- 1 FAST COHERENT PROCESSI NG FOR CODES W TH PERI ODI C LI NE SPECTRA The
field of the invention is that of sonar signal 5 processing nethods. The
invention relates nore particularly to sonar echos com ng from objects that
are irradi ated by sonar enmssions with a conb' |line spectrum conposed of
spectral lines. 10 One techni que exploitling sonar signals, known fromthe
prior art, consists in emtting a known signal into the mnmediumand in

processing the,.r i i r i i i enting
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and received by the sonar. These replSREGTR»dr Doppler copies, are
correlated with the signal actually received so as to distinguish the

signal comng from the target fromthe background noise and from
rever ber at i oAhe20f Mpkdemifsstba ofnsegpbde Havi hjah |9he syect r gFgNRA ot her

words a spechiumecarpgsedmat hdisgt i NCirnbi Nnesnyvbar i bHr t NeEARERSOf REREI derabl e
interest for the deteCtion of fast or slow noving underwat er targgts in an
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shift of theatargetSadSatad 98k tdwiht hemiwsdbAsofwide gl evesifisr yikhaes of
the spectrum it allows the reverberatlgn noi se to be reduced by Doppl er

filtering. SHPRSATBBpHPEPOFEL: &fi F§Shtdesd i€ Snot ably 30 described in the
Eur opean Patent EP1078280 that relates to a method for detecting noving
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Mul ti copy coprébat ot ,camsisstss § nirpenfidrtmingy,a ilmewn signal into the
medium and 1in processing the received signals by
correlation with signals representing replicas of the
emitted signal when it is reflected by a moving target
15 and received by the sonar. These replicas, or Doppler
copies, are correlated with the signal actually
received so as to distinguish the signal coming from
the target from the Dbackground noise and from
reverberation.
20
The emission of signals having a 1line spectrum, in
other words a spectrum composed of distinct lines, is
furthermore of considerable interest for the detection
of fast or slow moving underwater targets in an
25 environment limited by reverberation. Indeed, as 1long
as the Doppler shift of the targets is larger than the
width of the elementary 1lines of the spectrum, it
allows the reverberation noise to be reduced by Doppler
filtering. Such a Doppler filtering process is notably
30 described in the European Patent EP1078280 that relates
to a method for detecting moving objects by means of an

active sonar.

This type of Doppler filtering consists in carrying out
35 a multicopy <correlation of the received signal.
Multicopy correlation consists in performing, in a
known manner, correlation operations of the received

signal with various replicas, or Doppler copies, of the



known manner, correlation operations of the received signal with various
replicas, or Doppler copies, of the - 2 emtted signal. Each Doppl er copy
exhibits the same spectrumas the signal reflected by an object with a
given velocity, which is why they are referred to as Doppler copies of the
emtted signal. 5 The correl ati on oper-aatd ons are carried out

si mul taneously, or else during the sane period of tine, such that the
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doppler filters are used. Consequently, where thé nunber of Doppler copies
enpl oyed is PaVEE, MHLCHRN 1| UBb?hchge‘l"%Yi Shepr R sFRG SAvEE ney PEquire a
| ar ge conput bBgptapaebby esldfFihichemivted istignsiknown that, for signals
whose BT _product is large, greater than 50 190r exanpl e, the Doppler
filteri ng5 operation by correlation can advantageously be perforned in the
spectral donghe. TheoZbelettiens B apelrdt Ddnd he Blrepr oduetrriiesipect buel y

denote the em tﬁ%d Si n§I b%r]l:d d andd i t.s dutr at isonmél'. IPdg d %r.%nsf erring
into the speBtFar -gorarn; ¥r o fexanpl & by Als 1R BREtOFobFi &F "¢ ansf or m
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high. Wth tta'b?pher_m' Fd1 delrgM ldrde Jep! | etbnddi@ie Aty ] NCLRESE | Phe
conputational Ioad inplied by multicopy processing i s substantially
proportionalnﬁﬁber of Doppler copies  employed” is large, the
multicopy correlation processing mode may require a
large computing capacity.
15
Furthermore, it is known that, for signals whose BT
product is large, greater than 50 for example, the
Doppler filtering operation by correlation can
advantageously be performed in the spectral domain. The
20 letters B and T of the BT product respectively denote
the emitted signal band B and its duration T. Indeed,
transferring into the spectral domain, for example by
means of a Fast Fourier Transform (FFT), turns out to
be more advantageous, in terms of computational load,

25 than a direct correlation in the time domain.

Nevertheless, when the correlation is performed with
several Doppler copies, this embodiment of doppler
filtering leads to a computational load that is still
30 far too high. With this in mind, it will be recalled
that the increase in computational load implied by
multicopy processing is substantially proportional to
the number of copies employed. In practice, the number
of copies is of the order of several tens, or even
35 several hundreds. The French Patent Application 03
0404042, filed in April 2003 by the Applicant, mentions
in this regard a number of doppler copies greater than

200 required for the doppler filtering.



t he nunber of copies enployed. In practice, the nunber of copies is of the
order of several tens, or even 35 several hundreds. The French Patent
Application 03 0404042, filed in April 2003 by the Applicant, nentions in
this regard a nunber of doppler copies greater than 200 required for the
doppler filtering. - 3 The present inventdion consists of a nethod all ow ng
the conputational |oad caused by multicopy correlation to be reduced. For
thi s pur poseThehenesiecnéd lavsortdiany aansidtes ol enthenheer adbtawiagnthei copy
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for the conp@PSERGACE: CORRTFIEE. alpd&ashl OWMI P 5T 'he product  of
each 15 syntheti c-specitapn fivd htlidet Droactit enadecy conapngadbemaspeat bfim of t he

correspondi ng,doppl er._copy;. - g step for perform ng the nulticopy
correl ation ggﬁeggfﬁéﬁe éﬁgnFﬁé product of the concatenated conjugate
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correlation on the
components;

- a step for the computation of the inter-

spectral product, which is the product of each
15 synthetic spectrum with the concatenated conjugate
spectrum of the corresponding doppler copy;

- a step for performing the multicopy correlation
operation where the product of the concatenated
conjugate spectrum of each doppler copy with the

20 synthetic spectrum of the corresponding received signal
is computed;

- a step for carrying out the frequency-time
transformation of the inter-spectral products obtained,
allowing the system to return to the time domain.

25
The method according to the invention has the advantage
of only performing the multicopy correlation on the
useful portions of the spectra. By eliminating
unnecessary computations, it thus allows the number of

30 computations effected to be substantially reduced,
especially during the inter-spectral computation and
frequency-time transformation steps. It thus allows the
total number of computations carried out to be reduced
or, put another way, for the same number of

35 computations, a doppler filtering operation with higher

resolution to be performed.

The method according to the invention has the

additional advantage of being simple to implement. It



useful portions of the spectra. By elimnating unnecessary conputations, it
thus allows the nunber of 30 conputations effected to be substantially
reduced, especially during the inter-spectral conputation and
frequency-tinme transformation steps. It thus allows the total nunber of
conputations carried out to be reduced 4r- put another way, for the sanme
nunmber of 35 conputations, a doppler filtering operation with higher
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particularly adagted to systens enlttlng waves whose spectrumis conposed

of periodic FFfgst Baéﬁeﬁﬁﬁég PRs B EMEHE 8EYSFRECAA U enent ary spectrum 5
O her features and advant ages mnll beconme apparent through the description
illustrat t he ci ated gur.es S - _figure t he tenporal
represent tlgﬁhSF aﬁea Brgfanﬁpg Fd¥F8ﬁggeﬁavWﬁgia P?ﬁgmgpeéPpﬁﬁ? E figure
2, the schemahrougheadttiel deseptpsenhatiildusdfratee sbgnalhd | hasbrateddby

Figure 1; 3 il tration of the main steps 15 of a
conventlonalk%gﬂ%§808$§ggrﬁéﬁgtlon met hod, the correlation being perforned

in the spectral domain; - figure 4 also shoms a partial view of the
spectrumin figure 2 and Qf,d he set,0 =20 ¢OBRLEEHERRNE Spelebhned by
t he frequency anaIyS|s oper ati on carrle out on the signal - figure 5, the

concatendt ed spectral SEpiRserfats Ny hwrg Ghal ine [SREFEIEH by figure

1; - figure 2, the schematic spectral
representation of the signal illustrated by

Figure 1;
- figure 3, an illustration of the main steps
15 of a conventional multicopy <correlation
method, the correlation being performed in

the spectral domain;

- figure 4 also shows a partial view of the
spectrum in figure 2 and of the set of the
20 doppler channels defined by the frequency
analysis operation carried out on the signal;
- figure 5, the concatenated spectral
representation of the signal illustrated by

figure 1;
25 - figure 6, the flow diagram of the main steps

of the method according to the invention.

As was stated previously, the method according to the
invention can be applied, in particular, to active
30 sonar systems emitting waves whose spectrum takes the
form of a regular succession, along the frequency axis,
of elementary spectra or lines. For clarity of the
description, the invention is described in the document
through a preferred exemplary embodiment in which the
35 emitted wave takes the form of pulses formed from the
weighted sum of N successive elementary pulses
modulated in frequency according to the same law,
linear or hyperbolic for example. An illustration in

the time domain of a pulse of this type is presented in



25 - figure 6, the flow diagramof the main steps of the nethod according
to the invention. As was stated previously, the nmethod according to the

i nvention can be applied, in particular, to active 30 sonar systens
emtting waves whose spectrumtakes the formof a regular succession, along
the frequency axis, of elenmentary spectr¥a or lines. For clarity of the
description, the invention is described in the docunent through a preferred
exenpl ary enBégiFentl i nIphitdh & hE1g8reni thed Nacd eMerea hey bves oft Lpul ses
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N-1
e(t)=at) ¥ pt-ng) (1]
n=0

15
where p(t) is the expression of an elementary pulse,
p(t) being equal to 0 when t is outside of the interval
[0 T/N]. The signal a(t) represents the weighting
applied, which is referred to as the signal envelope.

20 As regards the spectrum of the emitted signal, this can

be expressed by the following equation:
E(f)=4(f)* ZP(f)eXp( m2nf—) ZP(—)A(f n—) [2]

25 In equation [2], P(f) represents the spectrum of the

elementary pulse which can be expressed by:

P(f)= [p(t)-exp(-2inft)dt [3].

30 Similarly, the spectrum of the envelope af(t) of the
emitted signal can be expressed by:

A(f) = [a(t)- exp(-2inft)dt [4]

35 The spectrum E(f) is shown schematically in Figure 2.

Its total width is the band B of the elementary pulse.



applied, which is referred to as the signal envelope. 20 As regards the
spectrumof the emtted signal, this can be expressed by the foll ow ng
equation: E(f)=A(f)*JP(f)exp(-in27cfT)=1P(T )A(f-n~ [21 25 In equation [2],
P(f) represents the spectrumof the elenentary pul se which can be expressed
by: P(f)= fp(t)exp(-2iznft)dt [3] 30 Siilarly, the spectrum of the envel ope
a(t) of the emtted signal can be expressed by: A(f)= fa(t)exp(-2iitft)dt
[4] 35 The spéct¥uncepppsed showAPseh&rat ilcdies PA MYtirtelaed | e¥eryt al

wi dth is thepbapd glgﬁgtbgeetgggﬁgﬁ&y puise. - 6 It is conposed of spectral
lines 21 positioned every n.N T along the frequency axis. The anplitude

wei ghting a(t) has the effect of limting 5 the width of the spectrum of
each line toTae anipdrtalde W¥iblariaind (e wenttled éfegoency. 1Thetfiagt or R

represents a, coeff.igient_that depends _on the_ anpli.tud wei ghting |Law a(t)
chosen. I?, FELF &éﬁﬁl i Fﬁles SHEGE& ™ a%éco?%‘l?}rllg&tlgeaec& efér rlél:'iecélv gdi ment ,
that a(t) = BOTsi rXaurtd T) thehe codffalci efite®iandy . t akdet hefaatoe RP= 4.
The illustrati i i.gur e a t e u - emtted
si gnal corrprl&l(seggeﬁ%msf ;%q%%%]g@w?%%%egﬁ%’f \%%%teklla&/#? %%‘%rg}gg%ﬁgpﬁs to the
spectral 15 Wepae®t2ng f épwwhiéh) t hehappni t e offathe exgadtleum g  1is

significant, t3@RAr AR IV i AUENE Yo F 8% £ 2o fA , SERgtantal Ly equal
to T, in which thf/e anplitude of  the spectral conponents_is very low It
can al sotbe SdBsEFvel) t helpe t feebltahgRs lbrwikt ye3ksy Bnpl Yebee Bo=répresent a

significant fraction of the band of the emtted signal. This distinctive
distripution of the, spectial amplijude ls Aduaniageously, explgl tedeby the
spectrum of the emitted signal comprises BT/N frequency
ranges of width pB/T, corresponding to the spectral
15 lines 21, for which the amplitude of the spectrum is
significant, separated by frequency ranges 22 of width
substantially equal to N/T, in which the amplitude of
the spectral components is very low. It can also be
observed that these ranges of very low amplitude
20 represent a significant fraction of the band of the
emitted signal. This distinctive distribution of the
spectral amplitude is advantageously exploited by the

method according to the invention.

25 Generally speaking, a known means of performing the
doppler analysis of the received signal in the field of
sonar echo processing consists in performing the
correlation of the received signal with signals
representing copies of the emitted signal but with a

30 frequency shift or phase shift corresponding to the
shift that the emitted signal would have undergone
during its reflection on a moving target. In this type
of processing by multicopy correlation, the number of
doppler copies employed depends on the frequency range

35 to be analyzed and on the code resolution. This number
also depends on the computing capacity of the machine
that must perform the corresponding arithmetic
operations, This twin dependency leads, in practice, to

a difficult compromise being made between the desired



25 Ceneral ly speaking, a known neans of perform ng the doppler analysis of
the received signal in the field of sonar echo processing consists in
perform ng the <correlation of the received signal with signals
representing copies of the emtted signal but with a 30 frequency shift or
phase shift corresponding to the shift that the emtted signal woul d have
undergone during its reflection on a noving target. In this type of
processi ng bfuAllEVcoply A1 eFQPPORL t Heahupber a1d G@&pl@@mﬁﬁéﬁééoénployed

depends on thenktr egyanerdr asgepdaihothe aaaliyzed and on the code resol ution.
Thi s nunber al so depends on the conputing capacity of the nmachine that

must performthe corresponding arithnetic operations, This twi n dependency
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transformati gag32izbA 3dHBFRIG edi greiPosli MBRberbBest, i MRsd reMepty, a
transformation’is_ effected by nmeans of a Fast Fourier Transform (FET)
carried Yut FAME-EFPEMRGW ndovP ORI T etC™ ndrkber R Foi nPESRETE8Eer mi ned

by the desirefbbunhentof deppl er tibhechaagaesicyThetFhdsopemation camsf or
cxaml e be Cabi o) Ryl 1% MERLEY £80, ovena bl ol gamples i
to the next. chartbds aaasein Fe sleprieseminddwe sadpl brgrf rrequenicyr and T t he
duration of points N; determined by the desired number of doppler
15 channels. The FFT operation can for example be carried
out in a sliding window mode over a number of samples N,
= 2'Fe'T, with a slide window equal to F.' T samples from
one FFT operation to the next. In this case, Fe
represents the sampling frequency and T the duration of

20 the received signal.

The frequency signal 33 thus obtained is then subjected
to several simultaneous correlation operations 34. Each
operation consists in calculating, in a known manner,
25 the inter-spectral resultant of the product of the
spectrum of the received signal with the spectrum of a
stored signal 35, called doppler copy. The spectrum of
each doppler copy corresponds to that of the emitted
signal having undergone a homothetic transformation in
30 frequency. The homothetic frequency transformation
corresponds to one of the channels of the doppler band

analyzed.

Each doppler copy can be characterized by the doppler
35 parameter & defined by the expression 6 = 1 * 2V/c in
which V represents the radial velocity of the target
with respect to the vessel carrying the sonar and c the
speed of sound in the medium. It can then be expressed

as:



20 the received signal. The frequency signal 33 thus obtained is then
subjected to several sinultaneous correlation operations 34. Each

operation consists in calculating, in a known manner, 25 the inter-spectral
resultant of the product of the spectrumof the received signal with the
spectrumof a stored signal 35, called&oppl er copy. The spectrum of each
doppl er copy corresponds to that of the emtted signal having undergone a
honot heti ¢ transformation in 30 frequenc&_éThe honot heti ¢ frequency
transformati on corresponds to one. of hannel.s of the doppler band

anal yzed. Each doppl er copy ¥b 86tkha )(:ZeP s thd doppler 35
parameter 8 defined by the expression S #=8@ 2V/c in which V represents the
radial velocity of the target wth respect to the vessel carrying the sonar
and c the g d.of soun in tE g It can then be expressed as: 8 -
N1 c(t)=e( P§ é?gt?pﬁc P8t CRRY S fe SFPraRa s spect rum obeys the
expressian: 5 C(f)—~s~A(f/5)P(f/S)exp( 2innf T) =~P(" ) A(f nN) [6] The
expression for C(f) is anal qgous to that of 7E Axcept it is
conmposed of |G¢(Ps cemr/ed (ﬁﬂ(bféﬁ@m(r&zmé:xﬂ%ﬁf(@ﬁr)/i( N/nT—)/\hlch (6]
represents a sinpl€&! honothetic transfornmat ect lum The resul t
36 of each correlation operation is then transposed into the tine domain in

order to be 15 exploited. The transp05|t|on is preferably carried out by
the inverse The&nseamemsian 3706t Clhat ifs RPFRIOUT ahsf etrhraitngof nEéH he

frequency dosRtBptbytigatd r e@uens€ycomposed of lines centered on the
10 frequencies & n'N/T which represents a simple homothetic

transformation of the spectrum.

The result 36 of each correlation operation is then
transposed 1into the time domain in order to be

15 exploited. The transposition is preferably carried out
by the inverse transformation 37 of that used for
transferring into the frequency domain, by a frequency-
time transformation of the inverse DFT or inverse FFT
type or other, performed over N; samples or points.

20
As in the case of the emitted signal, it is observed
that the spectra of the doppler copies are non-zero
over BT/N frequency ranges corresponding to the lines
of the spectrum of the emitted signal translated in

25 frequency. As for the emitted signal, the width of each
spectral 1line 1is equal to /T, the 1lines being

separated by ON/T on the frequency axis.

Performing the multicopy correlation computation
30 amounts to performing Ny simultaneous correlation
operations, in other words, in the spectral domain, Ng
inter-spectral multiplication operations. Transferring
into the spectral domain advantageously allows the time
correlation operations, which involve in a known manner
35 the sums of products, to be replaced by simple
multiplication operations that are 1less complex and

hence less costly in terms of computational 1load.



time transformati on of the inverse DFT or inverse FFT type or other,
performed over N1 sanples or points. 20 As in the case of the emtted
signal, it is observed that the spectra of the doppler copies are non-zero
over BT/ N frequency ranges corresponding to the lines of the spectrum of
the emtted signal translated in 25 fredquency. As for the enmtted signal,
the wdth of each spectral line is equal to R/'T, the lines being separated
by (err)N T BRVERENELE§EencySARFS. Pt f orivit Mafe milat i c®PPUEBAPEPEEI oNn
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advant ageouslgadl Hepentibe oni rnehe cnmiedmatNow fopkmiliconsshamehs i twobge in a
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this respect, that the size of the conputational™ |oad depends on the nunber
Nd of doppl efMéhbffleF$9R8lbe 5 processed and al so on the product BT, where B
represents the bandwi dth of the elenentary pulse 11 and T the duration of

the N elenentﬁrymgflses making up the, emtted SL?naI. 10 The fl ow di agram
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of thus be observed that the steps corresponding to the
operations 34 and 37 have a weighting that is very
15 sensitive in the computational load, both in terms of
the number of computations required by each operation
and in terms of the simultaneity of their execution for
each of the Ny doppler channels. By comparison, the step
corresponding to the operation 32 for the FFT frequency
20 analysis of the received signal only has a low relative

weight.

In the case where the acceptable computational load
does not allow the multicopy correlation operation such
25 as that described to be performed, the conventional
processing method illustrated by figure 3 at first
sight only offers two types of solution. A first
solution therefore consists in decreasing the number of
doppler channels utilized simultaneously, which allows
30 the number Nyg of correlation operations performed
simultaneously to Dbe reduced. The other solution
consists 1in 1limiting the bandwidth occupied by the
elementary pulse which may be incompatible with the
demands associated with the signal processing functions

35 employed elsewhere.

Faced with these constraints, the method according to
the invention proposes a solution which is an

alternative to the aforementioned solutions. For this



t he nunber of conputations required by each operation and in terns of the
sinmultaneity of their execution for each of the Nd doppl er channels. By
conparison, the step corresponding to the operation 32 for the FFT
frequency 20 anal ysis of the received signal only has a lowrelative

wei ght. In the case where the acceptabl @0conput ati onal | oad does not allow
the multicopy correlation operation such 25 as that described to be

perforned, tRETEOAfentithaPTpREERESI RE rEthoBetRPdsBCaad iR fFQuFBes at
first sight;ieRkntebhersainm, t ¥pesiatssolut EeAsilekihgt trs@l abb@erhmer efore

consists in decreasing the nunber of doppl er channel s

si mul taneousF’g %?crﬁq% ‘?/@ 9{‘}?3 nﬁﬁbg nl\ldistﬁ‘e"gglr% eI°£ heﬁﬁQFﬁFVons
performed skpectanedicatned obbe thedusssbtidle bihes QMlﬁmmpbstm@sthés in
imting & he bandui deh eqeupt addye the. Slenmnt arycpul se. uhich may fe

I nconpat | l e WI emands asSocCl a e Sl gnal pr OEESSI ng
functions 35yerfme@t@dlced sewge e, wrackdanet iredhvesiendonist r ahat deprhermet hod

accor ding {0p iR LONENLIRN RIOPRRES, AcAE! g&baalweqm si@nveiieppative (o
t he aforenenploneg utions. For IS - ose, EFIHCI pl e of the

net hod accor &pwglﬁétheSlurWeﬁt%rmﬁeﬁwe;ﬁi é’olr%li% sig nC@6ﬁ§ deefnyithe

spectrum of dbpglgmbh@@t&ugn@opa%san FSSEfd y élﬁl@i@cﬂmnéi‘%ﬁalSpeﬁhéa f or med
by the s ectra hese el enentary

| ines 21 conposi.ng the 5 gl obal ectrum
spectra =t e $BpSFatRECTHY™ Q’c}&’éﬁaﬁ CWW% %%au%sm TRRIFRe
doppl er  progegsiwhg ANt HoOr fwaci;ﬁénwecsmgaa.lentevelre Sranef ywean. Thiigilarly,
since the receive

| d hi f f th
O R I et e i
ranges for whi be umxﬂm%mmmhcyduaﬁpmmnnbeedefwme@ beakheThp3lowing

equation:
15

BT B _BB
Bt =——*x—_="" 7
TN T N 7]

In the above eqgquation, the effective band Bessr is
defined as the product BT/N of the number of lines

20 making up the signal spectrum with the spectral width
BB/N of a line.

The notion of effective bandwidth, such as is defined
here, allows the fact that all the samples that are
25 useful for performing a doppler analysis of the
received signal, by digital correlation in the spectral
domain, are not contained in B, but in Bessr to be taken

into account.

30 The method according to the invention takes advantage
of this observation in order to reduce the computation
power required for performing the multicopy correlation
operation. For this purpose, the method according to
the invention includes a step comprising an operation

35 for concatenating spectra. The object of this operation
is to substitute for the received signal and for each
doppler copy a synthetic signal whose spectrum is

contained within a band equivalent to the previously-



consideration allows the notion of effective bandwi dth to be introduced,

whi ch can be defined by the followng equation: 15 BT * (3 _ (3B Beff NT N
[7] In the above equation, the effective band Beff is defined as the
product BT/ N of the nunber of lines 20 making up the signal spectrumwth
the spectral width (3B/N of a line. Thgélnetion of effective bandw dth, such
as is defined here, allows the fact that all the sanples that are 25
useful for péeférafing§aaddBem-eFahaaml Ay t Hee et et 5¢ gARECtBYMdi gi t al

correl ation LanpbessBeGial hdoiRiloci® 10keS OGR! BonBhehfsBelf to
be taken |ntg account. 30 The nethod accordi.ng to the invention takes

advant age ofPft R oBEePVARL 0PI defPEo dditd AtHOT ofPBut BT HE  Hower
requi red forapeeher mitg &dheimpllel cmneo r ehat irdle opLr &hieonstdm®r £bhi s

pur pose, the nethgd agcordgﬁgito t he ingeq#%gn i ncludes a.step copprising
an oper at1 on“35°foF gontHt i FRCSPERt PA. “Hfe FBFREET of OPHES oper8tion is
to substitutelboiftbhd.received signal and for each doppler copy a synthetic
si gnal whose spectrumis contained within a band equivalent to the

previously - 11 defined band Beff. For each copy, the synthetic spectrum
conpri ses al Figheendh- 2épps| e@emagméa@dcyp@mp@ﬁewsw obft Hdreor rgahal
signal . The LhLustpation 'Hhé'€§¥q?ai ahbows. i hn @& sl & mannerpthe role
of the step for 5 concatenating the spectra of the doppler copies to be
clarifi el FEgareed SHdws BERRgnSPREErpar thiidiesyi tlv 8F St RYEnl WBHERt rum of

the signal shewndi bd i guie Zhrdd fAn®s taken from among the lines
making up the spectrum of a signal such as, for

example, the signal emitted by the sonar or else one of

its doppler copies. Figure 4 also shows a partial view

15 of the whole set of frequency channels 42 defined by

the frequency analysis operation performed on the

signal. This frequency analysis can, for example, be

carried out by an operation of the FFT type.

20 The concatenation step 1is carried out simultaneously
for each Doppler copy, each having a different 1line
spectrum. It can be broken down into a certain number
of operations. A first operation consists in
determining the frequency channels 42 coinciding with

25 the spectral lines 41, of known position, which make up
the spectrum of the copy. The spectral band occupied by
each of the 1lines is thus covered by a set 43 of
adjacent frequency <channels whose number notably
depends on the resolution of the frequency analysis

30 initially carried out. This group of doppler channels
43 comprises the minimum number of channels necessary
and its spectral width 1is, in practice, substantially

equal to that of the line 41 in question.

35 Generally speaking, as illustrated in figure 4, the
spectral band occupied by a line 41 of the spectrum of
the analyzed signal is not necessarily centered on the
central frequency of a frequency channel. Moreover, the

spectral width of a line is greater than the width of a



10 figure, only three spectral lines 41 are shown, which could be any three
lines taken fromanong the |lines making up the spectrum of a signal such
as, for exanple, the signal emtted by the sonar or else one of its
doppl er copies. Figure 4 also shows a partial view 15 of the whole set of
frequency channels 42 defined by the-fitequency anal ysis operation perfornmed
on the signal. This frequency analysis can, for exanple, be carried out by
an operati ondeppips FRRpmgle. ZhiFhd scobleat agasioon wWiep iia cardsrdtout

si mul taneousb%vegrort}?@c@a%ppbééuﬁﬂ?@& 1BAch haydhgr dI1f frfaer entel/bpg1
spectrum It can be broken down into a certain nunber operations. A

first operatP8A2EBREI SESTUPT Yt RFRM 1Y PRRAS F@qlh@ncﬁp%‘ﬁjac?ﬁ@?@ 4%he
coi nci di ng Wi hidbmt haurspect o@l thaesedd, reljukredn pesiddt@rmiwted hpirake up

t he spect f the, cop pectral band, occupi ach_ of th | i nes
e thus. covebBa iy SToy 45Rer T HBenAOPREd R Bl e A% Herber

not ably depehdsdoppibke chanhaﬂson of the frequency analysis 30 initially
carried out. This group of doppler channels 43 conprises the m ni mum nunber

of channels necessary and its spectral width is, in practice, substantially
equal to thathef tlkwedupse 410f n gadsarent 35dcppdeal |y %mﬁwm¢h@ aé3

Il1ustrated EBE%SHBEdﬁngt he o spegihal @ﬁndt%%CUpjerer dildg the

spect rum of e anal signal is not necessarily centered on tﬂe central
frequencyP of datfsreaaeﬁey thirarfieaicangiedonsy oraiet kjeci kel EPRASSFLE line is

greater thanihheiwdhBtehgd trbh ﬂHHHHﬁEcﬂ%Eﬁ”E%pré&%ﬁté@léﬂeofe@ﬁ@n why,
in order to c¢over the band occ a spectral several_, adjacent
frequency chﬁhﬂ@ﬁ%'neEHetcF?ﬁP?Eééﬁ%kn%&F ﬁhﬁ1nbﬂ5@Fm8@1€E§nnels

required is detquehned byadnébe WiHth do thetl I}ﬂselcbrlilg quest oy agdoly t he
size of formed, and in re-forming a spectral representation of
15 the signal by Jjuxtaposing the remaining components.

This representation can be considered as that of the

effective spectrum of the copy in question.

As is shown by figure 5, this spectral representation
20 takes the form of an assembly of lines of width B/T,
separated from one another by a frequency interval b/T
substantially equal to B/T. This interval is, in
reality, defined by the number of frequency channels
conserved around each spectral line. The whole of the

25 spectrum thus formed has a spectral width substantially

BB

equal to —.
4 N

The concatenation step such as 1is described thus
advantageously makes it possible to reduce the spectrum
30 of the signal or signals to be processed. The method
according to the invention employs the concatenation of
spectra in the manner illustrated by figure 6 which
displays a flow diagram of the steps that the method
comprises.
35
According to the invention, the received signal
undergoes a spectral decomposition 32, for example of

the FFT type. The spectral decomposition of the



t he doppl er channels. The groups of adjacent doppler channels 43
corresponding to each of the lines being thus 10 determ ned, the

concat enati on operation itself consists in elimnating, fromthe spectral
representation of the signal, the conponents situated in the internediate
frequency channels that do not bel ong-t®&3any group fornmed, and in
re-formng a spectral representation of 15 the signal by juxtaposing the
remai ni ng coiperéNes. sipad rieprpsehendbsyl ddgnbacedndiekeat agat’hag of the

effective spgebhullsel e GNP 1HIUGR IYHectAS iSF ShowncByiEbggEethe this
spectral representation 20 takes the formof an assenbly of lines of wdth
(err)/ T, sepS&FELERYf roE e ahot FBRFIBYTS: f FEGUSRRFATRIGLRE BPFCtTa

sugtS)t ant}a:clmewalt}teﬂ Hé'clgué'rh&ﬁ repeivas bs, the dﬁﬁadﬂéd/,s?@ﬁéanedréﬁ t\fllwe1 |

nunber o requency.channel s onseryed around each spectra i ne e ol e

of " the 95 spaltraRbLRuET aied b Of SHeiethl Sas i e Sbe R PR tedqual o

-B. N The cepeatenat icommatiep rsych asti sfdesiorarnbeftirdéduusncyadebahagesusl| y

makes it possihl e e t Q, of. Si |, Qr_sj to be
ﬁhgss }]:3185%%‘1% athi% dg%%grct#%p%e ﬁéhetlff?é‘&‘ b)?h% LanaL

processed. The et _accord e rmvéention enpl oys concatenation
of spectra ikeprheentianer thdiustonded by filpureesiohi of chaprals 42f1 ow

di agram of thgystens that phig BeLRodheCcQRBLL3ES. 35 According to the
i nvention, the received signhal undergoes™a spectral deconposition 32, for

exanple_%ﬁ the FFT type. The spectral deconposition of the - 13 received
signal is preheraipeciddant zealof othat réavings Regmausedat arrst agbkgh the
spectra of the copjes of the _
through a step for the formation of concatenated
spectra 62, each concatenated spectrum 62 combining the
frequency components situated within the same frequency
15 channels as those retained for forming the concatenated
spectrum of the doppler copy 63 with which it must be

correlated.

The method then comprises an inter-spectra computation

20 step 64, performed in a conventional manner, which
consists, as before, in calculating in a known manner
the inter-spectrum resulting from each product of a
synthetic spectrum of the received signal with the
corresponding conjugate spectrum of the stored doppler

25 copy 35 of the emitted signal. The method according to
the invention thus advantageously effects each product
of spectra, not on the original spectra, but on the
concatenated spectra. Since the concatenated spectra
comprise a number N2 of spectral components, less than

30 the number N1 from the original spectra, the multicopy
correlation operation leads to a computational load
that is smaller than in the case of a conventional
method.

35 The inter-spectra 65 obtained then undergo a frequency-
time transformation step 66, of the inverse FFT type
for example, in order to restitute the time signals
representing the correlation products. This operation

is carried out simultaneously on all the inter-spectra



recei ved signal. Furthernore, the concatenated spectra 63 of the frequency
replicas of the emtted signal are 5 available in the formof stored data,
each concatenated spectrum conprising a set of given frequency channels.
These channels are, for exanple, identified by a nunber representing their
order in the series of channels 42 covkting the band B of the signal. 10
The spectrum 33 of the received signal 32 then goes through a step for the
formati on of Cebpeddkndt edrPpectha 6ZONERNEIEHTEAt ePREEHT 3 pe&y untB2

combi ni ng t hgeckiayeNsYgRANMPOARAL SESbhUated WabPblethecspiBstregyescy 15
channel s as those retained for form,ng the_concatenated spectrum of the
doppl er copylBECHFEhtRAPEACIIAGSR BE Sd8iréTat & e PEthotPtRentConpri ses
an inter- spechogecanmpliatdtied 2@ nst €lpe 64knoper f @etrRddEn &f cameenpidoal
manner, ich__copsists, as before,. in calc ing in known manper the
Rt or - spett rORF ¢ BAFEVRE: | LbmeBaEt S PR ot Wty ihathe etcPhnfof |t he
recei ved si ghaansfohméheoncoyr espendien §FIonjtlgatapespeaciomuni of céheisdor ed
doppler 25 c e i d si | o) ihg to. the

80V 88 ThesEosBRCtER, S el R KON 00 ek

i nvention thus advant ageou; ctra, not on the
ori gi nal spetedaceputhen sire ebntheeditledspeet perismmed tand cheraeenat ed

spectra CONpPhESe fuiuiber 2 OfoSPSELE BbnSOMANANLSG | eSgrhan 3Ppthe

nunber NL fromthe original spectra, the nulticogé correlation operation
| eads td%a cORPLEBLPBRaRTPoSATTLRGt OHE SRafPer "HRRATI N2t Pk ER]EUSRCY

conventional sanpi 88d. WBEcHiie i Bker - spestt gpbétr phhai nad, t ham undergel a
frequency- tinme transformation ste e inverse FF for

66, of t %,t pe
exanpl e, i n BF@eF1t% r 88t £t BHEPERe ik SRS CPehT 2N fﬂé tRethe
correl ation powducicf Thiwhiefer ati @he closest to this number. The

number of samples available is, in the 1latter case,
15 completed by the addition of samples equal to =zero.
Thus, as for the inter-spectral correlation step, the
effect of the concatenation results in a substantial
reduction in the number of operations to be carried
out, the order of magnitude of the reduction being
20 given by the ratio N/P. The spectral analysis can be
carried out more generally by a Discrete Fourier
Transform (DFT) that is not necessarily applied to a

number of points equal to a power of 2.

25 The method according to the invention, such as is
described in the above, therefore allows the number of
arithmetic operations required to perform the doppler
analysis of the received signal to be substantially
reduced, as 1long as the emitted signal has a 1line

30 spectrum and where it has a weighted distribution
allowing the spectral width of each line to be limited.
The reduction advantageously applies to the correlation
and frequency-time transformation steps which are the
determinant steps of the method in terms of

35 computational load.

This method has the advantage of being particularly
adapted to the signals coming from emissions taking the

form of a burst of N consecutive pulses over time, each



is carried out sinultaneously on all the inter-spectra - 14 calculated from
the concatenated spectra of the received signal and fromthe doppler

copies. This inverse transformation is simlar, inits principle, to those
i npl emented in the known nethods of the prior 5 art. However, it should be
noted that, in the case of a transfornkbion by inverse FFT, the operation
is carried out on inter-spectra conprising fewer conponents, which reduces
the size of PHésSEFPeiagbd ROVl dH@tteoveheantpdysl Bf cenhpledt i ons
required. ThggesFEF-dlepperations are carried out on the nunber N2 of
frequency sanples within an inter-spectrumor, in actual practice, on a
nunber 2P of sanples corresponding to the power of 2 which is the cl osest
to this nunber. The nunber of sanples available is, in the latter case, 15
conpl eted by the addition of sanples equal to zero. Thus, as for the
inter-spectral correlation step, the effect of the concatenation results in
a substantial reduction in the nunber of operations to be carried out, the
order of magnitude of the reduction being 20 given by the ratio N p. The
spectral analysis can be carried out nore generally by a D screte Fourier
Transform (DFT) that is not necessarily applied to a nunber of points equal
to a power of 2. 25 The nethod according to the invention, such as is
described in the above, therefore allows the nunber of arithnetic
operations required to performthe doppler analysis of the received signal
to be substantially reduced, as long as the emtted signal has a line 30
spectrum and where it has a weighted distribution allowng the spectral
width of each line to be limted. The reduction advantageously applies to
the correlation and frequency-tinme transformation steps which are the



determ nant steps of the nethod in ternms of 35 conputational |oad. This

nmet hod has the advantage of being particularly adapted to the signals
coming fromem ssions taking the formof a burst of N consecutive pul ses
over time, each - 15 pul se being frequency-nodul ated over a band B centered
on a frequency f0. - 16 - CLAIMS 1. A method for the doppler processing of
echos of 5 emtted signals, these emtted signals having a |ine spectrum
characterized in that it perforns a nGFRAIMEpy correlation of the received
signal, this nmulticopy correlation conprising at |east the follow ng steps:
10 - a step (32) for the tinme-frequency transformation of the received
signal, - a step (61) for the formation of synthetic spectra by
concazgziat}om,. ﬁt ant irﬁlﬁ:ﬁd@”‘féhet&%e(ddpﬁm@ ﬁh@ce%§ih§C§if\/eébl§d‘>Qn@E, - a |
step or_the conputatjon the inter-spectral. product, in_other words
of the produEiGHegachioRg T hel e Sen ettt Lo £ e S oNcAt Bfatd 6B ugat ¢
20 spect rum ebetheuagr dsperdieng zopplrertheopys t -perBoaps (&6pul od copg
frequency-ti transf.ormaticon_of the i r- al oducts. .25 2. The
nmet hod as CI§§§5 §9%1§PaiﬁFl,t§ argggg%?%gd g?ﬁg%%at,ggég eac t688§Ver copy,
t he concat enabtadelgpecty gompirisding espyerstobhai ded loywisg edtepsy, for each

spectral line making up the signal, the frequency channel closest to the
position of the |ine, bé al so 30 sel ecting the adjacent frequency channels,
by elimhati-ng tHewt héed) f foguéhey o eI byt repntareabi PAgofhe

frequency rapges reeerieeRoRdigAg1t,0 the

- a step (61) for the formation of synthetic spectra by
concatenation, starting from the spectrum of the

15 received signal,

- a step (64) for the computation of the inter-spectral
product, in other words of the product of each
synthetic spectrum with the concatenated conjugate

20 spectrum of the corresponding doppler copy,

- a step (66) for the frequency-time transformation of

the inter-spectral products.

25 2. The method as claimed in claim 1, characterized
in that, for each doppler copy, the concatenated
spectrum of said copy is obtained by selecting, for
each sgpectral line making up the signal, the frequency
channel closest to the position of the line, by also

30 selecting the adjacent frequency channels, by
eliminating the other frequency channels and by
concatenating the frequency ranges corresponding to the

selected frequency channels.

35 3. The method as claimed in either of claims 1 and
2, characterized in that each synthetic spectrum is
obtained by selecting and by concatenating the

frequency ranges corresponding to the selected



sel ected frequency channels. 35 3. The nethod as clainmed in either of clains
1 and 2, characterized in that each synthetic spectrumis obtained by

sel ecting and by concatenating the frequency ranges corresponding to the
selected - 17 frequency channels in order to formthe concatenated
spectrum of the correspondi ng doppl er -cdopy- 4. The nethod as clained in any
of the clains 1 to 5 3, characterized in that the frequency-tine
transf or mat i smsquenche ¢mrrekpedty aprgevdict sfare tiw f opnedtbpatedns of an
inverse FFT cREthefnOul @RedcoReiehnd ndl 3oamRkes ¢ gbg/al to the nunber of
frequency channels making up the ppl er copies. 10°5. The nethod as
claimed in claim4, characterized in that the inverse FFT is perforned on a
set of Msamles fraemegktdnod hes Ne1samphes ncesepndheg dix ke {reguency
channel s of the concatenated spectrumto _which channels 15 M- N2, zero
sanpl es at e ddded %&Qﬁ???ﬁﬁli? s edtal tH@the pdier o%rFﬂBePﬁﬁéHFﬁFely

above N2. transformations of the inter-spectral products are
performed by means of an inverse FFT carried out on a
number N, of samples equal to the number of frequency

channels making up the Doppler copies.

10
5. The method as claimed in claim 4, characterized in
that the inverse FFT is performed on a set of M samples
formed by the N, samples corresponding to the frequency
channels of the concatenated spectrum to which channels
15 M - N; zero samples are added such that M is equal to

the power of two immediately above N,.



