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FOREJORD

This research was supported by the Advanced Research
Projects Agency of the Department of Defense and was moni-
tored by the Air Force O0ffice of Scientific Research under

Grant AFOSR-72-2305.

ABSTRACT

The effectiveness of large arrays in m2pping the
noise field is well known. This paper describes an at-
tempt to estimate the noise ficlds by using 2 small number
of sensors, The noise fields are defined by their power
densities in the Trequency-wavenunber space and their
validity will be judged by comparing coherence estimates
of real data with cohcrence computations on “the basis of
the models. The real data-bzase have been recordings
from Oyer array - the first large installation in the

NORSAR area.
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INTRODUCT ION

During the last few years methods for mapping the
noise fields have been presented in literature and re-
sults from different sites have been presented in numer—
ous reports,

A commonly used and excellent way of presenting che
results .is by displaying the power density as a function
of the freouency and the viavenumber, thus giving the
distribution in azimuth and velocity of the noise fields.
However, to map the noise Tield this w2y one must have
access to data from large and properly spaced arrays and
of course the results are valid only at or near the
array sites,

Row the number of large aperture arrays are not very
large, and the number of sample points in space are usu-
21ly limited. The normzl c2se will be recordings from
one or a few (2-3) sensors at each site. 1In this paper
we have investigated the poszibility of estimzatins the
noise field in frequeicy - waverngber space by usine the
experimental data from only = smzll number of Sensors.
The procedure has becn to dcsign noise models with speci-
fic power distributions and to check the models by cohe-

rence computations,
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THE NOISE MODEL

Before defining ‘he noise model, let us point out
a few requirements that must be met: PFirst of all the
model must be simple enourh to be mathematically for-
malated and to allow the calculation of the parameter
of interest. Secondly it should not devizte too much
from the noise fields as mapped by using arrays in the
same area, and thirdly it must explain ceritain peculiar
observations such as variation of coherence with direct-
ion (Ryzg 2nd 21, 1969), With these restrictions in
mind we define the model us follows: The theoretical
neise field consists of 2 number of plane, uncorrelated
wavetrains approaching from all azimuths and distributed
over & certain velocity range. (Fig. 1). Each wavetrzin
is assumed to have 2 flat spectrum inside the freguency
band of interest for our computations (white noise), and
the power density is distributed with varying strength
alongs the periphery.

The reason for chosing this model instead of disc
noise sources or a combination of disc noise and fixed
velocity arc noise is that we have experienced that this
model is a gocd approximation to the experimentally esti-

mated noise field (Bunsum and al. 1971). In the model

6
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we have also allowed Tor some power varialion associated
with varying velocity, thus takine into account enecrgy
connected with different modes of propagation, On evalu-
ating the theoretical coherence Tunction for this model
we follow the lines of Murdock and Prluke (1970):  fThe
peripvhery is divided into ¥ disecrete directions. Promnm
cach direction we uesume that I diserete weavetrains pro--
pagate with different velocities, earrvine differcnt
amounts of power, The totnl number of wavetraine rea-
ching a sensor is then K«I,. The output in the trunsform

domain is:

K L
5(1) = E:: z::Ak,l (£) - Hk,l(f)

=1 e

Here Ak,l is the Fourier transform at o gsprtial refercnce
point of the wavetrain with direction index k wnd velocity
indes 1., Hk.](f) is o trensfer function expressing the
effect of the medivm from the reference point to the sen-
sor. (Ve wssume the instrusents to be identical),

The crose-spectrum bolween two sensorvs (1 angd 2)

iz then:

Byplf) = 8,(8)  B,lf) =

7




The bare represent complex conjugalies. Now, gince the

wavetrains are mwtually wndorre lated:

E {Ak,l(f) . Am,n(f)} s Pﬁk’l(f), when n=¥% and n=l

1

0 otherwis

Here, PV, (f) is the (auto)-power specirum of the wove~

train cominﬁ from the k'th direction and wropagnting with

the velocity which iy tied to velocity index lL.

If we neglect attenvation and dispersion across the

site, the dtréensfer funections H l(f) renresent merely

phiase Qelays, Thuay if ¢ is the time recuircd for

14485 L

& specific wavetrain to pzss frem the referemce point teo

geneor 1, the associated transfer funetion can he written:
‘-ih) t

1,1{,1 (” o

' }11,1:,1(1’) 29E)

Then we have:
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A z,k,l"”1,k,1)

ere At = -t is the time recuired
Here Thete. tork, Tt ki1 ‘
for the wavefront with the direction index k and velocity
index 1 1o pzes from sensor 1 to sensor 2. The expres-

sion for the ecohorence is

Pyo(f) Pocl) /0 N
ﬁ'{;(f’)-”i)zgzj)') y @nd zccordinzg to this for-

mula and the foregoing the coherence estimite will be




s

T

L

&

1=1 m

L
}H-Pwk,l(f) Pwm,n(f) cosw (Atk’l—Atm’n)
1o e

T

L— L

1=1 m= =1

o)
(B

e 5

[

)
]
—a
—

DATA AND RESULTS

In the following we shall compare some of the theo-
retically computed coherence curves with coherence csii-
mates of real dota colleceted at Oyer subarray (Fig. 2).
The theoretic2l, continuous noise field hns becen apprexi-
mated by 35 discrete azimuth directions snd 7 individual
wavetrains associat~d with each direction. The power
densities of the wavetrainse decrease exponentiizlly from
& maximun value at a velocity of 3.3 km/s. The total ve-
locity spzn is 3.0-3.6 km/s., (Fig. 1). The cross and
auto spectral power estimates of the real datz have been
obtained by averaging ovcer 50 nonoverlapping blocks,
each of 51.2 sec. Thus each estimate covers 42 2/3 min
of recording starting at the times given on the ficuree.

The sampling interval was 0.0% sec.
P ’
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Fig 3 shows a weather map for May 18, 1968,
Meteorologicaily this is a very aquiet day and by ex-
perience we do not expect a very anisctropic noise

field due to Atlantie or coastal sources under such
coﬁditions. An assumed power distribution at Oyer

is ¢£hown on top of Fig. 4. Even if we assume that the
noise field has a2 maximum in one direction, there is

no reason to believe that there is a minimum in the
opposite direction. Therefore we propose isotropic
condition arounéd the opposite half periphery. As w:

see there is a very good fit between the experimentzl
data for 1A!1 - 10Y and the theoretical curve czleculated
for a sensor combination pointing towards the maximum
noise power. The recult is a support for the noise model
proposed and if we use this model it should be located
with its maximum in a north-vrest direction.

In the following we present examples of 2 more ani-
got: “pic model and for compzricon we have selectcd co-~
herence estimates mzde on a day with dominatine Atlantie
and coastal noise sources (Piz., 5). In the upper part
of Pig. 6 is gmiven a proposed vower distribution for the
weather situvation showm in if. 9. The cohercnce curves

of Figs. 5 and 7 demonstrate the generzl iner:ase in

1"



N R

PR AR TN TR m e e

cohercnce compared to the more isotropic situation.
This is particularly rronounced when the sensor pair
is oriented towards the maximum noise power, If we
1oqk at a censor combination abrrast of the maximum
noise concentration (Fig. 7), the erherence drops ra-
pidly from 2 high start value.

One may object that the fit between the real esti-
mates and the theoreticul curves in Pigs. 6 ana 7 is
not very gecod. It should be pointed out that there
has been no attemot made to get a better fit, for in-
stance by varying details in the prrameters. This has
several reasons: The noise fields arc estim=ted the
indirect way -~ throuch the coherence - 2nd for comvu-
tation=l reasons the power Tields were defined using
assumptions which are not valid in gencral {e.z. white-
ness). Purthermore, finer details in the noise ficld
structure csn not be explored when one is vusing only

two or three space sampling points.

12
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CONCLUSION

In this paper we have used a most commonly men--
sured parameter - 4he coherence - to estimute the noise
power distribution. The procedure applied only allowed
the corroboration of noise models, which were crude
approximations to the actuzl noise fields,

In the way susgestecd the noise field ecan be roushly
estimated even if the number of space samoling points
is small (2-3) 2nd one gets a direct mezsure of the

noise anisovropy.
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Fig. 5. Weather Map March, 28, 1963.
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gives the coherence between two sengcors 2.2 km

apart and whose connection line is inclined 25 de-
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The coherence estimate between 1#1 and 174 compared
with a theoretical curve for two sensors 2.3 ¥n
apart and making an angle of 20 degrees with the
direction of maximum noisc vower. The power distri-
bution is the same as in Fiz., 6.



