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?& ABSTRACT

This report discusses the parameters required for an
in situ performance prediction, a method of obtaining estimates
of these parameters from received reverberation levels, and a
means of performance prediction based on these estimates. The
problem is discussed in general and the solution is pursued for
‘the particular case of the active bottom bounce modes of the~
AN/SQS-26. The ping-to-ping stability of AN/SQS-26 reverbera-
tion cycles is investigated and several sets of environmental
parameters determined from an analysis of the reverberation
data are included.
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IN SITU PERFORMANCE PREDICTION

1. INTRODUCTION

A number of fleet sonar systems already in existence or
in various stages of development are capable of operation in
several different modes. Mode selections may include, as broad
categories, passive or active operation. Each of these may be
further classified according to the particular type of propaga-
tion path to be used, such as bottom bounce, convergence zone,
or surface channel, or according to certain system parameters,
such as pulse type, keying rate, or beam depression angle.

The intelligent selection of the best operating mode
for a given set of conditions has, of course, increased in dif-
ficulty along with this increase in system capability and com-
plexity. In selecting a mode, account must be taken of factors
such as own-ship mission and expected enemy mission, tactics,
and capabilities. 1In addition to these considerations, which
are properly investigated as parts of an overall problem in oper-
ations research, the mode selection must be influenced by the
specific environment in which the sonar must operate.

Relative sonar performance among the possible modes is
not fixed. A given set of environmental conditions will, in
general, tend to enhance performance in some modes and degrade
it in others. Such specific relationships cannot be anticipated
by simple rules with a useful degree of accuracy, since environ-
mental conditions vary greatly with both time and location. A
means is thus needed to determine, in situ, estimates of the im-
portant local environmental parameters and to use these in a
systematic prediction of sonar performance for each operating
mode.

This report discusses the parameters required for an
in situ performance prediction, a method of obtaining estimates
of these parameters, and a means of performance prediction based
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on these estimates. The problem is discussed in general and the

| solution is pursued for the particular case of the active bottom
f bounce modes of the AN/SQS-26.

2
St e



R R R s s

UNCLASSIFIED

TRACOR, INC. 6500 TRACOR LANE, AUSTIN, TEXAS 78721

2. PARAMETERS REQUIRED FOR SONAR PERFORMANCE PREDICTION

There are several recognized measures of sonar perfor-
mance, such as maximum detection range, minimum detectable level,
and sweep rate. Most of these may be derived from a curve rep-
resenting the expected signal-to-noise ratio at the receiving
beamformer output, displayed as a function of horizontal range
£ to the target. A performance prediction necessarily depends on
§ a knowledge of the sonar, target, and environmental parameters
: necessary for an estimate of the average power in both the signal
and the total masking background (consisting of both noise and
reverberation) as they would appear at the output of the receiving
beamformer. The required parameters are summarized below:

aﬂ
&
B
¢
k

R AR o A

A. Signal:
Transmitting directivity pattern
Receiving directivity pattern

Sonar depth

Source level

Target location (depth and range)

Target speed and course

Target strength

Target radiated noise spectrum (for passive

P

o NP LW

prediction only)
9. Bottom loss as a function of frequency and

R Sz e i
o

grazing angle
10. Medium attenuation loss as a function of fre-
quency
11. Surface loss as a function of frequency, grazing
, angle, and wind speed (or sea state)
| 12. Velocity profile
i 1 13. Water depth

AWW};MwA L-:,A‘.;""

o e

bleaa B B. Masking Background:
? j~“; 1. Ambient noise power spectrum and directional
characteristics as a function of wind speed
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2. Directivity index as a function of sonar oper-
ating frequency and mode

3. Sonar self noise as a function of ship speed

4. Reverberation intensity as a function of time,

3 requiring a knowledge of:

® Transmitting and receiving directivity
patterns

Sonar depth

Pulse length

i G v 4o

Keying rate

Velocity profile

Bottom depth

Scattering strengths for surface, bottom,
and volume

f ® Bottom loss as a function of grazing angle
i at the sonar frequency
® Surface loss as a function of grazing

angle and wind speed at the sonar frequency.

Values for the parameters characterizing the target --
such as target strength; target radiated noise spectrum (for
passive operation); and target depth, speed, and course -- must,
of course, be assumed. Guidelines for choosing these parameters
include the type of target expected and its probable mission.

Values for some of the required sonar parameters, such
as pulse length and source level, are easily obtained; however,
it will be necessary to express other sonar parameters in terms
: of more fundamental characteristics of the sonar systems. Direc-
b | tivity patterns, for example, can be obtained from descriptions :

f of the transmitting and receiving arrays and beam forming net- 1
works.

In sonar performance prediction carried out at shore- ;
based installations (as, for example, in sonar design), the

4 §
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environmental parameters are specified, the choice of values for
. these parameters being governed by a best estimate of typical or
: expected conditions. In an in situ performance prediction, these

% E parameters must be measured. ‘
3 % Standard techniques already exist for the measurement ;;
;; of some of the required parameters, such as wind speed or wave :
é F . height, bottom depth, and velocity profile. The medium attenua- {f
‘¥ tion coefficient is sufficiently insensitive to location so that \

an average value for this quantity may be used in place of a local
measurement. The remaining parameters which would, in general,
require in situ evaluation are:

753 BL(6,f) = Bottom loss as a function of grazing angle,
: 8, within the frequency rapge of interest,

N(v,f) = average ambient noise power as a function
of vertical angle, y, and frequency,
us(e,f) = surface scattering strength as a function
of grazing angle and frequency,

SL(6,f) = surface loss as a function of grazing angle,
6, within the frequency range of interest,
ug(®,0) = bottom scattering strength as a function of
_ grazing and scattering angles, 6 and v, and §
: | uy(z,f) = volume scattering strength as a function of Ex
1 I depth, z, and frequency. %
| 3

{
|
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3. PARAMETER DESCRIPTIONS

Sections 1 and 2 of this repcrt have listed the param-
eters involved in the general area of performance prediction.
The remainder of this report pursues the performance prediction
problem from the standpoint of an active sonar system, in partic-
ular, the AN/SQS-26. Many of the concepts which are discussed
will, of course, apply to the general case.

As indicated in the previous section, the parameters
for which estimates must be obtained for use in an in situ per-
formance prediction for an active sonar are bottom and surface
loss and the scattering strengths for volume, surface, and
bottom. The noise field N(v,f) need not be specified since it is
required only as an intermediate step in determining the noise
power at the array output, a quantity which, in the case of in
situ prediction, may be measured directly. The manner in which
surface and bottom losses and the scattering strengths affect
the total reverberation level are discussed in detail in a pre-
vious TRACOR report concerning reverberationl. Several sections
from this report describing these effects and discussing the
basic reverberation propagation paths for the AN/SQS-26 bottom
bounce operation are included in Appendix A. A discussion of
echo level prediction is presented in Appendix B.

The essential characteristics of the parameters listed
in Section 2 are summarized in the following paragraphs. The
equations used are given in a simplified form for convenience.

lrowler, s. F., "Bottom Bounce Reverberation Modeling and Bottom
Loss (US", TRACOR Document Number 66-355-C, Contract NObsr-93140,
November 16, 1966, Confidential.
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3.k BOTTOM LOSS

i Bottom loss may vary widely from one ocean area to

% another, depending on the sediment structure of the bottom and

§ the bottom topography. As used in sonar performance prediction

3 it represents, essentially, the dB difference between the inten-
% sity of a signal specularly reflected from the bottom and the
intensity of that signal if the bottom were replaced by a perfect
. reflector. As previously indicated, bottom loss depends on both |
3 the frequency and the bottom grazing angle. Some previous stud- 1
iesz’3 of bottom loss for the particular operating frequency and |
signal processor of the AN/SQS-26 have indicated, however, little |
systematic dependence of bottom loss on grazing angle for grazing
angles from 90° (normal incidence) to approximately 15°. This
fact is illustrated in Figs. 1, 2, and 3 for a particular set of
bottom loss data acquired in the Western North Atlantic3. The
data shown were processed so that the bottom loss values were
applicable to AN/SQS-26 performance prediction.

4 An in situ estimate of bottom loss requires an inten-
1 sity measurement of sound energy which has undergone at least

é j one specular bottom reflection. If the predicted intensity of
E the received bottom reflected signal is IR, then

LA 0
where
Io = source level,
E | h = attenuation due to transmission loss (other
L | than bottom loss),
E | B b = attenuation due to bottom loss, and
n = number of bottom reflections.
% zbollins, J. L., "Technical Memorandum: Interpretation of Ex-
| & plosive Source Data for Long Pulse Sonar (U)'", TRACOR Document |
| B Number 65-105-C, Contract NObsr-91223, January 11, 1965, Con- :
' 3 ‘fidential. f

3Fowler, Op.Cit.

QA Ry
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If IRM is the measured intensity of a signal specularly reflected
from the bottom, then

Im=IR,

from which

-

and

= BL =1
bottom loss (dB)=B 10 log b = = 10 log (-}c—;k%) 3

When transmission loss and source level are known, Eq. (1) may

be used to obtain estimates of bottom loss. Since this report
concerns data which may be obtained with a single ASW ship, the
bottom loss to be derived will be for a grazing angle of 90°.
This is not necessarily a theoretical restriction, since schemes
involving distant sound sources or reflectors may provide bottom
loss data for other grazing angles. Under operational conditions,
however, a method which depends only on an on-board source and
receiver of known characteristics will be far more practical.
With source and receiver at the same location, then, bottom loss
data will necessarily be associated with specular reflections in
a bottom area directly beneath the ship. It would of course be
desirable to have bottom loss estimates for each grazing angle
from 90° to 0°. If, however, the bottom loss dependence on
grazing angle is not pronounced within a certain range of grazing
angles, as in Fig. 1, the value at normal incidence will be
sufficient.
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3.2 SURFACE LOSS

The definition of surface loss is patterned after that
given for bottom loss in the previous section. Because of the
sharp impedance discontinuity at the air-water interface, a
smooth sea surface is a very good reflector for underwater sound.
Surface loss is thus due primarily to surface roughness and may
be related to measurements of wave height, sea state, wind speed,
or more detailed surface characterizations such as wave spectra.

The principal significance of surface loss in AN/SQS-26
performance prediction is its contribution to total transmission
loss in the surface channel operating modes, since the sound
energy may be surface reflected several times in its round trip
from sonar to target.

Theoretical formulas for surface loss have been devel-
oped, such as that given by Marsh4, relating surface loss to
wave spectra and signal frequency. Other investigators have
obtained.-empirical or quasi-empirical relationships between
surface loss, frequency, and sea state or wind speeds. In situ
surface loss measurements for the grazing angles of interest
(in this case, angles in the order of 1°) generally require that
sound source and receiver be separated by at least several hun-
dred yards. It would not be feasible to measure surface loss on
board an operating ASW ship; thus, an in situ estimate of this
parameter must be obtained from a knowledge of local wind speed,
sonar frequency, and a previously determined relationship between
these quantities and surface loss.

4M'arsh, H. W., "Sound Reflection and Scattering From the Sea
?ggface", J. Acoust. Soc. 4&m., Vol., 35, No. 2, 240-244, February,
e

5Garrison, G. R., S. R. Murphy, and D. S. Potter, '"Measurements

of the Backscattering of Underwater Sound from the Sea Surface',
J. Acoust. Soc. Am., Vol. 32, No. 1, 104-111, January, 1960.

12
UNCLASSIFIED




UNCLASSIFIED

TRACOR, INC. 6500 TRACOR LANE, AUSTIN, TEXAS 78721

3.3 SCATTERING STRENGTHS

As indicated in Appendix A, reverberation is due to
sound energy backscattered from the ocean bottom, from the ocean
surface, and from volume scatterers within the body of the medium.
The reverberation (one of the above types) received at some par-
ticular time following transmission iggassociated with a scatter-
ing area or scattering volume defined by the duration of the
transmitted pulse and the propagation geometry. The intensity
of the sound backscattered from this area or volume depends on
the incident intensity, the size of the insonified area or volume
(both of which may be determined by ray theory), and the scatter-
ing strength per unit area or volume. The scattering strength
may be evaluated from reverberation measurements when all other
parameters governing the reverberation level are known. The
following three sections summarize some of the important charac-
teristics of bottom, surface, and voluhe scattering strengths as
they apply to AN/SQS-26 performance prediction.

e e

R 2 e | Bottom Scattering Strength ;

The bottom reverberation received at t seconds after
transmission is the result of sound energy backscattered from a
bottom scattering area such as that shown in Fig. 4. The inten-
sity, Il’ of the backscattered sound at a reference distance of

one yard from the scattering area is given by
B Sy s

where

Ii = intensity of sound incident on the scattering area,

A = total scattering area (total area of the annular
ring shown in Fig. 4), and
ug = scattering strength/unit area of the bottom.

If h is the attenuation due to the one-way transmission loss from
the source to the scattering area, then

UNCLASSIFIED
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I; =Ih, | 4

P

and ;
Iz = Lih,

where Io is the source intensity and IB is the intensity of the
received bottom reverberation. We may combine these expressions
to obtain

2
IB = Ioh AuB .

In the above discussion an omnidirectional source and
receiver were assumed. If the source and receiver are direction-
al, the net effect is a modification of the intensity contribu-
tions from different portions of the scattering area, as shown
in Appendix A. We may indicate this dependence by writing

I, = I_hAugaBP , (2)
where ABP is obtained from the integral of the product of the
transmitting and receiving beam patterns over the solid angle
subtended at the receiver by the scattering area. With the

exception of I, the factors on the right hand side of Eq. (2)
change with time. For convenience, Eq. (2) may be written as

3 Iz = Iy () = ugGe(t) , (3)

where

RS i

Gg(t) = I_h%(t) A(t) 8BR(t) .

Equation (3) is the mathematical model used in predicting bottom
reverberation. This same equation, used in survey work, forms

the basis for the determination of bottom scattering strength.

In a controlled experiment, values of G(t) may be obtained through

B —
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the use of ray theory in conjunction with a knowledge of local
propagation conditions and the sonar characteristics. If IMB is
the measured average intensity of the bottom reverberation re-
ceived at T seconds after transmission, the bottom scattering
strength, Hps is the number such that

from which

ug = IMB/Gy(T) . (5)

The value determined for Mg in the above example is,
from the geometry shown in Fig. 4, valid for only the particular
bottom grazing angle, 6, associated with time T. If IMB is
measured at several time points following transmission, the values
of Mg determined can be associated with the grazing angles cor-
responding to each of the times. The grazing angle dependence
of up observed in such experiments has been found to be in
reasonable agreement with the angular dependence predicted by

Lambert's Law for diffuse scattering from a rough surface. That
is,

w (6)

ug = uB(G) = ué sin
where ué is a constant. For certain types of bottom reverbera-
tion (see Fig. A-4, Appendix A) the scattered sound energy re-
turns to the receiver by way of a path other than that followed
by the incident energy. In this case the grazing and scattering
angles, 6 and v, are not equal and Eq. (6) becomes

ug = uB(e,m) = ué sin 6 sin o . )
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The functional form of uB(e) given in Eqs. (6) and (7) will be
assumed in the remainder of this report. The quantity which must
be determined for in situ performance prediction is the constant
factor ué-

3.3.2 Surface Scattering Strength

Surface reverberation may be computed in the manner in-
dicated for bottom reverberation in the previous section. That
is, if Is is the surface reverberation received at some particu-
lar time after transmission, then

2
IS = IOh AU.S ABP ’

or

~
|

S Is(t) -~ uSGS(t) ’ (8)

where

Gg (t) Iohz(t) A(t) ABP(t) . (9)

Surface scattering strength depends on grazing angle,
sea state (or wind speed), and sonar frequency. Several inves-
tigators have proposed relationships between surface scattering
strength and the above parameters6. The empirical equation given

below was obtained by Chapman and Harris7.

10 log ug = 338 log w5 - 42.4 log B + 2.6 , (10)

6éhaffer, R. L., "Masking of Surface Reverberation by Volume

%iggggeration", J. Acoust. Soc. Am., Vol. 39, No. 2, 408-411 (L),

7Chapman, R. P. and J. H. Harris, '"Surface Backscattering Strengths

Measured with Explosive Sound Sources'", J. Acoust. Soc. Am., Vol.
34, No. 10, 1592-1597, October, 1962.
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where

B - 158 (Vf1/3)-0.58 A

v = wind speed in knots,

f = frequency in Hz, and

8

grazing angle in degrees.

Although much more work is required in this area, the above
expression gave good agreement with the Chapman-Harris data for
a wide range of environmental conditions (frequencies and wind
speeds).

3.3.3 Volume Scattering Strength

Volume reverberation, as it applies to the bottom
bounce operation of the AN/SQS-26, is primarily governed by the
volume scattering strength associated with the deep scattering
layer. As shown in Appendix A, the reverberation from a scatter-
ing layer can be treated as reverberation from an equivalent
scattering surface, whose scattering strength per unit area,
vy, is independent of grazing angle and is given by

o
U.L - d‘l- uv(Z)dz ’
1

where d1 and d2 define the upper and lower boundaries of the
layer and uv(z) is the volume scattering strength per unit volume
at the depth z for d1 £ 8 s d2. Volume reverberation from
volume scatterers within the deep scattering layer may thus be
computed with an expression similiar to those used for bottom
and surface reverberation, Eqs. (3) and (8). That is, if Iv(t)

is the intensity of the volume reverberation received at time t,
then
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; Iv(t) Lk U-ch(t) ’ (11)
4 where Gy(t) is the product of the time dependent quantities of
f transmission loss, scattering area, and beam pattern effects.
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4. OBTAINING PARAMETER ESTIMATES WITH THE AN/SQS-26

We may conclude from the preceding sections that
estimates of the boundary and volume scattering strengths may
be obtained if identifiable reverberation of each type can be
observed and measured, and if a means is available for evaluating
G(t) in the general equation

u = IM/G(t).

The denominator G(t) in the above expression is equivalent to,
and may be computed with the aid of, the equations given in
Appendix A for the intensity of boundary and volume reverberation
if the expression for scattering strength in each is set equal

to unity. These equations have been programmed as a part of a
larger scheme for in situ parameter estimation that will be
subsequently discussed.

4.1 AN/SQS-26 BOTTOM BOUNCE REVERBERATION

Intensity predictions for the principal reverberation
paths associated with bottom bounce operation of the AN/SQS-26
are discussed in Appendix A. A typical intensity vs. time plot
for each of these paths is shown in Fig. 5a. In Fig. 5b, a
corresponding curve of measured AN/SQS-26 reverberation is
shown. The measured data represent the rectified and averaged
output of the receiving beamformer. The figures indicate the
time interval during which each type of reverberation is pre-

During about the first 5 seconds following trans-
mission, the received sound energy is predominantly surface and
volume reverberation. Surface and volume scatterers are reached
by direct propagation paths during this period. The reverbera-
tion envelope (shown in Fig. 5b) for this interval is also affected
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by the characteristics of the shipboard recording equipment since
the transmission immediately following time zero exceeded the
recorder's dynamic range.

At approximately 6 seconds following transmission, the
sound energy which left the transducer from a lower side lobe of
the transmitting beam pattern has had time to reach the bottom
at a point directly beneath the ship, undergo specular reflection,
and return to enter the array on a lower side lobe of the receiv-
ing beam pattern. This return, labeled ''mormal incidence bottom
return" in Fig. 5(a and b), has a duration equal to that of the

transmitted pulse. Sometimes loosely termed a ''fathometer pulse,"

this return is generally observed on recorded AN/SQS-26 bottom
bounce data, appearing as a distinct arrival on rectified and
averaged Sanborn plots and at the output of the signal processor.
Figure 6 shows in detail the propagation path for this return.

Immediately following the normal incidence bottom
return is an interval (7-17 sec.) in which the reverberation is
predominantly first order bottom. The small figure just below
the label for this curve (Fig. 5a) shows the propagation path
for this bottom scattered sound. In the next interval (17-25
sec.) surface and scattering layer reverberation appear along
with second and third order bottom reverberation; the figures
below the labels once again indicate the propagation path for
each reverberation type. It is during this interval that target
echoes would be expected. Figs. 7 through 9 are plots, similar
to those in Fig. 5a, showing the intensity contributions of the
various bottom bounce mode reverberation paths for other beam
depression angles. In these graphs, all bottom scattered rever-
beration has been summed and plotted as one curve.

With AN/SQS-26 data following roughly the structure
indicated in Figs. 5, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>