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! 150150+ NCDEM AND METHED FOR TRANSM TTI NG :
MEDI UM NOTABLY SUCH AS Al R AND WATER The in M” mm””,"’m
rel ates notably to a nodem aqd a met hod makin

possible to transnit data in'a nmedi um such as thgs
rmrine mediumor else air. It thus relates to an

as 101 CI v, e@@ﬂtﬁ{‘i‘hﬁéb F?If’?h)&’ﬁ%ﬁ[ﬁl’iﬁ‘ﬁﬁ'riﬁpoﬂﬁ%eﬁi(im NOFABLY

transmi ssions in ai BYCHIAS IR ANDOWATERives, for

exanpl e. The probl em posed is notably the transm ssion

of data of any type between two corresponding parties

i mrer sedThe, invegtior felatasi oetablicty agmedarerardnd method making it
| .

SRS LRty S TneBeESAEY o' b8 nihe e of o i

cal cul at it dlnuqom}ﬁes tedn @coustio mmrnrfqniwmmiwater transmissions and

§‘E§éo%|élté'HmI?ﬁBd aut ononous equi pnent operating with
atterl es e el ectromagneti c waves conventionally

used (frlrs alsbeaimedrairdath traremisgions fnegir, G Jitrasound waves, for
?%}pﬂ ating extrenely poorly in water, the nodem

ator- denodul ator) therefore uses acoustic waves
t o transple teroblemneessdgiesnatabinghe ttrasdmiss®nl of dat@ubfdabye type

&%Fé %Eﬁﬁésﬁolﬂam rb%ﬂfe‘é@%ﬁ{er%%qh lé[ps\@ﬁm@&uﬁ'?(éch%lvVater and

avi or respect aco I C wWaves ecau
af a threughplub alosgyees| hue@fed (b pensaocpnd wdilp epiag @semall as possible

E%Jn%%dih a%'dca)ca'i#&?atlgﬁtﬂbmfe‘?lrb@%\?eqt RY tHehmintugS Ollﬁ ﬂqaﬂlcular for

strai ght or very s di'stance an
putohomavs equipment qnermmgw@ baftedes. whi ch reach the

receivery H@%IJC‘E}JOWH&%V@/E% Qé}li\)éﬁu@g‘ilg u‘éﬁ&y(frpr%oa few, hundred

di fferent del ays ese pat S can direc
[dsié\t@aafewd'ﬁlﬁz)eprenagatogt%yerr@tymﬁmﬂg|nmgva¢eiv\med@od¢m (modulator-

H?ﬁSEMStro}) 'th&feford NEbd ﬁ(fotustlc( \R/S\fés% g‘ag%rﬂﬂe%s%’&f mitted.

0SsSI waves, as well as

o the bisishoRIdnBs GRCalt el Eremndenssier gnediumy ks apfextremely
E@rlnbl%f(sﬂehalner ﬁ)ﬁ ?&dpete of taBéL%tlE %UeESBbE‘aJs@eofaﬁJ '|ﬁ¥'@h10§5neltles

he recei ver nuner ous replicas of the sign
éﬁﬁh[\lfye @pm;@g@lﬁrm SUIragts getc ) the Rath fqllﬁ\ggghy the wayggis a stralght line

6H9|f6rt\}é?keshd?m\§t%ncéi§rhcﬁbhus @dﬂﬁv&ﬁ&%ﬂ%esm ft. To this
shoul d possi bly be added frequency shift due to the
r el at i veThe waves which reach the recelver may follow several paths with very

different delays. These paths can be either "direct" (several different routes
converging towards the receiver), or "indirect" (reflections on the surface of the
water, possibly perturbed by waves, as well as on the bottom which can have all
sorts of types of reliefs).

In practice, this results in the arrival at the receiver of numerous replicas
of the signal emitted, each having at a given instant its own amplitude, phase, delay
and frequency shift.

To this should possibly be added a frequency shift due to the relative
radial speed of the corresponding parties (Doppler effects) as well as a
pseudoperiodic frequency shift due to the swell in the case where one at least of the

opposite parties is on the surface.

1 IIIITI‘I“H\

—

T

*G00002*



10

15

20

25

30

radi al speed of the corresponding parties (Doppler
effects) as well as a pseudoperiodic frequency shift

due to the swell in the case where one at |east of the

30 opposite parties is onthg surface (I T T N

(T T T I I e [T O A O
I 1 1 I *@&00002* 2 1In certaln cases there is a need

for al mogt cgﬁél ec%segeltlﬁrg' ls! tay ?éd th)Ia%%'Hb&Sg?ﬁeCtl felléﬁlldty of
is a text, erate sever I sol
Eamsmlssuorbelfatus@ texthéys Wsslblebt@ tolerate sevrfaliaelatedisrss, Ibpcause

@%gw;lftéé ggrg%r&g %gg'lgf}cﬁ#’ %zrtﬂe Féédgr érpé( Bln\éﬁpﬂlé fé)IF'IYONEd (for

urr e
e)ranmle laalPeEQ tnage) ghé eeanired i am)romateb/gerr% rate th @, o@egwlse the

Y&feq the systemis "w deband”. In
|ca1e y%p(fe% i

| catl ons, the bandw dth of the signal
em tted Meraoyer, thm@dstegm Isl"widebapdired with the central

em ssi ony fgfé%p@ifcgp Ilgﬁ%n@ﬂ@hﬁénMH t oP#d Qignal emitted is not

proportion 6 e qguency requencres have a
segligibde comparedrwith i mntltahamlssm fréquentyhler qu@ﬁtseﬁ being

%@Bg?ﬁ?l%rfﬁequ@h%%é R erJE ric}ég mRES rﬂgllil?f-’eqwgh# &fift than

_ he recel I's not always neg I gl
thedpgleirequencies. speed of sound in water (about 1500

n's), a {iHRisdhbel khPe ehr‘é%(/é éﬁé%cp& tRE feﬁﬁﬁer'a%d of the receiver

observed, according tot relative
ispeacalways F@gllg&@mﬂheresmeqtré%éhﬁ;epm eftsqunign water (about 1500

ﬁﬂ%a‘é't% BiiatibBSr¥oh éaa%nreﬁffe%i \ée&)sbﬂledlgcéb?dlﬁﬁ@@ﬂ%ss%ﬁ of the

separation speed Is +10 m's (36 knmh or about
kelative)speether eby posi ng synchroni zation tracki ng

probl ensg ?IS?W Phessieealtt f%?tardﬂj?étloBW%s W’II t‘!é"'ie%@uved in

t he usefu ate 1s-very ow conpared with
pardveasonds detbie %aperaxlnemeeﬂ den+1Aemisr 136y krafhy or aboqth%%énotS)

%%sﬁ@@héﬁrohﬁaﬁﬁfﬁhdﬁ%%@élérﬂg (spreadl ng) t he

use bi Nar train ew tens of bit

second) §y$taW§tQﬁe$Pfﬁ@F£PP€F°H§F'eﬁYP§b ewlich m w%ékﬂw g is very
Em rrﬁ&mew, Bshdidith lu8&d  idfe R Rodie pritgttart. t S

I's at [east several tens (if not hundreds) .
of ti nesThﬁﬁ? SSRGS RRNFIK (N e¥gryodidatingSgprpading) the|yseful binary

krﬁfﬁ"(ﬁt RYQF e it Sér sé&hf]ﬁﬂ)ﬁéhcﬁﬁbr rAdh egkr Bﬁbl'yod’alm(nown to

25 frequency npartnent) the
be@equ@ﬁpqtqlw@ es 51 %ié?:*s‘pﬁ WaH thh s @?g%'rﬂh s at least several tens

(if not hundreds) of times the band theoretically necessary.

By well known procedures for "correlation" and estimation of the
frequency shift (Doppler compartment) the receiver attempts to despread the signal
received by the known binary train so as to isolate one (or a few) of the replicas of
the message having the best quality so as to decode the content thereof.

One of the drawbacks of systems of this type is their low spectral
efficiency (wide band, low throughput) and the complexity of the systems for initial
detection (acquisition) under non-trivial propagation conditions.

The invention relates to a method for transmitting data, characterized in
that it comprises at least the following steps: emitting packets of at least two types:
pure data (long packets), acknowledgments of receipt (acknowledgment) (short
packets), each packet is formed of three components:
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received by the known binary train so as to isolate
one (or a few) of the replicas of the nessage having
the best quality so as to decode the content thereof.
One of the drawbacks of syst Srrs of this type is their
| ow spectral efficiency (wde band, | ow throughput)
and the conplexity of the systens for initial 30
dete r
CO% d%[a a%ﬁuuéﬂgiﬁgke%nﬁdé%?%ro l g'é?fcg[béé?ec{t éﬁ éh@lﬂ%eﬁjoﬁ'r??gfah%gﬂon of
t r anst’rnetlmltmg'ahba‘s@f theltameashift and efthe frequérmy shift, conpri ses
S&atépﬁo fpl | om ng steps: emtting packets of at
Ieas pure data (|l ong packets),
ackﬂe\detedfgnmmwlajed fixasledaptiers akimguil wgmno)pe(rmhmmly estimate
packe{hi)ﬂ,eq &&ﬁgket is formed of three conponents: 3
- an acqursi'tion preanble, for presence detection
and t he The atquistier pieaatbleis, 6dr exdampleifoinzdd ofad setobpulses of
S
gﬁl% &drgﬁon gHacEd %Bgrt%gtai Qe%s{ éﬁ'ﬂrg it %%quéri 1(; tg érrapglhﬁthe data,
maktlepgb)l lthqoelgsalberaaltted cpmsnstmeth regolrly rapaeed Batriges modulated

ndg%ﬁéﬂﬁyf Semdf gn ié’?i ttgiaﬁﬁbrprt ?W%c?néﬁ?mergaéaa have an
apalitede gmter tlba}n ﬂapsdz eqmeyiag thendatam duration Tg; to

transm t ﬁ?epﬁfg@saof the'a ?sﬁ)(lc%) etaﬂ%les'awa#or %r%{né%d non-linear

consi sts larly aced carriers nod
freqiegnen damps, ylsmgobn fallnag énypemobmdmwst‘mhnee pharaetefi$tice@re fixed

RN e e ol o R UpE) RO AL b
pr earrbl eTlae pulsémof tbmnwhlstlommamlblee@n bef amqm@da:modulated asa
{ {h%' gtaﬂtranggﬂéf fr Q%QS r%qyocb n'a'hpacl WQI%F requency

arac erls Ics are el rodur ati on oand
esxeqtrenme frequenci es used (m ni rum and maxi nun). The

pul Ses 0f,b i ACGH I £8 REBAIDLESA DBisHT belfreen data

nodul at ed unction of t nst ant aneous
messrgasandaskaewiedgroentanessagesal nost "flat" frequency

spectrum %‘ﬁ@sé@ﬁ@% ut aPHb&RStA & dl'ﬁ&gntfa@iyp%xaﬂglfortnf phase

di stingui's et ween ata messages and acknow
f@tesages. It is possible to use a nodul ation of

di f fer enkife n%aépgym!é\bﬁ*b@k Rwrtt Hg?e%earezofoﬁte&taﬁéle mserted at

Ref erence sy nown p ases are, for exanple
Knewst pesttions.

The phase reference symbol_s may have a higher power than the
unknown symbols on condition that their phases are properly chosen.

It is possible to use a position code corresponding to a polynomial P(d)
such that the product P(d)*P(1/d) has coefficients of nonzero degree equalto O or 1.

Binary codes, for example, are used.

The method exhibiting the above characteristics is, for example, used for
acoustic transmissions of data in a medium suitable for conveying said waves,
namely the underwater medium, air, rock, etc.

The invention exhibits notably the following advantages:

e The proposed solution is of low complexity,
e It is based on one of the large categories of modems which have proven

themselves in conventional radio transmissions, namely a parallel modem.
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known positions. The phase reference synbols may have

a hi gher power than the wunknown synbols on condition

that their phases are properly chosen. 25 It is

possible to use a position caode corresponding to a

pol ynom al P(d) such that t fte product P(d)" P(1/d)

has coefficients of nonzero degree equal to O or 1.

Bi nary c T .

oxch by ¢ A KBS aPatelBF 1 o bhBSfen on reading

tmsedbs‘cuptlorawbwhtﬁottow ahsan eanpis goendayt svay nofawhalyi menlimiting
' ly the

Tt in fodeMer SRR uppeBy Rty BlvenltheSE ¥,

exhl bFigarendt aldiggrameoff thiel detectpnackvsighaig ds the cabe of a parallel

proposeg solution is of |low conplexity, It is based

on on&°8FMt he | arge categories of nodens whi ch have

pr eveRiguteh@reed ¥iesctine cfoa it ipabkdt gemdiated following the method

transm ssi.on nane a parallel nmodem 4 O her

char a@‘fcé’f(i“QQF tgeé'ﬂ’&nﬁ%fbant ages will be nore apparent

on o eRigurg 3! AR iMadationiol davaral ebllebidbisOvs fraquetitiedXaiip be their

gi ven by way of wholly nonlimting illustration

togetﬂ'ée{m\')ﬂ“{h the appended figures which represent:

Fi gur Eifqi!area4 Gh agihiréfuehbecriet e dighnl @Fmtﬁédgﬁﬁdl s in the
case of a paraIIeI nmodem ~Figure 2, the structure

of *a BEHERSHACIed SoEEral SEnRies gcftrﬁ@zmeaﬂems and the

accor giapgichre fé%eht@t(&néﬂtﬁéir autbE&HEIfiod,. an ' | lustration
of several collections of frequencies and t

hei r
di st or t i BrPrdago bPFtahH"&é’e&Sta“qwth& supjest ?frtB% !ﬂé’ﬁBSPrb Hb?r gescription

hRh 361808 relfBsith @f acBistic rbdEM f5F tRe aﬁuelﬁates&wrﬁbs.on of data.
exanpl es of synchroni zatjion patterns and th

§heprplianations sar Bawevariapply di respestrof dayiersior HP%W'BH‘Q dafayin air
QSiAG ltiaotred Wﬁ{/eél w%@roﬁfeaéimgtdamc@wquak Réddrh & comparable with

i nvention, the escrl\Btlon Iovvsrelat

LY S GUATHUS! RS KO 10 o, BETSGBSENIeR T P T dpation fo

@Rich the pRasERRNMDIRIGRB Ak BoHBtAAR CHIVE Uy NBBPARY hdb a duration Ts.
res&got of de%es for transmtting data in air using

fisym2ebis campa FtWA®aBPer ating principle of this
nmodenmpi SyseRiP Parblof durition triatwifdh Q:oﬁ@éy%' kid iffBERatlon to be

known to the erson skilled in the art. The durati.on
for transmitted (defined by the choice of the phase and/or of the amplltude)

e A "guard time" of duration Tg whose role is to allow all the replicas of the
signal to combine so as to give a stable and demodulatable signal of
duration Tu.

The duration of the symbol is simply the sum of Tu and Tg.

Figure 1 shows diagrammatically an exemplary use of such a modem for
a channel with 4 distinct paths.

This figure reveals that, so long as the difference in the arrival times of
the various replicas remains less than Tg, there always exists a signal portion of
minimum duration Tu that can be processed by the receiver.

Moreover, the "tailoff" of the nth symbol has a maximum duration of Tg
and will therefore be superimposed on the start of the perturbed part of the n+1th

symbol without disturbing the latter.
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whi ch the phases/anplitudes are constant is called a
synbol and has a duration Ts. A synbol is conposed of
two parts: 20 A "useful" part of duration Tu, which
conveys the information to bg transmtted (defined by
t he choice of the phase and/8r of the anplitude), A
"guard tinme" of duration Tg whose role is to allow all

the repl +I§eaﬁe entcy%{fg b%%e rﬁ&g% gur i) Ié‘%f flh% |g\éq\§§e 3 Tu,

stabl e an I'esT g
ihedBur /TwnTois ishthes gorxtition svhsrebpl wtehetl"eumasfvefrus ardperly

e SRRt e SR e o

die gndtherure reveal s that, so long as the difference in

the arri ¥r?érn¥od?ﬁ3ar9d‘ t et rh&hiéé‘ c&{ﬂ%méqg lthé& ﬂﬁ/eﬁﬁd‘ff‘}ez}f‘not?bly on

| ess than
e imilowmgndemrtaarnsnmss'r@n uehaffectaqh through cp@ebeieobfkfy(edrm variable

h&r%%ﬁ/ %at. |§/bc[|%‘?g1\{zeerd’ aé&?dléé ?6 tﬁé fsgstgfn %%ﬂﬂ)‘t §>6v'ﬁ? edefine in

Fore

aamewlamﬂmseanlgemftme emlaens/recewehs theretore Iteel mpdrourpf duration of
roéggatlo%y”t’o' wi t hout disturbing the latter. 5 The
requency offset between carriers is a multiple of the

i nver se Tdfe ifventionerelalés notabljuto Fsysteims farhacopstingily it@nsmitting

: : | Lo
USRS UL °S Vo, e PAOABE, Koghr B
(nustpleofcat teasbfwo types:anune Hata. (Iohg Packets)l @nknamdedgments of receipt
F&ﬂleé%rﬁgrgg g}gmt& ;(th) invention rely notably on the
tr

ansm'ssion is effected through
packet s Esichfriacket af fongaacketitype ofaf shordpackehtypieds formed of three
gaﬁ) e%‘?éj according to the system assunpti ons which
ne'in particular the range of the
eni t Ber s/ arecasiquisitiont heeaatbis; e1.t i preseeemdgtaction candofthe joint

propagat i 9errdifatidheor tﬁé/ Gkl 9&ué§5%@§ln{éoﬁﬁ’la¥d to{")th% frequency

system for acoustically transmtting wat er
conpri si n@lfé,tthlse'aélﬁl léﬁrrélf\tﬁmisﬂ dorsigceine leck-en nagifestlt P@fs'b'e to

packet s é@flﬁrest‘hé)ln V\ff %ﬁ@aﬁtofttﬂQ rﬁé@%@ﬁe QHHrI% §i8ba& frequency

(1 ong packets nments of recel pt
(acknow e@tgﬂreﬂ’[l% acghlé'ﬁlpn p%i@ﬁkféb'g) is forped pck eerigs af optdses of

packet tyQe, K Al ifdHtd oP&RSbN thERGrd howd Bk Ricekvbr, €€

b- the data proper, 2; part during which the receiver must at one and the
| same time continuously adjust its evaluation of the Doppler shift and its
evaluation of the instant of arrival of the message and attempt to
demodulate the data received,
c- a set of unmodulated fixed carriers, 3, making it possible to
permanently estimate the frequency shift.
A series of pulses is emitted at very precise instants so as to guarantee
optimal acquisition.
In the case where very reliable transmission is required, two types of
message are envisaged:

e Pure data messages, conveying the useful information,
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15 conponents: a- an acquisition preanble, 1, for
presence detection and the joint determ nation of the
initial values of the tine shift and of the frequency
shift; this initial part intended for receiver |ock-on
makes it possible to definebthe instant of arrival of
the nessage and its gl obal frequency 20 shift; this

ac ui |t|on rea is forme eri.es_of

P ReroR e R 2t Trtot R dated ferpRd ¢S SpdtaB donife emitter
t he rwhetheevre,cebtlon WéEp@rairmeprcopeaztl,y s?; thatait tardegtiangmit the parts
whi ch e receive t one sane tine
conti ﬂ{}Eﬁgﬁfsﬁgﬁ Yf!s'tc ?\ée ek %Ce“g%t he Doppl er
shift and its evaluation of the instant of arrival of

rressa e.and at t.t h .
b TR BRAGST @B (5 B of B S fac'F, & ke uration
spdced gpatt by @s kabl zenﬁrﬁmupﬂunatiwn‘ltg y estinmate the
frequency, shift S d
preci se ?ltﬁes eaﬁylgessoa 'te% %fnglgan%ﬁi &r faﬁﬂhﬁﬁo‘% ir¥ar Yjency
aacmps (Sin)tpecbnhc 8hirpst) Whesecetmacmmtles \amrfyxedeﬂyl théil duration and the
tr.ansm ssion. is r qU| red, two types of nmessage are

B gegHencisy Hge ata nmessages, conveying the useful
| nf or mat Teese Epulsec katowlaetijtueat noddulatedi ps  mederdies, of the

d d 1 ", L

SRRyt et Mey B g 1§ ok b E 14 A Rnct SRERIF
parts ofThé bleoumesfsﬁrgmaﬂshriecdmdtwséiob@éeampullsg is, éxye::omem.:ction,
B 15 e PERHE, Wt FATBhEded Jo T 4o o plofance.
G)_ptmnmanmnsdﬂor lat(ample'lfgrne}ihmﬂ é)y]EauhsIaBoramg tés!rngeadhtmpl possibilities

i,ng_non- requen r

%hiiﬁgg%‘& ea!)%‘ﬂlo Bé)?peétwlﬁ’gggrchar ggt e(r:iysti gngre fixed
by their duration and the extrene frequencies used.

FJO -ﬂi‘gﬁgtaog Sﬁ' néthifted J:drHMgetoqﬂgléveﬁtk%GWﬂgrB@thBHrkﬁttiwé’rbarallel

|nstan anheo US requency so as
a1q¢emt thohaassmqu@hdlye §pw@t emiiedThensigieiaf N oegulady spaced

Egrtngfsequ%t% $ide gﬂdéﬁtlg%gg th ® E%’E@ rdn%us m’anﬂgpﬁgﬁmﬂgfs} on,

e recelver must
t he bestTheedata campegse reference symbols 5 and data symbols 6 The

duration of the symbol is as previously Ts.

The modulation is of differential type, with 2 or 4 phase states according
to the robustness required.

At fegular’ intervals are disposed symbols whose phases are fixed and
known so as to initiate (or reinitiate) the differential demodulation. These phases are
optimized so as to obtain a quasi-constant amplitude of the signal emitted, thereby |
making it possible to temporarily increase the amplitude of the individual carriers so
as to obtain "solid" references.

The phases giving the best result follow a quadratic law as a function of

frequency.

c - The fixed carriers are of greater amplitude than those conveying the data. This is
highly recommended so as to limit the influence of the neighboring carriers on the

quality of estimation of the frequency shift.
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Optim zation is for exanple carried out by sinulation,
by testing all the possibilities 15 and retaining the
best one or best ones. b - The data are transmtted
according to the well-known 9ethod of the paralle
nodem whi ch assunes that the'signal emtted consists
of N regularly spaced carriers nodul ated

SRR o Oy TRt R o
e mhaxinud. lnﬂh@anmusatq“@ntmmetnmnsmm@)l is as
previ ousyy 40-[% tgégse of RBdLAkibP3nd %Ixﬁéhrgﬁlﬂtﬁéeﬁ‘étkeﬂl\s théP&an be

with 2 or e states accordi ust ness
vsaguvil edw b&tdef%@dl ar intervals are di sposed synbols
whose phases are fixed and 25 known so as to initiate
(or reinitiate) the differential denodul ati on. These
Mlodulatioartgpe opt i mi zed so as to obtain a quasi-constant

anpl it uqﬁn@'ﬂ B rﬁb&ﬂ?’t’ione st of \tr{f%%bé( m@@ﬁhé@?ﬁa Ifjlow rate

possi bl e 1o"% enporar | i Nncrease the an‘p
exigti whichuahn barusedrin tfmmeﬁ@dt@ddbe Sy stemsagdogling to the invention.

‘rﬁé gi&@&&% OISR Steft Y4 U@é&gg&’gﬁheéﬁé%ém&@%& & the

aw as a functio uency
bas,@of ehinang teainm Leambigyously @eflmaplhetamfgltttdﬁaand H@s@ase to be

?@Slll\éa){b?%t“;en%a %ta§ #ﬁs‘f?]th' ghly recommended so as

he 1 nfluen e neighboring carriers on

the qudhi this ofexemplanat inm*emntam f thequeigns) segeied 7(Ie its
r |

PRSP BBE oy RSPy B Bp MBI B b REoer of epicas

aihbaving mﬂ@@asdw\mas¢s)an¢1@mﬁbtade§)dwﬁéhyr thgayalys, of thepanplitude
Rbr tﬁgfjbfl tﬁé h eﬁé}‘é F]P @inE@ﬁt'@l?\ Fﬁ‘@&ﬂc@ﬁrﬂﬁoim& t&8&inPte the
€ a| pe

use Modul 'at | on

painuisemalekegain candaphase S;Wfb)tcefrtﬁe @hamﬁl |aal9|a§h symbol and at each
ﬁﬁgmgrpcylu es and flow rate exist which can be used in

t met hod and the system according to the invention.

The expr@@ﬁ%ﬁthei‘rb@m{éftth%ﬁa@)%t’éﬁ*ﬁ't'oﬂ§f thriein @pe of the delay of

g?&ﬂpﬁh%h@@ﬁttl%r‘oﬁhoné’?y%rﬁm td AnbRel, $t i®bossitklk A& UMlize the phase

train, unanb guous i nes the anplitude and the
ﬁlﬁf&é@cﬁé’emeen ppisHecesee 8YPPolen carrier at a given

i nst ant . o differential phase modulation will therefore be used:
o either with 2 states if the channel is highly perturbed (phase variation of 0 or
180°),
¢ or with 4 states (phase variation of 0, +90°, -90° or 180°) if it is less so.

For N data carriers, there will thus be N or 2 N new bits at each symbol.

If the guard time Tg is equal to the useful duration (Tg = Tu) this
corresponds (for 2 states) to a raw rate of N bits in a symbol duration Ts in a
bandwidth of around N/Tu, i.e.0.5 bits/s per Hz: a signal with 3 KHz of band will be
able to convey at most 1.500 b/s (.3000 b/s for 4 states).

Of course, the net rate will be smaller than that announced above
because of the packet-based emission, and of the essential addition of error
detector/corrector codes to the useful data and of ancillary signals (packet number,
etc.) that are highly protected.
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In this exenplary inplenentation, the signal received
(i.e. its denodul atable part) possibly being the
superposition of a |arge nunber of replicas al
havi ng i ndependent phases ang anplitudes, neither the
val ue of the anplitude 15 noP that of the phase are
significant, since it is in practice inpossible to

esti mat X t :

t he cha ng%]ﬁ’a{tgtaigq}?gg&gg}f% \%aé Fefeacﬁg faza’ @hé‘ for %'Ch all

theephasésearetfined ,soi ds tbhmtlatattlaae démodulatin pracess whieh y&h gonsist in
t C r t .

@ggﬁ%{”gt {)ﬂ%aﬁ %%yd?fferﬁn%g lglet\géslésri]kt)\?@ %u%ge%sn}e Eﬁn%&ﬂg rﬂgﬁ?\% é;lven

Cdrien) 66 es wdedwetthﬁefnom\me plwmeten emitiegnbol s. A

differe r

ei t her qu‘fﬂteﬁl"ég‘gﬁﬁ réf&% L?%)érﬂlg l\%éﬁ} tfé g?@ﬁ{egrﬂ‘? r&ﬁjléﬁﬁgwals SO

peta 'tetbeel th@h&meler/arl atl on of O or 180), or with 4

states (phase variation of 0, +90, -90 or 180) if it

is less so. 25 For N data carriers, there will thus be

Synchr2nigatiowpilses at each synbol. If the guard tine Tg

i s equal t at.i o & '
coraspoMifin( 18, YBRlaor 4 MO oY) ShONS 1o uncerwater
wasgmibsion duidat bamd), Thei initial smhmzathm isf b%ﬁ&ﬁumj the Emission of

pFee o eleni rBAerty a0 PR o nsle 2 P06 o

{10 thelfrequenecy pecdOnUs asaeguay, ("flatie appossikiee wi |l be

h t
P reaah B o B, A0SRy i oves =
ofaxigruno r amplidude: tasr Hetectos cowputc orhateves ﬂ1heDQB@ﬁUIShdtiﬂth the
f nunber, etc t hat
gg%c%ftecﬁt:gmpor Ot ecféogﬂﬁ)gﬁat@%% hat lJI t is neceslar yat 0
Ean@;tuw tﬁﬂ@@n@@uraw toithe usg nbalsighek wiiph isha firqueriee “ramp”, that
05%3 e es.l maf?rgy?ﬁ'gesafhet htird 'th@to?tﬂé“ﬁedifé'ﬁgggltﬁﬁﬁ Qffom FO to

pro in neasur
aix. fTe datsetmp@ Ofnelgmleﬁ commoglmb@bgd @é‘cglmwmidsofk%msad d therfield of
ﬁg{ ier) so as to deduce therefromthe information

ted. 5 1If required, this reference synbol nmay be
C@pélao@&)aﬁqwmihsremmwmu@ asrPN-lineat Beqvm%f'aﬂ%ca“ed a
@&%L\bﬁé chﬁ% r\ﬁﬁgren &3hiLe ot e ﬁ@q%em} [ & h PbSIlcPRRARINKOf time

e exa regard to underwater
and not a linear functlon as in simple chirps.

This function f(t) is the following:

ft) = FOF1T
FOt-F1t+F1T

where T is the duration of the pulse emitted less than or equal to Tu

As the signal does not sweep all the frequencies between FO and F1 at
a constant rate, its spectral power density is not constant and therefore requires a
complementary amplitude modulation to obtain a flat spectrum.

The instantaneous amplitude of the signal will therefore be higher just

where the frequency variation is fastest.
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10 transm ssion (w de band), the initial

synchroni zation is based on the em ssion of pul ses
nodul ated in frequency and in anplitude in such a way
that: (1) the frequency spectrumis as regul ar
("flat") as possible, (2) thd detection is al ways of
the sane quality that is to say always gives a

Doppl o LR 715 i GE SbuGHs Hilkof sfbiiinal Bftne sauare
wohbf Het denvative af thenfreduieacy witGoashect tnting) i.¢.ehdes, very simply
i i ' | which i f
Ry o A N A
entire band of the frequencies used (fromFOto Fl).

This type of signal _is c d a "chirp" and
often used in the gﬁf(e]d OFH-af8rF1 gﬂ%?dition (2)

requi res the enpl9yggnt 1 - e requency
variation called a gﬁhypi&%ﬁl anrcﬂz:]‘p" where the val ue

of the frequency is a hyperbolic function of time and
not a linear function as jn sinple a.c[hi rps., This e
Prasensefeteption isdoprOYIQIEING e Hgnat reasived with iiscgeplicp limited
io"tﬁ%tfr-égu%’r%y%tﬁﬂ Whichi i§ sié%@rlnﬁttitfaﬂfr rébéiv@{i \Alhbfé_vﬂﬂih;éﬂiéoppler shift.
emtted | ess an or equal to Tu sign oes .

not sweepiddrs 4 shews p’@d&%ﬁ?@?"ﬁéf@’éﬂpﬁgésﬁ%@??@tﬁa with FO =
4500 H2NF 112159001 HS af@ECEr 40 ndOWEBIsE &hdive thé haAs of the signal
constant and therefore requi ment

) | i
ERREIVER (1G0T &t [RRIVE SPEEY &1 A0 M/p AN S A0CTIR, e RPPRigs shift
LB BN RNS ALSeriERt b tilerenftivé BEedt aHtpdquaid d if ieserbor e

be higher just where the frequency variation is
f%@t‘@?&"?'ug IS\t is easily shown that the anplitude nust
be proportional to the square root of the derivative
of the frequency with respect to tine, i.e., here,
very sinply proportignat @) -t hgE)nst ant aneous

frequency. 5 af(t) _ G:IIC_FVO FIIT of (t) & FOt -
FIt + FIT Presence detection i'§$“done by correl ating

the signal recei ¢edpeed pf Feundigpatera linited to the
frequency span, )i chdiabspeedto et ernetdry recei ved

what ever the Dogpl efdsfded of the receiver
Reference frame: the water, assumed motionless

The thick curve in triplicate is the signal which remains unchanged
whatever the frequency shift, and which is therefore used as reference in the
acquisition correlators charged with individually processing each pulse.

It should be noted that if the values of FO and F1 (falling chirp) are
exchanged, it suffices to exchange the start and end of the pulses to get the resuit.

_ Other beneficial point: the intercorrelation between the rising chirps (F1
> F0) and the falling chirps (FO > F1) is particularly weak, thereby making it possible

to very easily discern the two types of pulses.
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Figure 4 shows the time-frequency chart of the signal
emtted, with FO = 10 1500 Hz, F1 = 5000 Hz and T = 40
ns. It also shows the charts of the signal received
at 50 m for a relative speeﬁ{of +50 m's and -50 nis.
The Doppler shift coefficie S is dependent on this
relative speed and equals O if it is zero. Its exact

ggﬁ&ﬁ'oh&atlgt(ggaarr} Vr(E): C-vr (R C: speed of

radi al speed of the emtter
vr (R) : Firstiphall, $ipﬁs9dseﬁf mubkebe epasiedapaRdiyeatdeast ohe alweation Tg

{ \ﬂﬂh%r ove‘?ﬁﬁﬁﬂgq}f i re%'ﬂ V\ﬁée% ofltﬁe T:Bﬁeltamrg l&f Fn%f i’f%eiivgr at two

rrprcaters efmal NS uncha
mewmprMfrequency shift, and which is therefore
used as reference in the acquisition correl ators
charged with individually processing each pulse. 20 It
Bbsitiod dedenot ed that if the values of FO and F1

(fallin i . f s .
exchanggebrf‘%lrca’f S ea?%’ &é%§%ﬂ$g$ gtahe& oﬁﬁ' éedso((‘:'t‘é'3 o} htagp gﬁ?eape"()d'c
agtocdrrelationt érpial toedof i1cdvarywhereexcephet thet insteotr mfedyaprhrgnization

Rﬁ&r‘@etﬁrg(aé%ebofr ﬁ&ge&mlé ft‘rg ﬁ>re ﬁcaul d the falli ng

thereby maki ng

it possidcha ¢a§iapenyoreer@mp}e ok meemntelddoytanmlmqmel affthe type:
pul ses. 25 10 Synchronigatigon pattenpn Figst of all,
t he pul ses Rigd) He si'padisd+a1pard ﬁjdat +dastrdne

ration T avoi e overla onse
e Bbe dprrapt o aspotdhior s Buss &F PRTG,B: T cBRE aRy 8o be
mﬂrééeﬁteoﬁnlaﬂé?prﬁda@fbrmqagu% of the possible variants
is a "position code

nut ocor + B 4peBRS g oy efia e BTRPEH Ereeseiatipn ingrephical
{Fgure B3t 180ikatyf sr&»rrscthemuz abrirélationdpiNecort Whigh a good detection will

ggtmoa%% Ilineclv%rtrgl 81 tglgH're srdewobes atrrgenreglrgable N pul ses.

This autocorrelation is the graphical representation of the product P(d)

P(1 / d) which models the correlation process to be performed.
| A good position code corresponds for example to a polynomial P(d) such
that the product P(d) P(1 / d) has coefficients of nonzero degree equal to O or 1.

The distinction between the two types of messages (message containing
the data or else acknowledgment message) will be able to be made by using either
rising chirps only, or falling chirps only.

To improve performance, it is possible to accept slightly higher side

lobes:

Pd)=1+d+ d>+dS+d2+qdP . +d”

as with (13 nonzero coefficients, therefore correlation spike equal to 13)
representable by Figure 7 and whose autocorrelation is as follows (max. 3 side

lobes) Figure 8.

Binary codes
Unique sequence

Another possibility is to make use of a binary sequence having excellent
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10 Such a code can for exanple be represented by a

pol ynom al of the type: P(d) =1 + d4 +d9 +dl15 +d22
+d32 +d34 where the operator d" corresponds to a pul se
at position n. This code can 1a| SO be represented in
graphical form (Figure 5). regards its

autocorrel ation, the sinplest representation is

gﬂtg&;} e?{{lonr{)]rgpér{j Jure 6). It clearly shows the main

corre e on which a good detection will be
made, knlovthlag:ashzzthe Rulkes #re esitied atgbgdarintervalgl i gi bl e.

ﬁﬂé?bﬂgtopﬁ'n L%?L%id&%sﬁﬁlft$ﬁ%§Baﬁphﬁﬁh@ éﬁﬁfﬁﬁn{ﬁ |ﬂ%hlrps of
th@rqtmraypeon process to be perforned. A good position

509 BpEqSEaTaNaS, GonpIP T uRle BN B byl s
nonzero degree #ydab, 1.8.0, br1,0,0,The. @i stinction

t. wo types of nessages (nessage contai ning
?ﬁéwgﬁggéﬂl‘? I{él se acknow edgrrent nmessage) will be able

%o be made by uéilngtl.efttiert, -ti«h nd, dhi™ pb -dnily, or
alling Eidi e t
ﬁ%‘buteéorpélét}’on tiéh hf%/’fh@‘f@rﬁpgfv tﬁ@éfgﬁglcog Fndt{ge §S

possi bl e Tto accept slight
P( d) =1+d¥ "B samedﬁgqums is, emlttﬁgiswmemmvw'ogsalhéhﬁemf@ (by

ERFahihe i 2 rquﬁé'ﬂﬁgoéh?rp SOMELAPLOG BRI hRrtdd)as in

ure 7 and ose aut ocorrel ati on
higufeolQ.ows (max. 3 side |obes) Figure 8. 30 Binary

codes  UpiidyenSEERIE & é‘ﬁﬁt&ﬁér {h@Scor e(#?r?ah sEé{Liér&et Br HeKRverted

use of a b|nary sequence having exc
sequsooe tedistingiistpthepiwot typss of messa'gss @asefunction pfthe eslarity of

ﬁ{e 969&5#&%%%@' ar intervals. The 0 bits of the

ence res chirps of a given type, and the 1
blts in chirps of the other type. 5 1t is possible to

pairoraaqhsndgy € a Barker sequence of 13 bits,
constltuted thus: {0, 1, 0O, 1, O, O, 1, 1, O,

0, O,
0, 0} O Therg exigis |a@pth|ebrpﬁfs31blhty which consists in utilizing two distinct
sequences having excellent autocorrelation and intercorrelation properties.

For example, the following sequences (again 13 bits)
Sequence A = {-1, +1, -1, +1, +1, -1, +1, +1, +1, -1, -1, -1, -1}
Sequence B ={-1, -1, +1, -1, -1, +1, -1, -1, -1, +1, +1, +1, -1}

Their autocorrelation and intercorrelation are as follows.

Figure 11 corresponds to the autocorrelation of A, Figure 12
corresponds to the autocorrelation of B and Figure 13 to the intercorrelation of A and
B. |

The emission of one or the other sequence will make it possible to
distinguish between the two types of messages that are possible.

Estimation of the frequency shift

Having regard to the variability of the channel, the estimation of the
instantaneous frequency shift, performed within the framework of the present
invention, relies on a "diversity" effect which consists in using a collection of P

unmodulated carriers, distributed almost regularly throughout the band of the signal,



10

Its autocorrelation then has the formof the signal of
Figure 9. 10 If this sanme sequence is emtted while
inverting all the bits (by exchanging rising and
falling chirps), the output the correlator is
inverted, as in Figure 10. IS then possible to
emt either the original sequence, or the inverted
PERHEIDF Sorh &“uﬁ-;t émmb%arrﬁé?g (tb fede R énh%f FERP2B%HuA Demal
function of arltg 8 rrelation
sqRased pythr Ndpf ﬁ@qa@ﬁr:@ 1¢%eereleé$<)| §s agbt;meverly decrease the
B3l kpUt Whinehinkonsi sts in utilizing two distinct
sequences having excel | ent autocorrelation and
i nt er cor Fli% AQyasantpesoaatt if e fewocargerse Reamef dowt lemel, there will
{)f‘éHl&\Ml BQV&!%@‘BH%§ of ﬁﬂﬁdléhtlgvepﬂotc%}npeﬁgﬁéencel';‘ ={-1
SequenceMgtepygr smce.ihe gstimatipn of the. gommon-freqyensy shifyhas to be
QiPtfﬁgTy ftEreE Othe Sdrit leSlimath Ldiisis Gl Mplshl él@ﬂtl)araﬁela&e message
"'ows. Figure 11 corresponds to the autocorrel ation
'(t_)‘-felfAO cempensate for tesdelayt dusstodheifitarivgt he aut ocorrel ati on
of B andy id At &sértid %o Me'tlﬁ‘érﬁ rb%ﬁfnrt%fé\:e' tRE stirt 4F Hﬂ@q'n ssage,
B. The em ssion of one or the other sequence w | i
Vhich ésstop isyechrenizatiogtareroble wrwauﬁ)dewssmedt weeeifigaily, ibhas been
%8@@93ﬁséﬂ§ﬁl\/e ?6 P PIHIB! By vr?’tge %‘fttl'\é'fﬁ%é?ﬁolf&f?rﬁl?g anfd only the

frequenc Havi ng regard to the vari abi

ENE f@ﬁ %é\?s torke detestpat thenmemephat whwbtw@%@@ﬁ'gatlon of the

fréRiEnen thémbidiaprer f orned wi t hi n the framework of the
present invention, relies on a "diversity" effect

whi ch consists in using a collection of P unnodul ated
carriers, distributed al nost regularly throughout the
band of the signal, 12 instead of sone of the
existing carriers (to preserve orthogonality). P nust
be small conpared with N (of the order of 10% or

| ess) so as not to overly decrease the useful

t hroughput of the link. This guarantees that if a few
carriers are of lowlevel, there wll 5 practically
al ways be others of sufficient |evel to conpensate.

Mor eover, since the estimation of the common frequency
shift has to be
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strongly filtered, the shift estimation carriers wll

finish slightly after the nessage itself to

conpensate for the delay due to the filtering. It is

not essential to make them b1§(‘JI n before the start of

t he message, 10 which is th¥ synchronization preanble

previously described. Specifically, it has been

rendered insensitive to tfﬁ(ﬁﬂl&ol er by virtue of the

hyperbolic chirps and only END t hereof has to be

detected, the nonent at which a good estimation of the
iL,Labl I . J

LRI I ISR A0k o re G MR B WP Rast e

iodiqungsetepat dzredtw tpasketbolof oati repstt byps : types,t tourgy data, and

Qﬂﬁwléﬁl vﬁ%gﬁ] n%f ljeg ttr rgé%ﬁg{aé’ %%ih gga{e? |3§§{:rﬁe Ereete5t:logwponents.

f or n@eanf acdmsmort:mrpambht S(1)afor anesemgudateqtion and the joint

pr eanb e [ O .

det er rr%iéﬁgrin( &;tlof fcgftﬂﬁé %ﬁ%Waﬁu% Jf?ﬁ:é flrﬂg sﬁlﬂt nybfltﬂr?gﬁ%ﬁp%y shift,

and bf—trte‘ﬂ;atépmnl&e(ﬂ)y shift, b - the dat a proper (2),

o Boben 8 plIORINEA LR Ehet G7SUBI L Ar Sl Byt
- The ﬂretftaqdea@y ghifti nred in claim1, characterized in
that: a - the acquisition preanble is forned of a set

of pulses of finite duration spaced apart by at | east
4 —+the method as atairoed Mgglaimsl, isharaeterizechinthat: t he data, a

- si gn?at gé(jilfaé'{'&?} Péatnmlé ‘?é;gérﬁ{edyofsgas%ﬁ%f fsrebecffsfmlte duratlon

nodu en ous nmanner
emtt edspaoedap{artbe@t t&asira ersmoim ctyraimneTrg anmpl i tude t han

thosg 38 rlya%éh\']gth'eh&‘atgag &i a@'[a? cHﬁ&%lng g’f ﬁ r-gaﬁlaﬂlftéaggeoaﬁamers

cl ai e at “non-
f r equenoypdulatdrindgrsndentlyi ang in e svmnrom:g:s Thgnrer mrnltied

chi 1 ps sl egr‘?iteﬁsgé?r ¢ t& é'rﬁg%litt?o% AR tHos¥ %gn (rﬁ:lﬁé 'E:lata are gsed

duration an reme frequencies use
maxi murm), are used for the pulses of the ach|S|t|on

@re?ﬁgln?ethodd tlrh@%lrﬁ‘% cha'abl ﬂzécﬂmcih%gﬂbg'lmear frequency

characterlze ul'ses o
EATORS, Sisingoor prleaﬁbmermhe Q!nrrpqs wheRe ehntagtenistigs ase fixed by their

Bi:‘r%%ﬁ Qﬂ? He Eﬂferng% ﬁu@rﬁ@%%@d FSrRALRANDE haxifR Qre%ed for

cy spectr m 5 - The met hod’
meawmqfﬁh%mﬂumlttpn pEeRNRIet eri zed in that two types of
pul ses are

4 — The method as claimed in claim 2, characterized in that the pulses of the
acquisition preamble are amplitude modulated as a function of the instantaneous

frequency to obtain an almost "flat" frequency spectrum.

5 — The method as claimed in claim 1, characterized in that two types of pulses are

used to distinguish between data messages and acknowledgment messages.

6 — The method as claimed in claim 1, characterized in that a modulation of
differential type, with 2 or 4 phase states, is used.
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used to distingui sh between data nessages and

acknow edgnent nessages. 30 6 - The nethod as cl ai ned

in claiml, characterized in that a nodul ati on of
differential type, with 2 or_4 phase states, is used.

14 7 - The method as claimeMin claims 1 and 6,
characterized in that reference synbols of known

pha%% kol P :

as cl ai n%gmlhnac@ %‘?ﬂ?@qn IéE‘ar ac1t gﬁdlj tzdégﬂlgﬁac?eﬁ'g?a-p@ft@e% gence
§xmml$ sf lgfownephsises ate insartest knbwiy hesitignswer t han t he
unknown symbols are used. 9 - The nmethod as clained in
one_of clainms 1 or 2, characterized in that a position
Bouéhe srateashan glaimged & elaigol7y pharacterizedd) thalcriefarerte $ymebols of
h &4 HaviRg & Righel pdiveP f ro

gegr ee élqéa @(élr e Péﬁé&é@%ﬂo%%@ﬁ-@o@ a‘fﬁgg‘ﬁet hod as
clai med in one of cI aims 1 to 2, characterized in that
Bi-NHeYmethBd &3 c%ﬁleHS?r?gne %ﬂclam:lrshg o\"§eﬁl'9 raétgﬁﬁetaelhqq% £Position
claimed 1n one of clains

£oden sarespopdisgde alaolynpmiah Rtddsueh that ttadlpsodust P(d)*P(1/d) has
Sc%ff(&éﬂtQGf ﬁéiz@rd"@é/g‘?ée e&‘@am’d ¥ of % uddgder vat er medi um

air, rock

10 — The method as claimed in one of claims 1 to 2, characterized in that binary
codes are used.

11 — The use of the method as claimed in one of claims 1 to 10 with acoustic
transmissions of data in a medium suitable for conveying said waves, namely the
underwater medium, air, rock, etc.




