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SUMMARY

Sometimes the rain noise is clearly detected behind a sonar antenna. It is caracterized by a
dissymetricalspectral repartition at the energy around! a main lrequency. Actually we carry on researchs on
mathematical moce!ization ot the dillerent causes at the undersea amoiant noise to separate and identity
them. This is the reason why we are interested Dy anexplanation ot the rain noise. We put the hypothesis
that this one is due to the collapsus ol the vacuum under the surtace generated hy the shock ot a raindrop
on this surtace. Generally a random number or random phenomena generates a socalled lorentzian noise

or which the power spectral densrty is symmetricaIJn tact the dissymetrical is simply due to the upper limit at
the diameter or raindrops at which the ret Irequency is driven.

u mmooucnon:

Caryihg on a study tor modetizing the undersea acoustic noise we are interested by the study or the rain
noise. This one is indeed disturbing because it is very wetl heard in an area or convergence . For detecting it
and rejecting it it is necessary to know its spectral properties.

Ii) SURVEY OF THE RAINFALL PHENOMENUM:

The raintall phenomenum is driven by clouds that can be clustered in two main species The cumulus and
status types. The latest raindrops are due to the cumulus clouds during the strong rainlalls. we showed that
the weak raintalls due to the stratus clouds are statistically distributed according to a log-normal law instead
at a gamma distribution tor the strong rainlatls due to the cumulus clouds ( Ct. lig. 1). For a given rain rate

the diameter at raindrops is statistically distributed ( Ct. tig.2 J. Ipso tacto the general statistical law oi the

diameter or the raindrops is driven by the rate or raintalls. We note that the value oi the maximum likelihood
is approximatively 1.5 mm. The speed of tall at the raindrops is approximatlvety constam and hear at -10m/s.

III) EXPERIMENT RESULTS

It we look at experiment results we ohserve immediately a very partimlar caracterization oI the shape oI the
radiated spectmm. We note a peak lrequency at 15 kHz. and a dissymetrical level around it: The decreasing

helow it is stronger than this one above it. ( CI. Iig. 3) This work tries to explain this observation.

' IV) FIRST COMPARISON WITH ACTUAL THEORETICAL RESULTS

 

Ilia-9m:
Suppose that a raindwp with 1 mm. radius telling with a to this. speed. lts volume is 3 and Its

It! -9
—IO kg

weight is 3 . Because at the iluid damping we asuppose that the reindrop Is break on a let-ghtedual

v2 s 2
_ _ Tn—I to title

to its radius atter the shout. We obtain a deoceteratton equal to : Y
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The stroke pressure is equal to the weight or the ralndrop time the acceleration divided by its section .And

 

Following Donald ROSS we give the idealized spectrum at an theoretical cavitation in the tigure 4 and we
note that it is very near 01 the spectrum at the rain noise. II we apply the lormula given by Ross Ior obtaining

rm:‘. [1 ; p”: balmy ormcttutd.
' Pu

“NJ—4L =10
I'

We can conclude that the physical phenomenum ot the rain noise generation and the cavitation generation
are similar phenomena.

the peak trequency :

 

we obtain this value:

As examples we shew several curves ol growth and collapsus ot a bubble ot cavitation. We note that the
collapsus can take very dillerent shapes without any characteristic leatures, As tar as we are concerned with
the spectrum ol the rain noise we can modelize It a priori with theIollowing power spectral denslty:

, 2N
Imp;

2 2N4
a vet

u

How is it possible?

VI) PHYSICAL-STATISTICAL MODELIZATION OF THE RAIN NOISE FOR A LITTLE SURFACE.

The physical-statistical process or the supply or the rain noise is:
Raindrops bit the sea sunace according on a random process. Each or them triggs an excitation of the fluid
medium on the surtace and under the surtace. The sunace peznumation is due to lhe surtace wave
generated by the variation at pressure. The undersea perturbation is due to the tormation ol a gas vacuum
generated by the penetration ot the raindrop under the sea surtace. II we consider a little surlace we can
suppose a poissonian characterization ol the caunting process. So the generated acoustical noise can be
written so:

  

I e'RLé‘11-0) = G,(z) * err) = " eItIdt: Where: am =
R

Nansen .
B(t)= 20 sn(t-Tn] Withzsntri=ote p'sine

n:

Where theta is the site angle. ( We suppose that the image source is with a - Pi phase related to the original
source at ngse.

— — — —— Sea sunace.

0

So we admitl a dipolar radiation. For a given unit surtace we admin 3 poissonian process with a Mdl'fi)
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‘ n are ~ ll

E9” “’)= Elde'”""’}l P(N(LdS(P))=n)
rate, The characteristic Iunction 01 EU) is equal to: “‘0

With hypotheses ol independence and equidistribution:

n I .
fl Ere‘mmmdusm)
o

.i
‘ ‘ldutStPmason) (10 A »

P(N(t.dS(P))-n)ue o — ; E‘Eu
n! l

f mum»
0

According to the rate 0! rainlalls the radiation IS diilerent because the rate-is depending on the point at
measurement. II s(t] is defending "sell on the point 01 measurement :

f Hem”) -1 Hudson) '
¢3(.,(u) = c .

i ustt 4)” =

In the same way it we admill a space decorrelalion between the elementaries signals sn we obtain the
space -time oI the received noise Bit):

I ' a

CB(I-‘I.II.S) = Cs(ttt.h.P)i—'l-(!.P]drdS(P)
BtBS

D

S :Palx-y) ; (130:) . dxdy

So:

i' 1.B(tv1)-|3('t-hh) ' 2 1.x». ' Jan—13mm 2 1 .9» 1 “23' 2
c,(t-z.n.x.y)= v u e a fildnds).sin 9 :0 c g T'dtsin e=u c A(dS)—"B—tiin e

‘l 2
o o

l' 1 . 1
"n C‘=u ephA(dS)7]—,sin 9

And we have: I

VII) PHYSICAL-STATISTICAL MODELIZATION OF THE RAIN NOISE FOR A GREAT SURFACE.

 

For a great sunace we cannot admin that me counting process is a simply poisson process. We will suppose
that it is a compound poisson process delined by:

N

N.(x) = )8 Ynts)
":0

Where the Yn random variables represenl the number oi raindrops that are simultaneously present at thet
instant..N(t) is the poisson process counting the arrivals ol the clusters 50 the 30) process can be written as:
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Nil Ynfi)

-B(:)= 2) 2 th-tJ

n-D m-i

The characteristic tunction oi B(I) is:

 

. - i . i' ’ .- N _ g1

d’e'““’)=2 e'“..a_.’"“"" P(N(I)=.\')= Z n e'“,.."‘“"’P(Nm=N)
N=0 N=0 n=l

Where:

1' .. _ . _ I u.
elu§sdl~14)= z Eletugfmfl-IJJ P(Yn(s) = Mn): 2(Eleunggi-19D P(Yn(s) = Mn)

M_=i M51

deaua(n)=%m(u)= 2(EIciu-uit-KJ])\P(N(I)=N)

N=0 »Hence:

Where:

. 1] mm)” fli‘gém" it)“
Pmm=m = e'f. ’“d”— ; ElEteEf'Jl‘n”::—N! I jam)“

J{42"5""‘i1)m
The characteristic lunctinn of 8(1) becomes: ‘95“)(u) = '

In the same way we can show that its oonelation function can be wr‘men under this relationship:.

v15) ,5,
cam-h) =HB(I)B(l-h))= 2 gm“ . x) inn-hm) wax

m-I ""

a

Ca(t.x-h) = ElB(1)B(t-h))=f smu - film -1-h)’} P(Y(S)-M) tlzlm
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- M x

= 2 2 flE(sm(l- 1):,“(1-1-h))k(1)dtP(Y(S)=M)
DM=l m=l

'31..“ 4)
WK": sm(!- 1:) = umsme e

Admitting the homogeneous character 01 the Poisson process we have:

I 2 . ‘_ _f Ebmu.x)smu.1.n))m=sinzeumu filnhf earn“ "a:
0 0

lim ' zen-9.49%"
E(sm(: -1)sm(x.un)i)>.dx=—

1»- mm

 

Swim:
m=| J3,“ ' finn' “9

P(Y(S)=M+l)=(l—e50 .cSo :Mzo
Pm:

, mo=l 1*”
M am _SMD

s“MPH/Io E
m=l Bm+lw

 

The SA”) specira can be wrinen so:
on)“'Eu.ruui“"n;'wnm§umvuwim.§niPump

mr‘

(ini“-t:ui“"xvm«(mi""::MAI-)mzzzimupm m .

 

hit-i-

Developping ii is obiained:

We can admin trial the reiaiive phase ave becoming random by munipleproducxs ui severall lerms So we
can suppose ihal Ihe sum 0! muhiple ierms lend la zero. Ior the great values DI M Ii we keep only me slngle

AM
(in!) 2 am i

m
S M(m)a——-———

_ M . M]
n B.“ + (mi +(uu) Z Dm+ ..

m

sums we obtain: M> >l

The square 0! the modulus is equal lo:
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Hence all P.S..D.. have an asymptotic behavtor as 0" when the lrequency tends to infinity and a quick
decreasing to zero when the quuency tends to zero. So the p.s.d. admins a peak value. For the rain noise it
is well known that its one is equal to 15 kHz.

Vill.) PRACTICAL FORESEEING OF THE LEVEL OF THE RAIN NOISE.

From meteorological data we can know the torecastmg ot ratntalls and the sea surlace covered by the rain
cloudsv So we can use lor the studied area the probability Iunction ot the rainfall." we call R the rate at

PrRzRo); (Ci. Fig.1)
, I i

raintell and D the diameter ol raindrops we have:I [D230] R0) ' (CL F'g'z)

wowuuf PlDwoanJmRomRD

ptR0)=-\%P(R2R D)
So we can deduce the probability: 0

We admin an homogeneous spreading oi raindrops on a little area:
2

I t1
smtm. D0) = MdS) sin26

213m [Sm-F103

um= ammo) ; 13...: BmtDo) ; (i.i.d.r.v.)
We suppose the distribution of raindrops is independant of the as elemenL

    

z
JIM-I it:

2 m 4"" ZtM-l —2l
qsmwfiylfi “2‘ smmbo) =5 .5 l“ iMal

(“=1 2 1'“ M M t 2.M - _ _
Main mmemm'um 50 ‘L’ "9 Mil
l l

putting:
1 M _. I M _

HZ “in—“(D0572 Bm—flitDt.) : (Arithntctical average)
m-t m=l

M L-

H B... 43°(D0) '; (Geometrical average)

mul
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Soweablain:

:(w —=

45mm”2 ~ m—Ifll—gmmmum
.2M 2 M4 —' dP(D2Do)
an v Mn (1) =.___

+ u u Where:p ‘9 5190

M
2 " 2 ‘i ‘1

lSIw)l = 21-15mm] (l-e sJ e s.,
M=lSo the final Power spectral densin is equal Io:
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