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SUMMARY

Sometimes tha rain noise is clearly delected behind a sgnar antenna. I is caracterized by a
dissymetricalspectral repartition of the energy aroundf a main frequency. Actually we carry on researchs on
mathematical mocelizalion of 1he dilieren causes of the undersea ambianl noise to separate and identily
them. This is the reason why we are interested by an explanation of the rain noise. We put the hypothasis
that this one is due 1o the collapsus of the vacuum under the surlace generated by the shock ol a raindrop
an this surlace, Generally a random nurnier of randem phenomena generates a so-called loremzian noise
of which the power speciral densily is symmetrical.In laci the dissymetrical is simply due to the upper limil of
the diameter of raindrops of which 1he je1 frequency is driven.

1) INTRODUCTION:
Carying on a study lor modelizing the undersea acoustic noise we are intaresied by the study of the rain
noise. This one is indeed disturbing because it is very wedl heard in an area of convergence . For detecting it
and rejacting it il is necessary 1o know its spectral properties.

1) SURVEY OF THE RAINFALL PHENOMENUM:

The raintall phenomenum is driven by clouds that can be clusterad in two main species: The cumulus and
status types. The fatest raindrops are due to the cumulus clouds during the strong rainfalls. We showed that
the weak rainfalls due to the siratus clouds are statistically distributed according 1o a log-normal law instead
al a gamma distribution {or the strong raintalts due to the cumulus clouds ( Cf. fig. 1). For a given rain ratg
the diameler of raindrops is statistically distributed ( Ci. 1ig.2 ). Ipso facto the ganeral statistical law of the
diameter of the raindrops'is driven by the rate of rainfalls. We note that the value of tha maximum likelihood

is approximatively 1.5 mm. The $peed of 1all of the raindrops is approximatively constant and near of 10mys.

N} EXPERIMENT RESULTS

I we look al experimant resulls we observe immediately a very particular caracterization of the shape of the
radiated spactrum. We note a peak frequency at 15 kHz. and a dissymetrical level around it: The dacreasing
below il is stronger than this one above it { Ct. fig. 3) This work tries to explain this observation,

" IV) FIRST COMPARISON WITH ACTUAL THEORETICAL RESULTS

dn, -9 3
Suppose that a raindrop with 1 mm. radius falling with 2 10 mvs. speed. lts volume is 3 and its
an, -9
—10 " kg .
weightis 3 . Because of the luio damping we asuppose 1hal the raindrop is break on & lenghtequal
10 i

to its radius after the shock. We obtain a decceleration equallo: 7
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The stroke pressura is egual to tha weight of the raindrop tima the acceleration divided by ils section .And

we obtain: s+ s

Following Donald ROSS we give 1he idealized spectrum of an theoretical cavitation in the figure 4 and we
note that it is very near of the spectrum o 1he rain noise. If we apply the lormula given by Ross for oblaining
fm=l_ r i Py Demsity oithe Nuid,
r
the peak frequency : Pa

fm=1_-1f' i =IUJ
T pU

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

we obtain this value:

As examples we show several curves of growth and collapsus of a bubble of cavitation. We note that the
collapsus can iake very differert shapes without any charagieristic features. As far as we are concerned with
the spectrum of 1he rain noise we can modelize it a priori with the following power speciral density:

5 2 IN
IS(“’)I"'L
2 IN=2

B +w

How is it possible?
V1) PHYSICAL-STATISTICAL MODELIZATION OF THE RAIN NOISE FQR A LITTLE SURFACE.

The physical-statistical process of the supply of the rain noise is:

Raindrops bit the sea surface accarding on a random process. Each of them triggs an excitation of the fluid
medium on the surlace and under the surface. The surtace pezrurbation is due to the surface wave
generaied by the variation of pressure. The undersea perurbation is due 10 the formation of a gas vacuum
generated by the penetration of the raindrop under the sea surlace.  we consider a little surfaca we ¢an
Suppose a poissonian charactetization of the ¢ounting process. So the generated acouslical noise can be
writlen s0:

X
e Re

v
L =G *ew) = é— e E‘H'e{t] dt: Where: G (1) =

N(LdS(P)) B
B(1)= z $pt-T,) Withis, ()= ge ™™ sin®
n=(

Where theta is the site angle. ( We suppose that the image source is with a - Pi phase relaled 10 the original
source of ngse.

— ——= = — — BSeasurface.

S0 we admill a dipolar radiation. For a given unit surface we admitt a poissonian process with 8 A(dr,ds)
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B T (E{eiuﬂ'"’)]npm(:,dswnm)

rate. The characteristic function ol B{t) is equal 1¢: n=0 ’
With hypotheses of independance and equidistribution:

n ] i

-l !
t j AT dS(PY) b Ee Dy drasey
. f Mde &S | sy, %0
P(N(L45(P))=n) =c ¥ @ —_— EEle D= -
f At dsP
0

According to the rate of rainfalls the ragialion is dilferent because the rate-is depending on the point of
measurement. Il s(t) is deﬁ:ending itselt on the point of measurement :

o @ee f (™) 1 | aqeresepn '
B, T .

In the same way i we admill a space decorrelation betwsen the elementaries signals sn wa obiain the
space -time of the received noise B{t):

. L : -
Cpi-th§) = csu.x.h.lv).-a-‘l'-u.mdtdsm)
a19%
o
[

So:

:Pe(x.y) ; OS(P) = dxdy

1 ) 1
2 e po : 7. 2P0 1, 2B
Cs(l.‘:_h_x_y)uf ae Pa ﬂ: Bu h‘mﬂdt.ds).sinzﬂ =qac Bhf ] 2B taua;ds)-dtsinzhu L] B:h;\(dS)-l-'-e-B—.s.i|120
T 2
o} Q

lim 1. 1
C=ae BhA(dS)_’]—.sm 8
And we have: ! 2p

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

For a great surface we cannot admitt thal the counting process is a simply peisson process. We will suppose
that it is a compound poisson process defined by:

N
N,®= f Y, (8)
n=0

Where the ¥n random variables represen the number of raindrops that are simultaneousty presert at the 1
instant..N{1) is the poisson process counting the arrivals of the clusters So the B(l) process can be written as;
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[{4 Y, (S)
- B@)= Z) 2, st

n=l} m=l

The characteristic function of B{i) is:

. o i vl
e E{'“?.:.,z; bt ”) PING=X]= Y 0 e'"nés“‘l'1"}P(N(:)=N)
N=0

|\~0

X, - B - ) ™,
emgsult -t,J} - z E{cwilsm(l - t.)] P(Y (5)=M,) = 2 (E‘[EIBBJI -1)}} P(Y,(S) = M,)

M=l M1

ee*30) =0 0)= i(E[ciu.\',ﬂl-tJ])l P(N(1)=N)
Henge: N=0 i

Where:

'. A | m}fs (ke
fllrldjfnl(ddt) | E! ‘f_'sﬂl ,, IE‘ A1 {tk

P(N(1)= N) = N
f l{t)dt

.,?.J. i )
J 1028 Y AW
The characteristic lunction of B{t) becomes: $Bu®) =
in the same way we can show thal its correlation function can be written under this relationship:
1 .
YiS)

Clt,-h) = EB()B(t-h}= E{(z St - t)}is,ﬂ T- h}})ﬂtht

m=1

Cp(t.r-h) = EBMB(1-h)= f E( ,% ;“f( St - T st - - h))) PLY(S)aM) Aekin
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o M [
Z z ﬂ E(s - Ts,ft-1- h]J?x(t)dT P(Y(S)=M)
M=1 m=1

~Balt -1
With: 5p{t-t)=a sinBe
Admitting the homogeneous character ol the Poisson process we have:
f Efs pft - s pft - T+ h)ade= smzeum v B hf ¢ Bl _”dt
0

i

: t 50 :B :‘:-ﬂmh
hmfdsm(l,”sm“_,,.h“);.dt=w‘_
Lw—poa :B
1] m
2
M o
Spol=s T 7.sin20—"-'-. L
m=1 2 m Bln*'lw
M
S &
PUY(S) = M+1) ={1-¢ Sg cSp o M20
Put:
T a By + 1)
- mo:
M a
Sufud=Spmp T 2= SMg
mzl By +lw Ry
‘ ) n BmHu)]
The M@ gpecira can be written s0: m=

(iw) \um-tunl n-In ] '\:Indlu] npzzum&nﬁf_
meen

tid ™ g "y o)™y 1 8o i)™ T T g
m mbo mop

Sylu)=
Developping it is obained:

We can admifl that the relative phase are becoming random by multiple products of severall lerms So we
can suppose that the sum of mulliple 1erms tend to zero, for the great values of M If we keep only tha single
M- I

(iw) .
S pul: M-

18, + (iml“+(im) s

sums we obtain: M>>1

Tha square of the modulus is equal to:
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MIIM-I‘ ap :

]

[s ol = -

1
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M M-
‘w’ .[ml ReT )
m

0B -Im(E By
m m

M

!

Hence all P.S..D.. have an asymplolic behavior as ¢ when the Irequency tends to infinily and a quick
decreasing to zerg when the frquency lends o zero. So the p.s.d. admitts a peak value. For the rain noise it
is well known thal its one is equal (o 15 kHz.

ViIL.) PRACTICAL FORESEEING OF THE LEVEL OF THE RAIN NOISE,

From meteorological dala we can know the lorecasling of rainfalls and the sea surlace covered by the rain

clouds. So we can use lfor the studied area the probability lunction of the rainfall.lf we call R the rate of
P(R2R ) : (CL Fig. 1)

" . )

rainfall and D the diameter of raindrops we have:' =00/ Ko} : 1. Fig.2)

P(Dw”)=f P2/ Rl piR g)dRg

leu): -%P(RER o
So we can deduce the probabilily: 0

We admitt an homogeneous spreading of raindrops on a littte area:
. 2

s 3
S(®, D)= A(dS)sinze—’“;'
2Bm 'Bm+ w

a =a. Dy ; B, =B.(Dg; ti.id.rv.)
We suppose the distribution of raindrops is independant of the g5 element.

2
M

San

(M-I
2 w

=E

2 M
85 e, Do)| l{ I Spwbo)
m=1

2
M 2 M MOM l
NBp+|e +o T8, Bp +]w +a MP

1 1

putting:

1 M — 1 M — ,

ﬁz am—)u(Do}M_Z Bm—ﬂi(D(,J 1 (Arithmetical average)
m=] m=l

m=1

M o
I1B,, | =ByDq) + (Geometdical average) '
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So we obtain:
2 uw'l sal
EIS M(m)l - ~4 D) Py oD,
J-1.% T IR
Bp +|w rw IMIS' p(Do) =. M
. Where: dDy

So the final Power spectral densily is equai to:
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