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1-INTRODUCTION

Sonar transmitters can generate complex signals, composed of wave trains whose feahwes can be changed from an
emission 1o another. .

Every wave-line is called "stage”™ of emission. The wave train duration, the time between two stages, and the
number of stages are changeable. Stage is a very narrow band signal that can be modulated slowly (There are
several types of modulation: linear, hyperbolical...) .

It seems to be interesting to identify the transmitters by analysing the emissions. This job is entrusted to an
acoustical recognition expert, that, from listening signal in sonar context, gives a decision. The expert valuation
leads to a data bank where signals are ranged into type one or type two family,

The aim is to find out an analysis method able to provide the same prediction as the expert. Numerous methods
have been developed [1,2), and two of them that seem the more promising, are presented here.

The first uses the wavelets transform [3 to 9] of transient part of the non-modulated stages, corresponding to the
emission raising power phase.

The second compares the steady state to a narrow band pattern, obtained by filtering a white noise by a second
order system.

2 - ANALYSIS OF RAISING POWER PHASE OF NO MODULATED STAGE
2
Thechosen wavelet is Morlet' skind [3,7); gt f) = & ' 2™ (1)
The parameter f changes around central frequency ] of permanent rate: 0,8 <f/f] < 1,25.
The coefiicient a depends on the choice of f. Experimental swdies and sampling period have shown that a good
choice of & corresponds 10 wavelet life equal 1o 5/.This leads to relation,
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T
The energy of the function g(u.f) changes with f. The energy of x(1) into interval {-2,5/f , 2,5/f] changes also in
the transient phase, corresponding 1o the raising power. So it is desirable to replace d(t.f) by the coherence
function definedby C(t,f)aC; (t,[)+iCa(t.f), where
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- 2 ’
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C2(11) is the same formula where cos2nfu is replaced by sin2rfa

The chosen graphic representation, shows in form of contour lines, the evolution of modulus of C(t.f) during the
time. :

Experimental results are easy to interpret :

For type one signals, one can note an important frequency drift corresponding to the raising or the decreasing
power of the non-modulated stages (¢ffig 1,2 ).

But then, the type two signals don't generally present these frequency drift (cffig 3,4 ).

Figure 1 : Coherent Wavelets Transform of Aall Figure 2 : Coherent Wavelets Transform of Abl
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3. STUDIES OF PERMANENT RATE STAGES

3.1 Estimation of Q-factors

In first approximation, the steady state of non-modulated stage is equivalent to 38 narrow band signal,
quasi-sinusoidal. So the idea is o compare it 10 a pattern, resulting from fillering a white noise, by a second order
system. More exaciely, the comparison is realised between the modulus of spectrum S(v) of the steady state and
the modulus of the transfer function T(v) of the second order system :
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In this formula, co} is the central pulsation of the sieady state of non-modulated stage and e is a parameter used
© minimize the difference between IS(v)! and IT(V)l (ffig 5 ).

The Q— factor is then calculated accordingto the formula: Q= 1 (6).
oo
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Numerical results can be summarized as follow:
-themmpﬁonofsecmﬂadersyﬂemisqui&mfumedfmmetypememissim.
- This assumption is not always mnﬁmwdfmtypetwounissions,whaemuanmﬁmmwhavechoice
of Q-factor.
-Genmﬂyqxalﬁng.ﬂ:eselecﬁvityoftypememissmislowerdlantheselectivityoftypetwoenﬁssion(sae
below) .
type one : 3105 Q < 400,
type two : 280 < Q < 5000.

Figure 5 : Spectrum of Ac 2° stage and transfer function of pastern q=353
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3.2 Presence of spectrum lines and their time-variation
Trying to superimpose the two curves IS(v)i and fT(v)| by adjusting the value of the parameler Q, it can be noted

meptesmceofspecuumﬁnwsymeuimlwithnsardmmecenualﬁeqmncyrd‘ﬁgdj.
Il‘ilissuwosedﬂmmmlinesmdepmdamonﬂwanissions.muwmmpﬁonﬂmawhitenoiseexcitesan
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mvaqingsecmdordusyswnismtvaﬁd.Sooomeﬂwideamwhiwnthesigmlwcnhmcelhevimaﬁsadonof _

meseﬁneswhoscleveliscompﬂwdbetwem-zomm&wim

regard to the central peak (ffig 7) [1]-

Figure 6 : Spectrum of Aal0 Figme7:  Aal0 whitened
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Thewhitmingofunissionsomgmmispetfomed according to the following:
Evexyﬁ.SZmill.iseconds.onemlisesaspecuum(byFFr)ofmesignaLofadmaﬁonofSS.ﬂ milliseconds. On

the other hand, one simulates a sinusoidal wave train of the

same duration, and with a central frequency

corresponding to the estimated frequency of the signal. ( This assumption is acceptable as the frequency
modulation of the stages are low enough 10 remain undetected during the duration involved in the analysis) . The
whilening consists in dividing the spectrum modulus of signal by the spectrum modulus of the simulation.

Results

No modulated siages
mmmaﬁmwmmdwmmmmgmmaﬁwlymemwmmmmk&

Amongallthespecuum-ﬁnesoftyi)eonesig:ml.mecannotetheexistenceofacommonlineatadistanoeof
about 100 Hertz away from the central frequency (cf fig 8.and fig 10 3° stage) , whereas there is not really 2

commeon lines for the type two signals (¢ffig 9 2° stage ).

b - Second frequency family
mcommonspecmun-linesoftypeomsignalsmsepmmdaboutllommumzawayfmmmeumal

frequency ( of fig 102°siage) . However.forlhetypetwosigna!s.onenoteseimermeabsemeoflines.eimume

presence of lines distant of about 120,700,1300 Hz away from the

central frequency (¢f fig 11 2°stage) .

Fortypemsipalsmeﬁequemydisumebetweenunwnsiduedﬁmmuwmuﬂﬁequmykeep;pmﬁmuy
unvaryhgwixhlime(equalwaﬁhndﬁoom) (q'ﬁgm).exceptforawmwmmedismhasbeenfomd

1o change by Af/At =-1,3 Hz/ms (cf fig 12) .

For type two signals, the distance changes such that : 2,1248/At 20,6 Hz/ms (¢ffig 911 ).
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Figure 8: TYPE | sonagram of AnlQ whirened

relatives frequencies

T a8

74

I"" 3 - ¥
xpa - écabannuo > .

Figure 10: TYPE 1 sonagram of Ac whitened ( 3 stages )
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Figore 12: TYPE | sonagram of Ad whirened {FM)
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Figure 9 : TYPE 2 sonogram of Ba} whitened ( 2 siages )

|  modulated stage non-modulated stage
. o F0 T
. time in mmilliseconds

Figure 11: TYPE 2 sonagram of Be whitened { 2 stages )
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