- 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

i nvention 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 expl oi-t png sonar signals, known fromthe
prior art, consists in emtting a known signal into the mnmediumand in
processing the_received signals b correlation with signals representing
replicas of thEASErrFPFEBEB’&gRSPq%§ﬁNﬁt FOR COPES.WETHHPERIQRLCJ T get 15
and received by the sonar. These repl gpgerrar Doppler copies, are
correlated with the signal actually received so as to distinguish the
signal comng from the target fromthe background noi se and from

rever ber ati onTh&0 fHeA EnbEsi oite ofirficgitalen hayi nchax | iofe spaekr Ugighdl ot her
words a spectrum conposed of‘(_ﬁégti nct_Jlines, is further%re of consi derabl e
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filtering. SuspectbDopptempdsedeotngppcorasslinemot ably 30 described in the
Eur opean Patent EP1078280 that relates to a nmethod for detecting noving
objects by neans of an active sonar. This type of Doppler filtering

consi st s 1i0n core ytaghnigue3®xplailtingmorsur reignabs, oknowa risom vige si gnal .

Mul ticopy corge]dtiQpe copshaisekNiRCehAtTiRg: al krfdwn signal into the
medium and in 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 background noise and from
reverberation.

20
The emigsion of signals having a line spectrum, in
other words a spectrum composed of distinct 1lines, 1is
furthermore of considerable interest for the detection
of fast or slow moving underwater targets in an

25 environment limited by reverberation. Indeed, as long
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 correlation operations are carried out

si mul taneously, or else during the sane-p&rtod of tine, such that the
exploitation, in active sonar node, of em ssions of |ine-spectrumsignals

| eads to as m@Riti®ssi iBnadeouBaehr Mapnliesh epprat¢vhibbeengtiver fsameed as
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enployed is large, the, nulticopy correlation processing rode nag require a
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filtering ogperation by correlation can advantageously be perforned in the

spectral domain. The 20 letters B and T of the BT product respectively

denote the ermhe ed sogtralatdach B adferhBidisati cird. | nepesiedtrarsiterri ng
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number 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 1is 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 denocte
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 1load,
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 1load implied by
multicopy processing is substantially propertional 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 invengion consists of a nethod all ow ng
the conputational |oad caused by multicopy correlation to be reduced. For
this purpose, IHEBp&éémmtainoeﬂtﬂgntconhbeténMEnhim&tﬁ@d(ﬂﬂﬁbﬁid@ﬂﬂH§0py
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components;

- a step for the computation of the inter-
gpectral product, which 1is 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 -o4,-put another way, for the sane
nunber of 35 conputations, a doppler filtering operation with higher
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partlcularly a ens em 0Se Spectrumi's “conposed
of periodic I |1r¥eﬂ§1fem336?ﬂfbln§l t@él@lm rﬂp@t@@nent ary spectrum 5

Q her features and advantages will becone apparent through the description
il lustrated by the aSSOCIated fi ures whi ch show. - figure 1, the tenporal

repr esent abi oPtdtetan fepdusamplands adupiiadesyi g 1d | hacameec ARRATENS | gur e
2, the SChenHtt:'ff‘roiEﬁPttﬁé de%Qfﬁs@mt&IIQm@ét{ra@eal Al thél %%éﬁl%ew

Figure 1; - #%rre 3, an illystration of the main steéps

conventi onal am%?@pw I'Fe? WYon nmethod, the correl atlon bel ng per f or med
in the spectral domain; - figure 4 also shows a partial view of the
spectrumin figure 2 and of the set of the 20, doppler channels defined by
the frequency anal ysi s oBé?HF?oH*caF??e&eWBPIBH1#H}§ﬁiﬁﬁﬁatloan urd 5, the

concat enatted spectral repaeptatafi atignblt hevshgnal lihkuspeatedmiy figure
L - 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 1lines. 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 spectrm or lines. For clarity of the
description, the invention is described in the docunent through a preferred
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the follow1ng equatlon

N-1
eft)=a(t) T 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)=A(f)* ZP(f)exp( mznf—) ZP(-—)A(f n~—) [2]

25 In equation (2], P(f) represents the sgspectrum of the
elementary pulse which can be expressed by:

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

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

A(f)= fa(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.



20 As regards the spectrumof the emtted signal, this can be expressed by
the followi ng equation: E(.f)=A(.f)EP(f)exp(-in2nfT)=)P(T)A(f-nT [2] 25 In
equation [2], P(f) represents the spectrumof the elenentary pul se which
can be expressed by: P(f)= Jp(t)exp(-2inft)dt [3) 30 Simlarly, the spectrum
of the envelope a(t) of the emtted signal-can be expressed by: A(f)=
Ja(t)exp(-2inft)dt [4] 35 The spectrum E(f) is shown schematically in Figure
2. Its total W dis icomposdashndf B agfedtiralel bimees a2yl ppbsetionéd ldvery
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spectral anplitude is advantageously exploited by the nethod according to
the invention. TS GddersdiMar ispeakinngfigukaowh nbEwenstrapees orimhaty tthe

spectrum of the emitted signal comprises BT/N frequency
ranges of width /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 1s very low. It can also be
obgserved 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 1in 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



doppl er analysis of the received signal in the field of sonar echo
processing consists in performng 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-rgflection on a moving target. In
this type of processing by multicopy correlation, the nunber of doppler
copi es enpl oyeitaleigendolonthie Wmlu@ncwnadry@es%and behanat gt atnicoron t he

code resol uti Qiimel hSHIPET £ o 8b15La HePERES Qb 1he conputing capacity of the
machine that nust performthe corresponding arithnetic operations, This

tw n dependency leads, in practice, to a difficult conprom se bei ng made
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duration of 20,fPf.dessived Si988tding window mode over a number 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, F,
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
gpectrum of the received signal with the spectrum of a
stored signal 35, called doppler copy. The spectrum of
each doppler copy corresponds to that cof 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 8 defined by the expression & = 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:



The frequency signal 33 thus obtained is then subjected to several

si mul taneous correl ati on 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 doppler copy. -Thke -spectrum of each doppl er copy
corresponds to that of the emtted signal having undergone a honothetic
transformation in 30 frequency. The honothetic frequency transfornmation
corresponds to one of the channels of thendoppler band analyzed. Each

doppl er copy can be char acterd(t)ende(]ﬁy)ia(ét)dﬁp;p(lﬁb#nIS plalanet er S defined by
the expression 5 =1 2V/c in which V repsgesents the radial velocity of the
target wth respect to the vessel carrying the sonar and ¢ the speed of
sound in the nedium It can then be expressed as: 8 - N1 c(t)=e(St)=a(St)
E p(5t-nN) [53%nd=bDtsaspertsumpebeyantbbegsprassdgpression: 5 C(f) A(.1

/8) *EP(f1&) exp(-2hrnf T)-ZP(nN)A(f - nN) [6] ~SI n NT S T The expression
for C(f) is analogostothat of E(f), except that |s cormposed of |ines
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transformation 0 spectr he resul t "3% ofTeach ‘coirel &1 on operation
I's then transposed Into the time domain in order to be 15 exploited. The
transposition is preferably carried out by the inverse transformation 37 of

that used forThér arphewsing i T the)f igquandodiiiBi o Rhat faeaEenry-

except that it is composed 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 into 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
Az 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 is equal to PB/T, the 1lines Dbeing
separated by 8N/T on the frequency axis.

Performing the multicopy correlation computation
30 amounts to performing Ng simultaneous correlation
operations, in other words, in the spectral domain, Nj
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 less complex and
hence legs costly in terms of computational load.



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 frequéney. As for the enmtted signal,
the width of each spectral line is equal to (3/T, the |lines being
separated by dl¢verihelrss requiiiSe axild Panvelvesy t Ne musimebipaneous
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Nd of doppl er emitired ssigndk. 5 processed and al so on the product BT, where B
represents the bandw dth of the elenentary pulse 11 and T the duration of

the N elenmentary pul ses making up the emtted signal. 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 wvery
15 sensitive in the computational locad, 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
gsolution therefore consists in decreasing the number of
doppler channels utilized simultaneously, which allows
30 the number Ny of correlation operations performed
simultaneously to be reduced. The other solution
consists in limiting 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 wmethod 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 low relative

wei ght. In the case where the acceptable womput ati onal | oad does not allow
the multicopy correlation operation such 25 as that described to be
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equation:
15

Beff = —— = [7]

In the above equation, the effective band Bersr 18
defined as the product BT/N of the number of lines

20 making up the signal spectrum with the spectral width
BB/N cf 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 Be:s 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 following equation: 15 Beff= N*T N[7] In the
above equation, the effective band Beff is defined as the product BT/ N of
t he nunber of lines 20 making up the signal spectrumwth the spectral
width (3B/Nof a line. The notion of effigctive bandw dth, such as is
defined here, allows the fact that all the sanples that are 25 useful for

perform ng a defined amald Bs: Of Féhees€hetypd, sStBeabynbhedii@ tsPeckafimel ation
in the spectr%{’? danmain, g%et Qt contained,in ﬁ ut in Beff to be taken
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met hod according to’ the i'nvention I ncludés a st'ep conprising an- operation
35 for conkat @emdatenafddaty athahepebiteat off the sdoppler orepiest bosdestitute
for the recei waqd,siggRad. and for each doppler copy a synthetic signal whose
spectrumis contained within a band equivalent to the previously - 11
defined band Beff. For each copy, the synthetic spectrum conprises all the

non-zero | evelriifa@uencsHW OB Mggn f iddepaktghnalvsd@nale The real
illustration inTfigure 4_al]ows, . in si.npl e manner, the role of the step
for 5 concat ePREGFUWheCfpetpfa BHIRME dWWer 1BopfaQUES be- clrithiled.

Figure 4 sbowsigummgnidnpy Rakiedlspeawdll Ihgeseah Hpechkhowhof wHiensi gnal
shown in T10ure 2 TBet sy HRrbedY S hhickl SBrah oSty LRSS 1hey @
shown, which Y g
’ 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 is carried out simultaneously
for each Doppler copy, each having a different 1line
spectrum. It can be broken down intoc 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 c¢hannels necessary
and its spectral width is, in practice, substantially
equal to that of the line 41 in guestion.

35 GQGenerally 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



could be any three lines taken fromanong the |ines making up the spectrum
of a signal such as, for exanple, the signal emtted by the sonar or else
one of its doppler copies. Figure 4 also shows a partial view 15 of the
whol e set of frequency channels 42 defined by the frequency anal ysis
operation perfornmed on the signal. This > equency anal ysis can, for
exanple, be <carried out by an operation of the FFT type. 20 The
concat enat i on dapgpléxs channed .outhiss mibt aheoustégsof owhgachifoppider aapy,

cach having a dbfder el Ihafia WMSSHIME by G20 Jbe Bgken, dgun 1 Lg A certain
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ha
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frequency analptd dctibidk tdi@dhyeTarried out. This group of doppler channels
43 conprises the m ninum nunber of channels necessary and its spectral

width is, in practice, substantially equal to that of the line 41 in

question. 35 Gaper al §yospeaki o, aSadja{c;aitrate@o;?];ﬂlérgur@hénnteh% spect ral
band occupledéﬁ¥ a line, 41 of the spectru
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width of the I¢ne {dh AVeUHQMAYW BhatNeas 2607 behBecfORB! elng G s-
formed, and in re-forming a spectral representation of

15 the signal by juxtaposing 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

pB
l to —.
equal to N

The concatenation step such as 1s 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
apectra 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



The groups of adjacent doppler channels 43 corresponding to each of the

| ines being thus 10 determ ned, the concatenation operation itself consists
in elimnating, fromthe spectral representation of the signal, the
conponents situated in the internediate frequency channels that do not
belong to any group formed, and in re-fadm-ng a spectral representation of
15 the signal by juxtaposing the remaining conponents. This representation
can be consi deeceiyed tmigwil t he pekferitbly sgentdiwalofte hehebtphaving
guestion. As i h [ . 1S, S p e L.0N . 2 akes
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in reality, ¢afidediy EPeqleRRe &Blﬁesguwyaféaémﬂéedcg_@%ﬁs\ie%r@rOund
each spectral line. The whole of "the 25 spectrumthus fornmed has a spectral
wi dt h subs?an@iVaiiilpblegidt the ofeumeotofaredhadnba, seaphsgomead enatgdscri bed

thus advant aggeeshnn Bkdtpris Dagshbhett @ff efiufdh t PRe§RBALYUBHa3RAks .t he
signal or S|gn§%§ to_be processed. The nethod according to. the invention
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whi ch di spl ayepreldeniw idichoriael of orierstigpstidabetrhesmihogdhasnapsi aes. 35
According to the inven

tion, the received signal undergoes a spectral
deconposi ti on S§YEHGE &’fnﬁaé“ﬁf]a qfﬁé:\{'ﬁ:'ﬁ > The spectral deconposition
of the - 18 received signal is preferably identical to that having been
used to establjsh the ectrg of _t copies,of .the receiyed signal.
Furt her nor e, t'ﬂﬁléa‘ c%ﬂ%‘é?gﬁ%}t 93?13 sB&ct ekée %§°8f’v?ﬂe Sflr%‘h%enéé rlélb?ﬁgcggeﬁf t he
emtted signalttatomgh 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 wmanner, 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 aspectra. 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 1leads 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



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 covering the band B of the signal. 10 The spectrum 33 of the
recei ved signal 32 then goes through a step for the formation of
concatenated spectra 62, each concatenated spectrum 62 conbining the
frequency commnﬁnukacéduafedetﬁhm thensaﬂenateduemmﬁdﬁrmhabﬁmfth§ t hose

retained for f qég%gfte e e um do Ier copy. 63 with
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transformation step 66, qf .the inverse FFT t for exanple, in ord r to
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power of 2 which is the closest to this number. The
number of samples available is, in the latter 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/B. 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 long as the emitted signal has a line

30 sgpectrum 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



calculated fromthe concatenated spectra of the received signal and from
the doppler copies. This inverse transformation is simlar, inits
principle, to those inplenented in the known nmethods of the prior 5 art.
However, it should be noted that, in the case of a transformation by
inverse FFT, the operation is carried- ggt_-on inter-spectra conprising fewer
conponents, which reduces the size of the FFT to be perforned and hence

t he Eunbeirboﬁumsepgbb?migorﬁré@mﬁcrpd?odikmhd:FJvéﬁ ap&raaid oBsceneeeadri ed out
on t he number N2 reguengy sanples within an inter-spectrumor, in

act ual prac??c%,gﬁﬁqggﬁﬁxbgP'ZP of sanples corresponding to the power of 2
which is the closest to this nunber. The nunber of sanples available is, in
the latter case, 15 conpleted 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 nmagnitude of the reduction being
20 given by the ratio N p. The spectral analysis can be carried out nore
generally by a Discrete 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
all ows the nunber of arithnetic operations required to performthe doppler
anal ysis of the received signal to be substantially reduced, as |long as the
emtted signal has a line 30 spectrumand where it has a wei ghted
distribution allowng the spectral wdth of each line to be limted. The
reducti on advant ageously applies to the correlation and frequency-tine
transformation steps which are the determ nant steps of the nethod in terns
of 35 conputational |oad.



This met hod has the advantage of being particularly adapted to the signals
comng 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 fo. -16- Clainms 1. A nethod for the Doppler processing of
echoes of emtted signals, these emtted signals having a line spectrum

for performng a nulticopy correlation-¥ a received signal, conprising the
foll owi ng steps: tine-frequency transformation of the received signal;
formati on of synthetic spectra by congfgﬁmgtion, starting fromthe spectrum
of the received signal; conputation tnter-spectral product, by the
product of each synthetic spectrumw th the concatenated conjugate spectrum

of a correspondi_ng Ebggler copy;, and frequency-tinme transformation of the
i nter-spectral AprBGEEPE. BOT TH GretOR18S cPEPRRYSIHI ¢l meEhojser fn for

each doppleiaRy, diagancatenaked apeekhUMsER8akd RARYRLS a0PEgLped by
sel ecting, for each spectral |line nmaking up the” signal, a frequency channel

cl osest to IMRELPOWI/t | dorof PEhECorhing, dy kol galwectdanyetllad iad) acént a
frequency , i m LD hg_other. fr.equency channels and by
gQQQﬂ%%%fFeéna? gbﬂﬁ%lsgné ghe Eg?ﬁ?ﬁfq % s

concatenating t uenty 'ranges  corfespon ‘sel ected frequency
channel s. 3. Theimetliedqasnchatpeisforeideidn Hf Wiey eigtgael ssynthetic

spectrumis obtained hy selecting and by concatenating frequency ranges

correspondi ng t ¢ ¥ HEPPeqifncy> Bt s tFRECEF2 sBFect@dtesRrdéP t o0
obtai n the s1GORGRLHIRLAD BBESHEHRY QL SPericorF&apondi ng Jleapl er copy. 4. The
nmethod as clainmed in claim1, wherein the frequency-
computation of an inter-spectral product, by the
product of each synthetic spectrum with the concatenated
conjugate spectrum of a corresponding Doppler copy; and
frequency-time transformation of the inter-spectral

products.

2. The method as claimed in c¢laim 1, wherein for each
doppler copy, the concatenated spectrum of said copy 1is
obtained by selecting, for each spectral line making up the
signal, a frequency channel closest to the position of the
line, by also selecting the adjacent frequency channels, by
eliminating the other frequency channels and by
concatenating the frequency ranges corresponding tc the

selected frequency channels.

3. The method as c¢laimed in claim 2, wherein each
synthetic spectrum 1is obtained by selecting and by
concatenating frequency ranges corresponding to the
frequency channels that are selected in order to obtain the

concatenated spectrum cof the corresponding Doppler copy.

4., The method as claimed in claim 1, wherein the frequency-

time transformations of the inter-spectral products are



time transformati ons of the inter-spectral products are -17- performed by
nmeans of an inverse FFT carried out on a nunber N sub.2 of sanples equal to
t he nunber of frequency channels making up the Doppler copies. 5. The
method as clainmed in claim4, wherein the inverse FFT is perforned on a set
of Msanples formed by the N sub.2 sanples corresponding to the frequency
channel s of the concatenated spectrunH?o whi ch channels M N. sub. 2 zero
sanpl es are added such that Mis equal 'to the power of two imrediately
above N.sub.2. 6. The nethod as clainmed in claim3, wherein the

frequencyo¢éﬂeoﬁd@dﬂsbgr mREhons A bhe i &sSPeshr aémpireqﬁuehf% L& performed

by neans an inversé FFT carried out on a nunber sanpl es equa
to the nunberbef Niswdeyueney shmnhessemaiingouphehaubbppl ef copiesncy. The

nmet hod as gﬂg%&gigldgﬁan m ZTH@h%rgP#OEhgapbégquency time transformations of

the inter-spe pro are p y~ ireans of an inverse FFT
carried out on a nunber N sub. 2 of sanples equal to the number of

frequency hann | s maki n Doppl.er co ABSTRACT FAST COHERENT
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i npl erentation of conventional signal processing ds opera%

mul ti copy Botilelatsamples @Pﬁé?smbmﬁsn%ytglﬁbﬁtéﬁééu§n0§oﬁhemaﬁﬂén06f the
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er s t he

copies having a er ent rft ccor he |nvent|on
mul ticopy sanpbdataon a@@edaSuom thaprMses aquhEasb the b@hb@mmﬂgtabeps:

immediately above N.sub.Z2.

6. The method as <c¢laimed in c¢laim 3, wherein the
frequency-time transformations of the inter-spectral
products are performed by means of an inverse FFT carried
out on a number N.sub.?2 of samples equal to the number of

frequency channels making up the Doppler copies.

7. The method as c¢laimed in c¢laim 2, wherein the
frequency-time transformations of the inter-spectral
products are performed by means of an inverse FFT carried
out on a number N.sub.2 of samples equal to the number of

frequency channels making up the Doppler copies.



- a step (32) for the tinme-frequency transformation of the received signal,
- a step (61) for the formation of synthetic spectra by selection of
spectral lines and concatenation, starting fromthe spectrum of the
received signal, - a step (64) for the conputation of the inter- spectral
product, in other words of the product of . each synthetic spectrumwth the
concat enated conjugate spectrum of the E%r?esponding doppler copy, - a
step (66) for the frequency-time tranB8DPRA@TIi on of the inter-spectral
products. The field of the invention is that of sonar signal processing

met hods. The invention relates nore particularly to sonar echos comng from
objects that #®AST COMERENT EROCRASING: FORs IGORESVWITH PERIGDIC | IENE spect rum
conposed of spectral lines. Figure 6 gprorra

The present invention consists of a method allowing the
computational load caused by the implementation of
conventional signal processing methods operating by
multicopy correlation, in other words by simultaneous
correlation of the spectrum of the received signal to
copies of said signal, each of the cbpies having a
different doppler shift,.

According to the invention, the multicopy correlation
operation comprises at least the following steps:

- a step (32} for the time-frequency
transformation of the received signal,

- a step (61) for the formation of synthetic
spectra by selection of spectral 1lines and
concatenation, starting from the spectrum of the
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 spectrum of the corresponding doppler
copY .

- a step (66) for the frequency-time
transformation of the inter-spectral products.

The field of the invention is that of sonar signal
processing methods. The invention relates more
particularly to sonar echos coming from objects that
are irradiated by sonar emissions with a ‘comb’ line
spectrum composed of spectral lines.

Figure 6



