MODEM AND METHOD FOR TRANSMITTING DATA IN A MEDIUM

NOTABLY SUCH AS AIR AND WATER The invention relates notably
to a modem and a method making it poslsible to transmit data in a medium
such as the marine medium or else air. It thus relates to an acoustic

modem for underwater transmissions and its associated method. 5It is also
aimedCD Bt ANBMETHOSHEQR JIRANS MIFISHG AT AVBCA TREEHMNOTABLY

The problem posed is notabdy)tg AGNSR SRS WfEaia of any type between
two corresponding parties immersed in a given medium such as water and at

a throughput of several hundred bits per second while using as small as
possible 10 aTyeniwéttivantkiatesocatabiyntecwerodstucadi ta thestnodirmadingn it
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electromagnetic waves conventionally used (from a few hundred kHz to a few
GHz) propagaitiye&Rifml) BBARYRtS HereR I bedspvater transmissions and
(madukaiotistetnedtiator) therefore uses acoustic waves to transport the
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as an extremely comp avior in respect of acoustic waves. Becausé g%r
its ﬁiﬁmﬁ@geneities (salinity, temperature, currents, etc.) the path followed by
the waves is Jisérpigiidifieposld fey vietybshaib disiaaiar e thigaathvargsype
over_time. The wave ich re the receiver may follow several paths with
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which can have all sorts of types of.trhe!)ie%‘ts . In practice, this results in
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having at a giVhe piseiomegoslic amyshudvphtenallddiagdaftitofreguisncigiifed
To ﬁh:'jﬁ ﬁfhﬁu&vmﬂﬁbbwggﬁﬁﬂg%ﬁﬁégm&ﬁlwr?}hﬁt\%@rtqmﬁ&rr&iéﬁvwa@lﬁtor-
speed of the corresponding parties. (Doppler effects well as a .
RSO e A AP eI O BIBR P AR D ERRsEsJrRnspited.

19east of the 30t oppwlitdpaeiatdd dmthbswdesvater mediymckagiancastssnely
thegg iR N eRAJbAIMOst ARt seliahiitnaldsansiBinsions il inrbHeageldRies
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The waves which reach the receiver may follow several paths with very
20 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 resuits in the arrival at the receiver of numerous replicas
25 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
30 opposite parties is on the surface.
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5 image will be very degraded. Moreover, the system is "wideband". In
practical applications, the bandwidth of the signal emitted is not negligible
compared with the central emission frequncy The Doppler shift being
proportional to frequency, the low frequencies have a smaller frequency shift
than 10 the high frequencies. What is more, since the relative speed of
the emitter anbh of¢Heinecabssy, ishaot abvayseeyligibleimait rpepedtt telistelity of
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is observed, accord mg to the SI n of the relative speed. 15For examp e a
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In WhIC useful f ate is very low compared with the bandwidth used,
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1@StiRaHRIM ﬁgﬁmﬂ&eﬁrequency shift (Doppler compartment) the receiver
attempts to dew% ad the SI nal gcel he k n b| tr mag as to.
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comglaeixg of the systems for initial 30 detection (acquisition) under non-trivial
propaga\tlorPcondltlons The invention relates to a method for
1ransmitting d&el, Xaarpisictinwessaah siitted ias dsdiyatide gt et kevergpived in
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owledgments o ej c nowle short packets), each packet
is f(i1 Byogcm'ﬂges& &%ﬁ@’ %t(mg ggrggunétlon preamble, for presence
detection and wetmdémdam@ntmhmtynﬁtml whicie thefusaful itevstalie snebery
Of tNEERAMEIEY Witk he bandwidth used, are known from the prior art,

20 These systems consist in over-modulating (spreading) the useful binary
train (at a few tens of bits per second) by another much faster binary train known to
both corresponding parties in such a way that its bandwidth is at least several tens
(if not hundreds) of times the band theorstically necessary.

By well known procedures for "correlation” and estimation of the

25 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

30 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:



b - the data proper, Cc - a set of unmodulated fixed carriers making it
possible to permanently estimate 5the frequency shift. The acquisition
preamble is, for example, formed of a se} of pulses of finite duration spaced
apart by at least a minimum duration Tg; to transmit the data, in step b), the
signal emitted consists of N regularly spaced carriers modulated
independerbgaiation arsgmiteoito pserenneektéttidiant dherionst detetrainetan of

10 amplitygde grigpiaREae: the 3me QRHENRGLIIYAlGuency shiffe Pulses of the

acquisition preamble are, for example, non-linear frequency ramps, rising or
fallin 'hg/r}?edrﬁtalﬁr%?fps“ whose characteristics are fixed by their duration
and tite @xaetniarfreqdidateie $xeskeh (ensimakingitd oasikimntenpiriflaegntiisestiofate
ghe acquigilioreprearyifcan be amplitude modulated as a 15 function of the
instantaneous frequency so as to obtain an almost "flat" frequency spectrum.
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known phases are,for example, inserted at kndwn positions.
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of theslavige. categories of modems which have proven
Two types of pulses are used for example to distinguish between data
messages and acknowledgment messages.
It is possible to use a modulation of differential type, with 2 or 4 phase
20 states.
Reference symbols of known phases are, for example, inserted at
known positions.
The phase reference symbols may have a higher power than the
unknown symbois on condition that their phases are properly chosen.
25 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 equal to 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,
30 namely the underwater medium, air, rock, etc.
The invention exhibits notably the following advantages:
» The proposed solution is of low complexity,
+ |t is based on one of the large categories of modems which have proven

themselves in conventional radio transmissions, namely a parallel modem,



themselves in conventional radio transmissions, namely a parallel modem. 4
Other characteristics and advantages will be more apparent on reading the
description which follows of an example‘glven by way of wholly nonlimiting
illustration together with the appended figures which represent: Figure 1
a diagram of the detection of signals in the case of a parallel 5modem,

Figure 2, the Sthestehemetikics Eadked\geteyededlfblkoming Hpearethad reading

acGALd NG dAdis IMHGERI Ao IO WFeaR, it ?UQH B) SeNEaY GRLRGtRESiRlting

frequencies and of their distortion, 10 Figure 4, in a time-frequency chart, the
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patterns drigutiee grapingadre pfeibentatientiof thiegigniecartaiatwise of a phrallel
Lorder to bﬁlt(t)%,;ﬁnderstand the subject of the invention, the description which
follows relates to an acoustic modem for the underwater transmission of data.
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data in airaumngtfaﬂwmeﬁms The operating principle of this modem is
compara W|th that o

I d to th killed jn
art Thé duration ¥0r hI&?P{ﬁ o e 3%7?? Rﬁwgréogfe jorﬁ%rﬂséfoﬁrﬁ?ieéaeﬂ cégtfht?'e'r
symbol arttisteatioa.duration Ts. A symbol |s composed of two parts: 20 A
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A symbol is composed of two parts:
20 o A "useful' part of duration Tu, which conveys the information to be
transmitted (defined by the choice of the phase and/or of the amplitude),
« 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.

25 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

30 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.



The frequency offset between carriers is a multiple of the inverse of Tu, i.e.

dF = k/Tu. This is the condition whereby, when the receiver is properly
synchronized, the signals detected on the N carriers are completely
independent of one another. 5The modeg and the method according to the
invention rely notably on the following idea: transmission is effected through
packets of fixed or variable duration that is optimized according to the system
assumptions WATHSRRSY St ReME IR S35 B A LRIR T Do bwrrarsof Tu.
thereforFthe BxinThis durdittonofdiiopagatioby, L @hbe ithee ndosiveelate properly
not vt : it -
B ST oS e e ST T e o
typ@8eANENEAta (long packets), acknowledgments of receipt
facknowledgnTeetsysiwont gatkeihethod accdmiio watkeinoéltong packetdypen
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preamble, 1, for presence detection and the joint determination e initia
valikeapihiehia SRifriaRd ArREdiRsh iR SriterthRSRYIMBteaR: Wiishadefins in
receacltnkion ranke it thessibitete/detinerehinstonat dfcarivah@iihguration of
meﬁge;g%%jts global frequency 20shift; this acquisition preamble is formed
of a series of pulses of shapes and instants of emission that are known to the

Peceiver, the dAfa PYSPEPN XefRieE FARYMRIch SHE e achiisicalolangAtfting
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evajuati he instant rival of the message and attempt .
I e U e
makasgneyisssmrnts. sbemaaeifiy) estimate the frequency shift. A series
of pulses is emiERGAKEEBf RIRCIRRIBSIAY DS 8RID GALREANBE BREIMRY of three
gcquisition. ,
1 components:

a- an acquisition preamble, 1, for presence detection and the joint

determination of the initial values of the time shift and of the frequency
shift; this initial part intended for receiver lock-on makes it possible to
define the instant of arrival of the message and its global frequency

20 shift; this acquisition preamble is formed of a series of pulses of
shapes and instants of emission that are known to the receiver,

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

25 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.
30 in the case where very reliable transmission is required, two types of
message are envisaged:

« Pure data messages, conveying the useful information,
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30In the case where very reliable transmission is required, two types of
message are envisaged: Pure data messages, conveying the useful
information, 6 Acknowledgment of receépt messages, intended to indicate to
the emitter whether reception was performed correctly so that it can
retransmit the parts of the message which have been poorly received. 5 a -
The acquikttionvdesament ofiscierintcntesisagsst oftpadtisestd afdicate duthBoemitter

spaced ap@tRyrabiepsha WHSIRAvEHAIAIRRAS-so that il BESFRUIRSRiIBIR I4rts

example rising or falling non-linear fr "h bolic chirps")
whose chgiga%éﬂgﬁigg%w&%ﬁaﬁﬁ ﬁ%ﬁua%r%%é%rg&s heygi':reoniz ?relgzjsencies

used. 10These pulses are amplitude modulated as a function of the
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The ch%ige of the nature and position of each pulse is, by construction,
knoRAKS (FRAFERE RPN G MILPHE SHiRtRPetPto obtain the best performance.
Optimization iShiesee yaisgre awarfied @anipjesinsingtiom falnte stomgliaiahdrequency
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transmitted according to the well-known method of the parallel modem which
asHMTER ARSI UP¥hnitted consists of N regularly spaced carriers
10nodulated indépsadentseandiia assylitidenousiniatederasymbeols)tidoTlhé the
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symbol is as previously he modulation is of differential type, with 2
or 4 phase stdtéd SRUF R PR RRSLIORRf LRSS ESR GiIAY FREFYARION,
arekaisposedtsy maaliveavhase phases arptifideshiated Gidinang Sestpéefsritaics.
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to obtain "solid" references.
b - The data are transmitted according to the well-known method of the parailel
modem which assumes that the signal emitted consists of N regularly spaced
carriers modulated independently and in a synchronous manner (symbals).
20 The data comprise 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 regular intervals are disposed symbols whose phases are fixed and
25 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 resuit follow a quadratic law as a function of
30 frequency.

¢ - 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.



The phases giving the best result follow a quadratic law as a function of 30
frequency. c - The fixed carriers are of greater amplitude than those
conveying the data. This is highly recomygnended so as to limit the influence of
the neighboring carriers on the quality of estimation of the frequency shift. 7
Their phases are optimized to minimize the "peak factor” of the whole set
(ratl§ 8t BR@SARATAARHIRERHIaTRBIRIs e ek dasiearphBigerole set (ratio of
Vartaussypesroinstacidndian podetocheanizatissweatterns that can be used
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s;'modulation system" is understood to mean a method which, on the 10 basis
quga{é/ttral unamblguously defines the amplitude and the phase to be
applie W gl "carrier at a given instant. In this exemplary
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gain (complex: gain and phase shift) of the channel at each symbol and at each
frequency.

e to estimate the

On the other hand, if the rate of variation of the gain and of the delay of
each path varies little from one symbol to another, it is possiblé to utilize the phase

20 difference between two successive symbols.

A differential phase modulation witl therefore be used:
« 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.

25 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).

30 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.



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). 300f course, the net rate
will be smaller than that announced above because of the packet-based
emission, anti@etiwkisdengaestidititnhele rroetiseact ifitaireptarat doew i i
usefiél slaigeanfleofaicdinny BaRAiRd PRCKRHYAMNRRN BieddtdAigh MaNnsist in
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emittegj.,,Glg required, this reference symbol may be repeated at regular
intétvals '§0'3% 0 &M the receiver. Synchronization pulses Within
the framework of the example with regard to underwater 10 transmission

(widgRandhizBfdRipatsychronization is based on the emission of pulses
modulated in frequenc znd in amplitude in such a wa%/ that: (1) the

frequency spEattlim {€ad AN Rhr 'S PRoeRe, Wit 9" defOctitidsawater
1 Glwtsolshiers andechrtity, that isitiel sayciiwsizstigives Aasskionutheaanksimte of
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tenié)oral Fontraction/dilation effect. Condition (1) leads naturally to the use of
as
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(2) requires the employment of a non-linear frequency variation called a
15y ASREL PRGN Rs i ade i fiEiquency is a hyperbolic function of
time amtitioo | 1) liewety fanciibntashis sanple ciyrpswhils ifua cteudddistap”, that

fo”%"%mé&(ﬁfg gd%léli -ll;a!/:eq)sgs':thge'ﬁlti;'é%%nd of the frequencies used (from FO to
F1). This type of signal is commanly dubbed a "chirp" and often used in the field of
radar.
20 Condition (2) requires the employment of a non-linear frequency variation called a
"hyperbolic chirp" where the value of the frequency is a hyperbolic function of time
and not a linear function as in simple chirps.

This function f(t} is the following:

f(t) = FOFLT

FOt-F1t+F1T
25

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.
30 The instantaneous amplitude of the signal will therefore he higher just
where the frequency variation is fastest.
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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 Fl at a
constant rate, its spectral power density ¢s not constant and therefore

requires a complementary amplitude modulation to obtain a flat spectrum.
30The instantaneous amplitude of the signal will therefore be higher just
where the frefjugi@pilashagh thatdseeamplitude mysideamppetiona thiatsguare

ampiitiae thaeheapve g rbiadneysaitaiesws ab thedlarsyatke: ot éRe simply

fre C ct here very simply proportional to the
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Presence detection is done by correlating the signal received with its replica

limited to the frequency SE{H—M‘\ cmyjy received whatever the

$oppler shift. Figure 4 sh e af the signal emitted,
with FO = 10 1500 Hz, FI't 8000 HF#d Fleubifils. It also shows the charts
of the signal received at 50 m. for a relative speed of +50 m/s and -50 m/s.
The Doppler shift coefficient S is dependent on this relative speed and equals
0 if Areserge drteebieiris/amne [y opielating theyigna resevadmib iisdeniivatiorited
r (Eb thadiahseestsphinenfimiEeystematically received whatever the Doppler shift.

Figure 4 shows the time-frequency chart of the signal emitted, with FO =

10 1500 Hz, F1 = 5000 Hz and T = 40 ms. It also shows the charts of the signal

received at 50 m. for a relative speed of +50 m/s and -50 m/s. The Doppler shift
coefficient § is dependent on this relative speed and equals 0 if it is zero.

Its exact value is:

5= 1R - W (E)
C- v (R)
C : speed of sound in water
v (E) : radial speed of the emitter
v (R) : radial speed of the receiver
Reference frame: the water, assumed motionless

15
The thick curve in ftriplicate 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.
20 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 result.
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.
25
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v1(R) : radial speed of the receiver Reference frame: the water, assumed
motionless 15 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 ctgarged with individually processing
each pulse. 20It should be noted that if the values of FO and FI (falling chirp)
are_exc anﬂedt,it suffices to exchange the start and end of the pulses to get
the TELEIL O 22teHRA S Reficial point: the intercorrelation between the rising
chirps (F1 > Fyt aficiththéaiirpehingd (EGradel appdrtieiaknsenk divetiebyTg
maldngl HidessiBledapsaty ersly ASaEe tWe burehirPWEER rdleiver at two

Synchronization pattern First of all, the pulses must be spaced apart by
at 1BASIGEGBYSRn Tg to avoid the overlapping of the responses of the
Zorrelators of the receiver at two successive pulses. 5 Position code
OnegditheReskible variants is a "position code™ having an aperiodic
autocorrelation equal to 0 or 1 everywhere except at the instant of

synchronizatiSASvAe RS HEsss YRHERIRdR 8qRaRitNT tRAdFe BRYIRG RNsaReriodic
10Suttraretdecagdel tex@umplecveryaprzs enteghtoat hpahsatanhiz syhithecyipation
P At 15 BSOS 4 MRS BREEAIGH,RLEOTeSPONdS [0 a pulse

at position n. This code can also be represented in graphical form (Figure 5).

"%s regards it YR BIAASABHCHFEANRIFIRS( FRIFRERLATRIOA ROYPARIALE 1S tyPe:
(Figure 6). It clear ows;the mai cqfrelation spike ordwhicli4 good
detection will be mb«(’:l : knéwﬁ\g t atﬁﬁl tﬁe%tsidg obe-si_‘f:ﬁe %e%gligible.

where the operator d" corresponds to a pulse at position n. This code can also be

represented in graphical form (Figure 5).
As regards its autocorrelation, the simplest representation is graphical
15 (Figure 6). It clearly shows the main correlation spike on which a good detection will
be made, knowing that all the side lobes are negligible.

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

20 that the product P(d) P(1/ d) has coefficients of nonzero degree equal to 0 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

25 lobes:

Pd=1+d+ d>+d®+d?+d” .+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.

30 Binary codes
Unique sequence

Another possibility is to make use of a binary sequence having excellent
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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 polyggmial P(d) such 20 that the product
P(d) 91 / d) has coefficients of nonzero degree equal to 0 or 1. The distinction
between the two types of messages (message containing the data or else
ackPidRAEHGRHARN RRRSEHSR) will be able to be made by using either to-rising

chirps only, onriaHisgfarpsolyed arénepioea perdguBANEeHEiss possible to
accgpt lighly; @%Q%f%ag%g% 65 chi %ﬂfzdgg\gﬁe?ged%% g@eé;*bﬂéﬁn%%i%'éhof

(13 nonzero coefficient erefore correlation qual
reptB@EHIBHEPBY Figure 7 and whose autocorrelation is as follows (max. 3

sidetighps3ditigute Bika0aBiarahprRAS BLIRIIUSSESIMRNEE TINBIBCERASBIRMH \HES:
to make use of a binary{qﬁe{qtbeQCG iaa\{inlg gx&edlefpb 11 autocorrelation
' { itted-atr

properties. In this case, the'pulses are'em egular intervals. The 0 bits
of t18%: degoethes fasslilt in chirps of a given type, and the 1 bits in chirps of the

other type. (-1, +1, -1, +1, -1, -1, +1, +1, -1, -1, 1, -1, -1}
Its autocorrelation then has the form of the signal of Figure 9.

10 If this same sequence is emitted while inverting all the bits (by
exchanging rising and falling chirps), the output of the correlator is inverted, as in
Figure 10.

It is then possible to emit either the original sequence, or the inverted
sequence to distinguish the two types of messages as a function of the polarity of

15 the global correlation spike.

Pair of sequences
There exists another possibility which consists in utilizing two distinct
sequences having excellent autocorrelation and intercorrelation properties.
20 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
25 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.

30 Estimation of the frequency shift
Having regard to the variability of the channei, 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

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



5 It is possible to take as example a Barker sequence of 13 bits, constituted
thus: {0, 1,0,1,0,0,1,1,0,0,0, 0, 0} Or, in another form: (-1, +1, -1, +1, -1,
-1, +1, +1, -1, -1, -1, -1, -1) Its autocorrejation then has the form of the signal
of Figure 9. 10If this same sequence is emitted while inverting all the bits (by
exchanging rising and falling chirps), the output of the correlator is inverted,
as fAstggt Rl gpme of the pXiskRa feEERIKIe REFERYESHGapRAtMYR4NUst be small
sequenseconthie Myeftéed saqaentddth distieg)ish e ratodypasipfdaasasagese
as ﬁJémFH'ﬁ’S'\I!gRH&? cﬁ‘?ll%rilmk‘)f 15 the global correlation spike. Pair of

T

sequences There exists another possibility which consists in utilizing two
distinct sequeH¥8sHARUEERCRIFENT aAtEW rf@5IRR R RftdporiRvBkioRere wil
propeidtraly aeiyexanmerihsd foffuangsas ieoeep@agatal 3bits) Sequence A
={-1, +1, -1, +1 -1, +1 +1, +1,.-1.-1, -1,.- i ocarrelati
int{ercorrelatio%?té%ﬁﬁ%@é&e e%tmﬂa‘lﬁjal? #éhél:éﬂﬁ%%ﬁ%ﬁ%éﬁﬂ%ﬁ@ %dto be
autstenraifatitaiesh Aneighifesstimatienrragibhaytdinid Alimdyraliatidieonesare
Figugelflid tarpmstacchidlaiderrpldeagehBiitering. The emission of one or the
other sequenge il malke JhAgesibledq distnauisnhstveendle HRLRLIQhe
messages that are possible. stimation of the tfrequency it '
1Havhishdgthel soahsonaaipiff embie ereieialytHessdtindafosdianlly, it has been
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Inv relies,on a "diversity: effect which consists |n using a callection
P ENOdLTERS 80 S AR Aol G B Ly e
thefgqagﬁancy is then available.



12 instead of some of the existing carriers (to preserve orthogonality). P must
be small compared with N (of the orde{ of 10% or less) so as not to overly
decrease the useful throughput of the 'r?wk. This guarantees that if a
few carriers are of low level, there will 5 practically always be others of
Trutlicant davahimegmnpensate. Moreover, since the estimation of the
common frequency shift has to be strongly filtered, the shift estimation
carriers will finish slightly after the message itself to compensate for the delay

1.due tg thethibeindrdhismetessentirtie makedhsmibegin hefe@heasiartabmits

the message, 10 which is the synchronization preamble previously described.

acQUHSHRATR FORME IBoS e R R EREI AR I E PO AP I BY Yt bP HRES
whvparbelie shikas.anconly: i ENEX theseaf hasttiavbedetestad dhe, mament

at which a good estimation of the frequency is then available. 13 The
ACIHRAIHITORTBRNIE GO PE RGO TOP  AhSHitiRg Gats ERFESH Htidems
coidfmghta medium that transmits acoustic waves comprising the following
steps: emitting from a first modem, acoustic waves in tq the medium,
comphisiy LKA DPHIEAS ’f“wanﬁfb%fg? ﬁ%@%?%ﬂ%g%%%%wnfam of
préeegipldnessagesd whsieinceastipackel fisniormesd aktbfaeisenapangisfa a
- an acquisijtion preamble formed of a set of pulses of finite duration, for
fr%@@ﬁc@'ﬁ%tection and a joint determination of initial values of a time shift
and of -adregpepey, shift, b - data proper, C - a set of unmodulated fixed

criers suitable for permanently estimating the frequency shift, receiving with a
secofid mﬁ%@é?%ﬁ@iﬁmfﬁiﬁwmg@m%aaﬁ%ﬂ? b ARG RELNETaihe he
frepmeduintingdhedatapropsewitld thedsacane awedeimbasstemndhieby the first
acquisition preamble and the set of unmodulated fixed carriers, wherein

mﬂ‘g%ﬂinear frequency ramps, rising or falling "hyperbolic chirps" with

charakiagsticsifixebcaiaduraiien wit extkeoe dregdenciesddsadiinivignisition
and maximym), are used for the pulses of the acquisition preamble. 2.The
PB4 R I O AR s

wherein non-linear frequency ramps, rising or falling "hyperbolic chirps" with

characteristics fixed by duration and extreme frequencies used (minimum and maximum),

are used for the pulses of the acquisition preamble.

2. The method as claimed in claim 1, wherein:

a — the pulses of the acquisition preamble are of finite duration spaced apart by at
least a minimum duration Tg,

b — to transmit the data, a signal consisting of N regularly spaced carriers
modulated independently and in a synchronous manner is emitted,

¢ — fixed carriers of greater amplitude than those conveying the data are used.

3. The method as claimed in claim 2, wherein the pulses of the acquisition preamble
are amplitude modulated as a function of an instantaneous frequency to obtain an almost

"flat" frequency spectrum.



a - the pulses of the acquisition preamble are of finite duration spaced apart
by at least a minimum duration Tg, ‘E - to transmit the data, a signal
consisting of N regularly spaced carrieJr modulated independently and in a
synchronous manner is emitted, c - fixed carriers of greater amplitude than
those conveying the data are used. 3.The method as claimed in claim 2,
wherein the Eulses of the acquisition preamble are amplitude modulated as a

4 functiohf SrERIASESIAMEE IR HaBdn NP E6cHb A WRSIRJRL AR FrltfidEicy
diSResiibetivked dhbenaeihad asdciaimed by clain hdsdagegin two types of

pulses are used to distinguish between data messages and acknowledgment
messages. 5. The method as claimed in claim 1, wherein a modulation of

5. differepdiahdynel Withaz@iddpbiase statessdmuseddatidicométifad amclapnedith
in claim 1, wherein reference symbols of known phases are inserted at

2 PhORIAFOSHSNSS ¥3efhe method as claimed in claim 6, wherein reference

symbols of phases having a higher power than unknown symbols are used.
8. The method as claimed in claim 2, wherein a position codeé():é)rresponding
[

6-t0 aﬂ&%‘b‘?ﬁf& B SR TR proviFEe S (98 Kb LS SxriEnahya pases

arO@n2eiRl degree egdaltiond. or 1 is used. 9. The method as claimed in claim 2,
wherein binary codes are used. 10. The use of the method as claimed in
claim 1 with acoustic transmissions of data in a medium suitable for

7.convayinghsaisiwa esnidamellsine andenvates fareis Rymbols of phases having a

higher power than unknown symbols are used.

8. The method as claimed in claim 2, wherein a position code corresponding to a
polynomial P(d) such that the product P(d)*P(1/d) has coefficients of nonzero degree
equal to 0 or 1 is used.

0. The method as claimed in claim 2, wherein binary codes are used.

10. The use of the method as claimed in claim 1 with acoustic transmissions of data in

a medium suitable for conveying said waves, namely the underwater medium.



