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*159159* DOPPLER TRACKI NG METHOD AND DEVI CE

W DEBAND MODEM The invention- relates to ammgwﬂﬁmwm
devi ce -al | owi ng Doppler tracking for a bro

modem More generally, it aldo relates to a syst&tor
estimating and tracking the frequency offset for a

tr ﬁ@ can?m‘ﬁmﬁﬂéﬁ é@%“é?%a tp@ gglg IDEBAND MODEM

frequency The probl em posed is the transm ssion of

data of B rgfor Rl 4 Mhin G0N aRRARME BBFRE O biing

in the water rate severa
kueadmoiadkﬂanqusliermg a band pass as small as possible

and a Coml’étaéé}%rﬁgwgséh?&e'ssto a's) QHFﬁefgr é&lﬂﬁﬂg@gﬁit%@hg the

in particu one equ pnent runnin 10
requency effsetTioe apiratHntssion spstem whese kandwidthdeinet (ingjgnificant”

Q,ﬁﬁ?eg,g&vyg?ﬁle%raéﬁg@qeﬁgﬁgnden_ts subnmerged in a given

envi ronmnent gnetic waves conventionally
used (fr e ardbiam haseit isdhe kasnissigrotdath ofiapy typerigptween two

?@?{s@%ﬁ%&ﬂ% g;ﬁ%@@g%a@ﬁé’ Waler! %ﬁer :a} WL ©F seldisi Wéﬁ bits per

ul at or Oreé uses acou
secopd wrthletus'mgsapbartd pass amwlwsposslbm a c@uputmrpower that is

iég:{ugém%)y co FIﬁ'\U?’llfIb aH%uEFV#oF %mgonlaa\%g@igment running on

remne acous
Battariese of |ts |nhoanene|t|es (salinity, tenperature,

current sy et ?rabléma St QFBn Ltha Pat nrafnghwg@r‘(%ddgﬁ [fl8ween two

waves is In e only fo very short
dorssesmoéeraﬂdubme@edamaelvealenws)nmwt time. The waves

that arr

wth ver JHE FqroRohfElstts Bltfientidd S8Y 1B &3k Hundred
He e rseVetial 6¢z' bgise peoragatsidf éxireaely perrinigythe Water the modem
fﬂgﬁﬁﬁétg n@erﬂ&ddl@t@ R&reto ?‘@ ldes é’crouis1 fid\WayeRab transport tgle messages

i ONs on t e surface e water, possibly
tressmoittedd by waves, and on the bottom whi ch may have

al | ki ndpopf f&r}ﬁ%ﬁﬁn ah sﬁ?mraﬁﬁé @F\\)lronhﬂanpﬁ%%hc&treh@yscomplex

results I n e arriva e recel ver many
beb@\tlwrtfpl‘)ﬁ@oh@flc wanes. difcates Ofs'f&‘gwapmo%ﬂﬂ*i'%a(w'mj}y tgmpgrature,

h?fgrﬂs r@g?g#efag eth§t t@%‘ﬂtaﬁ(%hdv&ééd@y theR@ses iRl §¥tra@'ﬂqlne only for

requency nmust ‘be added, where
Reeessharidistante anfibisopuisivasies owridimey t he 30 relative

radial s ﬁﬁg haRks IH%‘F aﬁ'R/Era? Wgﬁ%ﬁném&h QEvéthf r%GfeE with very

and a pseu Tperl odic frequency offset due to
shiffsrent| delays. Thgse rowtes gnay ihe either edigratid everal §ilffﬁﬁerttrieumeys

converging on the receiver), or "indirect" (reflections on the surface of the water,
possibly disturbed by waves, and on the bottom which may have all kinds of types of
relief).

In practice, this results in the arrival at the receiver of many repetitions of
the emitted signal, each having, at a given moment, its own amplitude, phase, delay
and frequency offset.

To this must be added, where necessary, a frequency offset due to the
relative radial speed of the correspondents (Doppler effect) and a pseudo-periodic
frequency offset due to the swell if at least one of the correspondents is on the

surface.
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surface. ~I100 1121 IIH LI TETEDE TITH ~~~~ ~| 1~
*000002* 2 In sone cases, the reliability of the
transm ssion nust be virtually perfect. If it is a
text, it is possible to tol egate several isolated
errors, because they w Il bé& automatically corrected
by the reader. Wien it is a binary file (for exanple a
JPEG | malge&)me h@as'egqmé ?Qlla?ﬁ@loﬁf éﬁé efra'n§m%§|%'ho?ﬂug?tbgl Vlrtually
0, otherwi se the 1nm very gre
perfpchdbi is adexdiiis D@slble tetoleyateceveral lsnlamblbrawa bedagse they
t [ S S
PR 2oy CSAecB by teeeadE N B 2hnaliye @ Slample 2
G irahge)t tharreatirag erorfrateaﬁ;emyxmateé/ Dopheretseghe grage will be
Qﬁg gggbgnal to the frequency, the | ow
guen ahave a | ower frequency of fset than the
hi gh f reIQueqiﬂﬂlcus the csystem is Sbreadkandsi inc practieal ragpticatipss, the

?rﬁmgﬁd f'iﬁEeS|Pg€\Q§a‘ﬁ§ﬁ1ﬁt{%ﬁ |§“ﬂgt ﬂ&oﬁ{b%raﬂlgeghéﬁlr dI \ﬁltmﬁ% central

ys ne e conpared Wt soun
thensenissiony pqlmcmaﬂm 90n|@@00ffﬁe§pemamrmortmal tofthe frequency the

WA ERGeQhal QFORA%??rbgl?erR:g offs&fBhdrStha %ﬂe&mes
ependi ng on the sign the relative spee

exanpl e, Whaiiss e tinemiie ralaitvessreed aofpbeitiansotitter cangl of the

WcbivePS nbP. d'l\ﬁ&%' K%‘ glkpe ]C%E'#%F] Wﬂﬂdﬁe' pdedeof ESSrgi ¥ water

sep aration is +1 rOX|nateI
(awet@,()mmwcﬁogcm/é)s aprQﬁ@le@fsemanggm @hﬁ@fﬁiaﬁj&@ﬁ ehtlme is observed

fh fﬁeof the applicant, there are
H%}%ﬁ'ﬁr?@%nt ng; sprea qggpée%jtrum type in V\,hl ch the

payl oad Feit examplgepymessaacotiprandiedvovar @heernghalildt  will be
proﬁegpﬁsw IREEbhdll FAhE!4eBa it SRRFARRI B! P10 WL (86 kmin or

t e use fi1xed carriers are
appypxipnateie @ kmcpta)owech Pasasrrokiemp |ota\tr1<=bwnm@tlgmug¢w442

di scl osegg gne *RF\Q@QB&@% tﬁé/%taﬁlmanl hﬁéree&E' $RIeRS Bf"tl')é "spread

once and for the wh duration of the nessage a
sRASHLBY tyrer igawhicly H]%@aquﬁétﬁ isqvgry lpwheprarared withithe §andwidth

dER Wh%lcrpals&l%ﬁorﬂ)rseéﬁ)%priaw Wﬁdh%oﬁnﬁ‘t@fh%%s@odf FRLY carriers

to a nethod maki ng it possible to continuously
Q@i?fﬁeﬁtaéﬂiﬁénﬁ'ﬂa@!ﬁmncy of fset (Doppler) for a nodem

oper at i NPafeRt ApSIKBAGH VG RIDSIJSSANE RisclobBS 4 MIBRARR" system
relates notably to a system of estimating and tracking

thatestimateg, eﬂwnw ?§‘éf°fﬁ’aﬁ whole ﬂ&Fﬁ!'ﬁP@éFWQWGrﬂ iprpdes offset

pans Wb caryiRglout isdkay. fi cant with respect to the
central frequency, the systememtting a wavefo

i ncl udi n§he Pstfaact@ét*teaiarﬁﬁe?tén\mb%rq@%noﬁaelv to a method making
RYstiBrt ioal:érﬁmgbl?sﬁ RstirhBRNthehdquehcy BRs@&DpBleP) for a modem
géggﬁr?goﬂwté snu marlne environment.

The invention relates notably to a system of estimating and tracking the
frequency offset for a transmission system whose bandwidth is not insignificant with
respect to the central frequency, the system emitting a waveform including fixed
carriers whose level is substantially greater than that of the carriers transporting the
information, the carriers having frequencies FQ ... FN-1, and the payload signal
carrying the information, characterized in that it comprises at least the following
elements:

¢ N banks of band-pass filters, each bank comprising P filters, suitable for
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information, the carriers having frequencies FO ..

FN-1, and the payload signal carrying the

i nformati on, characterized in that it conprises at

| east the followng elements: N banks of band-pass

filters each bank conprisiné Pfilters, suitable for
coverlng all of the values that the frequencies FO

Yot & of f.se filter

out pu{:% oa#négflét egrosathqulﬁg %“Sn%ﬁﬁlgpo-pé‘:uek may Jpke after
P add@psplsmﬁwbl e for a:jdl ng the corresp?ndi ggt ou: put s

of ;th ters stem fqr detecting
the pgs'f'lh| Jﬁ%ﬁgaf's f?}r}enef{ﬁg % 3r°é’3grtat'ﬁ§§Yeﬂ%°ef?egﬁ?tPhe P

suns Rratideny svitdbied fur i aadinghthe posiebpendingf obtpets! GtBEN banks of

maxi nHFQ A system for stori ng t he positions of the
two |8 é%st maxi ma and their "weight" and for

pr edi Atdysent e @é!édftm@tthé‘ osition bR the\tviey ﬁr@é@tﬂﬁéxnma from the P

val i dating/repla ﬁiﬂ% osltlonfound A system

convefqm?lg éVB'tdﬁt'Q Pqsitop e ﬁ@teétd“%E'Hf‘br and

filet enl §y@tdrhor lsringr the NscRitbAs Sof! tﬂ\é"msﬁarééslttrﬁ£X|th§nd their
relates to a method neking it possib

i Q | s
Itgvggivyeﬁ&tgan for Pigdicting theccussphyalye.ef fect for a si gnal

CoRsi Atsy&temabr @alwamfg’/@Fréun@%élsbmnffbﬁﬁdﬂ 15 carriers
of a |level substanti reater than the | evel of the

car'r i Braystemnsepsringn et P@Itmﬁ dntaeastioated Rerplar ahe figering the

havi ngttg,rtﬁpm,@ﬂcd@@_pggsfmﬂ FN-1, and the payl oad signal
carrying_the information in a transm ssi on system

whose balvHERiqnsalgprelalessto g meathashmating it pesside to estimate
éﬁtﬁtrﬁ&@ﬂfeaboﬁﬁlgrq@f?%&lfor é:'%@'nﬁp&ﬁ{s'isﬁﬁg of 3 Jv%@éfciﬂﬂ including fixed

rses | eas [ owm n
Gareers Al etleyRy subdartiaty gssater tbargt’f@l Iev,embthescﬁamgers lii@nsporting the
|Hﬂ>Yr|nQﬁ&1 sh8 rb%}rler§ Maling FebduBhQESTRG ON Fﬂjn{j e tHe E%ﬁ%&c Signal

nal to a filtering step using the frequencies

?3r5 ingarthe e'FEormEt'mDéFe?nirﬂnsiﬁ'@}ss'?'brsyéﬁ?@h whosep bangyigth is not

lﬂﬁyﬁ‘lh@éiﬂ viath rbbﬁéo‘l? el cenBBl fraqueRey, 'ﬁﬁgﬂaeﬁr&&f) |thﬂéf iP Hémpnses
4. Determ ning the values of the

uts e , P,
?tj?gﬁgiefﬁg‘%’}”ﬁ%ﬁeﬁﬁand m for several noments, t, 5

Det er mi nUrahBﬁntﬂf@*ﬂ@'c@m‘b@&tée sfhat QSmBF@hé 'tﬁé‘ ;?éyl&ah%@nal
nmoment t, considerin maxi ma found that def

uni quel y t FREVA%H r@?&%ﬂ apsh s r@fer@nqeﬁgnqyaq aél,ltenng Step using

the frequencies of the carriers,
2. Determining, for each filter, the envelope of the signal, e,
3. Adding the various outputs e,
4. Determining the values of the two largest maxima, M and m, for
sevéral moments, t,
5. Determining the probable vavlue of the position at the moment t,
considering the maxima found that define uniquely the associated
Doppler offset value,
6. Carrying out a low-pass filtering on the Doppler offset values in order
to obtain a smoothed value.
The method comprises for example a step in which the smoothed value
is interpolated at intermediate moments by means of low-pass filters derived from
the filter defined above.
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30 6. Carrying out a lowpass filtering on the Doppler
of fset values in order to obtain a snoothed val ue.
The net hod conprises for exanple a step in which the
snoot hed value is interpolated at internedi ate
noment s by neans of Iom#pass4filters derived from the
filter defined above. 4 The filtering step 1

conpri s €¥ne f,|9.;l’r, nﬁ é@’i &o Eﬂseg e@? Exatn}hﬁe facf lléagwh%gol?ot\nﬁrpgs étepS'

The i nput signha

(siempiree | r’?USﬁQ’neﬂ %wmebwé@by afll-la‘hﬂran/ﬂndﬁw @s@ﬂpl@&alsé‘ﬁ E&lne) for
overl ap of 80 {53 bet ween tvvo successi ve W ndows,

the 12084090 SOV Gverap of gFrms bgiwesndwaisycerssive windows,
added hen t he 4096- gm nt fast Fourier tra_n_sform

FFT i ©thg rQZécP%nﬁ% °Btﬁ'“teﬁ1 042 gyibpoints gevaddng: Hen: i

mar ked Z for a desired central
frdq u@ﬁdpgﬁrpoﬁ‘ttf?ﬁi FPHH‘R’ trangform& T igjcarrieg pub on this sfgagkwhose

Four i glitpltfig ifdriedz FET . .t PRl 1S just below is conputed,
the actual nunber X fyl ng between 0 and 1 which is

( FR, pror aldésﬁl%'é &entfal %eé@grﬁy Flng thé rﬁmu&e ea'rﬂ)%"tz\oof the fast

conpl ex nunbers zQ(Xx) X) t are functions

x ar eFewiestrapsform @“Mtl'-ﬂe'ﬁt tmthconwum erm ned by

zQ(x) Zn + z1 (x) Zn+1l. The nethod and the system

ac@or efgtuab numeen ynlyingthedmesto? and § wiisheis (e - 1.8625Wi/righ625

advaniagaputet £ W@on‘lﬂle)pﬁé'rﬁbé}%%o b a arzr1¥/x) Qﬁgt are thnctlons of

submari ne comuni cations 15 of long dura

vari abPE S8R®Er . between a transmitter and a rece| ver

travel ing on any trajectories Figure 1 shows, in a

tirte- 'lhleéaefe?\léyu'fs!i)d@féfm'ﬂﬁ@b)éﬁ@(él:ln ¢fZ10N&narf f set on t he
tructure of

carrier i cal
nodul es &g?wd ré téﬁ S@%e%?é’\égr%’gs'?%% IAveRiasy 'Eﬁtﬁtay SB"e the
tohewmgmdvdntmges TFe;gmraEe a psh@ms t@c@*f}e@tfsobmbhhé Edsmﬁhgnlcatlons

40503 B AP r, We 3 B e

sd@lisg amaey(aapbteneé the out puts of the adders,
e of

9"l PR IR GRS oI ot e
filtecarrigrs, and Figure 10 shows an exanpl e of a
[ SOURGE B SRRORST RS LAG e BB IRbuleh 553 s usea by e
f ol | osystegn acoarding €o the igienton,f or a nodem oper ating in a
S ulgn‘a,gllgaree 3es Vc;vs;soan stnggtfor fl?tre]grﬁgat?\teeslrglnzalegy windowing the input signal,

o Figure 4 shows an example of outputs of the sensors,

¢ Figure 5 shows an example of the outputs of the adders,

» Figure 6, shows an example of parabolic regression,

e Figures 7 to 9 show the results of the final filtering, and

e Figure 10 shows an example of a frequency response obtained.

In order to better explain the principle used in the invention, the following
example is given for a modem operating in a submarine environment, characterized
by a considerable and rapidly variable time spread and a not inconsiderable
bandwidth with respect to the bandwidth which makes the frequency offset due to

the Doppler effect variable in the very bandwidth of the signal ("broadband" effect).



10

15

20

25

by a considerable and rapidly variable tinme spread and

a not inconsiderable 30 bandwidth with respect to the
bandw dt h whi ch makes the frequency offset due to the
Doppl er effect variable in tge very bandw dth of the
signal ("broadband" effect).*5 The waveformemtted

?y the nodemin question includes fixed carriers

unnodul SRS
than th ﬁeegz)a}/éggrqﬁ %Hltfé\éeég/ ﬂh?.rnz = O?’{‘&de@l iy m%fu@@g fiked carriers
{unfredriatad) nwhose |Isvebasea|ubatar1tlhuasegreeaelr |tb$rs thhtatof tthe carriers

t?%ﬁéﬁggfgs tﬁ% irgfpﬁr%aet?)\’lte ﬁg? ©aEoPBh qg?ééf éffﬁérs%ag {18 %‘tl%?é of the

I'S capa var
avgragd PDopfike offedtenf dhe sigoal isi rea@e eaneofémémattl@ capatne of varying
l%lﬂﬁ!yar and have frequencies marked FO, Fl1, ... FN

€ maxi num Doppl er offset is given by a

di mensi oﬁheessfernnn@ear,rierwm:asto N0 aumbdgr Bpd thawe frequencies
ﬁgH%E yr(:R yr(E) G v r (R C speed of sound

(E): radial speed of the transmtter
vr (R: Theadnalmslpe@ep@ﬁr toffeetr sc giver rbyFpadigepsionless number,
Fn%fk%rd%ngﬁta%n%tb?the g%gayo ered to be imobile 10 In the

presence o er offset, each frequency
carrier F, sees its freq%new(mpdnfﬂ(Eﬁ to (1 +9S) F.
Figure 1 describes in a ti TreayenRsy space the

ef fect of the Doppl er  of f set on th ®carr|ers for S =
-Smax, d = 0, and d £:smedef s@mshinithy waten desi gn
element 15 of t her @)stadial spreg of theduassmities may be
chosen, but, for $, tro): hﬁha’:]l@b@dtdftmeea{/érﬁat ed

unanbi guousl y, Fm@* hfel:e%gé Wéreéorfg%cﬁjedftb@é ifimbbilaVv e

a positive heigh res e follow ng

sinmple condition: (1 - Smax) Fn > (1 + brmax) Fn - 1

br the-Ipresehne >of Ssach éFlor}pIErn offsét, each frequbhdy 26rriEer gursees its
resents th ous steps used in the invention

Eﬁ%“ %¥m°€|'f@%ﬂfk¥§ghsntuti ng the device.

Figure 1 describes in a time-frequency space the effect of the Doppler

offset on the carriers, for § = -8max, d = 0, and d = +5,2x, Smax being a design element
of the system.

Any frequencies may be chosen, but, for 3 to be able to be estimated
unambiguously, the small rectangles 1 of figure 1 have a positive height, which
results in the following simple condition:

(1- dmax) Fn>(1+ Smax ) Fn-1
or
Fn - Fn-l > Omax (Fn+Fn-l )
=1..N-1

Figure 2 represents the various steps used in the invention and the
elements constituting the device.

This system requires the presence, throughout the whole message and
even a little longer, of a set of N unmodulated fixed carriers in addition to the
payload signal.

The complex signal (reference carriers and useful signal) is received on
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This systemrequires the presence, throughout the
whol e nessage and even a little longer, of a set of N
unnodul ated fixed carriers in addition to the payload
signal. 25 The conpl ex signal, (reference carriers and
useful signal) is received off 6 a processi ng subsystem
conprising, in this order: - a set, 100, of N banks of

= ' ring: [ ghtly nore than) at
ggg%gg%{ q?lg%fsfy% %LTP‘%/O;TF&%\S{“ l?gﬁ 'st(qri‘]éérf requenci es FO ...
FN- 1 thasetc400,0ef N banks ofdf band-bassilters anivesmyg (slightfambre than)

band- I, | ' ati ¢ epvel
sens ofaﬁg?gétsaﬁ{ ?\R}}He:\é%géga&\grge? reg%eﬁﬂgé% Pt EP% Fhlaﬁ C?'ﬁ ge taken
figure #ftar Dopateonfsedf sinplification. - a set, 200,

of P ad@gghs bQﬁ&’-FQQs ?I'??T RUR S ‘B& égﬁagﬁéﬂgreﬁ@bl‘a{)e sensor not
envel ope sensofs o he sane rank for each frlter, -

a syst eshowgOsepafately fretretbe ffilkeys irthedigsiet fiooreagbns dfssimpliication.

| ar gest [ f the.. ﬁié'mé val | [

their p%srgté ? [ %Br?é g?mtaﬁégrgu%gddrt% 0 tH@UgeIr’fio{gg @’Féoqgﬁc Q'%empe
adder s, sensarssyf$heepamel ok forogacstiden, ng t he positions and
their "yej S" : oA e

e Syh S 305 r U S sk ot i ] ot A from
found, ths P sumsypsd éon vaidatingdbeiv pesifiang atitee putpiit dfdhe series of
into estiq@t ed Doppler and filtering the latter

through a I ow pass filter which gives an estimte of

the Doppivetenvf #&®&t fo \iteringatiei resitiensl apg .thagihe'weights" and for

esti mt*,ggicwthgr%%hmmgechani sm may al so include an

i nterpol ation nechani sm making it possible to have
Doppl era systerat S&h gyl vatidatipgeeplading theqpositioh fountihe det ai |

of the y agy.%%gﬁt ﬁb@ﬂ@&%nfngfmengoﬁﬁ&k E’nfé? gr% m%ﬁe?}:i?&hper and-

accordi ng” e’invention s given . _
filter Sfiltegog theblatirr troughl a omspass filler whish @ivestarbestinfage of the

covering JH<BONGRG Bed/deldg 25 between (1 - 6max)
Fn and (?Ls@&ng)&@ﬁ wher e Faggi s the frequency after

Doppl er Ths f 8¥imation tane Warkingf nfecheris® dnay a#iko ninclude an
ﬁg&? é?lﬁié\kglf%Eh%diérﬁ Ghakitd mﬂl'ds§i6%’ tof Mveeﬁlé‘;;méreoffsteg SamBlEs more

and-pass filters of even space
Feauently. frequencies. The pth filter of the nth bank

will be gRNbSLEY MR varblLE BIeRTAYs RAHAY daft: of the system according
to the invention is given below.
Banks of filters 100

A bank of filters is suitable notably for covering the frequencies lying
between (1 - 8max ) Fn and (1 + 8nax ) Fn Where F,, is the frequency after Doppler
offset for the bank of filters of rank n.

Each bank of filters comprises, for example, the same number P of
band-pass filters of evenly spaced central frequencies.

The p™ filter of the n™ bank will be centered on a frequency equal to:

Fop = Fn |1+ 8max (M)
P
n=0..N-1
p=0.. P-I

Fn. the frequency after Doppler offset for the bank of filters of rank n.
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-)) Fnp=Fn1+bmxI2pP+1P n=0...N1 30
p=0...P-1 Fn: the frequency after Doppler offset for
the bank of filters of rank n. 7 A sinple way of
produci ng the bank of filterg is descri bed bel ow. As
an exanple, it is assuned that the carriers are spaced
at multiples of 25 Hz and that the sanpling frequency

A%m@plé % prdcﬁxci‘né RS BAHKES flt‘tg'@tI? d&%ﬁb&g bLiB%.

denodul at'i on phas a new s appears every 80
ms and tAeaAn @Xﬂr@wef rteﬁqwnmdéinatém carsipiseare spacasiatdnultiples of

féﬂ%'ﬂnﬁ%ét'?ﬁé sahgi n%'ffefq%ﬁ%v:lé%'m@rﬂ-ﬁse denmodul ati on may

have up f our ase st that is at |east 900,
if the e“r'%ras(?ﬂn@gt thaht dwingothet Hempdldth@;zasﬁfsetew symbol

prea“sh@ve@ggb Hsozﬂ'ﬁ’f theﬁ‘ %51%wr f@q@kh%ﬁs@%alué is r@eﬁ%&j uces

t hat does not
quarter B¥sUNHed thaﬁuthmﬂ*fffe@nh@hmm@ dﬁmodulemn mBag hawe eip to four

b8 B rthgﬂg%} lea"sh§0°effrtﬁ’é ef‘?gr &Sés'tlﬂﬁgérﬁjef Ak f%el?@gri offset is

frequenc
4E. the ﬁd@%@nﬁl ah@se\fataﬁ@m thamulrdrpduemg 36ﬁat< 80imes X dEt

Fourier sé i%f @ed ndteXeeddCa Hﬁaﬂtﬁgﬁ mﬁ?nﬁ%ltﬁlokclempirical

separ ate two frequencies separate
rulsstsom experigncs).hedeaer of eginiatios ofrtm reduency offsetisiE must be at

meas b, 40(9’9@1@?@ (Tn afsdISe- va?t%l) FRhich r}hé nst {F\%t R 8 Fourier

is as Eut Si IS Wn

frarsfeyAt |Fﬁ§) t%pe aS%this e aplﬁd@wewam frecmeseias separated by
@ewleh 56825 132 MR Hupthe fof E’&ﬂﬁgmv\%s%r rPfsoPéS/ B¢ :gi"[ééagﬂ‘ 6.980/1%625 =

bet ween two successive
4PP@strated in.figure 3. added to the 0.16 x 6.400 =

1. 024Fd9rcthi€tt$1e(b%@s§?sda@froﬁov€s 096 - 1.024 = 3.072 20
nul | _Fm nts, then: 1. the 4096-point fast Fourier

tr ansThs MAdESignal dawindawesu tweishting) dysa driiningaietow (simple
out putaided 683&1'@?%#:9 pefiod of 1604 WithZovefQp of ggerﬁ# rb‘éﬁween two-

central frequency Fn,p, a conputation I's ma
rank $HCCessiyewindgwe, This stgp 'Stlhl@tflalﬂsirln dgurerdansf or m FFT

t hat écﬁjddtfétthé)ﬁ h8W 6 bRt 1'0“251 g%gmt{ébtgﬁ%éd %ﬂé"&o%? - 1"6%4389 3.072

Fr, lies between n tines
1. 562m4lipointg, themie real nunber x |ying between 0 and 1

I's compuiRAayby-ghint fast Fourlr transform FFT is carried out on this signal

whose output is marked Z,, Z; ... Zagos,

2. for a desired central frequency F, ,, a computation is made of the rank n
of the "bin" Z, of the Fourier transform FFT that is just below, that is to
say that for which F, lies between n times 1.5625 Hz and (n + 1) times
1.5625 Hz,

3. the real number x lying between 0 and 1 is computed which is (F,, -
1.5625 n) / 1.5625 and two complex numbers z0(x) and z1(x) that are
functions of x (and computed in advance for convenience) are selected,

4. the output of the filter is simply given by zO(x) Zn + z1(x) Zn+1.

The coefficients z0 and z1 are optimized so that the result is as close as possible to
the one that a filter really centered on F,, would give.
One of the two coefficients z0 or z1 may be chosen to be REAL (and the other

corrected as a consequence) since the phase of the output signal is of no
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1.5625 n) / 1.5625 and two conpl ex nunbers zO(x) and
zl (x) that are functions of x (and conputed in
advance for convenience) are selected, 30 4. the
output of the filter is sinply given by zO(x) Zn +

zl (x) Zn+l1l. The coefficients8z0 and z1 are optim zed
so that the result is as close as possible to the one

Hb%gtﬁﬂc%i Iter really centered on Fn, Pwoul d give. One
ol the two coefficients zO or z1 may be chosen to be

REAL ( anidaghdtenisfeliowesiry & guadtatisseravetopesietprotorgiying thesguare
of; ; t Si ' f L port ance..
o PR s S i SR AR D b D8 Syt b B B signal
indraseband, ge.vdientereden gwfeequencf O)t he nodul us of its
k ' ua| ri t on a

R iy e By BGiESEr bnd 3o Bahk Wi ke ee ot ne

f r equenclyiglie. 4 giva$hen example o butphts gittie glesdeaticoenvefopelsensors,

ha 14l e , P FlL.O AY .

%E(?lbn'pl @o%dguﬁput@%@%ﬁg’ﬂ% ot |ﬁé&e%igg+loo§§eggo%aég sﬂ‘e high
frequepcies 100, and N = 7 frequencies, with an input

' l,daf fset toward the high frequencies. Adders 200
égg%ez@ut put of the Pth adder is given by: N1

Sp=I en, PThe-gutputofthe p" Addet isrgieerebyen, P i s t he out put of
the pth gensor of the nth bank of filters. Figure 5
reprggenys an exanple of the outputs of the adders for
the case= répresented by figure 4, where the snoothing

ef fecgt_ groviged by the adding (due to 15 the
propagati-on, the gain may vary a great deal in the
whererd, |, is thé oatpubhofthe pliesehsor oathei rdYisankict filkdrear | y seen.

Dot et i & Mhris e A S5 ER Btk §'of s D e coe
tepresentexdi t_rysfiq udeﬂewhérerthg ystoeﬂﬁr@Oéﬁda.apjon;gleu (hiyabé nddihg (due to
BBl G Tth TR e BB L bGP e
ceptiens) i adfarlyeeemnpl i t ude and correspond to not hi ng
BREEHS arYiFbia o BiRRS AR P B 5 %, (e P
| ar gest ) Tlzendignal( ¢riginaieg drooh theer gaders 200 is transmitted to a maxima
detection system 300 having notably the role of finding two maxima.
| Specificaliy, if there are two maxima of adjacent amplitudes, they are
usually of low amplitude and correspond to nothing precise: there is probably only
noise at the input of the receiver.
To find these two maxima, M (the largest) and m (the second largest),
the method may use the following algorithm, written in simplified C language.
* Initialization */
M=0
position_M =0
m=0
position_m =0
/* Loop to find a maximum in positions 1 ... P-2 */
for(i=1toP-2){
if (S(i)>=8(i-1)and S(i)>=S(i+1)){
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the method may use the following algorithm witten in
sinplified C language. 25 /* Initialization */ MO
position M= 0 m0 position._.m=0 30 /* Loop to find
a maximumin positions 1 ... P-2 for(i=1toP-2){ if (
S(i) >= S(i - 1) and S(i) >=95(i + 1)) { 9 /* S(i) is
a local maximum if(S(i)>M{ /* S(i) is the new

| t i - L = position_ M M =
S(1 ) posi 1 on ML eRaRRBLAL A T PO 005 s )
i s the secondfA&@ mbk}frum M= S(i) position_m=i

}
} 15} } Ifw. k ' - {0 is an illegal
val ue) and if/ ;npézﬁlsgqhgsl?}g%%@ﬁgg%%wgh gproporti on of M
(for exanple 50%~MM and its position (position_M may

be consi dered i d. T\ fna% X have been found. 20
O herwi se t hey %C%Iiedoﬁgwaﬂgo Isu’olgigquent ly (it is

sufficient to pM=%f)at zero). The val ue of the
position of thedwenpdim is then refined for exanple
by quadratic regression, that is to say that the
anmpl i tudes of}éRe{suns adjacent to the maximal sum M
are appr oxi mat e"d( §(y) AmPar abol a using three or four

nei ghbors
/* 8(i) is the second new maximum */

m = S(j)

position_m =i

}

If position_M is not null (0 is an illegal value) and if m is less than a given
proportion of M (for example 50%), M and its position (position_M) may be
considered valid. Two maxima have been found.

Otherwise they are ignored subsequently (it is sufficient to put M at
zero).

The value of the position of the two maxima is then refined for example
by quadratic regression, that is to say that the amplitudes of the sums adjacent to
the maximal sum M are approximated by a parabola using three or four neighbors
depending on the number of neighbors available, a value indicated subsequently as
the corrected value.

For the drafting of the search algorithm, any language other than C
language may be used.

Figure 6 gives an example of parabolic regression, still on the same data
of figures 4 and 5.

The position of the maximum of the parabola is the modified value of
position_M which, an integer, becomes a real number.

For position_M = 1, the correction is equal to:
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25 dependi ng on the nunber of neighbors available, a
val ue indi cated subsequently as the corrected val ue.
For the drafting of the search algorithm any |anguage
other than C | anguage may be used. Figure 6 gives an
exanpl e of parabolic regresé"bn still on the sane
data 30 of figures 4 and 5. The position of the

x'nu gf the paEfboIa is the nodified val ue of

i nteger, becones a real nunber

F®®(¢hs+ﬁhonSM+-Si) the correction is equal to: 11

E%rsqo(s%ﬂ WI Sg é% %e§orrFﬁt£onS|§F§Léa?h on i s+e§32ﬂ F?L: 7
I\Zzii\mgz +Sp- ]+ p+hS- ;s)p+2 ) 10 2Sp-2 -Sp-1 -2Sp

W&F@WWP 2 the correction is
4838}t 08,1 526 Sp-4.+#78P-8 +3Sp-2 -1iSp-1 / 10 S p-4 -

-3 - Sp-2 + SP-1 At.the output of the maxinma
g&t%’ﬂt@l" MERe ﬁgfgf’rrﬁ%@o"t'%q%%es of maxima and their
S)Sl.t.vgn +Bgsi tijgn pyedi ctor 400 10 The
t system 400 uses the val ue of

t helSpasif,ionS, edSedted at the nonent t, and at the
monments t - 1, t - 2, ..., t - T (t belngtakento be
an integer for the conveni ence of the conputations and
At theeifiputefitdd miafinfd detébier, thaliskd ek tivbeakesof @idéha and their
805|t|on corresponds to the val ue of the position

R ed fromthe nmaxi ma and refined by quadratic

pesitiongredictdodot s function is notably to eval uate,
based on_t he r obabl e v of t

h i.tion
ot Ehe. M RStconireRIEcdARe e A0 Heesyine) Yaluda the Bositon
teasd atoth®Imdniste t(AAd at the mdmetds t - 1, t,- M T~ T uQszamgsteken to

they are the snall est s constjtuted n

e Pty Res e EermearsiiFipa Hahs SERPaons BUSRIFaR Shdlto D). The

PalLE Bf the BERectey position IcUﬂrésqdde@Ita ﬂﬁa vélh\@ obthEppesition deducted
tlonma callytoa

ar i éf{? fa dc,b ed _
HanaBe ma e and RS bY ualSi B Riat L he moment t is
predi ct efls mhic::ﬁ@&ﬁmotaﬁly 10 Mﬁll@fhi deséwtaldtlﬁ past, the p;obable value
reqgr ess, or t e Cco cients.a . C .
HEPRmeRon AL oot fehoRfSbing e Risds phlardegChmBitude v,
w,ght edvighasbcatisec thesyrape tife smalgst.Ht tsheonetituteaibhatalip of a delay
\lne conétlalnlngtthe Iasfa'|'+1 M/position_M pairs.

Since, over a limited period, the Doppler variation may be assimilated
locally to a parabola, the value of the position at the moment t is predicted by means
of a weighted quadratic regression.

For this, the coefficients a, b, ¢ of a parabola are computed minimizing
the following weighted quadratic error (in which the variable pos; indicates the value
of position_M after correction):

E= Zl:Mi((aiz +bi +¢) - posi)*
i=t-T

The predicted value is simply

pos ; =a t?+bt+c

Its computation is simple and given by the following series of equations:
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of position_Mafter correction): 25 E= M ((a 2 +

bi + c) - posy)' The predicted value is sinply post

=a t2 +bt+c Its conputation is sinple and given by the

foll owi ng series of equatlo\r}i1 11 Uk -

JM(t-1)k, k=0..... 4 i=i-T = jMposi(t-1)k, k=0.....

2 0i=1-T WA\U2 W -U3)+W (L2U3 -U U4 +W\ulus -u2 ) ‘
Post JO (U2 U4 - U3) + U (U2 U3 - UUW4) + U2 U U3 |
A2 ]\gcgpj_g,)e pL ot ha position to use, 500 The val ue ‘
prediTit ed for the position is transnmitted to a device

500 of final choice of the position to be used. This |
Wat=t Q:Mjm,(rec)él,k/eé) tRe information originating from

the step for validating/refining the position val ue.

If the corrected position is not valid, the

conputation is made with M = 0, 10 and the predicted

val ue_(pgeLy, st:r)ewﬁ(ued by U 3+ w(wer,esu} Jat ed by
[ OBb .‘

10 5T { the

aver age f ) < j @vrected

position is valid, its value estlnated with the

measured value of M is conmputed. If the difference

Obeﬂ&ﬁth@pogﬁbhﬁBhﬁd Begsi ti on and the corrected

positio n absol ute val ue i

Phe var WEM Y bisdiclet fol e s it e At G S S0 offna

arcmeduhe prtlc&Sto&)enh@dn'Ghis aaémvelsoTéuewe@mn@mrmmbﬁginating
0SS berrant val ues.

FhniRE e 167 veo oo T nC edgs tor vaiog .5 vt ues M
equal anldtmminlecwdcboswah msotpam tIEOEInRRRSKU i ehade with M, = 0,

ff
Aibins PRAERaValfe (780 i tasedot Fs.balh ssymatedi B ses of the
foeralig ghmhhﬁpse alﬁ@ Myey ﬂwa‘weﬁa’gyoﬁme pric€edifg tlélee]§ubrr?r i ne
acousti ¢, channe use. 0 riodic er
o e O SR e et O PiVe Sitistated R aRE Feasured
caluep bE K, isTbempated eif sheo diffefencl ebefvosssnt ﬂheresitlmfa‘féa)pcpdlt&fn"and the
ied ou rrection o

fc)o(gsec d ﬁgél nrrﬂﬁ ?ubg;leln er tr\ﬁ%n paga ?Iu ue)8 the g/adlf r%Soos( is

reffaidied; othemsise | the procedure is as explained above
This mechanism makes it possible to eliminate the aberrant values.
~ Initialization is carried out with T + 1 values M; equal and small and
values pos; corresponding to a null frequency offset, that is (P - 1) / 2.

The approximation of the Doppler variation by a sinusoid would perhaps
be more appropriate to the submarine acoustic channel (because of the periodic
character of the swell). The computations are however more complex.

The conversion of the position to "Doppler" can be carried out after the
correction of the position, simply by replacing pos; with:

§i = S (2 pos ;-P+1 ]
P J
The computations will be the same, simply replacing pos; with &;.

Final filtering, 600

This module receives the value originating from the conversion of the
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P 25 The conputations will be the sanme, sinply
replacing posi wwith S;. Final filtering, 600 This
nodul e receives the value originating fromthe
conversion of the 12 positlff to Doppler. It
conprises for exanple several“low pass filters and a
commutator. The |ast step of the process consists in

\ﬁ}&[ﬁﬁdﬁ' kg |9 Ié |IP‘%g‘@ﬁgﬁ bt Bkiffe %%{é?% éas%nfllgg}g and a

ues of sets i n or
cammMtator. as 5 possi bl e a snpot hed val ue S whil e the

| nst ant afgO LSt gt@_ﬁ%%%ro@ésﬁs anSE?é AN aln%| ggout BEbYSERs filtering

two frequencies
wnﬁéauergms@a Alugsagkthe Domier\/\pffsletsb@ orsled tcwlobtalraas daithful as

PSR o SipoctEt] Lyt B e REFRtatarglys Freapon] oL fegpaips ing

between two fkequenti@s Thearebhfii.t i on (1) guarantees that a

of, f h t ed af, th
gﬂ?%%é?% £ Iﬁ@gr @gaste Igflzcgégg fllt‘ré'}egn}éllegg 388|‘?"ﬁg aE"é’f‘ge" of
Wﬁﬁmiel'gmammﬂmes a const ant deI ay irrespective of the
i nst ant anegus speed of variation of S. This delay is
equal pa Aiges the sanpling period. The delay due
to the foLEgoi ng processes nust be added 15 to this,
notablwhg,tée filtering step for which all the Nx P
filters mist have the same delay, which is the case
Wi th tp Xgﬁr;p ary enbodi nent proposed. For the exact
desi gn o)f e filter, which nust be as "flat" as
possi bl e betvveen - FO and + FO it is possible to use
the fofTw ng nethod: 1 - obtain an ideal filter whose
frequefd, Fedspohsd..ik given by: z 20 h(f) =1+ a F

The condition (1) guarantees that a constant offset at the input will be unchanged at
the output.
The condition (2) expresses the linear phase, which guarantees a constant delay
irrespective of the instantaneous speed of variation of 8. This delay is equal to K
times the sampling period. The delay due to the foregoing processes must be added
to this, notably the filtering step for which all the N x P filters must have the same
delay, which is the case with the exemplary embodiment proposed.

For the exact design of the filter, which must be as "flat" as possible between
- Foand + F,, it is possible to use the following method:

1 - obtain an ideal filter whose frequency response is given by:

2
_ f
h(f) = 1+ a[—Fo)

'Fo <=f<= +Fo

0 elsewhere
an example is given in figure 7 for Fo =1 Hz and a = 0.2.

2- calculaté its impulse response (modified to be 1 fort = 0)
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0O -FO <=f <= +FO O el sewhere an exanple is given in
figure 7 for FO = 1 Hz and a = 0.2. 25 2 - calculate
its inpulse response (nodified to be 1 for t =0) 1
13 0=2 itFot h(t) =3 2 a0 cos( 0) +0z (1 +a) - 2
a) sin( 0) (3 + a) 03 (wherB® h(0) = 1) given by: an
exanpl e of inpul se response is given in figure 8. 3 -
conpute its inpul se response i Ied at intervals
equal to T and wei ght it ' 8% %anmi ng wi ndow, for
exanpl e: h; = h ((Iz o oJs()0)0¢ F (1 aflﬁzcgg)s(nzlaj
K)) K+0. 5 (1) 5320 —2K—For—F—=—80—rs—ant—K—= IO,
exanpl e, a response is represealedl)e figure 9. 4 -
adj ust the coefficient frequency response
astIat as possible in ?%%Q ﬁ%gaﬂ& 5 - normalize so
t hatgivérebysum of the coefficients is 1. Figure 10
represe f yency onsg obt ai ned
(the WP rﬁ%&%‘élw 8RS 00 hi gh) .
If id- cmdlaielitséfdpmlse Fespendaogamped atdhteesmisséqual tooT,eand weight it

rapid ('E))?taq-iérﬂr% ﬁ%g% f&r5 )%gwo oa t echni que of

i nt er pof ation btain the

i nternedi ate val ue : ni [ knpy\nt

those skilled fﬂd tﬁé(l ?? L@%E‘al @chw Gygh,a@g

filters" makes it pos&bleg% ﬂob§q¢nthe i nt ernedi at e
1@

I I nt, the coeffjcients
el AN £ Siimiiea TasPoraads captotsted i

cal cuIﬁguwIQSI mply by the foI | owi ng generic formula: 20
hP = (

a%ﬂust the coelg‘1 &lent & to have a frgque)ncy resp%nse as ?’Iat as possible in
the band,
5 - normalize so that the sum of the coefficients is 1.

Figure 10 represents an example of frequency response obtained (the
value of a is intentionally a little too high).

If it is desired to have Doppler values at a more rapid rate than every
80 ms, a technique of interpolation should be used to obtain the intermediate values.

The technique well known to those skilled in the art and called
"polyphase filters" makes it possible to obtain the intermediate samples.
In an exemplary embodiment, the coefficients h', of a filter giving

samples offset in time can be calculated simply by the following generic formula:

. _(=D"'sin(#0) . h, 1 1
a T (p—H ,Z,:( A +i—0+p—i—9))

h

where 6 depends on the desired delay.

The value 6 = 0 corresponds to the source filter.

G )l sm(ﬂ6’) 1 1
h, = T Z( YA +i—0+p—i—9))
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Ir p-0 p+i-0 p-i-0 where O depends on the desired
delay. The value 0 = 0 corresponds to the source
filter. h = (-1)P+ sin(~B) ho 1 1+ (-1)'h; ( +n
p-0 ; _~ p+i-0 p-i-0 14 CLA 1 - A system of
estimating and tracking the equency offset for a
transm ssion system whose bandw dth is not
insignificant with respecis tﬂMé]e central frequency,
5 the systemtransnitting a waveform including fixed
carriers whose level is substantlally greater than

ha Lers. tr ort ng the inf tio
b e <8 30 B8 ol b ARG € ety "ol or, 8 rarkhssion
m}dma@os@a dpaatiwiclér rsymotgnslgmﬂcannfmlh ma$pe|tzmto :het %entral frequency,
r t ha eas e
?\ ng&mérﬁgkré gejmrrittetn % R’ﬁ %foﬁrﬁn‘ﬂ'kckﬁiﬁ}g 3?@% a?ﬁgrl%rgsgvhose level is
$uﬁstamauy gmﬂterbmﬂn thatofi thencarfersi iramspsrtmgutheabif@rmaljen the
. coyer | l e Vv s that, t ies FO
CdfergRHaing reflukndics v - BN o el SO Y g the
iotctrmatiori sheamactesiced th that ibcamades bt leastihefaipeindetianérnds:,
P add 2 e f addi the corres ning .
outpukSagE LA R iR fiorf Sachbanarrs B Afordopytable
for dier eoWerlmg alll”cﬁ tho saluéothadfhetfreguengied Bp ge FN-NMRxdyntake after
from and for validating the position of

t he |§P@?§§r° imum A system (400) for storing the
posi t Adiner aftpithecénmecledtgasiuatmlic BRvelspt ddiedtor,

\NE‘Igt" r predicti the current val ue

sySte a(‘jgﬁﬁ)(2§®r5‘@ﬁp'ﬁ(§%rt ?%QEEICSE?W”FWQ %%t? PBWE N banks
f oundof fillers, A system (600) converting the positions

[ tlmatedDopIer and filterin the latter

Into _
t h* oSV SHETUDBLEE dpterting the positian AL MRdHO aEEHgpxma from the

possi blsams@nagér \fﬁ&ﬁm@ﬂﬂe bb&itidh dfliRe [Arguet Rlaxeidect for
a sigpal —consis wavef orm i ncluding fix

carr i @r¥stsm @Opb{%|qu°§'usé'ﬁ%ﬁ@%»'%ﬁnswfé%yv%larsmmaxw ang their

| evel "vw‘lgrtthancmf prearcﬁng RGPt wamge the information,
the carriers f requenci es . FN-1, and the

payl oﬁéy%t?@‘n(ﬁpo)cfﬁF va}'pa@a/we'apwe é'ﬁ%‘?ﬁ'ttﬂﬁ‘ foundy
tr ansm §tle9f‘i60§)’§5rﬁ}éhw4§%§ pB&NgNY Ridedtn 9(? DogBIer and filtering

insignificant wth respect 'to the centra
char a@?é@tFeZé'UOPW @ he-pass fdléhpri ses at |east the
following steps: 1. Transmitting the conposite signal

conpri sing the useful signal
2 - A method making it possible to estimate and track the Doppler effect for a signal

consisting of a waveform |ncIud|ng fixed carriers of a level substantially greater than
the level of the carriers transporting the information, the carriers having frequencies
Fo ... FN-1, and the payload signal carrying the information in a transmission
system whose bandwidth is not insignificant with respect to the central frequency,
characterized in that it comprises at least the following steps:
1. Transmitting the composite signal comprising the useful signal
carrying information and the reference signal to a filtering step using
the frequencies of the carriers, (100),
2. Determining, for each filter, the envelope of the signal, e,

3. Adding the various outputs e, p, (200),
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30 carrying information and the reference signal to a
filtering step using the frequencies of the carriers,
(100), 2. Determning, for each filter, the envel ope
of the signal, en, P, 3. Addjng the various outputs
e,,P, (200), 15 4. Determlﬂﬁm;the val ues of the t wo
| ar gest naxina Mand m for several nonents, t,

bosi 11 o aPeenand i, balfed bR bio Yy g%‘*h%%ﬁéﬂ% M and m, for

found that swalmmmmtquedwox,he associ at ed 5 Doppler

of f set I O W- pas

filteri \r% gﬁte{ ﬁ%’r&)tﬁ% gdbas Ifes\%? f[}gg R%n'tgpdﬁ td gmoment t

obtain a smnstdseldgvthe unaxrﬁedpundathat'ﬁeénaemmalyame associated

claimed in dinthat it conprises

a step in D%ﬁé%f?sﬁt?{!@é?%(gt d value is interpol ated

at i nt eloreGaayiag wohe iavepass fittedng onthd Dopplerasftset values in order

derived fr f eceding claim 4 -

The met hodgamé,btt%ﬁa s c?%eao\;ﬂlﬁe @nog),r characterized in

that the filtering step 1 conprises at |east the

élgl'ﬂh%%%oa S aimbd in Efin'2] gsraéfeqygg in ot 2 %9% Ged¥ sfbp in

whioh thse smpethedvalue ispnisipddiedst intermediatet mnmeuksctssmeare of low-
. ' ed, 3.072 null )

H‘éé%ﬁiﬁ\é&ﬁegvé%’ﬁ%@?h%ﬁ@%ﬁf i!h'egg%fg@ %!ca)uﬁwm fast Fourier

transform FFT is carried out on this signal whose

SULL o) e? J{ngeﬁa %’%dlﬁ cil?]irér 2r géh%?;?:ter%gij hlI\ %%t th%e@{enﬁg step 1

central trequency
@cn‘eprfsastat leasiUihe éallowingretéms: m FFT that is just belowis
nput ed, the real nunber x |ying between 0 and 1

whi*chTHenpiksignal iswisowedpy A HaNBBGaviRdow (sirpla raisedsrsine) for

tWo CQpBlieKofMETRRS, withQvé)a@BIs 6 bhtvideattwasBcddsBivt Wtitows,
of x are selected, 25 the filter output is

deter @ithed. o2y pbia(tsxbbtamed Z AL 2XpuIgpbirts afe addEdetHeRt hod as
clained in claim?2, characterized in that t he val ue of

tha tie 40|E§B->ﬁon‘ﬁ fdsd %dnér&rdn@fdn’ﬂ@tﬂ!! caHRe At bR thls signal whose
regressi on. 30 - The nethod as clained in claim?2,

char a®4tRyt '§E@r‘f€iﬁ1 4°h§t ‘thuessstep 6 of | ow pass fi I ter
'S carrled out with a |inear-phase | ow pass filt
wi *h ToR adesinedntrstrapfrequensy tfingitBgrank n of the "b|n" Z of the fast

Fourier transform FFT that is just below is computed,

e the real number x lying between 0 and 1 which is (F,, - 1.5625 n) / 1.5625 is
computed and two complex numbers z0(x) and z1(x) that are functions of x

are selected,

o the filter output is determined by z0(x) Zn + z1(x) Zn+1.

5 - The method as claimed in claim 2, characterized in that the value of the two

maxima found is refined by quadratic regression.

6 — The method as claimed in claim 2, characterized in that the step 6 of low-pass
filter is carried out with a linear-phase low-pass filter with an odd number of

coefficients.



