst tite shjectnagfnner t he
e ot LPREA 1A il BE SR BROBRERUAL A (' bl DAL hel® nodes

associated wth t 1 ons I'ch preced
observat i JRa¥3r Maytme esrsegnand tch@nehendnth@ Slaﬁle:@bJQCédlSdmt Qﬁswbﬁdectl ng

the nodes h”éretéhd heayBd agndthtARe &%ﬁ‘y csthewoee%own ﬁléﬂ% gé@méfi and 47

respective |l engths 12 and 13 glven stif nesses
Accordgfng g AFGRFEING; tonthe; H\é’ef‘ﬁ?@t‘%sa%f”Q'cFﬂieqjlbrYkE‘QH@ §n63%l7m§€tt@/een t he

node assodieindcrmvéd fegdralpbsmewatsio@.mf4womemuon@des associated with
' When such an item of information is transmitted, the method according
to the invention performs, in the course of step 32, a fusion of the two
contacts initially associated with the observations, into a single contact. The
30 node 56 associated with this single contact is then tied to the nodes 51 and
52, associated with the two fused observations, by means of the fictitious
elastic links 53 and 54, of stiffness ks and ks which initially (before fusion)
connected each observation to its contact.
The consequence of the fusion is the modification of the positions of
35 the nodes 51 and 52 which are ultimately located at two new positions. The



~ 10 the previous observations 44 and 45 are defined by the distances
separating the initial positions of the observations 41, 44 and 45 such
~that the node 41 is positioned vertically inline with its anchoring point
42 and that the links 46 and 47 do not éransnlt any stress to the nodes 41,
44 and 45 tied together. It should be noted that the length of the
anchoring link 43 does not 15 play any particular role here: the invention
entails a horizontal plane i rese ann t hr e di mrensions only to

p and isg, re
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consi dets Sapdr he SRReIoribhs sﬁg%ésomﬂﬁéhe afd §3rB6Gn HIE NI 1lls MY not

correspond to, one and the_sane obj| ect | S Ot escri her e and may

undertaken'er%dsaﬁ'fl tae HgHiR ﬁ'é'st(ﬁtﬁﬁn aratdebel medifisatiomef e pesitions atther ding to
t he invent vafouss noaaslmdheahesh by rbgificgtich syfmbenEst wqa the arfdws ¥din

regularly fus bser vali Qns. ch an.item of
i nformat i oﬁ UH'Q'?Sr a%smqgtvg%y 'tt e ?r%ﬁ"ﬁ'gd 0, 888198 9y epgh etp'P n?%ﬁﬁr?’%'i’f’ M5er f or ms,
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~with this singl'e con nodes 00|ated
with the tﬁBteF%@i'O@tﬁféh@@PiStmﬁ ,of iige ﬁbmé cerresmndm@m thls)gbsenvahcpmc | i nks

53 and 54, of SAGESRIARS td-lth@nAvésionhited rhaumbahéryS bb%@rp%sftkb%bo&) trféonneCt ed

each observation tg its consequenc f usi on
i s the nod/P(Ut PB&e%fs‘{tﬁquSEE fo hedngialling ‘Pfh@” ﬁgéig@”gtlj "Qhee@ée% are
ul ti mat el ynbdesitasdoaiatddvavithe tw daséd miservdtivbns] @ofiespbad aeAtretfffNRY cat ed

by the arr (o] h e cort es ondl to the fused
obser vat% i ogéﬁ'flgﬁ%rtn éﬁgﬁgng&[tﬁgg é%é %w'ﬁggﬁepe}ﬂ%le% ek} quBﬁrg‘rﬁ? el

speci fic tdeaactated in frdgurad biydbe waitcbrfrorarttie ahssh mpremteedxytdanhmﬂf t he
net wor k of ol ot T eries of
el astic st Pi%fgzkﬁﬁﬁgtﬁg%ﬁgb et%t rorﬁa%\’ﬁ"rﬁ&e%@ﬁ%da:ff ” %@ o8 Egﬁi? e figure

i 11 ustrat e8ftek fysiPrgl obal nodification of the positions of the various nodes
of the rresh a nodi fication synbolized by the arrows 55 in Figure 5. In

this ossi bl a each of t he obseryvati ons, correspondi ng
to the arl ous 0d&8 ge.téqr] t(ﬁ %6 #ﬁe E $55%tiaNsn 151 he&iPes pondi ng

to readj usavaifablewhdse pd)smorvaheoe bdetmaauiosnatu:aslyynbduﬁed riefaoeeedance
det er m nat Wﬂﬂ tRE thO&isi Bé’t?drg 8\“th% (%%?on%bbme e @ééﬁe E(Er @%fiquv? Efrpzthgf the

observatio € ' nven
posi ti ons fb@t'thhlé m&shoabenal@ﬂmgsgfbmdehtlowso eﬂmml meshladvagtageocasly
addi ti onal hhé nke bedmesr rahe fgaqiec%r@,éaeéh@é ed# Gl vppg%d‘huesge%%ﬁve“ ons,

correspond tgﬂa return to 15 I|br|un1o tious elastic nmesh.
| ubPeREfito

This evs fn em@UiREBAlG §‘ r%r é‘HPetBel‘%?rlSPSH?@w\? olythefesion afdwor r om t he
mesh represmfredbbefvdﬁéﬂi@dThweét EJachsweéueanhereoémém o) daent 3¢ fRsh
represent egbé3 clnrlxsdlsl Moa In(Ssl}C tae v@e];);[ ﬁ1 t tHe |ncr)ease in precision that is

normally obtained in the estimation of the position of an object when it is

possible to associate it with two observations, also benefits, to a lesser extent

30 however, from the determination of the estimated position of the objects from

~ which the other observations originate and on the basis of which the fictitious

mesh is constructed. Hence the estimated position of each of the objects is
thereby refined.

35 The subsequent description is concerned with the way in which the



~ 200n conpletion of step 32, a series of observations is therefore avail able
whose positions have been automatically nodified in accordance with the

nodi fications of the positions of the nodes corresponding within the
fictitious mesh. The installing of thigyfictitious elastic nesh

advant ageously has the concrete and real consequence of allow ng each
observation to 25 benefit, in an automatic manner, fromthe consequences of

t he fusion . r.yat| h .each i t sjtion of
cach of ¢ nEoSrr/obRSlie RS Aetlned it M RED oS e SRRl
preci si on evelutios imtheredurge e timenand witht the testponeftfiisionefof theep@diphson of an
obj ect wheffnjct mk } ; i i 1 i ~al so
benof i t 5, 1heAmpELROESIIOP IASIAS By bt e g afaR ot B Ao, R
esti mated Bbdhe; ebsesvations @sseeiated MitH e chesReoeUiein Ghsensat Woieh

origi natse mRcroRBstie prsisio®fofheC Bstimatibh Cifl tHeOubjets kol spongihfuet ed.
Hence the gstimated positjon of eafc@ of the obj ec%s IISf t hereby refined. 17
net wor k of "EISEH S@W‘ﬁ%' H?nﬁgttgﬁl P %'Hgam)g'o\ﬂftaﬁe IRy ameliz@d ch govern its
evolution in the course of time and with the tenpo of fusions of

b ti . Th g@%ﬁ,' .C t i ; i fications
gfs'ﬂ]\éap:)gintsi oni}h%f t e_égg)ge?@%t éfg%ée%%r{sé;g?gﬁgﬁﬁwt@ﬁ '%E@tarqgés]ﬁeop ral in :a
sense whi ctemBPenahpUGeessiaeohekesrvalinnsod: whicheearresmongriodhetdadedigneet s

cor r espendpp@ct by 1rEsn 98BS kYA hi) ticfﬁévéeﬁor; Q@&iﬁth oy és&lanﬁ‘ﬂ%i ons are

firstly formali Fed: _ Thg observation o gl ven zone of the seabed is
mani f est ed by alit BIASHFS] ek 0bsevaHoBOLEYERIPATISHE ® ShaRPWHPTEsEREEhond t o
the det ect trensofarl inagg eridsis tyarae@nizedf by ahhigitalitposhioncPied eotreoted

al gorithm &ﬁri iﬁxgﬂ%'n%' bositi | n RLa tice, each observation O corresponds
to a shado ?)F d P PRY '%%HQFeiﬂ'ﬂgYemand is characterized by an initial
position Pi, a ¢ber pesitdn pasidriaimtyCo; dad the pobservativrun@ercaaiiet youti is The
posi ti u AV dhirRos&r j G j nsequent
on theqtr%ncg§ltﬁ!%€:kﬁ’tem o?nGég_% g@tl on"@? agff Mt ecmsg?/g?' e(?n g{r?ldgg%t%ﬁednﬁn%gr i %i nty of
posi t i oni ngneritaigly efhrosilieningey 6f theeHNdevatghrehigls. Thedmoaunrartaintiase

~ consi der edgtdchesidirdans biciRbiependdiitisol that # iPESSHibib 8o Wity ite: G 2[1] 20

A contact Ti is noreover defined as an entity representing a real object

| ying on the bed: By re a contact is defined only if it is associated
with at |east owe=qbgeryati on which demarcates the fact that an[thject has
been detected. Conversely, an observation is always associated with a

cont act?® A '

A contact T; is moreover defined as an entity representing a real object
lying on the bed. By nature a contact is defined only if it is associated with at
least one observation which demarcates the fact that an object has been
detected. Convefsely, an observation is always associated with a contact. A

25 contact is characterized by an estimated position TE; (resulting from a
‘calculation) and an estimated uncertainty cT;. A contact does not have any
initial position, on account of the mesh, automatically occupies the position of
the observation with which it is associated. Furthermore apart from the cases
where two observations fuse, the contact is akin, from a geographical point of

30 view, to the observation with which it is associated. An observation is
moreover tied to a contact by a fictitious link of zero length.

The fictitious network of elastic ties, or global mesh, establishes links
between the observations, or more exactly between the nodes corresponding
35 to the observations in the fictitious mesh, as was described gqualitatively in



" 25 contact is characterized by an estimated position TEi (resulting froma
cal cul ation) and an estimated uncertainty aT,. A contact does not have any
initial position, on account of the nesh, automatically occupies the
position of the observation with whichgit is associated. Furthernore apart
fromthe cases where two observations fuse, the contact is akin, froma
geogr aphi cal point of 30 view, to the observation with which it is
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that i ; 13 H es that an observation carrl ed out
IS |.a§ tth%alﬁlt\gﬂﬁaggﬁﬁp% fh%nreﬂ%(?v %\?det ected object and %gso iated with

anot her 20 obsefoeerding te the imention.r thendlokad dnese ist9nedthd; ifebMande ties

53 and 54 §@6]aé*téﬁl @%tﬁé&@,eﬁwmasﬁeaﬁld@fr\dgﬁ%cuégmgtcsfhb@as SHESRGuesHy to the
tethering of these naodes e assocCi ted ntact 56,

engenders YBRE BigsSYFETh! 4@@@%‘%%§Eatt AB ‘bt?ﬁeé {34 C@Hbq‘dg?”gi’s l'ﬁglegf% nesh,
whi ch ener gitacivad bie def i alethdys delectsdinobject hmcpoassuolatbdemﬂ‘gla;mtknér all the

el ast ' 25 h’%é%&g 'ér?nﬁ{[ i $'§%|réhﬁs%n%%a hengt?gtcpﬁr‘ggf qhggnetSOSEhgnq yent I on

t he gI tered i N such reserves the | owest
possi bl e gb@rhmectmgttélattu\@l nedes §§ .anthbz, stret@tmagus(wbsegumwor et tethasipda change

f t i t I h.
Fenco. thi SOal eseat s 1oXABTOt: At PAEE e dinalb praci o *%axfgit iy to
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the real wWNSPNSy Wich dnglersg 196 Rmeﬁ’t'éla@ﬁefﬂi’sé’%(vt Ei Sh%?ﬁén
position obnéry m@gmwéﬁhemaglthe buinsofathequtenital eamgmbloﬂaurtapreesﬁm sitin

of 1 ho Aar |1 OB s Sna e AT RSP tho IVeRoHIg Sl By (o™

of the %ar ¥
perform al |s then alisedvat sods = @agr tiat tif peesserves the dowest besssilgﬁenglobabary

that each 88?6%%?%8@ Fhid élt(]&aﬁ&mlgﬁ{an%sted by a change of position for all
or some of the nodes constituting the giobal mesh. Hence this alteration of
the fictitious mesh may be transposed directly to the real world by associating
30 with each observation the modified position of the node with which it is
associated and which represents it in the fictitious mesh. In this way, in
tandem with the fusions, the positions of the various observations may be
refined without it being necessary to perform all the observations several '
times, nor even it being necessary that each observation form the subject of
35 a fusion. '



35 a fusion. 19 As stated previously, the nmethod 'according to the

I nvention consists initially in constructing over tinme, observation after
observation, the global fictitious nmesh and in nodifying the organization
of this mesh so as to 5 integrate the qffects of the fusions of .
observations. This fictitious nmesh can of course be constructed in various
ways. In the sane way, its behavior in the case of observation fusion my
be described by various series of rules. A way of inplenenting the nethod
according to the invention is described hereinafter in the text, by way of
application. 10As stated gralibedlyhéne méthod taueondingdd thedovelitiog consisis

nvent i on SRS, ShSdRnd byEPTINE 2086k Bl et | bLerRRR e Wsbaon the

basis o r ous i'ons carrie
evol uti on figitiesst mEsbward By meCEYiNDcthe: Paganization whdhis m@ §eb?§ct9ed to

certai nsSt ngssrafe el sHecly bﬂﬂh'éaﬁngofn%deb%éfanMﬁBt“Fhﬂs'ﬂéhﬂéhé\ﬁwe%ﬂ daheof
observations Tarried out %i he opport uni t%{}{heo? use t.wo_observatjons

_notabl y, SPKISEHENCORSIBICIRY IThYaHoS YWa¥fe a’{‘ﬁé"’%ﬂ? beRAVIQUENthS, ent s
occur and t&sd ef bbBasaLibh Ifgsiah hhg bedekciibed by varidusobertgsy af iraies. Ahe

rodi 11 cat | 08 ol [HSeARRTRL eoindfifs TERBraKAYK! PR, JiRhbh & ABdifaget1on 1o

mani f est ed 8?5 QJ 0S| he nodes o
whi ch r epr bereinaftenén Ytestext duyi wa;sobepplmaﬁied, the m)dl fication of the 20

positiqg of a nefﬂfr&%lnea U Eisfh%dm'e'ih ch%%érl‘h toPHHECHUER ebﬁasts

nodi fi cati on of St mate oS on servation (or
contact) aSwdy # &rnmiating ﬂlf@tﬁ@&aelast'ﬁ@éeqm@n ﬁh%lb?’f;iso(?fsth?ré’%'oél§§€?| bed

previ glusl YOﬁé?ér?iaﬁér% Qarmsfesut 2 ceesingy tevgRitiber rilys doiowed by rtkis, it is
DSt Bl Relehs e R L s S o e S e R 8RR IS, on: 1
El- 2- - Ei real ev@hts impinging on the observations carried out, the opportunity to fuse
15 two observations notably, and then in altering the geometry of the mesh
when such events occur and in retranscribing at the level of the real
observations the modification of the geometry of the mesh, knowing that this
modification is manifested by a modification of the positions of the nodes of
the mesh which represent the observations performed, the modification of the
20 position of a node being manifested in reality by a corresponding modification
of the estimated position of the observation (or of the contact) associated
with this node.

Since the fictitious mesh described previously consists of nodes
25 connected together by elastic links, it is possible to define a potential energy.
For each of the elastic links constituting the mesh this energy E; is given by

the following relation:

£ = n-of 2

30
in which K is the stiffness of the spring formed by this link and in which
n and e respectively represent the initial length and the final length of the
link.



- 30 in which K, is the stiffness of the spring fornmed by this |link and
I n which and O respectively represent the initial length and the final

|l ength of the link. 20 Hence, the potential energy of the gl obal
mesh, noreover equal to the sum of thegpotential energies of the set of
elastic links constituting this nesh, may be expressed by the follow ng
relation: 51 E=Qr M}* 1 -2. (Pl + QT C (Pl + Q 2 [3] Here PI
represents the Jiniti L1 QR ' ' ibn the
course of ti ne.Hér"ﬁesé’é@é_ oﬁ%ﬁﬂgﬁgr e('szsfteﬂr?g9 qrﬁgglﬁpg%ﬂg@%@ﬁﬂ%%ép%fﬂhtghe nodes
cor r espondiuig of the petesttiebenendgiemef thergat ad ebagticdinkstaeastituiing dhisgaesh.i ons of

the associ 3Le¢heCOprasdets bikiMINBwinipfeldtith: i nitial position of a contact is

not defined, the values are arbitrarily chosen to be zero. Hence it is
possible to wite: 15 The vector Pl thus takes the formof a string

of N cogponent sz _N! bgirng a num T ch_ KA in the course of 4y me, whose
first NogEs corrp%ﬁeztg re ggzngphg)ngge@gs(ggci ated with obser\[/égtions

carried out (the nunber of which is here Nobs), and whose |ast N Nobs
conponents relate to the nodes 20 associated with contacts. Q
represents for Hes RAr repriesehtsodizd "dhitial aositent " veetot ovhageosimensionsi on and
structure Siakein thEdies 8 fihellts BBt FebremAnE Nieof sRiRaRNGS ¢ he
di spl acenent a%lsflgct an 'It?ﬁée posiet !t%r?go tnhe_noeg)er C(.)nsﬁdere(()j.&pé;I .

the nodes corresponding to the observations carried out and the list of

10 positions of the associated contacts. Knowing that the initial position of a
contact is not defined, the values are arbitrarily chosen to be zero. Hence it is

possible to write:

P.
'}Observatio ns
Pl = 0

Contacts

15
The vector Pl thus takes the form of a string of N components, N being
a number which varies in the course of time, whose first Nobs cCOMponents
relate to the nodes associated with observations carried out (the number of
which is here Ngps), and whose last N-Ny,s components relate to the nodes
20 -‘associated with contacts.

Q represents for its part the "nodal displacement” vector whose
dimension and structure evolve like those of Pl. Each of its components
represents the displacement affecting the position of the node considered.

25
The matrix M is a square matrix whose dimension is equal fo the sum
of the number of observations and of the number of contacts. It describes the
global mesh constructed gradually in a temporal manner, without the
stresses.
30 From a préctical point of view, the matrix M is constructed as follows:

Firstly, the matrix M is initialized as a matrix containing only zeros.



- 25 The matrix Mis a square matri x whose di nension is equal to the
sum of the nunber of observations and of the nunber of contacts. It

descri bes the global nesh constructed gradually in a tenporal manner,

Wi thout the stresses. 30Froma practi point of view, the matrix Mis
constructed as follows: Firstly, the matrix Mis initialized as a matrix
containing only zeros. 21 Secondly, for each observation 0, (each
node), the value of the element Mi, i) corresponding to the anchorage of

t he observation is determ ned. Hence it is possible to wite: Mi, i) =
Mi, i)+ KA (i)Setmvdy KAfri pactkepolessgnation he; $eadlf mesie),othd hvalde i theki ng t he
node to thg n N el at

represents t e‘?‘H ﬂ/l gnegrrq%y érﬂﬁn of oﬂr18 pr%']égrva ?tgr? gbs%@%l dls , for
each pair @ﬁteﬁbg‘éﬁdvétqf@ﬁst '§(P°S§ibje wsite: assom ated nodes are tied together,
the stigfness KL(i, j) of the link between the nodes i and j correspondi ng
to the two obsefy.ahi_ N Swcahkcul ated. KL(i, j) is defined by the rel ation:
KL(I, ]) = 12. M(l’a]t)_q\ﬂ&d_'_sKAGB

where Ka(i) represents the stiffness of the link inking the node to the ground,
given by the relation;

10
. 1
Kall)=—,
Gi
where o; represents the position uncertainty for the observation O;

15 Thirdly, for each pair of observations (O, O,-) whose associated nodes
are tied together, the stiffness K.(i, j) of the link between the nodes i and j
corresponding to the two observations is calculated. K.(i, j) is defined by the
relation:

20 K (i) =—%

Gjj

where oj represents the relative uncertainty in position defined by:
[ 2 2
Cj =4/0i +0 .

25 s; and s; corresponding respectively to the uncertainties in the

measurements of the positions of the nodes associated with the observations
iand j. '

Thereafter the elements of the matrix M are caiculated with the aid of
30 the following expressions:

MCi, i) = M(i, i) + K__(i, j)
MG, 1) =M, J) + KL (1 §)



20 61.i where cr,j represents the relative uncertainty in position defined
by: 22 61i = Al61 + . 25 Si and sj corresponding respectively to the -
uncertainties in the nmeasurenents of the positions of the nodes associ ated

with the observations i and j. “92 Thereafter the elenments of the
matrix Mare calculated with the aid of 30 the follow ng expressions: Mi,
1) = Mi, 1) KL(i, DD=D+KLO D 22 and Mi, j)= Mi, j) KL(i,
j) 5Mj, 0" MaKL(i, j) The matrix Mis thus constructed gradually:
its size increase(;s as new observations are carried out.

an

M, 1) =M(i, j) - K. (i, j)

5 M(j, i) =M(j, i) = K_ (i, j

The matrix M is thus constructed gradually: its size increases as new
observations are carried out.

10 The matrix C is also a square matrix of the same dimension as the
matrix M. It describes the constraints of the mesh, that is to say the relations
- between the observations and the contacts, knowing that the constraints are
produced by the fusions of observations and that a fusion is manifested by
the attachment of the nodes associated with the fused observations to a

15 node associated with a common contact.

From a practical point of view, the matrix C is constructed as foliows:

Firstly, all the elements of the matrix C are initialized to zero.
20 Secondly, for each pair formed by an observation O; and the contact
Tk, (O, Tk) with which it is associated, the stiffness K¢(i, k) of the link between
the corresponding nodes is calculated. Kc(i, k) is defined by the relation:

K.G, k)= ——

2

.

I

25 where o; representing thé position uncertainty for the observation O;

Thereafter the elements of the matrix C are calculated with the aid of
the following expressions:

30 C(i, i) = C(i, i) + K (i, k)
Cli, k +Nb g ) = C(i k + Nb . )~ K (i k)

C(k +Nb s, i) = C(k + Nb ., i) ~ Ko (i, k)



" 10The matrix Cis also a square nmatri x of the sane dinension as the matrix
M It describes the constraints of the nesh, that is to say the relations

bet ween the observations and the contacts, knowi ng that the constraints are
produced by the fusions of observatio(r}% and that a fusion is manifested by
t he attachnent of the nodes associate th the fused observations to a 15
node associated with a comon contact. Froma practical point of view the
matrix Cis constructed as follows: Firstly, all the elenments of the matrix

obeervati on 0, G Nisedt Mtuic (DT Niiep: biiPuspy 1K€ Ws. askont at ed.

the stiffness Kc(i, k) of the Iink between the correspondl ng nodes is
cal culated. Kc(i, k) is defined by the relation: (i k) = 1, 0- 25where
a.: representi igke Hbepmateix oM. dheemalint§ isoponsiricies egradualbh itg, size

Thereafgermg,ké%smgeégaﬁéw dﬁsé‘r@ﬁ,d’fgtérb)%aﬁ@d gucalculated with the aid of the
foll ow ng expressions: 30CO CO, Ke(l, k) C(| k + Nb obs )

- (i, k + Nbobs ) - Kc(i, k) Clk + Nbobs i) C(k + Nbobs, i)- Kc(i, k)
23 The vector Pl as well as the matrices M and C having been defined,

the expression of relation [3] giving the energy E of the global mesh appears
as a function of the "displacement" vector Q. Consequently, if it is sought to
10 minimize the value of E it is appropriate to determine the optimal values of
the components of Q, that is to say in particular the optimal value of the
displacement undergone by each of the nodes, which allow this minimization.
It may be shown in this regard that the optimal vector Q is given by the
following expression:
15
Qup = M+ C["-C-PI

Hence the fictitious mesh is assigned a new position vector, the vector

PC of the corrected estimated positions, which defines the new positions of

20 the nodes and hence the new estimated positions of the observations and of

contacts associated with these nodes. The vector PC of the corrected
estimated positions is defined by the relation:

PC =Pl + Qg
25
The final step of the method according to the invention therefore
consists in assigning to each observation a corrected position corresponding
to that componént of the vector PC which relates to the corresponding node.
30 It should be noted that like the vector PI, the vector PC contains the

corrected positions TE¢(k) of the contacts. Now, insofar as by definition a
contact has no initial position, the value of this corrected position
corresponds to the corresponding value Q(k) of the vector Q.



"C(k + Nbobs, k + Nbobs ) = C(k + Nbobs , k + Nbobs )+ Kc(i, k)

Like the matrix M the matrix Cis constructed gradually its size 5

i ncreasi ng as new observations are carried out. The vector Pl as
well as the matrices Mand C having begp defined, the expression of

rel atlon [3] giving the energy E of the gl obal rresh appears as a function
of the "displacenent” vector Q Consequently if it is sought to 10
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Shoul d. b RSk B hBaL Aspbiec R e LaaSabasng Soouv oS KT IR ¢ he set
of obser vatgsohedias frotheechsef sfanfusion pbsissdiivations by afglisbalgnedifitation off acks so
gfs to | {ZPr &%epéglﬁ‘or% &Fihe &4 o?fnohgg o‘?%é %éh(.)r:\'h?g mtola?ficg%ﬁ Ré %%ifggtetdhe set
in the real world by a modification of the estimated positions of the set of
observations and contacts.

It should moreover be noted that, in paraliel with its main object, the

20 method according to the invention may be used to allow the vehicle to correct

the error made by the onboard measurement means in the determination of

the real position of the vehicle at a given.instant, an error in the estimated

position of the vehicle giving rise to a systematic error in the estimation of the

positions of the observations performed. For this purpose the method

25 according to the invention can comprise a complementary phase,

implemented after the second or the third phase, during which the estimation

of the position of the vehicle is updated on the basis of the modified
estimated positions of the observations.



"5 observations, this nethod nmay be exploited to benefit fromthe fact that
certain observations perforned nay relate to objects whose positions are
known precisely. For this purpose the nmethod according to the invention can
conprise a, conplementary, phase thirdgghase, simlar to the second phase
described previously, inplenented when such an observation is signaled. In
10 such a circunstance, the position of the node of the fictitious nesh,
associated with the contact corresp@daings to this observation, may be

nodi fied, so that the appearance is observed of a tension between this node
and 't he node associated wth the correspondi ng observati on which tension is
resolved as in the case of a fusion of observations by a gl obal

modi fication of 115Atrethedsior iasiimasiont aed synagtic segestion af Heenplge/utehi s
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mer ged 25ni ti al | ysitei tie ehestiodioés dhus estatdished devirat inia) lwg:tbe qucbuthabn i s
that of the obsSeiXfd Ahd 18ihe: gpofsn%ne dmﬁé%aklbng%otd@g%hswd%bﬁats&e% havi ng

initial lengths s ons of the various
nodes they do n(ﬂn)'etﬁéﬁlonam}/tfteem&d%ntodﬁhlﬁhéh%a&cqfﬂ‘%tﬁf%h they are

connected. - a second phase (32) consisting, when two observations are
considered to relate to one and the same object, in fusing these
30 observations by associating them with a single contact, whose

position is dependent on the two fused observations, the fusion being
manifested at the level of the mesh by replacing the nodes associated
with the contacts corresponding initially to the observations by a node



" - a second phase (32) consisting, when two observations are considered to
relate to one and the sane object, in fusing these 30 observations by
associating themw th a single contact, whose position is dependent on the
two fused observations, the fusion bei mani fested at the level of the
mesh by replacing the nodes associated with the contacts correspondi ng
initially to the observations by a node 26 (56) associated with the new

contact Tored (5] 3uB0dSIcuIRy iy 8,005 AFAED, IFE o sdba Tl ™
initially connedhémgdesébhd® msorat@:t with\ihe lcommespbraing abiservations iy node
associ ated wit hrwdélyzloﬁ Pn%mﬁ% floué Hﬁmkkng@dg% iRfiafy écmr%cﬁﬁgnﬁ{éhﬁ%% (56)

into the nesh i associ at e fused
observati ons t ergsseaig mth aﬁré qu@ﬁ\éaﬁqnt dg’ the tnedeoErepciatede Wiy itShe nesh

bydtpe @Itver sef fdtoﬁ.tadﬂ mets uﬂF&!ﬂdﬂ@n' bfﬂl‘fﬁ% aaaﬁnmbhcho@é e(se)esmbvmé bnest@h
modi fication o e .posi tj ons ,of odes ¢ e
nodi fi ed 10posi t'T‘QHF'gg OBzﬁ!‘ﬁ nRdas ( %ﬂ%@ 3§§QP'€ t%%%g"?%%@g? Sor to
t he contact assaensibes whiidthatdransmiittedotosihdesthdr nbdes bf thet n;elsastw thei ng

|l ement ed 1 hr oalellchifl, AUbEhd fkhnd WRIGPERAGBRRIMS) 8 rRffighican. while

~the second phase 15 Tnp emen
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con5|dered to correspond to an whoSe real position is known, a
variant of the é@é’@ﬁfﬂ%ﬁ‘é@'@tquwﬁ'ém? @Bd%GPnﬁ'Qﬁ'équtl ng i n nmodi fying the

position of the @ firedphassopeinleinpieinentdte thwugaout QI@é rgration i afgtHeo thl s
observation in such a?rﬁiythat It tiwvel
C

i upies th
Chis obj ect:  theoabelcTAYE SeraliortyBle IAF sheBia SR RnBWIEBEN havi ng
t he sanme eff ect seamh tirhe thetthe funsion bétved observationhis gesded.ons of the ot her
'observaltb.l ons and contacts, as the fusing of two observations. 25 3. The
method &s claimed in one of clains 1 or 2, characterized in that it
conprises a conpl.efbat Mmethpags, azimeadednodneafefethendreeading plme,

consi sting.in re&?&rﬁé{bﬁiéxd‘% ths, %te'nn%tp%%dm’éﬂ Bb&‘}vﬁflorﬁ l‘@cuﬁé\ueé@ @ the

basis of the updated estimations of q%im tions obsE ¥ i ons.
4. The method asS¥TesPRBE 1 @NLRIeEEheIe [ RoSHIBdP Omnar”‘r%a”a@ 2 erized
in that the fi Ctsddoﬁdspr@sé% cardeédnbut(cbhsistingrig modifyiiey thecpositspohttieng to a
new obs%r vation raﬁcgjdeI gsss gcrlu\jm I tlﬂ n&rﬁglctnéor es@on'dﬁ'ngato this observation in
such a way that it definitively occupies the position of this object; the
association of an observation and of a known object having the same
effects on the mesh and therefore, on the positions of the other

observations and contacts, as the fusing of two observations.

25 _
3. The method as claimed in one of claims 1 or 2, characterized in
that it comprises a complementary phase, carried out after the second
phase, consisting in recalculating the estimated bosition of the vehicle
on the basis of the updated estimations of the positions of the

30 observations.

4. The method as claimed in any one of the preceding claims,

characterized in that the fictitious elastic link (43) tying a node i

corresponding to a new observation to its ground inking point (42) is a
35 link of zero initial length, whose stiffness ka is defined by the relation:



" 35link of zero initial length, whose stiffness kA is defined by the
relation: 27 KA (i) =1 cri si corresponding to the uncertainty
in the neasurenent of the' position 50f the observation i. 5. The nethod
as claimed in any one of the precedi ngyclainms, characterized in that the
fictitious elastic link (46) tying a node i (41) corresponding to a new
observation to the node of the nmesh 10 corresponding to an earlier
observation j (44) is a link whose length is determ ned by the positions of
t he nodes at the nonent of the establishment of the link in such a way that
t he node correspondi ng tw @hg_ﬁEM/observation is positioned vertically in
line wwth its anchoring p0|ntc€42) and that the |ink does not exert any
stress -on the nodes 15consi dered, and whose stiffness kL is defined by the
relations: KL(i, j). 12and av = VO'0- - si and sj correspondi ng
respectively tostdgr dirftd  theuricertiality A0frRAeasORMEntal thél@opi@isht | ons of
t he observations i a S(éw.G..The met hod as clainmed in any one of the
precedi g clainﬁfl@ﬁg? @9kd in that the fictitious elastic |ink (43)
tying a node i (41) corresponding to a new observation.to the node (48)
correspondi ng t i a LS i:nk,0Qf T t foiphose
stiffness kc i sgdj‘ﬂe}]%gﬁ%t %é J?Ié‘ng?(# o'ﬂ: aﬁ%(i&g K f—{Het ﬂécécﬁﬂ@ H?m‘{\@,
characterized in that the fictitious elastic link (46) tying a node i (41)

corresponding to a new observation to the node of the mesh
10 corresponding to an earlier observation j (44) is.a link whose length is

determined by the positions of the nodes at the moment of the
establishment of the link in such a way that the node corresponding to
the new observation is positioned vertically in line with its anchoring
point (42) and that the link does not exert any siress on the nodes

15 ~ considered, and whose stiffness k,_ is defined by the relations:
'K,_(i,j)=i2 and o, =0’ +o"j.2
[of

]

s; and s; corresponding respectively to the uncertainties in the

20 measurements of the positions of the observations i and j.

6. The method as claimed in any one of the preceding claims,
characterized in that the fictitious elastic link (43) tying a node i (41)
corresponding to a new observation to the node (48) corresponding to

25 its contact is a link of zero initial iength, whose stiffness k¢ is defined
by the relation:

oy
Kc(l, k) = —2
G
30 s; corresponding to the uncertainty in the measurement of the position

of the observation i.



28 7. The method as clained in one of the preceding clains, characterized
in that, the propagation of the stresses inposed by fusions of observations
bei ng mani fested by a nodification of the positions of the various nodes
constituting the mesh, a vector Pl of 53 the initial positions of the
various nodes is defined, whose size varies in the course of tine as new
observations are perforned and whose conponents forma list of N

ts, the_fi t No t | at th d ted th
Chabrvati ons and: (1 | Hehad RBReCEdtRdnThe hPYdiy the, pRRERI SaREhE o
associ ated wit hcbatracmrtz:ed eawmtlmhe:qsrppagamommfrthspehnelsseg tropedesl pysi ti on
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basis of 15the vector byt e follow ng re] ation: I'gg %{) in which
Qopt represent siit He Q%ISSrO fdime 138 Wl‘#&%%@@ﬁ HERS EP%jn?%d GS&ch of
whose corrg_onent &oﬁwoh@amo?dm haist ke mwo][ne;ﬁdnms_tmemmso Ngs eppbbadniso t he
corresponding ¢ 0 . So as to
determ ne the cgé‘?ﬁ@%gcﬁ]me né n%% :%teB wn@ﬂgb%%(\:/%g&%?ﬂ?ﬁeé g%?re(}:\lf’

posi ti ons; eachcomm@ﬁetst r@ﬂtlm@dovthﬁt modespassnsiiatgd debneiactsn Qaﬁ‘@

confi gypation of, E@Hre%ﬁifa R 1 d e bﬁﬁ@f’i‘bcgﬁﬁgﬂ%ydé?ﬁﬁge apdntife

char act erl stics Ifﬂb%h | ctitious e ast | ?nnectl ng the nodes
t oget her . ingrodpetiondatadhe 8e¢h. AN VERIY| aﬁ:ﬁ’n he eprected AASHANS n t hat

the vector of thetlpaBls rm@dab déln%ﬁﬂu@ﬁgrmatme@mt d gw@ﬂfmm@h lyhdsee
foll owi ng 30rel ati on

ich nd C represent two
square matrices S{A_ﬁo‘é%reg 'r‘?et}tn‘?l Wsﬁroé t@a%é'ls T%Wt%emﬂir‘ﬁgﬁ Yf 9?5%’2@9&‘ t he
nesh at the i nsaadtasciosmnddaksl pldceete vedtor PEsbding migfinedwindbelbasiswtt i al i zed

to zergg t he esgﬁé)bégtgpg,nby%em%m Félétl% being carried out gradually in
es:

two ph

PC = PI + Qopt

in which Qqpt represents the vector of the optimal nodal displacements

20 each of whose components corresponds to the correction term to be
applied to the corresponding component of the vector of the initial
positions Pl so as to determine the corresponding component of the
vector of the corrected positions; each component of the vector Qqp:
being dependent on the configuration of the global mesh at the instant

25 considered and the characteristics of the fictitious elastic links
.connecting the nodes together.

8. The method as claimed in claim 7, characterized in that the vector
of the optimal nodal displacements Qo is defined by the following
30 relation:

Qopt = - [M + CIC P,



"- a first phase during which the values of the elenents (i, i) situated on
the diagonal of the matrix, an el enent of the diagonal characterizing the
|l i nk of each node associated with an observation i to its anchorage, are
cal cul ated on the basis of the follow aﬂg relation: Mi, i) = MI, I)+ KA(i)
with KA(i) = 1/s2 - a second phase during which the value of each
element (i, j) of the matrix, characterizing a |link existing between the

e ot Laar o S VP A S Jhetlonff (RSN RO bes iR GO e
MJ, j) 10, j) Mare ¢quat i ithej phumber(of rjodeis) of th®, migsh- atLihe, Ir}s)tam t hKL(I :
j) =1isii2 f. Chb
Jc?ar ri edI zu!t | gr Z%ggflperedﬂq?%\%e H{%ars'(ge}t ngbsd?gﬁﬂhs@ lm%ggze%;ilérﬁ% vvh?lcﬂgt he

y

val ue of each eﬂ@ﬁ{amlﬁhmﬁt@fthﬁé“ﬂfﬁverbelﬁﬁai%%@féﬂUilgﬁ@d iiIRKWeXi st i ng
bet weengt he nodgnagegci ated with an observatlon i and that associ at ed with

oLt o S A R eh e e B, s
+k) - kc(i, k) Situated on the diagonal of the matrix, an element of the dnagonal
characterizing the link of each node associated with an observation i
to its anchorage, are calculated on the basis of the following relation:
10
M, i) = M(l, D+ ka(i) with  Ka(i) = 1/s2

- a second phase during which the value of each element

(i, j) of the matrix, characterizing a link existing between the nodes of

15 an observation i and of an observation j, is calculated on the basis of
the following reiations:

M, i) = MG, i) + ki, j),
20 | MG, §) = MG, J) + k(i )
and

M, 1) = M, J) - ke(i, J)

M(j, i) = M(j, i) - k(i j)

25
with Kui, j)=1/s and o, =40 +0;
the establishment of the matrix C being carried out gradually in two
phases: '

30 - a first phase during which the value of each element (i, k)

of the matrix, characterizing a link existing between the node
associated with an observation i and that associated with a contact k,
is calculated on the basis of the following relations:

35- C(i, i) = C(i, i) + ke(i, k)



* C(Nobs+k, i) = C(Nobs +k, i) - kc(f, k) with Kc(i, k) = 1/s2 10Were Nobs
represents the nunber of observations carried out. 9. A nethod of
non-real -ti me mappi ng of a seabed zone this nmapping being carried out on
the basis of the positions of objects %Zserved by a sonar detection system
during an operation of 15 observing t seabed zone consi dered during
whi ch the sonar neasures the position of the detected objects,
characterized in that it inplenents the method as clained in any one of
claims 1 to 3 on the stored observations, the positions of the observations
thus recal cul at €iNhet+kdNJsed = C(Nik+k,i NJhie) Fip(idf) t he zone considered. 20

C(i, Nopstk) = C(i, Nops +k) - kC(i1 k)

5
C(Nobstk, i) = C(Nops +K, i) - Kc(i, k)
with  Kc(i, k) = 1/s
" 10 Where Ngps represents the number of observations carried out.

9. A method of non-real-time mapping of a seabed zone this
mapping being carried out on the basis of the positions of objects
observed by a sonar detection system during an operation of -

15 observing the seabed zone considered during which the sonar
measures the position of the detected objects, characterized in that it
implements the method as-claimed in any one of claims 1 to 3 on the
stored observations, the positions of the observations thus
recalculated being used to fill in the map of the zone considered.

20



