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ABSTRACT

Research directed toward the improvement of array/signal-processor

design techniques is described. System models exist with realistic
propagation and anisotropic noise effects but have been too expensive to

use for large arrays. However, by incorporating the Toeplitz symmetry of
lattice arrays, computer requirements have been reduced substantially.

Costs are moderate to analyze systems with different processors and

hundreds of hydrophones and look—directions. Characteristics of shipping

and surface noise components are discussed since they introduce different
array/processor design considerations. Various studies of large arrays are

presented such as comparisons of different configurations for the measure—
ment of horizontal directionality of ambient noise. '

1. INTRODUCTION

It is desirable to obtain design/performance comparisons for arrays of

various sizes and configurations in realistic ocean media. Often designs

are obtained inexpensively based upon simple models such as an infinite

constant—velocity medium with isotropic or dipole noise. To go beyond

such simplistic models for effects of the medium, earlywork [1] dealt

with continuous array distributions in a medium with realistic propagation

and vertical noise directionality but uniform horizontal noise character.

It was found that array gains from such a model differed by 5 to 10 dB from
those for isotropic and dipole models. Horizontal circular arrays were

studied [2] and it was found that cardioid hydrophones or vertical array
height led to increased gain. ’

An elaborate system model has been developed {3] at this Center that

has very realistic propagation and noise forms and considers the array to
have elements located at arbitrary positions in space. Although this
versatility is useful and important, the computer program is time consuming
and costly, even with conventional beamforming. Therefore the model is not
used frequently with arrays of more than 100 elements. To reduce the cost

of computation, the possible use of symmetry was suggested by this author.

This paper describes the application of symmetry considerations to models

and its large reduction of computer requirements, discusses the noise
environment and existing models thereof, and presents representative results
obtained for large arrays.

2. TOEPLITZ SYMMETRY IN ARRAY ANALYSES

These improvements arise for lattice* arrays [4]. For receiving
arrays, the cross—power spectral matrices are Hermitian, positive-definite
and have Toeplitz symmetry. An NxN Toeplitz matrix, M, has components,

* A lattice array has uniform inter—element spacing in l, 2 or 3 dimensions.

  



 

  M(r,c), that are equal to Q(r—c) where each Q is a scalar for linear arrays
and is a matrix for multi—dimensional arrays. Lattice source arrays have
similar Toeplitz symmetry but they are complex symmetric, not Hermitian. A
decade ago this author developed techniques for the analyses of such source
arrays using the recursive method of Trench [5] to invert the system matrix.Another earlier recursive method was developed by Levinson [6]. In the
receive array system, the optimal beamformer output can be obtained by
inverting the matrix.

The Toeplitz symmetry leads to several reductions in analyticalhlabor
for N—element arraysfl (l) the number of unique matrix elements to be
computed is proportional to N rather than N2; (2) each conventional
beamformer output requires N rather than'N2 arithmetic operations; (3) theoptimal beamformer requires N2 rather than N3 operations for the first
output but then operations are proportional to N for each subsequent*
output; and (b) conventional beamformer complex weight factors can be
computed recursively. Additional changes in'innermost loop calculations_
are used to reduce costs and computer hardware requirements.

3. AMBIENT SEA NOISE

The level of the noise environment for arrays in the low— to medium-frequency region [7] is illustrated in Fig. 1. The low frequencies are
dominated by distant shipping with discrete azimuthal arrivals from open-
ocean and bottom—coupled contributions along certain vertical arrivalangles. The middle frequencies are dominated by surface wind noise that
is predominantly uniform in azimuthal distribution. Thus, realistic noisemodels must include contributions from discrete ships in real oceans as
well as surface effects. The array design issue is to assess the impor—
tance of noise.anisotropy and provide techniques to operate in this
environment.

Examination of the noise level as a function of frequency reveals a
change in the dominant noise mechanism above 200 Hz. System performance
will be improved generally due to the lower noise levels and the higher
prospective array gain for a fixed—size array. The degree to which beam—
former output noise can be decreased depends upon the directional behavior
of noise and the ability to use array configurations and optimal and/or
conventional beamformers to discriminate between signal and noise in thisenvironment.

The Naval Ocean Systems Center system model used in this study applies
to a static time-fixed ocean with ships radiating noise in certain fixed
locations. The case in which near-by ships dominate the results was not
represented. However, the model allows one to consider the deployment ofarrays at various depths, locations and seasons with realistic but time—
invariant ambient sea noise. The performance of various systems of array
configuration and processor can be evaluated and compared in the same
anisotropic noise field and ocean medium.

4. ILLUSTRATION: ARRAYS T0 MEASURE THE HORIZONTAL DIRECTIONALITY 0F NOISE
This new ability to analyze large—array systems has been used to

study the behavior of arrays of various sizes and configurations. More

* This property holds for all plane-wave—arrival beamforming.

 

  



  

results will be presented in the paper; however, horizontal directional
responses of arrays for a typical noise field are used in this extended
abstract as an illustration. Figure 2 shows noise gains for horizontal
arrays consisting of square and line arrays with 256 elements spaced one—quarter wavelength apart at 150 Hz. Two lines are used, one oriented
North-South and one East—Nest. The noise gain, which is proportional to
the inverse of the response of the conventional beamformer, is plotted forone—degree increments of azimuth. The square array has minima at bearingsof 340 degrees and 60 degrees where the shipping density is very high.
The square has high.noise-gains for directions of low—level noise. The
agreement of the inverse relation between noise gain and directional noiselevel indicates that the square array measures the noise directionalitywell. Furthermore, the horizontal planar array provides for simultaneousmulti—directional beams of nearly_equal width.

The linear arrays oriented East—West and North—South are illustratedhere. They have noise gains that do not indicate noise directionality asclearly because the array directional response is rotationally symmetricand, therefore, ambiguous. Methods to reduce the effects of ambiguity areavailable but measurement of horizontal noise levels in quiet directionsis a problem, especially with arrays with horizontal ambiguity.

5. PROCEDURES FOR ANALYSES OF VERY LARGE ARRAYS

The analyses for very large arrays can be reduced further in cost.
The directionality of noise gain has been found to be not highly dependentupon array size. Thus, arrays of moderate size can be analyzed to
determine general trends and then a few appropriate computations can be
done for the large array as verification. In fact, even some non—latticearrays can be studied using the lattice-array results to show general_trendsmuch as the discrete Fourier transform (DFT or FFT) yields results for
functions that are not uniformly discrete.

REFERENCES

l. G. E. Martin, "Array Gain Variations Due to Noise Anisotropy," IEEEEASCON 1975 Record, IEEE Pub. 7SCHO 998—5, Sep-Oct 1975, pp.67A—67J.

2. G. E. Martin, "Gain of Cylindrical Arrays in Anisotropic Sea Noise,"
paper L3, Ninth International Congress on Acoustics, Madrid, Jul 1977.

3. L. K. Arndt, R. J. Gaillard and R. A. Wagstaff, "Surveillance Array
Evaluation Model," Naval Undersea Center Tech. Note 1392, Jul 1974.

4. G. E. Martin, "Economical Computation of Array Gain of Large Lattice
Arrays in Anisotropic Sea Noise,” paper NZ, Acoustical Society of
America, Miami, Dec 1977.

5. H. F. Trench, "An Algorithm for the Inversion of Finite Toeplitz
Matrices," J. SIAM, 12, (3), Sep 1964, pp.515—522.

6. N. Levinson, "The Wiener RMS (Root Mean Square) Error Criterion in
Filter Design and Prediction,” J. Math. Phy., 25, 1946, pp.261—278.

7. D. Ross, "Mechanics of Underwater Noise," Pergamon, 1976, pp.71 & 281.

   



 

90

B0 TOTAL NOISE

SEASTATE4 \
sunrnc: wmn

7° NOISE \

NOISE DUE TO
MODERATE SHIPPING

50 REF: ROSS’ TEXTI1976)
pp 11 a. 231

40

S
P
E
C
T
R
U
M

L
E
V
E
L
.
6
8

re
1
1
:
“

      
40 100 200 400 700 1000

FREDUENCV,H1 -

FIGURE 1. TYPICAL AMBIENT SEA NOISE
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FIGURE 2. HORIZONTAL NOISE GAIN RESPONSE FOR ARRAYS WITH

N = 256, D = 8 FT, f= 150 Hz, STEEHED 10° UPWARD

 


