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FRAMEWORK OF SONAR INTERCEI’I'ION
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1 - INTRODUCTION

Sonartransmitters can generateoomplex signals. composed ofwave uainswhose featurescan bechanged from an
emission to another. .
Every wave-line is called "stage" of emission. The wave train duration. die time between two stages. and the
number of stages are changeable._ Stage is a very narrow band signal that an be modulated slowly (There are
several types of modulation: linear. hyperbolical...) .
It seems to be interesting to identify the trimmings by analysing the emissions. This job is entrusted to an
acoustical recognition expert. that. from listening gnal in sonar context. gives a decision. The expert valuation
leadstoadatahankwhetesignalsarerangedintotypeoneortypetwofamily.
The aim is to find out an analysis method able to provide the same pred'wtion as the expert. Numaous methods
haveheendeveloped [1.2].and twoofthem thatseern thema'epumising, arepresented here.

Thefirstuses thewavelets transform [3 to9] ol’transientpmofthenon-modulated stages. corresponding tothe
emissianraisingpowerphase.
’l‘heseeondeornperesthesteadystatetoananowbandpauem.obtainedbyfiltaingawhitenoisebyaseeond
order-system.

2 - ANALYSIS OF RAISING POWER PHASE OF NO MODULATED Sl'AGE
2 .

TheehosenwaveletisMulet'skind [3.7]; mt) = 6‘“ cm“ (1)
'l‘heparametafchangesamundcenualt‘requeneyf]ofpermanentm:0,8<f/f1<l.25.
'lheooefl'tcienta dependsonthedtoiceoffjxperimattal snidiesandsampling period have shown thatagood
choice of a eta-responds to wavelet life equal to SIIJ‘his leads to relation.
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Hwecauxit)mesigmLhismfomafiohconespondswthewnvoludonpmdmr

d(t.0= Ix(v)s(v-t.f)dV.

2.!

f

timeanhewrittm d(t. o= lx(u+ t) g(u. mu (3).
1.5

T

The energy of the function g(u.f) changes with f. The energy of x(t) into interval [.25/f . 2.5/1] changes also in
the transient phase. corresponding to the raising power. So it is desirable to replace d(t,l) by the coherence
functiondel'rnedby C(t.l‘)-C1(t.f)+iCz(t.f).where
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g
r .
I x(t+tt.f)e’mI eoszmtdu
2.5

(4)

  
C201) is the me formula where cofinfu is replaced by sinanu.

The chosen graphic representation. shows in form of contour lines. the evolution of modulus of C(tJ) during the
time. '

Expu-imenmlresultsareeasytointerpret:
For type one signals. one can nor: an important frequency drift corresponding to the raising or the decreasing
power ofthe non-modulated stages (#17; 1.2).
Earthen. the type two signals don't generally presenttliese frequency drill (affix 3. 4 ).

Figure l : Coherent Wavelets Transform of A311 Figure 2 : Colin-em Wavelets Transform of Abl
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3 - STUDIES OF PERMANENT RATE STAGES

3.1 Estimation of Q-i‘aetors

In first approximation. the steady state of non-modulated stage is equivalent to a narrow band signal.

quasi-sinusoidal. So the idea is to compue it to a pattern. resulting from filtering a white noise. by a second order

system. More exaetely. the comparison is realised between the modulus of sputum S(v) of the steady state and

the modulus of the transfer function T(v) ofthe second order system:

 

2 «12—032

|T(v)|=—12- H ° 12 m 2 (5).
to to to 1

° (l-(TI))+4(-6-1)(1-(m°))

In this fonnula. m1 is the central pulsation ofthe steady state anon-modulated stage and too is a pmameter used

to minimize the difference between lS(v)l and I'1'(v)i (4fig 5 ) .

mo- famisdten calculated aeoordingtofltefonnula: Q= ‘ (6).

Ntnna'imi resultscanbesunmarizeduiollow:

-measwnpdonofsecmdmdersynemisquflewnfnmedfordtetypeme
missim.

-'I'hisassumptionisnotalwaysoonfimtedfortypetwoanissionswhetesonwnansnumseemtohavechoiee

on-factor.
-Generallyspeaking.these1ectivityoftypeoneernissionsislowdtantheselectivityoftypetwoentission(see

below).
typeone: 310505400. , v

typewo: 280$st000.

Figure 5: Spectrum of At: 2" stage and nansfer function of pattern q=353
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3.2 Presence of spectrum lines and their time-variation

Trying to superimpose the two curves lS(v)| and lT(v)| by adjusting the value of the parameter 0).. it can be noted

theptesmceoispecnumIinessyrnenicalwithtegardtotheoennlirequencyrcffigd).

Hitissuwosedthattheselinesatedependantonflieanissbnsdtendteassttmptionthatawhitenoiseemitesan
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Figueé:

mewhitmingofunissionsonap'amispuf
onned accmdingtothefoflowing:

Every6.52millisecontkmnemlisesn
spectruln(byFFl‘)ofthesignaLofadmfimof33.4l milliseconds.0n

the other land. one simulates a sinusoidal wave train of the same duration. and with a central frequency

conespunding to the estimated frequency of the signal. ( This assumption is acceptable as the frequency

moddafionofdtestagesmhwenwght
omnainundetecteddmingthedumfi

on involvedintheanalysis) .The

whitenhtgcansinsindividingthespecmt
m modulusofsignalhy mmmodul

usofme

Amongailthespecuum-Iinesoftyueo
nesignal.onecanmtetheexisteneeofaeommoniineatadistanceof

about it!) Hertz away from the cenu'al frequency (dfig amidfig 103°mge) . whereas there it notreailya

commonlinesforthetypetwosignalfl
dfig92’mge).

Wm
Thecommonspecmun-linesoftypeom

sigmlsuesqmatedabmu llOandSAOl-lemnwayfmmtheeennal

ftequencwdfiglormse). Howe .forthetypetwosignals.onenoteseit
hermeabseweoffines.eithathe

mamines distamofnbout120.700.1300 Hz away from the central fiequency («fig 112%“).

W
Frequency modulationsaleverytypical: thespe

cmfi

Fortypeonesignalsmehequemydistanc
ebetween"reconsideaedlinemdtheeennlfieqmyheepspmcficauy

unvaryingwithtime(equalto300and6w
}!z) (dfiglO).ueeplfwmecasewhaethedi

staneehasbemfomd

to change by MIA: 8-1.3 Hzlms (qffig 12).

For type two signals. the distance changes such that : 2.12Af/At 20,6 Hunts (Lffig 9.11).
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