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INTRODUCTION

Realistic simulation of the received
signals from ships and submarines is the
primary objective of the Fleet Ballistic
Missile Sonar Operational Trainer {FBM SOT)
built by Honeyweil's Training and Controi
System Center. The sonar suites on board the
FBM submarines provide reliable information
conveying a target's movementf and identity.
Acoustic properties of the ocean significantiy
affect the visual and aural representations of
a ship's signal. The ocean medium's vari-
ability can be used advantagecusly in locating
and tracking a ship as well as to cause con-
fusion resulting in tactical errors.
Recognizing and utilizing various sound
propagating characteristics of the oceans is
an essential training goal.

REQUIREMENTS OF THE OCEAN MODEL

The SOT is comprised of an instructor
control center, a mini-computer complex, non-
tactical hardware and tactical hardware. The
nontactical training hardware provides shaped
signals utilizing real-time program computa-
tions controlled by an instructor's inputs.
Tactical hardware.is stimulated by these
signals subsequent to their being inverse
beamformed. The SOT classroom is a duplica-
tion of the sonar suite of FBM submarines,
permitting extremely realistic training on
bearing time recorders, cathode-ray tube {CRT),
spectrum analyzers, Tofargram recorders, and
audio headseis.

The ocean acoustic model must hehave
realistically in a wide frequency range and
exhibit ocean acoustic characteristics
typically exploited by the sonar arrays and
their sophisticated signal processors.
Therefore, sound transmission in surface
ducts, convergence zones, deep sound channels,
and shadow zones must be simulated. The
acoustic model s also required to furnish the
data to simulate interference patterns which
can be used to determine a ship's closest
point of approach (CPA}. Figure 1 illustrates
the spectrum history of a ship as it passed
the CPA as shown on a test spectrum analyzer.

Data obtainable from ray theory models
is in the most convenient form for trainer
modeling. Several acoustic computer program
models such as Ray-Normal Mode Theory .
{RAYMODE), Navy Interim Surface Ship Model
{NISSM), or Continuous Gradient Ray Tracing
System (CONGRATS V) provide ray information

including path travel time, angle of arrival
and phase angles, as well as propagation
Toss. Path loss information is used to
attenuate signals as a function of frequency,
to represent accurate detectability. Path
arrival angles convey location information;
multipaths can reflect the condition of

i “detecting a target on more than one beam.
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Interference patterns are sensitive to the
time delays between arriving paths, their
phases and their relative amplitudes.

The contracting agency, the Naval.
Underwater Systems Center, selected a modi-
fied version of the CONGRATS V program, !
developed by Dr. Henry Weinberg, to supply
the primary acoustic path data. The modified
program computed eigenray data valid in the
frequency domain of the sonars and in the
environmental domain of the FBM submarines.
The summation of the eigenrays between a
source and a receiver produces the phenomena
of convergence zone, surface ducts, deep
sound channels, and shadow zones. The
presence of these phenomena is dependent on
the sound velocity profile, the bottom type,
sea state, source to receiver range, source
depth, receiver depth, and the signal
frequency. Given specific values for these
parameters, CONGRATS V generates scores of
paths in nonreal time on a UNIVAC 1108
computer. Table 1 iTlustrates the numerical
form of data output by the CONGRATS V
program at a range for a specific source
and receiver depth combination at 250 Hertz.
The sound velocity profile is given in
Figure 2. Figure 3 is a diagram of the rays
emanating from the source.

T¢ achieve real-time requirements of
updating at a one-second rate while retaining
CONGRATS 'V accuracy, data is precomputed and
stored on disk for recall during training.
Data bases for up to 12 sound velocity
profiles each with two bottom types and sea
states are available to the instructor. A
logical record of information is stored for
each receiver/source range and depth pair
combination of a data base grid point. The
record contains propagation losses at each
of 30 1/3 octave frequencies for one or itwo
paths. Alsp included are values for a path’s
geometric features: arrival angles, travel
times, and discrete phases. The geometric
features are assumed to be frequency
independent.
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Figure 2. Sound Velocity Profile.

The trainer ocean acoustic model problem
was to retain the important acoustic features
modeled by the CONGRATS V program while
simulating only two acoustic paths for real-
time training scenariocs. Since many
CONGRATS V generated eigenrays exist between
the source and receiver, the determination of
the optimal two-path data is critical.

DEVELOPMENT OF A TRAIMNER ACOUSTIC RAY MODEL

Initially, the trainer design proposed to
match the coherent summation of all the
CONGRATS V eigenrays generated between the
source and receiver. Government specifica-
tions would be met if the coherent sum of the
two data base paths at each of the 30 1/3
octave freguencies equalled the CONGRATS V
sum as calculated from:

N = Ozo]oglolg(10"0.05NJ)(E1(2ﬂftJ+Gjl)}

where,

N summad propagation Toss of all eigen-
rays between a source and receiver

N: = propagation Toss for the jth eigenray
I (dB)

frequency {Hz)

-h
7]
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t. = travel time for the jth eigenray
v (seconds)

@#. = phase angle of the jth eigenray
J {radians)

This constraint was believed necessary in
order to preserve the well-known Lloyd's
mirror coherence effect that the CONGRATS V
data could reproduce.  The distance between
grid storage points cirtically depended an
this requirement and consequently the size
and cost of producing a data base.

The proposed trainer design divided the
CONGRATS V eigenrays into two groups: those
arriving at the receiver from the upward di-
rection and those arviving from the downward
direction. One of the strongest rays from
each group was selected fOE data base storage
of its geometric features.4 The propagation
losses of the fastest traveling path were
computed at each fregquency based on the abso-
Tute and relative strengths of the two selec-
ted rays. To meet specification requirements,
the computation of the path loss associated
with the slower ray employed an inverse co-
herent summation algorithm at each fregquency.
The computation utilized the coherent summed
propagation Toss of all the CONGRATS ¥V eigen-
rays. the fast path's Toss, and the times and
phases of the two selected paths. Thereby,
the satisfaction of specification requirements
were ensured. However, data generated from
this approach failed to stimulate the SOT
system satisfactorily. The division of rays
according to direction was too restrictive
for all environmental conditions. Large
variations in the coherent Tevels associated
with each ray at adjacent frequencies and
ranges produced unrealistically discontinuous
aural and visual effects. The normally stable
amplitude of individual rays had to be re-
tained {at the expense of not exactly match-
jng the CONGRATS V coherent levels) in order
to realistically stimulate the inverse ‘beam-
formers with signals generated in real time.
The tactical beamformers could then receive
signals which exhibit realistic frequency and

time characteristics. :

Recognition of these shortcomings Ted to
a reanalysis of the system needs and the data
generated by CONTRATS V. Subseguently a new
method was designed to generate an effective
two path-training data base. The algorithm
is compatible with most ray theory models.

THE TWO-PATH ALGORITHM

The two-path selection criteria endeavors
to reflect the geometric features of the
dominating CONGRATS V eigenrays. The
dominating eigenrays do, of course, change
as a target enters different transmission
regions, such as surface ducts or shadow
zanes. Because the SOT data base is Timited
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Figure 3.

to two-path information selected at distinct
points in the ocean, occasional discontinui-
ties in the data may cause abrupt transitions.
A real-time Tag smoothing process alleviated
these abrupt shifts between depth and range
storage points.

Before describing the mechanics of the
data base algorithm, some knowledge of the
CONGRATS V eigenray data is required.
mathematical conditions cause the CONGRATS V
program to produce imaginary rays which are
identical to each other in angles and time as
iilustrated in Table 1. Preferably, the
geometries of the two selected rays should be
different and indicative of itwo strong modes
of signal transfer between a source and
receiver. For example, there may be strong
direct paths, several strong surface bounce
paths and some weak bottom bounce paths.

Since the algorithm is Timited to selecting
two rays, the best selection for training
purposes would be a direct path and one of the
surface bounce paths. For the SOT data base,
CONGRATS V generated up to 65 eigenrays
between a source and receiver. Typically,

as the range or depths vary, the eigenrays
geometry varies continuously and smoothly.
Therefore, the geometries of the two stored
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CONGRATS V Ray Diagram

.rays can be directly taken from two

CONGRATS V eigenrays. Constraints imposed
on integration and interpolation technques,
.employed by the CONGRATS V program to reduce

execution time, cause an eigenray's amplitude

to fluctuate slightly. Artifical switching
of selected eigenrays caused by such
fluctuations is avoided by saving and com-
paring the previous range's selections to
the present sefections.

Each CONGRATS V generated eigenray's
amplitude is power summed into one of two
groups, yielding the two propagation losses
associated with the stored paths at each
frequency. Power summation results in
smoother path Toss curves than coherent
sumnation, while yielding more accurate
detection Tevels than obtainable from a
single eigenray. The two-path selection
algorithm completely defines the geometries
of each path. Those rays closest in absolute
angle to one of the selected paths get
summed together with that path. The total
noncoherent energy of the eigenrays are
thereby retained at each frequency. The
path Tosses associated with each ray are
computed as follows:
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N1

N1
where

N1

N2

- -10 Tog.z.(P.}2
09151( i

10 Tog 1. {P:)2
ogjgl J

= Amplitude (in micro Pascals) of i th

eigenray whose angle is nearest to the
selected ray, iy, wherethere are n such
eigenrays.

Amplitude (in micro Pascals) of j th
etgenray whose angle is nearest to the
selected ray, j;, where there are m
such eigenrays.

Computed Path 1 propagation loss at a
frequency for data base storage.

Computed Path 2 propagation loss at a
frequency for data base storage,

The selection procedure is accomplished

at a predetermined frequency of 250 Hz.
Following 1s a description of the two-path

geometry selection logic.

The paths whose

georetries are chosen are herein identified

as 1

I.

II,

and ji.
Data Base Production Initialization
A,  Path 1 geometry:

Select the strongest ray (i.e.,
with greatest magnitude based on
rms amplitude} to be iy. Store its
angles, time, and phase to the
nearest 180 degrees (SOT hardware
constraint).

B. Path 2 geometry:

Select the strongest ray which is
at least 3 degrees separated fram
i1 in absolute angle value and.
within 10 dB of its strength. If
such a ray doesn't exist, select
the second strongest path as jq.

C. Propagation losses:

1. At each frequency power sum all
paths 1, whose angles dre
closest in absolute angle value
to selected path i]. Store
those values of N1.

2. Likewise, power sum all paths jJ
and store those values of NZ.

Subseguent Data Points

A. Path 1 geometry choices in increas-
ing priority order:
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1. Select the present strongest
ray to be 7.

2. If the following conditions
prevail, select the previously
chosen 17,

a. The previously selected
path 71 has a strength
within 3 dB of the strong-
est path.

b. The previous path is sub-
stantially different from
the present strongest;
i.e., the previously
selected path's angles
differ by more than 1.25
degrees from the present
strongest path.

B. Path 2 geometry choices in increas-
ing order of priority:

1. Select the second strongest ray
to be path ji.

2. Select a ray which is within
10 d8 of the strongest ray and
is separated from it by at
least 3 degrees in absolute
angle value to be ji.

3. If the previously chosen iy is
to be stored, select the
strongest ray which is within
10 dB of it and separated at
Teast 3 degrees in absolute
angle value to be j1.

4. 1If the following conditions
prevail, select the previously
chosen path 31.

a. The previously selected
path j1 has a strength
_within 3 dB of the highest
priority present choice
for path j1.

b. The present highest prior-
ity choice for path 3y and
the previously chosen path
1 differ substantially;
i.e., their angies differ
by at least 1.25 degrees.

C. Propagation losses:
1. At each frequency, power sum
all paths i. Store those
values of NI.

2. Likewise, power sum all paths
j. Store those values of N2.



III. 5ingle.Path Data

Data base logical records for ranges in
excess of 70 kiloyards contain only one-
path information since the sonar equip-
ment is not as sensitive to multipath
effects at distant ranges. The sirong-
est path's angles, time and phase are
stored. The stored propagation losses
are the total CONGRATS V eigenray power
sums at each of the 30 frequencies.

DATA BASE PERFORMANCE

Data bases for the various specified
sound velocity profiles, sea states, and
bottom fypes are currently being generated on
the UNIVAC 1108 computer. One data base has
been tested within the system. Favorable
responses concerning its convergence zone and
surface layer behavior have been received
from the instructor-user community. Inter-
ference patterns are successfully produced on
CRT spectrum analyzers and gram chart
recorders, A picture of a target at CPA
with an interference pattern is presented in
Figure 1.
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