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~ -1 - LORA is a model developed to predict the performance of b u g - r a n g e  act isc sonar sys-
tems. The suppor t ing computer program uses 3—8 cpu seconds per run on the I N I V .\C
1110 computer and requires 38.000 words of core storage . The perfo rmance prediction
model comprises models that  estimate propagation loss, reverberation level , and probabili ty
of detection . The propagation loss models arc ( l ) e m p iri cal equations (modified AMOS) for
near-surface ducts and (2 )  ray theory (Pedersen and Gordon) for direct-path , bottom-bounce ,
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and conve rgence-zone sound propagation. The sound-speed profile is corrected for earth
curvature , but is otherwise constan t with range. Models for estimating reverberation use ray
tracing to the centers of backscattering areas and volumes. The surface backscatterin g
strength is obtained by using the Chapman—Harris equations , Eckart ’s equations , and
Richter ’s data. The bottom backscattering strength uses equations derived from Lambert ’s
Law and Schmidt ’s data. The volume backscatter ing strength is represented as column back-
scattering strength. Five probability-of-detection models are derived for various assumptions
for signal distortion and detector characteristics.

LORA features target doppler corrections for reverberation levels; multi-ping reverbera-
tion calculations; optional passive coherent and incoherent propagation loss outputs; and
multip le bottom-bounce and multip le convergence-zone calculations.
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SLJ 1t4MARY

OBJECTIVE

Develop a computer model for pred icting the perfo rmance of active sonar sys-
tems for long horizontal ranges , that is , for multiple convergence zones and bottom
bounces.

COMPUTER PROGRAM CAPABILITIES

The model and supporting computer program have been developed and embrace
the following capabilities:

I
1 . Active sonar performance predictions are available for up to five convergence

zones or bottom bounces.
2. The target and active-sonar source may be situated at any ocean depth.
3. Optional passive coherent and incoherent propagation losses are available for

up to 30 convergence zones or bottom bounces.
4. Curvilinear techniques are used with  the sound-speed profile t o red uce false

caustics.
5. Multi-ping reverberation is available , as well as doppler shifting of the signal

caused by target motion.
6. Five probability-o f-detection models for diffe rent assumptions of signal

degradation and type of detector are available.
7 . The computer program is able to perform many successive runs wi thout

failure.
8. Computer costs are low , approximately $2 for a complete set of perform-

ance predictions using an average commercial computer.
9 . Core storage require d is about 38 ,000 words.

RECOMMENDATIONS

The development of an adequate subsurface duct model is needed , perhaps using
normal mode theory . Propagation boss in the duct should be related to duct width ,
duct strength , source and targe t positions , and the frequency of the propag ating soun d.

Volume reverberation calculations could be improved by averaging propagation
losses from transmitter to scatterers over the whole scatter ing volume. Nonspecular
scattering could be included.

The input package of the computer program could be modified to include a
curv e of recognition differential versus signal-to-noise ratio to render the program
more sensitive to certain active sonars.

i i i
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INTRODUCTION

In order to assess the effectiveness of long-range weapon systems. an activ e
sonar model known as LORA has been developed . LORA is , essentially, an extensi on
of FAST NI SSM ,’ the uti l i ty version of the Navy Interim Surface Ship Model
(NISSM). 2 LORA was the next logical iteration in a series of models developed to
predict active sonar performance. Its supporting computer program is a high-speed .
user-oriented program , with a flexible input  routine.  Program execution is rap id an d
inexpensive , costing less th an S2 (4  cpu seconds plus i npu t—ou tpu t  charges ) for a full
set of near-surface (direct-path ) .  mult i-bottom-bounce ,  and multi-convergence-zone
performance predictions.

The LORA model affords analysts the opportunity to evaluate the long-range
detection capabilities of operational and future active sonar systems. Specifically .
LORA can be used to -

• Compare the performance of candidate sonar systems under identical
environmental conditions.

• Eva lute the performance of a given sonar system under various environmenta l
conditions.

• Analyze the sensitivity of performance to changes in selected environmental
and system parameters .

• Estimate the improvements in performance resulting from proposed changes
in system components.

• Establish a set of performance reference data , which would make possible the
comparison of performance measurements made in diffe rent environments.

The body of this report contains the total model description. Firs t , t h e active
sonar equation is presented to il lustrate the procedure used to determine signal
excess . Next , models are given for the various kinds of losses which degrade transmit
signal and target echo. Then noise and reverberation models are given. Finally,  several
models for probabil i ty-of-detect ion are presented for various assumptions of signal
d istortion and detector characteristics.

The appendixes contain infonnation about the LORA computer program.
Appendix A discusses the logical structure of the program ; Appendix B defines the
input  parameters ; Appendix C’ describes the input  format ; and Appendix 1) contains
sample runs.

_ _ _ _ _ _  _ _   
,:.:.:. .~~~~~ 
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MODEL DESCRI PTION

The model considered here is capable of predictin g the performa nce of mono-
static , active sonar systems , hull-moun ted or towed. Some of the salient t’eatures of
the model include :

• No limitatio n to source and target depths within the ocean.

• Automatic  curv e fit t in g for t h e  sound-speed profile to reduce the effect of
false caustic s caused by the digitizing of the sound-speed data.

• Multiple convergence-zone predictions (maximum of five ) .

• Multiple bottom-bounce predictions (maximum of five).

• Multiple-p ing time histor ies for reverbe ration (maximum of nine p ings).

• Choice of five probabilit y -of -detection models.

• Optional passive coherent and incoheren t propa gation losses tor a maximum
of 30 bottom bounces or convergence zones.

Model inputs are basic descriptive variables defining the ocean medium. the
transmitt in g and receivin g system , a n d t he sign al processor . Predictions are restricted
to active sonar systems which operate at frequencies between 0.5 and 25 kl-lz. Two
restrictions have been imposed on environmental  repre sentations to facilitate the
applicat ion of high-speed ray-trac ing techniques. First , horizontal homogeneity of the
water column is assumed; that is , a single sound-speed profile is  specified along any
range track of interest. Second . both surface and bottom boundaries are assumed
local ly fl a t wi th a con sta n t botto m depth , although corrections are made to account
for earth curvature .

Model output is probabil ity-of-detection for those ranges from the active sonar
whi ch ca n be ir radiated at a spec if ic ta rget dept h . In termed i ate qua n t i t ies  such as

propagati on loss, reverbera tion level ,  sig nal level , ari d si gn a l  ex c c s ~ are supp k’ment ar ~
calc ula t ions  and are use fu l ou tpu ts  in their  own ri ght .  Mod el  in ip le m enla t l o i l  is

effected by a FORTRAN computer program which requires about  3~ .O00 3b-b it

words on the UNIVAC 1 110 .

Probability -of-detection is used as the measure of sonar systeni performance
and is calculated as a function of horizontal range between source (own ship) and
t arget. A usefu l measur e of acceptable pe r fo rm a n ce ca n be de f i n ed as those ra nge

i ntervals where the prob ability -of-detection exceeds some pred etermined pro babili t y

level.

Single-pin g detection probability is a funct ion of signal excess . which is t h e
amount  by which the target echo level exceeds the masking background level.

—- . ________________
— ~~~~~~~~~~~~~~~~ 
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The signal differential , LS N .  often referred to as the signal-to-noise level , is the
difference wi th in  a designated frequency band between the echo level . E . and the
masking background level . M; that is

~~~ = E — it! (dB) ( I

The minimum recognizable valu e of echo level , EM ,  is that portion of the niasking
background , 41 , such that

E~, = 4 I +R D dB ) ( 2 )

w here

Rf) is the  recognition differenti al

The recognition di f ferent ia l  provides a measure of sonar operator performance. It is a
psycho-a coustic measure of a sonar operator ’s ab ility to recognize a target echo 501
of the t ime given a specified probability of false alarm . In terms of E~~. any echo level
can be expressed as

E = + St ;
~

where

is referred to as signal excess

If a signal is t ransmi t ted , then for a given targe t strength . S7.  the echo kvel is gi~cn h~

E = L o +S T — H , 14)

whe re

L
() 

is t he signal level 1 yard from the source
and

“2 is t he two-way propagation loss p lus the degradation accr u ed from the
transmit  and receive beam p atterns

Signal excess , 5,. 
~~
. is obtained by combining Eq. 2 . 3. and 4:

5/-V = L 0 +S ~~— H , - 4 1 - R ,~

This is the active sonar equation for  echo ranging.

. . .. ~~~~~~ ~~~~~. .. :. _ .
_
~ T _ iT ~~~ - ...
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PROPAGATION LOSS

Sound pressure is the root-mean-square increase in pressure over hydrostatic
pressure due to the propagation of harmonic acoustic energy through the position of
measurement. Propagation loss is a measure of the reduction of far-field sound pres-
sure from that of a reference sound pressure at a specified distance from the sound
source. The expression for propagation loss is

11 —1 0 log (P 2 /P
2 ( i n  dB ( O )

where

p is th e soun d pressure at some range of interest

an d

p0 is the re fe rence sound pressure level at a re ference range

This model assumes that four physical processes in which the propagating acoustic
energy interacts with the ocean environment contribute to a reduction ( in some
re fracti v e cases an increase) in sound pressure and therefore an increase in propaga-
tion loss . These processes are refraction—spreadin g, absorption , surface reflection. and
bot tom reflection of the acoustic pressure waves. These four processe s are assumed to
con t r ib u te in depe nde n tly to th e tot a l propagat ion loss:

H , ‘1R 
+ 

~~ ~~“S + 118 in dB (7 )

where
11R is refr action—spreading loss

is absorptio n loss
If ~ is su rface—re fl e et ion bos s

and
is b o t t o m — r e  f ’iee t oil loss

1-a c li  of these four proces ses has the l’ollowing character is t i c s  in common. Let p~ he
th e sound pressure tI the start  of the proce ss and ~~~2 he the sound pres sure at the
enu of the process : then  the rat io p~ 

p2 is i ndepe ndent °1Pt . This charac t e r i s t ic
• r e s u l t s  d i rec t ly  in the  a sso ci at ivi ty of the terms on the ri ght side of Eq. 7 . sI nce P t

LJf l  he ide n t i f ied wi th  p~ and p~ w i t  Ii p in Lq. ~~~. Thus , the components  of prop~tg.i -
t i O i l  loss can he calcu l ated independent ly  and assembled in an~ order.

Several t c . :h T l R l u e s  f o r  de t e rmin ing  propagation loss are used in thi s  model .
depend ing  on the sound speed and th e  source and tar get  depths.  The emp irical
.- \ cou st i e .  Meteorological , a nd Oceanographic St i r v e~ -\\1 OS) equ a t io n s -~ a re tised
when surface—duct  ca lcul it ions are warranted Simple sub sur face—duct  equat ions  are

4
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used i f both source and target are in the duct.  Otherwise , direct-path calculations are
pe rformed u sing ray-tracing techniq u es  based on a sound-speed profile fitted with
continuous-gradient curvil inear segments. Bottom-bounce , convergence-zone .
sur face-bounce,  and reliable-acoustic-path calculations are performed b y using curvi-
linear ray-trac ing techniques . For active sonar predictions , only the path yielding the
min imum propagation loss at each range is used for determining propagation loss
versus range. Average losses for boundary reflections are obtained as a fu nct ion of
frequency and angle of incidence. The number of surt ’ace and bottom reflections are
cou nted , and boundary loss is calcu lated and added into the total loss for a path. The
result is the total propagation loss caused by the environment , which is represented
by l:q. 7 . Beam pattern responses (t ransmit  and receive ) also degrade the intensity
for a ray path.  Beam pattern responses in dB. 11q~. are added to H-,- of Eq. 7 to giv e
the propagatio n loss used in comparing paths competing to give minimum propaga-
tio n loss to the ta -get.

Table I give~. a summary of the components nee ied to compute propagation
loss for several mot.~es :.f acoustic pr opagation.

labie 1. App l icab i l i ty  of propagation ’ioss terms to various propagation modes.

Propagation Mode Propagation Loss Equat ion

Surface Duct ( SD )  1! ‘R + H i + H ,~
Subsurface i)u c i  (SSD ) H = + H i
t) ir ect Pat h DP ) II HR H~ + +

Botto m Bounce ( B i t )  H ‘1R + H 1 + H 5 + “B + H
0

on’.ci eej icc Zone 1 ( Z )  II HR + 
~~i + Fi~ ÷ H

0
Sur fa ce Bounce (Sit ) 11= “R + H~ + + FI~
Re iiab le -\~ ,us iic Path ( R A P )  II “R + “ 1 + H

0

Passive one-way propagation-loss outputs  are also available. l h e  options arc :
I - (‘ohe rent summat ion  over all the paths  con t r ibu t ing  to acoustic pressure at

tile ta rget.

2. Incoherent summation over all the path s cont r ibu t ing  to acoustic pressure at
the target.

3. Fading coherent summation of all the paths cont r ibut ing  to acoust ic  pres sure
at the  ta rget. (This option is simply a l inear decrease of coherence with range u n t i l
i ncoherence is obtained at 50 kyd .  It is admi t ted  tha t  th is  is not a realistic fading
co herence model .)

4 . Passive s imu lat ion in which the receive beam pat te rn  is includ ed in the pres-
su re calculat ion for  each ray path  b et Ire summat ion .

5. Communica t ions  s imula t ion  in which the  t ransmit  beam pa t te rn  response
I eva lua ted  for  the  ray angle at the t r a n s m i t t e r )  and the  receive beam pat tern

c

- ~~~~~~~~~~~~~~~~~~~~~~~
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response (evaluated for the ray angle at the target ) are included in the pressure calcu-
lation for each ray path before summation. This model is not complete in that time
histories of the signals , with appropriate summation over the phase-distorted , ti me-
displaced signal waveforms , are not calculated.

These models have nothing to do with active sonar modeling but are useful
byproducts of the calculations needed for ~~t ive sonar performance predictions. It
must be noted that one-way passive propagation losses are not in general one-half of
the two-way active propagation losses. This is because summation over several paths
connecting source and target can produce , say, a 10 dB increase over the single-path .
minimum propagation loss used for active sonar performance prediction. When propa-
ga tion loss is calculated for active sonars , it is assumed that the pulse length is short
enough in time to be resolved in every mult ipath occurrence. The assumption for
passive sonars is that the signal is CW and constant over the maximum time interval
between any two paths in the summation.

Absorption Loss

The expression for absorption loss is

1I
~ 

aS

where

~ is the curvil inear path length (kyd )

and

~ is the abso rption coefficient (dB/kyd )

Values of ~ are obtained from an equation developed by H all  an d Watson 4 tha t  com-
bi nes the low-frequency predictions of Thorp 5 w ith the hig h -f ’re quene y pred ictions
of Schulkin and Marsh. 6 The resulting expression is

7 6 - i  I - 6.54 X I 0 4P f o .oso53 i~.J 2 0.0 6 ~ 47, 2\ 
-+ I + I (~~)

32768 +f 3 I + 32768f 3 f2 +j
.~2 

,~

whe re

f is frequency in kHz
P is pressu re in at m ospheres

and
f ~. is the relaxation frequency in kH z

L 

___  
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Pressure is a function of depth in feet , z , so that

‘ P = l .04 + 0.03 l 244: atm

Th e relaxat i on frequency is determined by

f~ = 21 . 9 X I 0( 3 0 T÷ i 02) / (5 T + 2 2 9 7 )  kH z

wh ere

T is temperature in Fahrenheit

Figure 1 shows a as a funct ion of frequency for several average ocean tempera-
tures computed by Eq. 8. A curv e showing Thorp ’s deep ocea n prediction is presented
for comparison.
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Propagation Loss in the Near-Surface Ducts

The near-surface emp ir ical  prop agatb ’n-loss equat ions  were obtained by Mar sh
and Schu lk in  f rom the AMOS transmission-loss measurement s  for  frequencies
between 2 and 25 k I l t . 3 For completeness the  equat ions  applicable to sur t ’aee-duet
propag ation loss will  be presente d here . ese n though they have been reproduced in
numerous  reports . Certain l imi t s  to their  appl icabi l i ty  have been imposed. and ness
subsurface  duct equations are used. The equations I’or (lie scattering loss coefficient

7
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will he shown first ; then expressions for scaling range and depth; then four
propagation-loss equations from the AMOS study , as well as a table which describe s
thei r appl ica t ion w i th respect t o t he scaled ra nges an d dept hs; the n t he norm al m ode
cutoff ’ term for lower frequencies . which is to be added to the chosen propagation-
loss expression ; and lastl y, t he subsurface-duct equations.

Surfa ce-Scattering-Loss Coefficient. For energy propagating in a surface duct ,
t he surface-scattering loss per bounce , F , is obtained f ro m an a n alyt ic  e x pressio n
developed by Schulkin and Marsh : 7

r = 10 log ( l +(J1~/4 . l4 )~ J .  Jh- ~4.269 I
(9)

= 1~ 59(Jl1) t i 2  
, J 1 >4.2~ 9 l

where
j is frequency in kilt

and
Ii is waveheigh t in feet

The surface-scattering-loss coeffic ient , ~~~~, is obtai ned by dividing 1’ by the
bo un ce dista n ce , RB . tha t  is

a5 = F/ R 8 d B/kyd ( 1 0 )

where

R8 (( ‘i _ c ~) i I 2 I l 500g 11 kyd

where
a nd (~ a re the sound speeds in 1t1 see at the layer depth and the surface ,

respectively

and

g0 is t he sound-speed gradient in sec~ in t h e sur face duct

The surface retlect ion loss is

115 a5 (R-R ’ ) f o r R>R ’

4 0
-r

where
R is the horizon tal range between source and target , in kyd

8
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R’ = Z ~
2 (r 1 +0.5 ) in kyd

where
ZL is the layer depth in feet

and

is a scaled range defined in the next section

A curv e of surface loss versus the product of frequency and wave heig ht is

illustrated in Fig. 2.

rough surface limit

I 
~ 

— 

experimental points: NAL

4~~~ 

A

1 .0 10 100
Wave Height X Frequency Parameter , fh (kHz X ft (

1-igure 2 . Surtace - retlecii on- loss curve I f rom Ref. 7).

AMOS Scaling Relationships and Propagation-Loss Equations. The AMOS equa-
t i on s 3 may he expressed in terms of the following variables:

R: hor i ,onta l  range between source and target ( k y d )
sur face layer depth ( feet )

source depth (feet)
t~: target dept h ( feet )

frequency (k i l t )

-l lie v a r i a b l e s  R. /j . and Z,- arc used to de f i n e sca l ed va r i a b l e s  wh ich in (urn  are
used in f o u r  surface-duct propagation—loss equ at ion s . The selection of t h e  appropr ia te
~r opag atIon-I o ss equation Is determined h~ scaled /ones and th e scaled sotirce arid

9
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ta rget depths. Three propagation zones are distinguished : a zone of direct radiation , a
zone of sing le-s urface-bounce scattering, and a zone of multiple-surface-bounce scat-
tering, as defined in Table 2.

Table 2. Selection ol ihe pro p er .-~MOS propagation-loss equation.

inson ification Zone Source— T arget Posit ions Pro pagation-lo s ’
(Scaled Range) (Scaled i ) ep t h s (  i q u a t i o n  Used

0~~~ r~~~r 1 ~~~~~~ and :, ~ I I1 = ii
~

:~ -> I and. or :~ > I * = Min (111 .ii 2 ‘ •

<r + 1 2  : 
~ valu e S H Min(H 1. H3 )”

+ 1/ 2 <r = U : a n ~ sal ue * I! = Min(H2 JI~~~~

* rhe AMOS equations are used in this model on(~ ii if ~~ 10(10 (eel
and if

t 1an d / < 32 ~~~~~

Thus , the source or target may be located at 30v27. the t radi t ional  best
depth to avoid detection , but not much deeper for the AMOS equa tions to be
used.

**The minimum of the quantities contained within the parentheses is

retained.

The scaled variables are

r = RV’2T

= \ zx IzI.

and

r 1 (l - : V ) / 4 + ( l - z T ) / 4 , :k~~
1 , :T~~

l

= (l - : V ) / 4 + ( V 1) - 5 . :
~~~

l . :T >I

The four propagation loss equat ions  are

= 20 log (R/ R ~1 I + aR + (r / r 1 ) G :~ .:~ 1 + 00

l O



112 
_ _ 0 log /R0 ) + a / ~ + _ 5~~~~IZ~ —Z, I - ~~~~V1 Z, 5 )(j _ 5 ) + 0 0

113 = 20 log (R/ R 0 ) + aR + 2(r _ r i ) F ( :~ . ,.) + I l-2(r-r~ ) J ( ;( :~ . ) +  00

114 10 log R/ R 0) + (a + a 5 ) R + 1” :~ . ~~

—a5Z1 (r+O.5)+ l0log1v’2~
’(r+0.5)1 +60 

—

where
R11 is a ref ’erence ran ge of I yard
a is the  absorption coefficient given by E q. 8

a5 is the surface reflection-loss coefficient given by Eq. 9 and 10

= O. I X I O
2. 3L , ) n 1 

(j / 2 5)~~~,~:~ -:,. l< I

= 2 0 (J 7 2 5 ) i/ 3  I x~.- -,~I~~ 
I

and

= 0.4(~ l 0 - ’  + lo~ ÷ 10
LX~ T I )

with

f<~
= 0.5f ”3 , f>8

One of the equations 111 . 112 . H 3. or 114 will be used for /I in Table 1 . depending on
the relationships between the scaled parameters i- . r 1 , , and :,.. Table 2 shows (lie
selection of the proper equation.

Modification of the AMOS Equations for Lower Frequencies. The AMOS
surface-duct propagation-loss model discussed above is empirical and not valid f’or fre-
quencies less than 2.2 kilt. Predictions based on the AMOS model for frequencies
below 2.2 k I lt  typicall y do not show good agreement wi th  Fleet operational data.
This disagreement wi th  low-frequency data can he expla ined in part by the how-
frequency cutoff phenomenon as described by Arase 8 and ( ‘lay. 9 In the paper by
Arase , experimental  at tenuation rate is studied as a f ’unct ion of frequency. For tre-
que n cies less than  cu to f f’. the a t tenuat ion  rate increases as a (‘unct ion of decreasing
t’requency . Arase found good agreement between experimental  a t tenuat ion rate and - 

-

- - theoretical t’irst-rnode at tenuat ion rates based on a normal-mode propagation model.

I t .
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To extend the applicability of the AMOS surface-duct propagation model to
lower t’req ucn cies , a n addit ive cutoff  loss term has been incorporated. It  is based on
an approximation to the normal-mode surface duct model of Pedersen and
Gordon)°~ The normal-mode cutoff’ term is

8686r 1 R

where

R is t h e horizon tal range in kyd

and
is the t’irst-tnode damping factor , wh ich is given b~

= (
~J~

2 
)

l/3 / ,n (MX

where
j’ is frequency in kH z
g0 is t he sound-speed gradient in the duct in sec~
1,n(MX , is th e imaginary component of the first e lgen s ~due

Propagation Loss in the Subsurface Duct. A subsurface duet is formed when the
sou nd-speed profile has a concavity to the ri ght , as i l lus t ra ted in Fig. 3a. The dotted
lines iti Fig. 3a extend from the upper to tht lower boundaries of the sc~era l d u cts
p ictured.  If both the source and the target depths are between these boundary depths.
t hen the subsur l ’ace-duct eq uations are used , except for two special cases: I I ) when
the subsurt ’ace duct  is part  of a surface duct (Fig.  3b) . and ( . I when t h e ax is of I he
d uct is the deep min imum (deep axis ) of the sound-speed profile (Fig . 3e ) .  In case I
the AMOS surt ’ace-d uct equations are used, and in case ( 2 )  ray tracing is used.

Since the equation (‘or subsurface-duct propagation loss derived from the AMOS
data give s losses consistently greater than spherical spreading loss, a nd since a duc t  in
t he ocean I s  expected to t rap soun d ene rgy and gi ve losses on t h e orde r of cy lin d rical
sprea di ng. the subsur face-duct equation given in Ref. 3 was modified. The new equa-
(io ns are

I/ f )  2O l o g R + a R + I I, +h 0 . R~~~R1. 
( I I I

= lOI og RR 1. + a R + 1 1 ~ +60 . R > R 1,

where

!1f 3 is propagatio n loss in the subsurface duct
R is range in ky d

12

~~~~~ ~~~~~~
—

~~~
—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘ ‘
~~~ 

- _____________________________________ 

_ _ ~~~__ _ ._,__~~~~~~~~~~~~ _ __ ~~~~~~~~~__~~ -



~~~~~~~
---

~~~~~~~~~~~~~~~~~~~~~~~
-
~~~~~~~~~~~~~~

- - 
~~-~~—-~~~

—-

Sound Speed

$

uct 

)

~~ ct 

_ _

300 —

(a) Subsurface ducts to which the subsur face duct model applies.

Sound Speed Sound Speed

0 ~~‘. 0 
_ _ _ _

I ’ A
I ’  X

—

- 

- deep~m nimu m

)b) Subsurface duct that is part of a surface
duct. Subsurface duct model does not
app ly.

Ic ) Subsurface duct that is the
deep minimum duct. Sub-
surface duct model doe s
not app ly.

l - igure  3. I xamp les of subsurface ducts.
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a is the absorption coefficient in dB/kyd

is the depth loss factor (see below)

R~ is the maximum distance a ray starting on the duct axis can travel wi thout
vertexing (derived below)

The depth loss factor . lIe. is a funct ion of source depth. Z,~,. in feet. targe t depth .  Z1.
in feet. duct axis depth. ZD . i n feet.  duct width.  Z~ . in feet. and fre quen cy .1. in k ilt .
an d is giv en by

‘4 = 0~~~ f / l/ 3 10
I X Z T h! W + f l lZ x~-ZD I/ Z W + 10

IZ T~
ZD IIZ w ) ( 1 2 )

where
(ff8)1”3 is set to unity for f<8 kHz

The quanti ty R~ in Eq. II is derived in the following i nner. Figure 4 dep icts
two paths which have vertices (become horizontal) at the edges of the duct, an up-
ward path and a downward path. in this case the downward path is used to deter-
mine R~, since it produces the larger value. Ray theory for a constant-gradient sound-
speed profile segment yields the following equation for R5, :

R ~~~~~~~~ ~/c
2 ~.2
ill U

where

is the sound speed at the boundaries of the duct

is the sound speed at the duct axi s

and

(
~ , cD

= z z is t he sound-speed gradient in the lower branch of the duct
h D

Propagation by Ray Acoustics

The Wave Equation. The propagation of ’ a cou stic en ergy t h roug h t h e ocean
medi um is app roxi m ated by t he wave equat io n : ~

V 2p = 

~~~~

14
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I i ioi r e 4 . Ra~ vert exing ranges in a subsur f ace  du c t .

where
p is the excess pressure at sonic constant phase on the wave front

and

C i s t h e sound speed : bot h p and C are fu n ctio n s of t h e spat i al an d ti m e
dimensions

The Eiko na l Equation. Wave fronts of harmonic waves which are defined by

W(.v , v , :)  = ( , ( t — ~~ ) ( 1 4 )

can represent a t ime-independent  solution to the wave equation called the eikona l
eq uat ion . wh ich is

— 16w\ 2 I~iv\2 Iow\2 f (~~\
2

+ + WI = (h I

The eikon al equation can be derived by relat ing the pressure wave front to II ’ and b~directly subs t i t u t ing  into E q. 13 or by using Eq. 14 to app ly Fluygens ’ principle for
constructing successive wave fronts normal to preceding wave front s . 12

The eikona l equat ion is a special case of the wave equat i on .  val i d on ly i f t h e
wavel e ngth of the propagating sound is much less than the radius of i,u rva t ure of an y
po rtion of’ ( lie ray pat h.

. . LI ~~~~~~~~~



Applicability for Sonar Systems. All current  active sonar systems operate at fre-
quencies large enough (wavelengths small enough) for the eikonal equation to be valid.
Passive sonar systems , however , are designed for detection at low frequencies . At 500
Hz the wavelength is about 10 feet . wh ich does not preclude use of the eikona l equa-
tion. At 100 Hz the wavelength is about 50 feet, w hich suggests that the appl icabi l i ty
of the eikonal equation and the ray acoustics which spring from it may not he valid
for realistic sound-speed changes in the ocean.

Definition of a Ray Path. Normals to the wave surface (constant  phase ) in space
at a given time can be constructed using Huygens’ principle or can be computed using
the cikonal equation , Eq. 15. The continuous path of a nor m al to the wave surface
obtained by varying time is called a ray path. I t is along ray paths that  acoustic
e ti e rgv theoretically prop agates.

Since sound speed is assumed to be a (‘unction of depth on ly .  ray paths are re-
stricted to the vertical p la ne through the source and target positions. Thus , ray tracing
is acco mplis hed in t wo di mension s whic h are I h o r i , on t a l )  range . R . and depth .  Z.
The origin is at the ocean surface verticall y above t he source , a nd Z is positive down-
ward . as in Fig. 5. Positive angles are measured downward from the horizontal .

R ~~~~~~~~. ocean surface

(O ,O~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Ocean bottom

1- i gure 5. (‘oord inate geometry for ra y trac i ng.
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Propagation Loss in Ray Theor y. Propagation loss is defined as th e ratio of the
sou rce strength to the sound-f ield in tens i ty  in decibels . t2

ll
~~ 

10 log ( 1 O ~

where

F is the source strength in energy uni ts  per uni t  solid ang le pe r second
and

I is the intensi ty  in uni ts  of energy crossing an elemental  area J-l perpendi cu la r
to t he ray path and hounded by an e lementa l  solid angle J~2

The ratio F I t s  easily obta ined using the concept of solid angle: 12

j  ~ici coy
I ” il.1 -R 

~g~-) sin

with  t he absolute value sign used , si nce ne i ther  F nor ! can e v e r  be nega t i v e  W~ hi
cos 

~~ 
= C~ f ’ l q. 16 becomes

Ii = 10 log R (
~ ) 

sin ~~~ (~ 
(~~ + (~0 in dB re I ~ I l  7)

where

f/ ts propagation loss in decibels re 0 dB at I yard slant range from the source
along t he ray pat h

R is range in kyd

‘ is tile angle of the ray at the ending ( ta rge t )  depth
is the sound speed at the source depth

C is the sound speed at th e ver tex  depth
and

60 represents the conversion in un i ts  from yards to k i loyards in the range and
ra nge-derivative factors

ts the start ing angle of the ra\ - -a% the source depth

is t h e  constant-depth der ivat ive  of the range w i t h  re spect to  th e starti t ig
/ angle
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I - xcept for  the uni ts , Eq. 17 is general , i ndependent  of algori th m s for determining R

and 

~ 
, for which expressions will  be given in E q. 20 . 2 1 . 23 . and 24

Curvilinear Sound—Speed Profile. I lie ad jec t ives  “s t r a ig h t - l i n e ” and ‘‘curv i l inea r .”
used as descri ptors of sound-speed pro file , s i gn i f y  the  func t i ona l  represen ta t ion  of t he
sound speed from the surface to the bottom of the ocean when sound speeds are
known only for discrete depths. “Straight-line ” re fers to a sound-speed p rof i l e  con-
st ru cted ot’ st raight-line segments connecting tile points  “Curvi l inear ’’ re ter s to f i t t ing
the sou nd-speed pro file to within a given tolerance with quadrat ic  equations of the
form

C = 
~~ 1 l - Ka 1Z_Za ) 2 1~~ ( I X

w lie re

Z is depth

ç. / . and A~ are three curv e para m ete rs eva luated for eac h curv e segment

The curve parameters between successive segments are dynamical l y  adjusted so tha t
successive curves and their  derivatives are con t inuous  at the soutid-speed profile points

Pedersen i3 has shown that a stra ight-tine sound-speed profile produces undefined
propagation losses for cert ain ranges calculated using ray theory . This prob lem is a
direct  result of having d i scon t i n u i t i c s  in the first der ivat ive an where  on the sound-
speed profi le .  In t roduc ing  more points  compounds the p roble m . since more discon-
t inu i t i e s  in the first der ivat ive arc added.

Pedersen and Gordoti 14 iiitroduced t he curvi l inear  approximat ion  to the sound-
speed profi le.  E q. I X . and required that  the curve -f ’i t t i n g segments and t h e i r  deriva-
t ives  be everywhere c o n t i n u o u s  over the prof i le .  Numer ica l  ex amples  given by
Pedersen a n d Gordon show t h a t  a curv i l i nea r  approx imat ion  to the sou n d-speed
profi le  e l imina te s  the  false caust ics  ( fa lse  regions of inf ’in i t e  i n t e n s i t y  I c h a r a c t e r i st i c

— of the s t r a i g h t — l i n e  approx im at  iou .

[he major ob stacle to i l i ip le n len t in ’ 1  the curv i l inea r  me thod  is developing a com-
puter  program which can re l iably  fit  the  sound—speed prot i l e  w i t h i n  au adequate
to lerance .  Some compu te r  programs were w r i t t e n  and are s t i l l  be ing  used which  re-
( l ui re t r i a l  and error on the par t  of ’ (lie user to adju st  and add p o i t i t s  to the  sound —
speed prof ’i le in order to get an adequa te  l i t  - lii is k ind  of s o f t w a r e  is unaccep tab le  ( ‘or
support of an ac t ive  sonar performance predic t  ton program which  mus t  run to corn —
p l e t ion  w i t h o u t  idiosyncr a cics . F o r t u n a t e l v ,  a set of sub routines does exis t  vvhic li
p e r fo r m s  (lie t : t sk  ade qu at e l ~~. These sub rou t ines  were developed by (‘harles
B ar t h e r g e r ’5 of N \l)(’ . He used Pedcrsen ’s and Gordon ’s e q u a t i o n s  arid applied v a r y  —

ing t o l e r a n c e  versus depth .  l ’he s u b r o u t i n e s  ised in (lie L U R - \  program are e ss eu l t  i a l l ~

18
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l 3 t r t  b e t g e i ’ ’s . w i t h  changes in one of the to l erance e q u a t i o n s  to o b t a i n  a closer t i t .  ‘I f i e
new tolerance equat ions , in the form of ’ B a r t b e r g e r s  equa t ions . arc

T = ~~~~ + J~(g ft sec

wh ere

t - ,~, is the average depth of all the p oints  being f i t ted

and

g is (lie smallest of the absolute st ra ight—line gradients conti ecting adjacent
points  of the set , wi th  the func t ions

= 2 .9 — 2 .5 exp  (— 0 .00000272 t~~~)

a ii

f~(g )  H’ ( I  + t a n h  4 X ( g -0 .35( 1

In a numer i ca l  eva lua t i on  vs t b  a t y p ical s u r f ace—d net sound— speed p r o f i l e  which
ex tends  to 10 .000 feet , ( lie curve—fi t t ed  profile d i f f e r s  from the  l in ear  profi le  b y less
t h a n  0. 2 f t  sec at  the  duct  m a x i m u m ,  less t h a n  0.5 I t  sec d o w n  to 1 .000 ( ‘eel , an d
less than  0.0 I f ’t~ sec bet vveen 4 .000 and 10 ,000 f ’eet .  [lie s tandard deviat ion is less
t h a n  0 2  I t  sec ov e r  t i t e  vvh o l e r r o t i l e  ( I 10 p o i t i t s  iii ( l ie  s : tn ip le

E qua t ion  I ~ c :in m a n i f e s t  three types  of curves , depending on the  signs of the
curv e parameters .  These are sh own in 1 - ig .  6 . The sound—speed prof i l e  wi l l  he con-
s t m uc ted  t’rom seui n i ent s  which appear in thesc forms . ( urves of ‘lvp e s  I and II  occur
most f requent l y .  I ype  l i i  seldom. Even though a curv e of l v p e  I or II  ni :tv l’it  a
m i n i m u n l  or m a x i m u m  adequa te ly ,  an ex t ra  layer is in t roduced at  t ha t  po in t .  Re l er-
ence I 5 gives both  a complete  descr ipt ion of the  m a t h e m a t i c a l  t e c h n i q u e  t’or curve-
f i t t i n g  (lie sound—speed p ro f i l e  and a l i s t ing  of ( lie c o m p u t e r  so f t  w are .

— Earth Curvature  Correction.  Bartberger ~ g i v e s  a d e r i v a t i o n  for t he  f irst-or der
sp h erical ear th  cu rva tu re  correction to t h e  sound—sp eed prof i le .  \ Vi t l t  s l ig h t changes in
no inenc l a t  nrc h is  equaf  ioul s arc

( ; = ç ’ ( l  +~~~~
‘ I?

/ /~‘ ( l  + Z ~, 2 R (

where
( , is i l p i l t  sound speed

L _  _ ~~-
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t - i~ u re  6. Schemati c  p lots of the three  t \  pe~
cur ses  used II  fit the sou nd ’speed prot ite v . i t h
curvi l in e ar  sci~f l I c f l t s  f i r u nl Re~ 4 1.

Z,’ is corresponding inpu t  dep th

( -  and /,- are the corrected sound speeds and dept h s

and
R~ is t he radius of t h e  earth in corresponding un i t s

SucH’s Law. Thi s model :Iss un i e s  t h a t  the sound speed v a r i e s  in onl y one spa t i a l
dimension , depth .  Snell ’ s law is therefore

LOS q~ = _ L
cos t~i

()

where

0 and au-c angles  that  a ray path makes w i t h  respect to thie  ho r i z on ta l

and
C ’ an d (~ are sound speeds ( f ia t  correspond to ( lie depth s  at whic h  the ang les

a re measured

Sneh l ’ s law applied to the sound—speed prof ’il e can yield the f ’oh loss it ig i r i fo mn i a t ion  -

• 
I - The s t a r t i n g  angle f ’or a ray to get fo  a g iven depth.

• 2. ‘[lie angle of’ the ray at any dep th .  given the s t a r t i n g  angle  and depth .

3 . De te r m i n a t i o n  of whether  it is po ss tb le  for a ray to ver tex at a g iv e n  dep th .
g i v en  ( l ie s t a r t  i h g  angle ari d dep th .

4 . The dep ths  t h a t  a ray cannot  reach , given the  s t a r t i u i g  ang le and depth.

20
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Snell’ s law is an important concept that  has been used exte nsively in this  model.
both for the selection of’ rays to be traced and in the interpretati on of (lie outputs  in
anticipating modes of propagation , shadow zones , and the like. Frequently users ’
questions about the interpretation of the LORA program ou tpu t s  are an swe red
through some application of Snell’ s la w.

Curv ilinear Ray Tracing. (‘urvilinear ray tracing means calculating the locus ot’
poi nts in range and depth of a ray governed by a sound-speed profile which is def ’ined
by curvi l inear  segments of th ; e form of Eq. 18. Four important quantit i es are obtain ed
from ray tracing between specified d e p t h s :  range . R . t ime , T, range der ivat ive  w i t h
respect to start ing angle . D , and absorption loss , H~ -

A layer  is defined as the dept h region over  which one given curvi l inear  segment
is val id ,  •.\n i nterface is defined as the depth at vvhich one curvil inear segnient make s
trat i sposition to ano the r .  Figur e 7 shows a t~ p ica l layer.  In ray tr acing ,  two depth s
are sp ecd ’t ed and the r ay parameters  R . T, I) . and ll~ are ca lcula ted  and summed as
the t r ac ing  proceeds throug h the lay ers .  H 1 will  be described in the next  s e c t i o n  -

Sound Speed Ftsnge

C, C,4 1
— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Let ç, Kai~ and 
~~ 

be the segment parameters for the curvilinear sound-speed
profile layer i between interfaces i and i + I . Let the u pper and lowe r dept h s for
laye r i he Z~ and Z2 1 , respectively. (Noti ce that  Z~ Z, and + . )  Let (~. he the
vertex sound speed , t he m ax imum sound speed t he ray ca n achieve , the sound speed
at wh ich the ray beconies horizontal. Let 0 he th e  angle which (lie ray makes wi th
th e horizontal (downward is positive). Pedersen and Gordon t4 define nine a u x i l i a r y

• quant i t i es :

K 112
A. = ± ( ‘  -f

C,
-
ci

= C -/ ( C 2 (~2
)

~ ‘~‘ I’ at

F ((~ 2 
+ at a,

R11 
= 111(Z 11—Z,71)

R~ 
=

= cot

= cot 0(Z ,— Z )

tan

= tan  0,(Z 2,, —Z01 )

The ray paramet ers  R.. 7 .  and 11 f ’or a ray p: iss ing comp le te l ~ t h roug h l a y er  i

can now he expressed in terms of the above nine q u a n t i t i e s .  I - or a F~’pe I c u r v i l i n e a r
segnient (see Fig. 6) t h e  range in layer t is

= cos’t lD ~ R 11R~~ + tan ~ tan ~~~ I 2W

and (‘or l’y pes II and III

I r IR j + t a n O  1
R = — In t ‘ i (~~I I

“ “ L lR~ I + ta n j —

‘I,

_ _ _  
:_

~
‘ T~ T. 1.~. ‘- c - :~~~~~
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The travel time in layer i is

= 
~~

-
~~

- (L~R~— T 1~+T ~) ( 2 2 )

‘[lie de rivative of range with respect to vertex sound speed is

~~R.

- 

• ç (
~~

-) = = L
~

(B tI - B~~~) 
- R1

The derivative with constant Z indicates ray tracing is between two constant depths.
Using Snell ’s la w

¶ 6R.
(~‘~), = tan øv ( ~~~-)

where
is the startin g angle of the ray at the transnii t ter

Thu s

~~ R. \ tan tan
(
~~)/ = 

• 
t~~~~~

(B
~~i 

B21) 
-R

11 = ç ( 2 3 )

If a ray t’orms an apex in laye r i. R~ is replaced by ~~
I -h / 2 . tan is set to zero ,

and Eq. 20 and 3 are st i l l  applicable.  If a ray fo rms a nadir  in the layer. R,1 is re-
placed by ID~

l 1 1 2  and tan 0~ +~ 
is set to zero. Pedersen and Gordo mi i4  l ist  proble m s a nd

• solutio ns f ’or cases when a vertex sound speed is at an interf ’ace. The LORA program
selects ver tex sound speeds in such a way that  these problems will  n e v e r  occur: how-
ever , the ray tracin g algorit h m is wr i t t en  to handle them according to the spec i f ’iea-
tions of’ Pedersen and Gordon.

The total  ran ge , R . t ime . T. and range derivative.  D . are obtained by summing
th e appropriate quan t i t i e s  calculated for each layer over (lie total  number  of la ers
trave rsed from one end of the ray path to the other.  i hu s . sonic layers contr ibute
more than  once in the sut iimation . Using 1( 1 . 20—23 ami d c o n v e r t  tug from feet to

• - kiloyards

R ~ R./3000 kyd

T = ~ sec ( 2 4 1

D (
~~

) = ( t a n g ~ 3000 (~. ) ~ I~ k yd

23
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R and D are used directly in Eq. 17 for the calculation of propagation loss, T is to be
used to obtain the reverberation level at the time at which target ech o arrives at the
receiver.

Absorption Loss Along the Ray. The path length in the ith l a y e r  is approxi-
mated by the slant range

= [R ~~~+ (Z ~÷ 1 ~ Z) 2 } “2/3000 kyd

where

R1 is the range in feet given by Eq. 20 and 2 !

is the upper interface depth in feet

and
is the lower interface depth in feet

The total absorption loss is

=

where
is the absorption loss in dB/kyd calculated for the mid-depth at each lay er  of

t h e  sound-speed profile after curve-fi t t in g

and

E indicates that the summation is over all the layers a given ray path enters
(some layers may htave more than one contr ihut ion )

This value for H , is used in Table I in all pr opagation modes except the duet modes.

The absorption loss is calculated by using Eq. X . T h e  pressure is calculated for
the mid-depth of each layer , Zm ,  and t he re laxat io n freq u en cy is calc u lated for the
temperature . T ,,. at Zm .  The temperature is given by

Tm ,l~ - (0. 000434 Zm ) 2 ,(

w i th  ( 2 5 1

l22 .8 3  4 .6676 v’S 132 - C + 0.0 165
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where

is the mid-depth of (lie layer

and

is (lie corresponding sound speed

The f’orni of Eq. 25 results froni an approxima tion to Wilson ’s equation .’6
inverted to obtain temperature by the regula là/ si m et h od . I t  is understood that
Wilson ’s equat i on is properly a least-squares polynomial  fit to the regression variables
te m peratu re , pressure , arid sali n i ty ,  and tha t  inversion to obtain temperature as a l’u nc-
(io n of ’ so un d speed , press ure , an d sali n i ty pro d u ces a larger sta n dar d devia t io n tha n i f
a n ew regression we re pe rt ’or rned on (lie original data.  h owever , abso rption loss is not
seve re l y i n fluenced by te m perat ur e , and the errors introduced by inver t ing Wilson ’s
equation and by using Eq. 25 are negligible (‘or the  tota l p ro pagatio n loss a l on g a ray
pat h .

E-.quat io n 25 is a trial  arid error fit as to form. hu t  some of (lie coefficients h ave
been adjusted to produce a m i n i m u m  stamid ard deviation in temperature prediction.
H. W . Fry e’s regression analysis progranl ’7 was used to (‘it polynoniia ls to a large set
of te m peratures obta in ed by i n ve r t ing ~Vi lson ’s equatio n for specifi c soun d speeds ,
Pressure s (dep ths ) ,  and sah in i t i e s .  Real is t ic  values  t’or ocean paranieters produced a
standard deviation of less than 0.1 ° F. \lc( ~irr a nd h all  18 have shown tha t  an error of
eve n I F would riot seriously debil i tate  (lie prediction for the absorption coeff ic ient .

Surface Loss. Loss caused by a ray reflecting from the oceaii sui r t ace  is a model
input .  The user of the LORA computer program can. as an option , use (lie va lue  for
su rf ace loss pe r bounc e calculated by Eq. 9 , The total  loss caused by surface re flect ions
is the nun iber  of surface bounces a ray pa th  undergoes t imes the  surface loss per
bounce.  Th is loss is added to the ot h er co m ponents  of propagation lo ss for one of t h e
modes of propagation described in Table I .

Bottom Loss. Loss caused by a ray bouncing off the ocean bottom is a model
i n p u t .  In the  computer program it is calculated by l inearly in terp ola t ing  a user-

• supplied piecewise linear array of bottom loss values  versus grazing angle. The bottom
loss pe r bounce is mult ip l ied  by (lie number  of bot tom bounces to obtain to ta l  hot-
to m loss , wh ich is used iii th ie equat ion (‘or hottoni bounce propagation in Table I .

Ray Paths. Vertex souiid speed , (lie m a x i m u m  sound speed a ray caii ob ta in ,  is
give mi by Snel l ’ s law , At this  sound speed. the ray becomes hor izonta l  arid t l i e re a l ’t er
t races a mirror-image pat t i about t h e  vertical , W i t h  the ending angle Q 0. l’q .  1’)
gives the e xp r e ss ion  for ve r t ex  sound speed:

cos 0 ,

‘is

~~~~ LL~~LJ~~~. ~~~~~ ~~~~~~~~~~~~~~~~~~~ •
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where

00 and c,~ are ray angle and sound speed. respectively , at the same depth

The sound-speed profile , ( ‘( Z) .  is a sing le-valued function of depth . The inverse
of (YZ). depth as a function of sound speed, is mult ivalued.  Thus , g ive n ( . .  a number
of values for the vertex depth . Z~. may be obtai ned. Given a sound-speed profile and
t he depth an d an gle at which a ray starts , one upper and one lower vertex depth can
he found by scann ng the profile upward and downward t’rom the start ing depth and
finding the depths (upward — downward ) at whic h t h e  ray achieves the sound speed (~~.

~~~~~~~ Time ray is confined between these upper and lower vertex depths , and mirror-image
paths are produced as the ray travels on. In some cases ç is greater t h an any sound
speed found in the upward—downward scan of (lie sound-speed profile: th is  indicate s
tha t  the ray will strike (lie surface or bottom of t h e  oceaii. In th is model these
boundaries provide mirror images of the path with range and give the same replication -

of ’ path as it ’ ( lie ray had gone through a refractive turning poi n t. Once a ray is traced
f’rom its upper vertex dept h (or (lie surface ) to its lower vertex depth (or the bottom L
one-half of a cycle of the ray is obtained ( in  range versus depth ) .  The second half of ’
the cyc le is obtained by annexin g the mirror image to the first half. As many cycles
as desired can he appended to extend t h e  horizontal range of (lie ray . Th is model
uses a maximum of 30 cycles (up  to 30 cycles appended to points omi (lie basic ray
pat h in the first cycle ) for both active sonar two-way propa gation loss and passive
one-way propagation loss. The program user can specit ’y the niaxin ium number  of
refractive cycles or bottom bounce cycles to he used .

This model is concerned with tracin g rays between several depths . comput ing
p ropagation loss for the resultant ranges . and using these losses to determ ii ine  the sm g-

nal re turn ~rom a target or (he reverberation fron i sur f ’ace. botto m , or volume
acoustic scatte rers . Thus , rays are traced t’rom t ransmi t te r  depth to target depth .  as

well as to the surface and bottom. Wh en a ra is traced froni otie depth to another.
five ray parameters arc calculate d (‘or later use in the calculat ion of propa gation loss

an d for int e rpo l at io n : abso rptio n loss . II ,, . range . R. ti m e. T. d e r i v a t i v e  of range w i t h
respect to st a r t in g a ngle . D. and houndar  (cc- i , 13. i-~ r ( -ont ’c’nien ( ’e in •c iih. s r ipting . A
i t / I l  be used f o r  HA i/i 11w J o / /owing  di,s’ u.ssioii. The param iie t ers  -I - R. T. I) . and Ii are

— associative from segment to segment oil a r ay path , so t h at several segmu e nts  ca n he
annexed together by adding ( lie correspondin g coniponent s . ’I’he parameters for a path
seg ment can he thought  of as forming a vector space

[ = ( l . R. T. D. B)

where the l ine a r  combinat ion of ( lie component s  is the only propert y of in t e r e s t  i i i

t his study (sca lar product and norni ha v e no physical signi f icance here ), I ’  vv~h l be
used as a sh ior thh and m i otat iom i fo r  i t s  components . a nd wh en V m s  subscr ipted ,  the
subscript app lies to eac h of t he components .  •-\ n e’va miip le of I ’ f o r  a ray traced Iron
dept h ~i to dept h  h i~

= ( - I , .  Ra i .  ~ zi,’ ~~ ‘~ah~
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One of (lie many possible range components , Rai,~ 
is depicted in Fig. 8.

Because of (lie cyclic nature of the ray path , t h ere are an i n f i n i t e  number  of
vect or ’s Vab which can connect two depths . Thus , foll owing the dott ed ray path in
Fig. 8, one can see that  the pat h wi ll cross dept h s a and h i n f in i t e l y.  A r ay path  con-
nec ting two depths which does not contain cyclic components or mu irror iniage com-
ponents about some vertical (range = constant )  is defined as a ray pat h segm ri en t.

In computing propagation loss from t ransmit ter  to target , it is on ly necessa ry to
t race t h ree segments: ( 1 )  upper vertex depth or surf ’ace-to-tra nsni i t ter  depth .
( 2 )  transmitter depth to target depth , a nd (3 1 target dept h to lower v e r t e x  or bottoni
deptli .* These segments are dep icted in Fig. 9 . w i t h  one of (lie vector components . R.
t h e  h or i zon tal range , also shown. The vectors resulting from cal cula t ing the segments
are

= (A
~v . Rsx . T~v . D sx. Bsx )

= (A~~~ 1.. ~~~~~~~~ 
‘TV! .. DxT . ‘

~XT~~

R a n9e

R~~~ -
~~ 

R
i

a ~~~~~~~~~~~~~~

b ~~“ — — —

/

~‘I , r c  8. Range conlpo n cn m and r anr~’ v d c .

lie ’ ,’ se gm ent s  apply when tran smit t er depth is tess than  th e t ar,~ei depth. Ii the t r ansmi t t e r  depth equals
the t i r e d  d ep th .  then  scement 2 is nu l l .  I t  th e  t r a n s m i t t e r  and marg et  dep t t i ’~ are reversed, then  “ir, in s m i t t e r ” and
“ m ar c e l ” desi~ iij t i ns in th e  descr ipt i on it the  m hree segments shou l d  he s-s

27
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Range

~ 

~~~~‘~sX
_1 

~-.s—
R

XT _’.. 

,

~~ 1 ~ T8 surface dep t h

Z ““‘‘ ‘.,J I transm itter depth

z __________________________________ __________________________ 

targe t depth

bottom depth

Z l igur e 9. Path segments.

and

~~ IB 
= (A TB’ RTB. 7

TB’ 
DTB. BTB

)

where the subscripts imp ly (he following:

SX —
~ surface to transmitter - ‘

X T  - transmitter to target

and
TB -~ t arget to bot to m

The B components are
= 1/2  X surface-loss-per-bounce or zero it ’ the  ray does n ot st r ike

t he surface

= 0

and

137fi = 1/ 2  X b otto n i-l o~s-per-bo un ce or zero if the ray does not strike
th e ho t tom

Once t h e  pa th  segments are determined for a given star t im i g amigle at the trans- - -

in i t ter , the y  ca n he combined through addi t ion  to give four basic path t~ pe’~ These
bas ic path types are i l lus t ra ted  in h :ig. 10.

_ _ _ _ _ _ _  
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Range
surface depth

path type 

tr a~~miUer depth

Figure 10. Four basic path types connecting
tra nsmitter and targe t depths.

The vector representation for (lie basic pat h types is

V1~~~~~~k T

1 2 = —~
‘ 5:,%’ + V VT

( 2 7 )
V3 = V,~~~+ 2 t ’ 1.8

V — “V + 1 ’ + ‘iV
4 

— — St  VT — TB

I I t esc  f’our basic pat h types are (lie only ways in which ’t a ray wit h angle ±0~ at th e
t ran: ;m~t t e r  can t ravel from (lie source to (lie target depth wit h out comp leti ng a e cle
T h e  vector describing a cycle is

I

V~. = (
~ ‘~‘v + V k. T + V !.B ) ( 2 ~~)

All  possible pa ths  and their  parameters from (lie source to (lie target may miow be
desc r ibed by

= V + n V ~,. . k 1 ,2 ,3 ,4: n = 1 ,2 ,3...., ( 2 9 1

29
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where

= is the vector whose components are absorption loss , ra nge , ti me, range
derivative , and bounda ry loss *

Equations 27 — 2 9 define every possible path connectin g trans m i t ter  and target
depths . given that  the complete ray pat h has a maximum sound speed 

~~~~
.

Selection of Starting Ang les. The ray pat h s of the previous sect ion all had t h e
same absolute start ing angle at (he source , 0~~ 

- Giv en  (lie maxim i iun i sound speed (~~~.

is given by Snell’ s law , E q. 18 . as

± ~~O5

Th is model considers two categories of rays . thiose which u l t i m a t e l y  strike t h e
bottoni and those which do h o t .  The former category is called the bottom bounc e
( R B)  propagatio n mode , and (lie latter ,  the convergence zone ( ( ‘Z) **  propagatiom i
niode. For RB rays (~ exceeds the bottom sound speed. c8. For (2 r ays 

~~~ 
is less

than For each propagati on m ode . BB amid CZ . 40 c’s are selected , g iv ing  a to ta l
of 80 uni q ue 0~ ‘s. By using both positi ve and negative va lues  (‘or . 160 ray pa ths
are oht a ined.

The 40 BR (~ ‘s are selected b y using the equ at ion

— _____________________________-. 
cos lO 01 - ! h — e x p ( / / 4 1 1 ( 0 0 -

~~~~~ 
)~

w h ere

( is (lie jt h i ve r t e x ing  sound speed to he used in ray t r ac ing

C1 is the sound speed at t h e  source depth

= 1 .~ 53343033 , t h e radia n val ue for ~~ deg rees 

and

08 coc t (C ~, / ( ’8 ),  (~ < ( ‘
B

= 0. Ct- ~~~~B

is the angle iii r a d iamis  at (lie source depth of the r t \  w h t d ’h J t i s t  ~l’a/es

t he hot toni

~Ttic boun da ry ’t i ’s~ component is one-half mite actua l toss , s in se  the seem en t s  con ta in in e  n n Icr , h ound ’

ar ~ tosses are a lw ay s  doub led in E q .  27 .
Thi s categor izat ion is somewhat  arb i t ra ry  in t ha t  refracted and su rt a c e ret lected ra y  path s I re , i i s s i

inc iuded.
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In additio n , each of the following sound speeds is included in the set if it is greater
tha n both (~ and

(‘ +6kM —

whe re

is t he surface sound speed

is any re la t ive  mn aximi ium in t h e  sound-speed profile

and

6 is a small constant increment

Selection of (he 40 v a l u e s  of ’ (~, (‘or (lie (7 propagation mode is as t ’o lho v vs: Firs t ,
all i nterface sound speeds are found v vit h values l , et vv ec n amid 

~
‘
B ’  Fhi e n  6 is sub-

tracted fro m each and thie res tm l t  stored. If (lie imi ( erf ’ace s oummid speed is a re la t ive
max imum . 6 is added and (lie result is included iii the set. T h e  sur face  sound speed
is treated in the same way as a re la t ive  m a x i m u m .  The source and target  soum ’id speeds
plus 6 are included in the set Then all the se sound speeds are ordered iii increasing
magni tude .  Thic spacing between successive sound speeds in the ordered set is
examined , and more sound speeds . approx i m a e l ~ evemily spaced.  are added to the  set
to fil l u p an arra y of 40 vertex sound speeds.

T h e  RB and CZ ver tex  sound-speed ar ra y s  are used as drivers to s tep  through (lie
sta rting angles at the source , They have lieemi ch osen to reduce caus t ic  e f fec ts  and
accurately outhine  the shadow zones, These set -i ot ’ e r t e \  sound speeds also produce
ro um ghl y evenly spaced range values he (wecmi successive rays f ’or average  sound-speed
profi les with - i  the (‘o ll owing  qua l i f i ca t ions :  in range region -i s w i t h  h igh l y  f l u c t u a t i m i g
propagatio n l osses . (lie rays tend to be spaced vcr ~ close together  ( s a y . 0. 1 ky d  I . and
in -i range regions wi th  slowly vary i n g  propagation losses , the ray s are spaced fa r t h er
apart  ( s ay .  2 k y d ) .  The angular  coverage I s i~~~) degrees:  t h u s . ( l ie ocean is e f f e c t i v e l y
t i l l ed  w i t h  sound.

Ray Path Interpolation. Ray-tracimig m e t h ods invo l v e  specif \ rig a ray s s t a r t i t ig
depth an-id s tar t ing angle (or i t s  equivalent . v e r t e \  soumid speed) am i d t s t l ( o v v  ~n t ~ the r ay
t h rough (lie mediinni to see where it goes. Range an - id range den iv  , i t t v e  are o b t a i n e d .
f rom whic h p ropagation loss cam i he calcula ted .  Range aiid range de r iva t ive  are o t m t p u t s
of ( lie ray—tracing algori t h m. But t’or excep t iona l  cases , a s p e c i f i c  range i i i  a g iven
depth  ca nn ot he produced ex cep t  by i t e r a t i v e  t e c h n i q u e s  or i n t e r p o l a t i o n .  I’h ie (ccli-
n iq l m c  for p roduen ni g  propagation loss fo r  s p e c i f i c  ranges  beco m es a p a n t  of the  model.

3 1



For interpola t ing propagation loss between adjacent rays of the same c)ass , this
model uses an interpolat ion techni q u e wh ose basic assu m ptio n is tha t

II = 20 log (R ’R ~) + I l~ 30

where

1/ is propagation loss at  ramige R
and

11~ is a ret ’eremiee propagation loss at a re ference range R~

Two adj acen rays at a givemi dep t h  prod uce (lie propagation losses f I,~ and I I ~, at (lie
ranges R0 an-i d R,,. 1- q i t a t ion  30 can themi be solved for R 11 ari d 1/

~ to produce the
fol lowing equa t ion  for 11:

ii - 2 ~ II / 2 ) )
11 = 20 log It l -I” I 0 ‘~ + F 10 “ I

where 1 3 1 1

R - R
F = R -Rb

Thie computer  program interpolates mi I ‘ky d  increment s .  ‘I hu s , i n t e rpo la t ion  is
made for prop agatio n - i  loss (‘or all im i teger  ramig e values be tween  R~ and R,, . ( orrespond-
ing ti mi ie s  are obtained by linear interpolat ion.  Th ese times are used la ter  ( ‘or interpo-
lat ing reverberation arrays.

Interpolation between successive n ’a\s m ea nt - i  t h a (  t h e  t w o  rays h ave succes sive
ve r texing sound speeds in on e  of the arrays: these arrays are arranged e i ther  in - i
i ncreasing mi iagn it1n de ( for convergemice- zomie loss) or decreasimi g niagmii t u de  ( ( o r
botto m-bounce lossi , Also. the ray pat h s must  be of the san e class : both  ray pa th s
must  h ave t h e  san-ic value of ’ /i and n for (lie J 

~ 
def ’i ned in F q . 2~ . In Fig. 1 1  ra~ s 1

and h would he in t e rpo la t ed , but  ray e would not he in te rpo la ted  w i t h  e i t h e r  r ,i ’~ a or
ray b . even th ou gh - i ray c has the  satii c ver tex  dep th  as ra~ a anid (h - i c m ex t  succe s s ive
ve rte x dept h conipared to ray In , The key to t h e  i n t e rpo l a t i on  lies in (lie pa th  t~ ~~L’ A

amid cycle number  n sub scri pts . See i ’ ig .  10 and i’q .  29 to o b t a i n  r e l a t i o n s h i p s  it t
i :i g. I I

‘I ’hcrc is one ver y in ipor t ant  except io n - i  to (he in te rpo la t ion  rule of omil y interpo-
la t i ng between successive r a y s  of the same class :  (lie LOR -\ program does not calcu-
late rays whic h v e r t e \  e x a c t l y  a the source  or target  d e p t h s :  tI m e ra~ s e r t e x i n g  near
these dept hs h ave ve r t ex ing  sound speeds s l i g h t l y  large r (b arr the  sound speeds at  t h e
source and t arget  depths . I f  (lie source or ta rg e t  dep th  f a l l s  in a re g ion -i of t he  sound-
speed p r o f i l e  where the sound speed ch anges very slowl y w i th  depth . a r ,t~ \ e r t e \ i t i g
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Rais ge

int eg ra l v al ue Ra Rb A

~~

I -  i gu rc I I  - 1 \ a i t I  pie ol ray in t erpota t ion -

near th ie source or target depth may travel (‘or several k i lo y ard s hef ’ore it  recrosses t h at
dept h . The d is tance  between crossimigs. as depicted b y t he ‘‘hiole ’’ in Fig , 12 . is o m it t e d
fro m imi erp olatio n if the ru le t h at “only ray s of (lie same class na y  be in te rpo la ted ” is

f ’ol lov ~ed , This is an un ace~pta b le li m i t a t ion  in the  im i t e rpo l a t n on  scheme , since chang-
ing the precision of t i-ic calculations can change the size of the “hole. ” For a ray that
v e r t e x e s  very near the source and target depths ,  in te rpo la t ion  is acco mpl mshed
between the ray path of the first crossing and the san-ic path at the second cro ssing.
ev en t h ou gh the ray pat h s cons t i tu te  two dif ’f ’erent classes . TI - ins in te rpola t ion  sc l ie t i ic
is reasonable , sit - ice -f , R , T, D , and 13 are comi t inuous  iii (he a ff ~’cted region.

Another  special ease arises when source and ta rge t  arc at the same dep th . ‘I hie
f i r s t  raY , evem i though t it has a ‘.ery  small s ta r t ing  angle , often produces a range value
of niore t hi a t i  I ky d whet -i i t  crosses th e target  dept h . -E h i s  case is dea l t  v v i t h i  ea sil  by
set t ing  Ra to 0.001 kyd amid li~ to 0 dB. (lie reference v a l u e s . an -id l i v i n g  I q 3 I (‘or
inter p olation. ,-\ l inear  interpola or for propagation toss v e r su s  range would be m ae-
cu nr a t e ,  hu t  l :q .  3 1 produces accura te  sp h erical spreading v a l u e s ,

i n t e r p o l a t i o n  i s nor n a r l y

_ _  

A ’
ta i - I  dept h ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

artge

I i - i r s ’ 12  Ilie “hole ” in the u n l e t i l , i i i n scheme
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Equation 3 I is valid for interpolat ion for short ranges , hut  what abo ut long
ranges ’? Interpolat ion between succes sive rays spaced a few ki loyard s apart at ra nges
exceeding 10 kyd is so close to l inear  interpolat ion - i  that  there is no mioticeable
dm ffere m ice ,

Beam Pattern Correction to Propagation Loss

A beani paUerii is the re l a t ive  response in decibels of a transmi’ l it or receive array
of h ydrop hiones as a fumiction of some angle, Sit- ice ray pa ths  im ’i t h is model a re all
comi ( ained in t u e  vertical it l an e , tile re sponis e need only be known as a func t ion  of
vert ical  ang le in -i the vertical plane throug h owmi-s hi p amid ta rget positions. The amigle
of maximiium response defines the miiain a x i s  of a bean -i pa t te rn .  The angle that  th is
a x i s  subtends  wi th  thi e horizontal  is called t i -i c depression—elevation I I )  F )  amigle. I h e
maxini umi’i  response is 0 dB , wit h all  other respom ises measured relat ive to i t .  The
ahscissa l amig ular va lue s used in det ’i n iri g (he response (‘unct ion are posi t ive  when
measured downward (c l ockvv is c)  w i th  respect  to the main ax i s , Since the maxin iuni
of t I e  response (‘unc t ion  is 0 dB. respon ses at  all oth er angles must be less thani  0 dh 3 .

Beam ii patter n is as inputs  to the compute r  program - i -i are represented as piecewise
li near f ’um nct ions of amigle , and the response v a l u e s  are in decibels Jomtn from the
main  axis  response. l’hus , al l response va lues  a re ente red as posi t ive numbers . an - id
t i-ic program makes (lie change of sign at the t ime of imiterpolatiomi . Intermediate
respo nses as a func t ion  of angle are obtained by l ine ar interpolation. Ti-ic remainder
of ’ (lie d isc u iss i om i  here wil l  t rea t  responses as n i egative . according to (lie usual
def ’in i t ion .

I f- i c computer  program uses thi e t h eoretical response of a long l ine as a det ’au l t
f u n c t i o n  for beam pa t t e rn .  Both the t r a n s m i t  am i d receive beam I a t t e r n s  can be repre-
senited by th i s  fum i ct ion . and each can have  i t s  own res~ ect ive hea mwid (h i . 1 t ie
re spon se funct ion for a comitinuous l ine of l emigth ’i L is~

sin (~~~ sin ~~~~~~~~

= 20 log ( 3 2 )

where

is (he w a v e t e t i g t l i  of t i - ic  acous t ic  en ergy

ç
~ u s t u e  hook-a n g le  for c a l c u l a t i n g  response

~~ 
is (he depression angle of the ma in  a x i s  am i i h  is obta ined  by mechanic .u l  l~

- 
‘ rot , u t in l g  (lie l ine  a r r a y , m i ot e l cctr o ni c .u l hv  s t e e r i n g  i t

34
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Equation 32 can he repre semited in terms of ti -ic absolute value of’ tui e m ain-lobe half-
power beaniwidth i  2a as

irL .
I ~~ sin ~ )

B (a)  = 20 log — = 20 log irL .
- -X— sin cv

The above equation is in t h e  form

— sin x ( 3 3 )

VI

vvhere

irL .
= — sim i~~ (3 4 )

Solving Eq. 33 for .v nu mmer ica l ly  gives x = I .39155738. If th is value for x is used mi
Eq. 34, th ’i e bea m pattern response function of E q. 32 can he wri t ten  as

119sin l —3 ~— si t - i I
~~~ l) I)

B(~ ) = 20 log 1 19
‘~;—~~sin I~—~~I

where

2a is ( l ie be amwidt h i  at 3.0103 dB sh own on each -i side of (lie main lobe

The ac t ive  soniar eq t ma t ion . l’ ’~, 5, includes (lie tern - i - i  /12 . which is two-way
propagation loss )‘rom i ( lie source to t hi e  target  anid hack  to the receiver p l u s  sign al
degradat ion caused by t i - i c t r a n s m i t  amid r ece ive  beam Patterns.  It  is convenient  at t l e
t ime  of ’ i n t e rpo la t ing  for propagat ion loss to use F (g iven by E q. 3 I ) to in te rpo la te
l inea r ly  (‘or the angle at t i - ic source—receiver.  Tim e beam pa t te rn  response is obtained
by in te rpola t ing  t h e  n n i p u t  t r ansmi t  and recei ve l’iearn pat terns  (or  by ca lcu la t ing  the
strm ( v t v  response fun i c t i on  1 u s ing  t i - i c  angle at t h e  source. These bcami’ i pat tern values
are added to I wo-wa~ prop agat ion loss and t h e  re sult  is called 11) .  The total  (ra n ts-
mi t  and receive beam p at terni  degradat ion is l/~. which  is used in - i l ab l e  I

I -  x c e p t  (‘or su r f ace -duc t  propagation loss ou tpu t s , the  LORA program nes er
d i s p l a y s  t rue  t v 5  0-way propaga t ion  loss a l t i e s :  all  disp la~-ed values conta in  beam p a t -
f er mi correct ions . I f  the  user desires to see uncorrected propagatio n loss out p u t s . lie
should i n p u t  an o m n i d i r e c t i o n i a l  beam pat tern , t h a t  is. iero response for al l  angles ,

35



MASKING BACKGRO UND

The total masking background level . ti , may be decomposed into  two basic
components , total  noise level , L~ . and total reverberation level . LR .  Both noise leve l
and reverberation level are expressed in decibels (re  I ph ar  and , wh en added inco-
hiere n t ly ,  yield n -iasking le’. e l :

1. ~10 I. l i t )
.1I l 0 l o g ( l 0 ~~ ÷ 1 0 R

T u e  quan t i ies L .~ and LR are composed of pr imary sources of tioise and r everber at ion ,

N oise

The tota l  noise level is assumed to iniclude bot h se l f -nois e  and ambient  nioise ,
Self-noise . L . is p r imar i ly  composed of electrical receiver noise. ot h er electrical in ter-
ference , and acoustic n ioise genera (ed by owni-s h iip mot ion  amid ma ch inery - A m b i e m i t
noise is produced by rain amid wind agi tat ing (lie ocean surface ,  d i s t a n t  sh ipp ing .  at - id
biolog ical a c t i v i t y .  Data (‘or t h ese sepa rate noise components are d i f f icu l t  to ob ta in :
measure n ien its of (lie equ iva len t  isotropic noise spectrum level . \~ - are more readi ly

~u ’ I  ~2 -ava i l ab le ,  —

As suming  the  n oise to be isotropic an - id noise spectr umm level  to he cons t an t  u S  er
(lie r e c e i v e  hand.  t i - ic  e q u l v a l e m i l  to ta l  p lane-wa v e  noise level  i n ti - ic ac t ive  band is

~~ — 1) 1 + 10 ~~ 
Sc )

where

u s t u e  niouse s p e c t r u m  l e v e l  ( dh 3 re I p ba r in a 1 — h i t  b a n d w i d t h  I for t i c  as t i c
receivi ng t r eque nc~ at (he receive .urray I w i t h  sell ’- t io u s c added u t i c o h i e n c u i n l y  I

/i/ is t i m e dn r e c t u v u t v  index ot t ime  rc ss ’i v e arra~
ki n d

us t h e  receive band si, ( hi Ii u I i i )

l’iie user may enter  h i s  own va lue  for  d i rec t i v  m t y  i n d e x ,  O t h e r w i se ,  lie hias ( l ie
opt ion of using an approx imate  expressu ot i  ob ta ined  u s ing  h ori ion i al and ve r t i ca l
hi a l t’-powe r h ea mtiwidths . .~~

() and -~c

= I , i f - 4  ~~I )  -
~~ 0 ‘~~ ~~H ~in d - -~- ~~ ~~~~~ 4 ~~~~

,

= 0, o t h e r w i s e
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wit h

DI = 10 log 
1C2~~ 

~~

II b (0 .~ ) sin ~ dç~ dO

( 3 ( i )

= 1 0 log [ :~ 
(~~)]

wh ie re

DI is directivity index , given in Urick *
h (O , Ø) is the beam pattern ( in t ens i ty  rat io )
O is ti -ic az imutha l  ang le

~ is (lie vertical angle

is ( lie horizontal h ia lt ’-power b eamii widt h i  in - i radians
and

~~ is (lie vert ical  half-pow er heamwidth  in radians

Not ice that  for omnidi rec t ional  transmission in thi e vert ical  plane. t h a t  is . ~~ =

Eq. 36 giv es

2ir - . ‘ ‘ -DI = 10 log (~~ ) (ve rtical on i in ind i r ec t n ona l , ty )

wh ic h reduces to zero if the h iori 7on t al bea ni iwid thi  is 2ir . With h orizontal hea mwid thi
and vert ical  be anm widt i i  mt - i degrees . ( lie d i rec t iv i ty  index of I-q - 36 is

I 360DI = 10 log [~~0 sin (0.0087266463 ~~~)

The di rec t iv i ty  ind ex ns only  used to ca l c t m l a t e  the h and h eve l  mm oise . I ,,~ , a t  t h e  o u t -
— put  of ’ the bea mtornier , OI ’ en , nn s y s t e m  s tud ies . L~ is k n o w n  and need not he calcu-

lated by using Eq. 35 , hun t  i n s t e a d  can he entered d i r e c t l y  :us a p rogra m im i pu t .

5* ‘ Re i  l t , p . 45
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Reverberation

Acoustic energy generated by t h e active sonar transmitter propagates throughi
the ocea n niedium . reflects and reradiates from a tar get,  and propagates back to the
sonar receiver. Thu s re turn energy is ti -ic signal. Some of the energy putt in - i to the water
by the active sonar scat ters  from -i - i the ocean boundaries , ti -ic surt ’ace a n d th e bot to m .
and from volume scat te r ers  such as marine organisms , b u bbles . and suspended partic-
u hate matter.  The retur n -i emiergy from scat ferers other t h an hie target us called reverb-
eratio n. Reverberation masks t h e  signal . j ust as does noise . hut  differs from -i -i noise in
i ts  spectral charac te r i s t i cs . Noise has many freq uency comi’ ipomients ov er  a broadband.
Reverberation is narrowband . w i t h  (l i e same frequency as thie transmd t’requency

- ‘ except ,  perh aps . (‘or a smal l f reque n cy sh it ’t (doppl e r) due to t ransmi t te r  motion
re la t ive  to t u e  et ’iviro nni icn i t ,  This model assumes that  (lie t ransm uu i ( ter  is s( atiomiary
relative to t h e  emiviro n umeni t amid (h at t i - i c  doppler correct i on is made to t h e  signal
because of target mo( ioni along the range track between ti - i c source and (lie target .

There arc t h ree component s  of reverberat ion level t a l l  levels g ivem i in decib e l s)
surface reverberation - i l eve l . L5. bot tom reverberat ion level .  LB. and volume rcv ’erhcra-
(ion leve l , L~ - I’h e t o t a l  rever b era t ion  1ev - cl ,  LR , is expressed i n ( err - i - is of these conipo-
ne n i t s  as

I - i i i  / in  I, t i n
= 10 hog u h o s + h o ‘~ + 10 I ( 3 7~

l o t  each sca t ter ing  mech anism.  t u e  L O R A  model uses only  backsca t t c r i m i g :  t h at is ,

( lie propagation pa th  to (he sca t t e r ing  cemuter  is idemi ( ica l  to t i le  pa th  (‘ron - i -i t i - i c s c a t t e r —
imig cen te r  hack to t u e  r ece iver

The  bandvv id th  of e tierg y ret u rned froni sc a tterer s may be broadened due to the
di spers ive  e t l e c ( s  of (lie sca t t e r i t i g  t i ieehmani i s mu ~ . -\lso . (lie surface (wa s-c mot iomi  m i t a y
cause a sh ighi t  ( ‘requiem -icy sh i f t , w h i c h  is of ’ in te res t  in i i igh ’i—reso lu t ion  sonar s . These
e f f e c t s , however , arc not considered here .

Both - i s u r f a c e  arid bot toni  rever b er a t io t u  are strongly dependeti t  impo r t gra,’un g
amigle and bou n dary ro u gh ness Volume re v erbera t ion  is ni~m mm i lv  chi a ra ~’te r i ie d h iy (lie
biological  organisms con posimig the  s c a t t e r i n g  l a y e r ,  [lie sca t t e r ing  av er  ex t emids  in
depth - i  to about 2500 t’cet and is s u i b j e c n  to large d iu rna l  h lum e (ua t ions .

Regardless of ti - ic sca t te r i t ig  mec l ian i is n i  encountered ,  unwan ted  energy re turned
to (lie source is s t r o n gly  a f f e c t e d  by the  acou st ic  propagat ion pa t h s . h3 ot h i su nr ( ’ace
reverberation and volume rev e r h e r a l i o m i  can i n c l u d e  direct .  sm mrf ’a ce—d u c i  , hot to rn —

4 boun ce, and convergence- t one pa ths . Bottom reverberation can inc lude  d I r ec t  arid
su nrf ’ace-bounic e pa t h s.

TIme s c a t t e r i n g  s t r e n g t h s a t t r i b u t e d  to (lie v a r u o i u s  avers  of sca lter ers  ti i :i\ he
represented appro x im i ia t e ly  l’u~ a s ing le  num ’nb er . (h - i c s c a t t e n i t i g  st r en ig th  imitegrated over

38
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the water column , t h iat is . ( lie column scattering strength. Such an a p p r o x i m a t e
representation allows the volume element of scatterers to he replaced by au cfl ’ec t ive
scatte r ing “area. ” This concept is consistent wit h most ac t ive  soniar sy stems opera t ing
in deep wate rs, since most currently operational sonars employ pul se lengths exceed- —

ing 100 ~z ’s. Pu lse lengths of th is  order correspond to resolut ion I em u g t hs  on the  order
of 2500 feet , (‘on seq u en tl y. ensonificat ion of the entire scattering column is u s u a l l y
ens ured.

A general expression for reverberation level from one scatter ing source ma y  be
wri t ten  in the form

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) 3~~)

where

L0 is (lie source level

is the t ra m - i sm i ( hear - i - i pat tern response
BR is the receive beam pattern response

is the  ray angle at the t ransmit ter  (and also at (he receiver )
I/~ is the one-way prop agation loss for a ray propagat ing between (lie t r a n s m r m i t ( c r

amid k ( Ii  s ca t t e r ing  e lement

is time h acksca (ter ing  stre n gt h of the  kt lu  sca t t c r imig  ele m ent  and is 10 log of
(lie r a t io  of ’ i n i t e n s i t y  in - i the  d i r e c t i o m i  of backsc at ( e r  at  I ~ ~urd f r o m  time
center  of a scattering e l c m u i e n t  of area -i , to t i - i c  i n t e m i s u l y  of a p l . u t i L ’ vvav  e
i ncident  to ti - i c ehen ui ent with - i  angle ó~

us Ome effective s c a t t e r i m u g  area 0) (lie k t im s c a t t e r u t i g  sur t ace  or ( l ie  cr 5 15 -i -

sec t ional  area - i  associa ted  w i t h  c o l i m m n m i  vol t i m i i e  s c a t t e r i n g

a nih

- 1 us a re lere ni ce area v~ h i i c i u  has  l ie  sau te spat ia l  u n i t s  ,us : i c e i e m t i e n i t pu . ) d l i c in i g
: 1  i v  I ‘~ d in - i t h e  [OR  \ mo d eh

Vs :u t so ni  and  \Ic( mrr t desc ribe a tec h n ique  fo r  a p p r o x i t t i a m  ing t ime  cf ’f e c t t v e  t o t a l
sca t t e r i t - i g  areas (‘or (lie su r face  and b o t tom backs eat  te rc rs  as vs e l I  a-i tIm e equi s  a l e t i t
s c a t t e r i n g  area or t h e  b a c k - i c a t t e r u t i g  w a t e r  co lumn - I a i i h e  3 s u i t m i m n a r i i e - i  t im e - i c
approximations . I t  (lie u n i t s  of (l ie ‘i c a t t e r i t i g  areas in I ab le  3 arc a dj u s t e d  to square
~ :urd s . ( l i e u  t u e  sca t  t e r m n u g  areas arc n u m i i c r i c a l l v  equal  to - 1 .  h~ ot  I q. 3.s l l’i e p ara ni -
eters iii the ex p r c s v i o t i s  (‘or - i c i t  t e r ing  area are: (~~~. 

( 
~ 
, a mid 0 . sot inid speeds ,i t t h e

ocea n su it i ; i cc  . ocean b o t t o m ,  and cem i ter  of time ~t r l  n ine s c a t t e r i n g  co lu t nn  . — :~~ -

amid 01 u n c l e s  doss n-i t r o u t (he  h o r i z on t a l  for ray s in c i dent  at  ( h u e  su i r t . i ~ c. hot  i n t f l  arI d
vol n in e sca t te re rs , T . puke l em gt hi  : R . h ori ,or ’i al ra tig e : ~ 0 . h o r i z o n t a l  b e:uuii s s id t  it -

i )
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Table 3, Appr osin i at ions for s ’ t icc i i vs’ scatter ing areas for -
:

sur fa ce, botto m, an d volume backscat te r s-

Reverberation Scat tering S~ i i me r i n g
Source Strength -5.rej

Surface S~ Ii - 2( s~ 
iR~ O - ~~~~~

Bottom SB I I

Volume S~

Surface Backseatter ing Strength. For surface h ackscat t er ing strength . S5 . t i - ic
LORA model uses the Chapman—Harris expressions for diffuse backsca (ter ir ig .23

merged with Eckart’s high-angle expression for facet reflection - i  I’roni the ocean stir-
face,24 ’25 and interpolated values representing Ric h ter ’s d ata 26 f o r  low grazing
angles. The empirical Chapman—Harris expressions apply (‘or grazi ng angles from 10—
20 degrees to 40—60 degrees, depending on wind speed. TI-ic ( ‘h iapn i an— hl arris  expres-
sions for backscatteri n ig streng (hm . S~11. are

S~.1, = 3.3~~ log (~~!3O)-42 .l  log~~+ 2 , ~~
I I.)

= 41.6 ( ~~~ j i / 3  
y

U S S

wi’iere

is (lie grazing angle in ihegree s at (he surface

VK, is (he wind speed in knots

and

j ’is (he frequency in kilt

F ck a r t 24 de rived t h eoretical  equat ions  for  surface hack -icatte t inig str cnug tii (‘or
sound impinging or-i fl-ic ocean-i sui rt ae e at angles steep et i ough to preclude self ’-
shm adowing at  (lie surface ,  u i - i  general expression requires km i ow l c dge  of time spatial
spec t rum of the surface sv a v es:  the ocean -i sui rf ,t ce m uSt he described h’s two cotlipo-
nents of (lie surface wave-number vec tor ,  depending on-i f lue direct io n - i  and wavelength
of’ the sinusoida l connponents of ti - ic sur f a ce  waves - Vs I i i  t h e  ‘. l n i p i i f i c a t i o n  t h uat  t h e
wavelength of (h-ic inc ident  sound i-i much sh or er tha n  ti ’ie ocea n s u r f a c e  wavele n gt h s
rcflec imig the sound. tu e t’ollowing e\ p r c s s uo m ’u s describe surface back -icattering strength :

S, = — l 0 l o g ( 8 2 - 2 . l 7 a 2 cot 2
~~5 1 40)

where

a2 = 0.003 + 0.00294 ~~ , (mean-square waves lop e I 141)

40)
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is the grazing angle (off the horizontal ) at (lie surt ’ace

and

is (lie wind speed in knots

( ‘hapnian amid Scott 25 reported data for high -i angles of inicidence and recommended
(lie use of F.ckart’s theory , which they expressed iii t he forn n of ’ E q. 40. l’he~ alsorecon -imended (he Cox au-id Munk 27 empirical expression for random-direction
nuean-sc lua re waveslope giver - i by Eq. 4 1 , ni odit ’i ed for uni ts .  Inc ide ui t a l hy .  (‘ox an - id
Mun k also give with-i-ti-ic-wit-id (a~, ) and crosswind (a~.) mean-square waves lope s of

= 0.00316 It ’

and

= 0.003 + 0.00192 It

wh ere

J (/ is wind speed in m um s

Ti-ic LORA m odel does not consider wind direction. but  niay iii (lie future it ’ a s3 t i s ’
factory low-grazing-angle thu cory supported by data over the  lull ac t ive  sonar ( re-
quency range becomes available,

(;~irdner
28 (‘in -id -i sig n ificam ( h acksca t ( er in i g  at  low grating angles at time ocean  suir-

(‘ace (‘or 5-ki l t  sound. F h is reported data and theoretical derivation . wh ich u i - i c- i  d i f f u s e
hackscat tcr ing (‘ronu a self ’-shadowi ng surf ’ace, indicate t h at the surface hacks c . i tme r ing
strengths should he 20 to 40 dB hig hie r. for grazing angles less ( liar - i 10 degree s , t h an
t h ose predicted by t i-ic Chap man-Harris expre ssion s. . i - q .  39 . ‘\h t i io s t  ever ’s i n v e s t i g a t o r
in ( lie f ield w h o  tuoticed (hue h igh hackscat (er ing s t rength - is  at loss gra t ing  angles
a t t r ibuted  time effect to near-surface volume scatterers such as biological  organisms
or resonating air bubbles.  Gard n er ’s work shuows ti -i c t h eoretical possi b i l i y of h igh i
backscatt e n ing s t rength - is  at low grazing anigles . t~r m f ’ort un a t e Iy  lie va l ida tes  h i s  p redic-
(io ns at only one freq u nemicy , 5 k l l z .  i l l s  reported b a ckscat t er ing s t rengths  are 1 2 dh3
imig im er ti-ian Rich ter ’s data 26 at  t h e  same f ’rcquen ev .  Ric h te r ’s d a t a  spans time (‘req u iem - i
cues 0.~ -- l 2 ,8 kHz and ti-ic grazing angles 2—3~ degrees , Ric iu ter  ir ’u tcrpreted h i s  h igh
backscatter mng strengt h s at low grazinig angles to be caused Nv n e a r - s u i r t a c e  vo lume
sc: u t t e rer s , TI-ic trends in h i s  data at (l ie various f requencies  wou ld  seem -i-i to support
hIs  v iew , Sin - ice Richter ’s data spans the f r e q u e n c i e s , grazi ng angles , amid wit -id speeds
of i ntere  ~ . and since Ric h ter ’s d a t a  indicates  subs tan t  i a l l ~ hig h e r  va lues  ti - ian - i t h ose
prednc t ed b y i i i .  39 (‘or low gra t ing ang les . R i c h t e r ’s da ta  wi l l  he used for a lower
l I m i t  on surt ’as ’e bac k scat ter ing strength (‘or gr az i m ug a t ig l e s  of 0—20 degrees , Th is
chio m ec is a comnpro niu se iii Gardner ’s d i r e c t r o n .  for lie says  (hue loss -angle ha ,  k sea ( te r -
i ng st re n g hs are even h igher. Sini ce Ric h ter did not summarize his data as some
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(‘unct ion of wit -id speed . f ’requency . and grazing angle , a reduced data set based on h u is

reported dat a set will be inter polated.  The reduced data set is given in - i Table 4 In the

LORA computer  prograni the data is l inearly i n te rpola ted . w i t h  the appropri ate  eu-i d

value used as t i c  defaul t  v a l u e  if any of (lie parameters of ’ wind speed . freque n cy ,  or

grazing angle is out of’ range .

lat ,i e  4 . Reduced Ri~ h ne r  aat a  i i i r  s u n  ace

bac k seau ier i flg strength.

\Su n d Speed Wind Speed
S k n u i i s  2/I k i i , i s

Geometric
i req ueney Grazing Ang le. dc g Grating Ang ie, deg

6 15 38 6 i S  38

i , 1 5  — 57 —5 7 —‘U, —57 —4 8 —39

‘ 3  —5 8 -.63 —45 —Ss — Sn —39

4 ,5 —52 —5 7 — Si  — 5~ —45 —42

—48 —55 -51 -48 -46 —3 1)

Time model (‘or surt ’ace ha ckscatteri ng strength is a con ubinat ion of ’ ti -ic R ich te r

data.  t i-ic (‘hi ap rna n— H arn is expressions . and (hue ( ‘i iapni an—Sc off expressio m i s .  Surf ’ace

hackscatteri ng strength is calcu lated by each method for the  grazing ang le of’ in teres t .

and the  m a x i m u u r m  value is retaine d. TI-ic resul ls  (‘or sortie selected frequenci es amid

win - id speeds are , t lO W rt  in Fig. 13.

Bottom Scattering Strength. TI-ic expr ession - i (‘or ba cksc att e n in ig (‘ro n-i the bo t tom

includes a ter m for diffu se scatterin g at sma ll  ang hcs. in accordance wi th  Lam b er t ’s

la w. l ’luis tern - i - i wa -i derived by M ackenz ie 29 a nd merged Nv Vs a t s o m i 3U w i t h - i  a large-

angle face t  reflection ertn based oti Sehu t iii dt ’s data (‘rot -it ( h -ic \o r sve gi: un Se .u , 31 The

res u i t in g  expression (‘or scatte r ing s t ren g t h  mt - i dec ibe l s  (‘or 1 y d -  of ’ b o t t o m  measured

at I yard in - i the direct ion - i of ’ b a ck - i ca t te r in g  ts

S11 = h O  log (p 11 s im i 2 Ø~ + cxl’ f— IOU cot 2 
~ 

I I  (42)

ss l ie r e
( 1

p11 h O  ~ . amid is t ime hot (om it b ackseat  te r mni g  coefl ’icieni t

is the  h ot  ( ( t i l t  back s~ at  f cr in g  cue f ( ‘I cme nu (  in d B

a nil
is (lie tu r a ,’u t ig  angle at  ( l ie  bo t t om

i:i gure 14 shows l. an i ih c r t ”~ lass ’ s c a t t e r i t i g  f o r  I = —27 dh3 . f ace t  re f le c t ion- i  (‘or

ti - ic \ or sveg ua t i  Sea , and ( I t e  t i ue r ’g ing  ot ( l ie  two c u mr v i ’s r e su l t i ng  in I q -
~~
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Volume Backscat (eri ng S reng(h. The primary m echani i sm ii  responsible for vol-
ume reverberation consists of ’ migrating bio logical scattere r-i e su e n i d i n - ig  fron-i t h e
surface to depths of about 2500 feet . Often these scatterer s occur tn ident i f ia b le
layers which exhibit  a diurnal vertical mi gration. The scat ter ing  st rengths  of t h ese
laye rs depe n d on geograp h ic locati on a n d season as well as t u ne of da~ - Groups of ’

scattere rs have been known to collect and (lien disperse wi t h in a t ew  niinutes.  g i v ing
rise to transient scattering strengths of signif icant  ma gn i tude . 32 Co n sequent ly .  meas-
urements of vo lume scattering stren gth - i as a funct ion of depth.  vv hi l e  providing a
means of s tud ying the beluavior of migrat ing sc at te re r - i . do not yield va lue s  considered
stable enough for most perfo rmance pred iction efforts.

The LORA mode l uses ti -ic concept of’ hacksc atteri ng f rom a water  co huu n i n con-
t aining uniformly distributed volume scatterers. T h e  water  co hu num n is det ’mm i ed as a

column wit h - i I yd 2 cross-sectional area extending (‘rot -i- i t i m e ocean s u r l , u u ~ ’ to the hot-
tom of ti -ic deepest scattering layer.  I t  the back scattering coef ’f ’u c m e n ( .  p~ - or I ~ d

3 i s

known as a functiot  of depth . then (he column h ack - i ca t t e r i t i g  s t rength  S 1 .  can be
obta in ed by in teg rati ng

10 log 

~ 
10

p 1 
( :) / l O

wh ere

- is (lie depth of ’ the deepest scat t er ing lay er  m i  f e e t

TIme user mu u st  supply (lie value f o r  S1 for i nupu t  to (he I ( ) R .-\ compute r  p i o g n  . i mii -
He must  fi t - id data e i ther  (‘or co lumn st rengt h  or for u lcpth—d ep ct i i l cn t  ohu i m e  s c a t t c i  -

in g  s t ren igth  and pe rform - i - i  h i s  own nutmer i ca l  i m - i t e g r a t m o t . (‘omprehem ’ists e d i s~~u s s u o t t s

o( ’ eotuu mn st remigth  can he found in Ret ’. 33 and 34.

Reverberation Ray Pat hus. Rays arc trace d trot - i - i  (he souurce depth  to bo t tom.
surface .  an -id volume ba ckscatt ercrs . \1 a n y  dmffe renut cla sses of na~ p a ths  are d e f i n e d .  —

Ray pat h s wi t h i n flue san -i - ic class car - i be it ’i t erpo l a ( ed ~ ra y s  nt d i l ’t ’erent  classes c a u t n u t

he interpolated .

F igure 15 shows 17 classes of ray paths vv htm ch ma\  c o t t t r t h u i t e  (i t  ( h i ’ reverbe ra-
(ion level at (h - i c t i t l e ti -ic cchio retu rns to (he r ece ive r  ( ‘rum a t a rge t  mt / ui l c  l O i n s  is

the app rox ima te  re gion vs h ere (here e\ i s t s  sonic ray p:I t l l  1 1  (hu e  t a rget  wh ich bc - i  not

comple ted  a cyc le ) .  -\ t l  of the path - i s  i t t  I u g .  I S  are specular .  \ l so ,  t h ie  durec t i on i  f
ba cksc a t t e r i ng  is a long t h e  pa th  i f t h e  i n c i d e n t  ra~ - Pa thu s  4 and S in I ic 15 appear
to he r edu m d an t but are t i o t .  P , u t h 4 , it ’ con ti n ned , ss t u i l d  st r i ke  the bo t tom - i t . l i ke
Pat h  7 . P a t h  5. if con t i n i une d  . would t io t  s t r ike  the  b u t t  tu t u i , l ike Pa t h  ) I lie surf  ace—
hot tom — sur l ’ace p a t h  wh ich tern u m ane s  , i t  a boi to ni i  bav k sc a  tere r is ri ot inc luded

u e c , i u i s c  it c o m i t r i h u u t e s  less to i-es e r be ra t io n  le vel  t h a n  Pa th  3 , v s - I - it ch - i i t s e l f  usu~i hl v
m mi:u k c s  a neg l ig i b le  cot i r i h t i t i o n  to  the rev erh en. i  t mn level  in a deep ocean.
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L ong-r anu ge r everheratiomu paths are shown in Fig. 16. One to (‘ouir cycles areadded to Pa ths  5, 0 , 14, IS , 16 , at-id 17 of Fig. I S  in order to obtain m u l t i z o n ereverberation (Zones 2 thr ouigh 5) .  Onl y t hose p ath - is which do not strike the  bottonuare used for mult i zone  reverbe ration , sin -ice (lie h i gh hou orn los-i associated w i t h
ac t ive  sonar frequencies rcduic es mu u l t i p h e - b o t tom -hou in c e  r ev er h er a tAu t  levels toinsi gnificance. Shal low-water  stu idies . however,  w a r r a n t  using c o n t r i b u t i o n s  to re verb -
eration from multi-bottom-bounce paths,  The appropriate  p ath - is  cat-i be incorporatedinto (h e LORA program if needed.

Rever b erat iot - i  level us obt ained by slu mmi ng  t i - ic eom itnih u t ions (‘ro n-i all backseat-terers , There are 4 I d i f i ’erent  classes of reverber at ion pa t h i . 1 7 sh iowm i in 1- ig. I S  and24 indicat ed in Fig. 16. -\ max i m utn i  of 40 ray s  are tr aced (‘or each - i pa th , and corre-spo n dimig two-way trav el times are calc ulated.  Propaga tion loss is comput e d  (‘or eachra~ . and transmit  au - id receive beam pattern corrections are added to the loss . TI-icappropriat e backsea (t e r ing  area in Table 3 is calculated, a’~ we l l  as ou-ie of th e  appro-priate sca t ter ing  s t rengt h s: bot to m , surf ’ace , or v o l u m e , l ’hiese va lu i c s  and t h e  source
level are used iii Eq .38 to obt a in  reverberat io n in dB re 1 p13 . which t h i eo r e t i ca i l ~ is
measured at the ou i tpu of the bean - i - i f  ornier . T lmese r everb era l ion l e v e l - i  aru d t h eir
corresponding Omn e s are stored in tvvo—d im ’n ensj ona l  arrays of 4 1 r ay classes, w i t h  40
rays iii eaclu class . M i n i m u m  amid mua xi mum times of each group of 40 i’UVs are ‘~ture d(‘or la ter  e x a m i n a t i o n  to determine  if u m i t em’ p ol a t i o n  is appr opr ia te  for a gus eni vs u- vs a~travel t im - i - ic from souur ce to target as a f u n n c t i o n  of range. I f  ti -ic n i i n i t i t u t m au - i d m a x i n i u u i i
t m e s br acket (h ie target echo t ime , ti -ic a r ray  of r e v e rh c ra t  iou sa l t ue s  is in te rpol ated .
If a reverberation arra y is n iu h ( ivahu e d  in t in - i - i c .  ( hue a r ray is i n t e rpo l a t e d  (‘or eachi t i s ( ; Imlee  in wh ich reverh era t tomi t imu e crosses the targ et echo ti ui i e .  - \ l l  r e v erbera t iomucO mii pom en ( s  contr ib u t ing  power to the  rec eiver at th e  t ime of (he target  echo re tu i rm
are added in coherent l y  ( the  p h ases of (hc 1ev els are r amidon i F so t h at

/ / W
= I O h o g G~, l O t’

wh ere

s (lie bot to i m s t u n )  ace , or volume re v erb era t ion  let el . depend ing  oi ( l ie  v a l u e
o f . k ’  ( k = t . 2 .3 l

; Sit - id

are reverb erat ion levels  wh ic h  belong to ( l ie v . . r io u us  path s  shiow t t  in I ig 1 5
and 16 , grouped accordim ig ~O h ot tom im , surface ,  or v o lu t i i e  b acks eat  t e r i n g
tu ec luaii ist -i i

The L~. are su nuuu ied  by Eq. 37 to g i ve  t o t a l  r eve rh t e r a t i o m i .

Surface arid Subsurface Duct Re v er beration , Because l redic cd propa gat  ioulosses arc suspe ct  whet - i  na~ ( r a c i m i g  is used l’or r e l a t i v e l y  sh a l low du c t s , t i le duc t  re-v e r h c r a t u o n u  cahc u ih a t ionus  ui - i c pro pag ati on - i  losses p r ed ic ted  hy ( l i e  empi r i ca l  \M (  ) 4 ~

e q u i a t nor n s. I f ’ a s u r f a c e  duct is preset - it  and the source d e p t h  is b oth  t ess t h a n  l OOt )
fe et  an ( h less t I t an  32 ~~~ t ’ec( , w h t e n e  

4 is (he la ~ er depth  in i L’~~ i then  t h e  \ \ l (  )5

4 ()
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\ - 1 6 cycles \ - i 6  cycles

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ve rberati ori~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— 1 6 cyc les v — i 6 cyc les

volume reverberation

\ - 16 cycles \ - t 6  Cyc les

I l e l i r r ’  lb . Rr’ rr ’r ) i r’ r i t i i u i i  ‘ . i l l l r  or ‘ i l i i
li, i r ksr , i l i r ’rr ’ rs
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L t

eq uations are used. Propagation -i loss ( ‘ron - i - i source to surt ’acc is equ iva le n t to prop ag a ’
tio n loss from source to a ta ige t dept h - i of zero. Propagation -i loss (‘rot - i - i souurce w sot -
Li me hacksca (t erers is ob( aiuied by sett ing tar get depth to one-half  ti - ic l ayer  dept h .

The reverberation - i equation , Eq. 35 . is applicable for rcvcrberationi cale uutat ions
based on the -\MUS equations , wi t h  cer ta in  assut ’nption s (‘or angles 01’ in c id en c e .  1 li e
t r ansmi t  and receive bean-i pat tern  responses needed in Eq. 35 are computed b~ us ing

= , souircc i t  ( lie su urt ’ace d u ct

= ~~~ . sotu rce below ti -ic surta ce duct

wh ere

(
.

—i -‘Ø1 cos ~-~--—

arid where

is (lie sounid speed at the source

atd

is (hue sou nd speeuh m a x i m u m u i n i  in t h i e layer

The surface backsca t te r i nu g s t rength  is compu i ted  (‘or (h - ic a n g l e  at time s t ur tace
given by

= cos~ (~~~ co-i~~

wh ere

( ‘ is the surface sound speed

amid

- ,  ( ‘
~ and are def ’inucd above

I hi e s u i r t a c e  backsca t t e r i u ug  area needed iii i q 3’~ u - i ea si l ~ calc ulated ( ‘ron - it
I aIsle 3. s u u t c e  a l l  t he  pa r amete r s  are known.

i lie volunue scattering st rer ’igt hu (‘or a u n i f o r m  c . i t t e n i n i g  c o luumn is l’uu r ic t rona l ly
re la ted  to t i - i c  dep th  of the  scat  t e r m n t g  co lu i n in . K . by

= (
4 

I I) log t(

-

_

i•  

,

‘- , 
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whuere
(~ is a constant  containing scattering strength per uu i it  volume and a constant

for conversion of’ units

‘Fhc assumptiomi thua t i m e hacksca (ter cn s are unifo rm with - i  depth - i  gives (h - ic s ca t t e r i ng
st re u gt h m in (lie duct . wit h-i layer depth . 4 :

S[)t = (~~~ - + 10 log Z,, . 4 <Z r.

= 1 k + l0 !og Z~ . Z~ ~~~

l’hu s , ti me s-ol un u ue sca (( eriu ug s t rength of the duct is related to (he scattering strengt h
of’ the column , ,5’

L ‘ by

- = S~ - + I 0 log (Z 1 - Z( J .  ZJ , <4

ZJ ~~~~K

~
5’
~

- is im u puut 1)aran e(er. and Sm- is au toma t i ca l l y  ca l cuu l a ted iii t ime program u , l’h e scat-
ter ing area associated wi th  the backsc at ter ing co lu tnnn in ti -ic duet  is easily computed
from Table 3 ,

Subs uin ( ’ace ducts  provide on ly vohum ui e reverberation ar -id onl ~ if t i - i c  soumrce is
locate t .h wi t h i n fl ue boundaries of the duct .  Time cohu u nmunar  volunue back sca t ter ing
s tr e i ig th  (‘or ti - ic subsu rface duct  is

~ Dn’ = S~. + h O  log (/
~ $

. 4

wh ere

Z 11, is the width - i  of the duct  or t Ime portion t h at ~sv en l . ips  the  - i c a t t e n i n g  column -i
wh ose m a x i m  tin - i - i  de p th m is 4-

\hi i I t ip le— Pinm ~ Reverberation. Rev c r h c r a t i o n t  level -i a t t i n e )  ion i s )  t i m e  and is t i me
ini co i ierei ’i ( surt i of squared pressure l e v e l s  prod uiced s~ all of (lie hacksea t t e ru r i g
n u echa mu i su t - i s  described abov e - I) a sonar s’s s t e i l t  broadc asts more than  one ping . h a t e r

~- i u m t g~ wi l l  hmav e th eir target  echo signals  masked by the  add i t i o t i a l  in i c o hu cr enu t  rever b -
erat io n - i  leve ls of earl ier  pi ni g s . I h u e l .O R,\ progra m a l l oy s  s t i - i c ut - i cr to spec i f y  t o t a l
n u t u b e r  of pi n m u ’~ , \~~, . amid  t h e  t ine u e t vv  L e a  p i t ig s . ii,. h o  t h e  neverbera tuon  l eve l  a t
t i u i i e  I ’ , th e  ( s S u u - v v  .u ~ t i miuc  I r uu t u  s~~u c to target .  are added i r i c oherenuthv .  ac eo rd m n ig
to t h e  t i m - u of l q - 43 )  t h e  r c s - e ibc r a tmon  level s  .u i t i n - i - i i’s 7’ ~ 1~,. T+ 2 I ~ 
7’ + . \ ,, — I )7~,. h u e - i c  t i,’si ,’r b ,’r a t  j ot - i 1ev el -i ar e on ’ta u ncd by m m i t e r p o h a t  rug all m n c t n h e r s  of
( h - i c s t on i , /i r c v e r h e n . i u j o i u  tab le  vv h i i ch  h ave  s t a r l i n g  and e u i d u n g  i u u i e s  b r a c k e t i n g  t he
c- i, te t mi hed  t im e of an e , u r h i c n  p in g .  l i m e  ui ’~en can s 1seci)~ ut ie to n - i t t - i c  p i us , v s u t l ’ i si ngle-
p i nu  r e v e r h e r a t i o n m  as t h e  det ’a tu h t  o p t i o n .

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~



Doppler Gain.  In  nma m i ~, ac t i ve  sonar tac t ica l  s i t ua t ions , target doppl er  cat -i be t i -ic
d e t e r m i n m i n m g  f a c t o r  iii t a rge t  d e t e c t a b i l i t y .  1)oppler gait - i is (lie increase of signal-to-
reverh s er at io ui  r at i o  ea t i s e ih  by (he shi ( ’t i ng  of ( hu e target  echo f ’re q i i e iu cv  band ass .iy
( ‘roi l-i ti - ic rev erbera f ion - i t req u ien ev hand .  l)opp ler ga in  occu irs wh en he target h a s  a
ve locit ~ coii ipO n em u ( r e l a t i v e  to the ocea n along (h - ic range track between time t a rge t
at ui h th e t r a n i s mi t t e r — i ’e c e i s  er - ‘t dopp ler shiuft  in f requency.  - occurs  bet sceet u t i - ic
target echo an- id reverberation center  (‘r equenemes ,  If  th - i e receiver is tu n ed to t h e  target
re tur n  h ’r equenc y .  I + ~~~ i .  tl m cr ’u th m e reve rb e rat i on - i  1ev -cl is reduced iii (lie dopp ler
r e c e i v e  h a n - id  .is comiupared to the reverbcrat io n i  level in (he receive  hand if no s h u t
h a d  occurred. I t  I s d i ( ’(’ ic uu ht  to obta in  au - i a c c u r a t e  es t imate  of doppler reduc t ion  of
reverber a t i o n - i , s i t - i cc  pu i l se sh iape ( in the  (‘requiem - icy do nu a ini  I . target ar - id r ever h cr a t i ou i
echo d i s t r i h u t u o n s . and sonar operator  skill  in f ind ing  the  Proper receive f r e q u e n c y
a n u C h  h a i m dv s  id t h u  are not  i -model  ir ’ipu (s.  h owever . son-ic assu m nipt ionis  are possib le vs h u i e h u
cani  g i s  e a roug h but  t i i h ~ model (‘or e s t i m m i a t i n g  dopp ler ga in .

‘Ihi e (‘inst a ss uu i ip ( i on  is t h u a t  i t ’ t i - ic souuree en l i t s  a tonic pulse at f r cque t i c~ 1 . t h en
t hi e  r e t u r n  i m i t e n s i t i e s  f r o m  h acks c a t t e re r s  or target  are gau s s i an  d i s t r i b u t e d .  Tire see-
onul a s s u u u i m p t i o i i  is t ha t  all  d i s t r i b u t i o n s  h a s  c t ime same sta n dard d e v i a t i o n  equal  (0

one— h alf ti - i c receive t ’reu j uu cr ic v b an i dvv id t lm .  111t ’R ‘ ‘l ’h ius , it us a ssnu i i ed  t h at t h e  s u i t / u n
opera to r  caii mat c h - i  tLi e b a n d w i d t h  of the  t arget  ech o. T h e  t h i r d  a s s u u m i i p t i o n  is t h a t
ti me sonar operator can set (he receive f requency precisely at / + ~~i ,  ( h r  doppler-
s h i f t e d  target—ec h o ( ‘re quicney. T h e  (‘o t i r t h i  :1- i su i lu pt  iou ’i is t h at a l l  s i g n i f i c a n t  cni en g~ to
he used (‘or ta rge t  de tec t ion - i  fal ls  in t Ime  nes ’. b and .1  + ~~t ± 1/ 2  ‘~iiR

F igure  1 7 sh ows ti - ic assumed st andard i i ed  norm u a( d i s t r i b u t i ons  ( ‘or ti m e targe t-
echo inu tc n i s i ty  and rev - rheratio nu i n t e u i s i t v  - Sin -ice all  eu te rg y  ( ‘or de ect io nt  is in t i c
ban u hs s  id t h i  ‘3ttR only  (he slmaded area ui nm der  (hue rev - erheratiom -i  d i s t n i h t i t i o t i  curv e w i t h i -
iii  t h a t  hand wi l l  mask ti - i c sig n a l ,  I t  m ust be noted t h at since each of the  d i s t n i h u t t i o n s
is nor t i i ah iz cd , ( hue  ac tu ia l  i n i t c i i s i t y  d i s t n i b u t i o u t s  are obtained by a m u l t i p l i c a t i v e  con i —
s t u n t  or au - i a & h d n t i v e  level in decibe l - i. ‘Ti-ic d i f f e r e n c e  in are a of l ime tv v o cu i rves  in Fig.
I 7 is used to dct e ru t i i n e  a bia s  iii decibels wh ic h is - i t ih t r ae t ed  (‘roi l-i the reverber at io n
leve l . e i t h er fron iu t ime separate r eve rbe ra t ion  c o m p o n e n t  s of Eq. 37 or from flue t o t a l
r e v e rbe ra t ion  level.

The ‘~t a n id ani l iied normal  uh ist n ih ut ion is

( 1 4 ( V )  = 

f ~~’ 
e\ p (~~~~~) t l t ’  (44 )

vs lie me
x is in u u m m i t s  o( ’ on - ic s t anda rd  dev i a t i on

l i m e  area u u ui l e r  t ime target re t t u ruu  eui i ”s c v v i t h m n t  t ime  recei v e hand .  /? t m f ~ -

- I , - <10 I )  — (1)1—1) =

50

~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i~
_ __ _ 

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
, ~~~ —



r 

- --- . —‘ -—---—-- -. - - -----.,,..— “ 

-~~~~ - ~~~~~~~~~~~~~~~~~~~~~

i 2)t -f ,~ ) 2 
u 

J’ 2) f _ f x
_
~~

.f) 2
— exp — ________ — exp — ___________

Bw~~ ~~~~~ E 8WR

normal iied target
normaliz ed transmit 

d ismm ,b ut iont urs c uons~~ fl ai and~~~~~~ be~ a t ion 

~\ j
/ ~ ~~~<~~~~

eceive b:nd
~~~

th)

/  ~~~~
tx~

i- )iure u 7. i r.IL in iii’ th e  d o pple r—shi f te d  reverher. i-
(<nf l  in the re~ esse band rati o 0? simud&’d

urea to urea under lmeus ~ line I

The area under the miorn iah ized rever h era t ioni  i tmten s i t y  d i s t r i b u t i o n  wi thu im i  flue ban d
‘3WR ce ntered on j ’ + ~j ’ is

~~~~~ + 0.5 ~~~ ‘3h R  - ~1~N~~f 0,5 BIeR I O.~ I

= <10 
~~ J~’~h’A’ + I — <to 2~~f Ba,,, — h )

The doppler gait-i is Go ho log ( - 1 , 1k or

‘ O tiS(~j ) = h O log 
~rh) ( 

~ / J 3~<~ 
+ I - ~l~( 2~~J —  hi

~<~ 
- —

wh ere

= O. 7 i ’~. i I i z i 2

I is  target  veloci ty  conmupon i e n ut  ( a i onmg t i - ic  range track between t l e  source and
the target and re l a t ive  to (lie ocean as (hue i’rau i c of ’ rL’fe r emi c e I

and

I is (lie t r~in s r i u n t t e r  f r e q u e n c y  iu k 117

S I

- ‘ _~~ 
- .  , _

~ 
‘— -

~~~~ 
- . ‘

~~~~
- 

~~~~~~~~~~~~~~~~~~~~~ “ - s  :-:: , -a - - 1- -~~~~~~~~~ — —, -‘- ,-. — ~1_. ,~ ,~ ~~ ~~
—‘——-- ,- —



The total reverberation leve l . LR .  f ’ron m s t a t i o n a r y  b o u n d a r y  and s o l u r i u e  back-scauer ers is corrected ton the doppler sh i f t  / I W / t \  from the rece ive hand by

= -

where

L~ us the  cor rected rev erb erat ion level

SI GNAL P ROCESSING MODELS FOR PROBA B IL I Ty OF DETECTI ON

The L( .)RA model cont a ins  five opt ional  mod els ( ‘or pred ict ing (he p r ohah i l i t ~ol d e t e c t ion - i  of ’ a signal miia sked h ’s w h i t e  g au s s ian  ui on~e and r e v e r b e r a t i o n  -

I . Line ar corre l at or  an -i d a known receive signal ,
2 . I - inc u r  corr eb~i t o r  and a l s u i s t a m i l - a m n p h i t u d e  ph ase-di s tor ted m c c c i v  e s ign a l
3 . Quadrature correl /Itor an-id a c ons lu n i - amp h i ( u ud e  ph ase-distorted r ece i v e

sign ia i .

—1 Quadra tu re  corre la to r  and a n a n d o n n — a m p h i t u d t _ . r andom — ph a s e_ d i s t o r t ed
receive signal I Ray le i gh  ch an n el j.

5. i’Imres h o ld d e t ec to r  s i r  to t a l  c it e’rgv in t i -i c receive h u mid  am - id a rami dom-p h - i a se .g a u i s s t a n i — a m p h i t u u d c  mccciv  e si gnal .

I he hurs t  four signal pnoeL ’ ssuiug u iu ode l s .tre pr e se n - it ed by Schu tma ch i er  at-id‘fee le r ~ L. K ,  - \r n dt  of NL (  made m odi t ’i c a t i o t i s  to (h ose modek to replace t b - ict i u i i e— h an i dw mdt lm pro ducts  wi l l - i  a f u n c t i o n a l  d epem i dene c  on re e o gu u i ( i oni  d i f ’I ’e r e u i t i a hT h e  f ’i l ’th s i g n i a l  pr ocesstn g m odel us presented by W at s on  amid  Mc (  urn  A l l  t v  c n i t ode l svs i l l  he p u ’e sen (eu l  a f t e r  the ) u l l u vv mnig  s ect io n - i s , vs l i i eh describe the  pno b . h i h i t ~ of falsealu r i i i  and tIme modi f i ca t i on  to recog nition d i f t ’c ren t i ah to a ecou u i t  (‘or rev erberat ion-I in i i t c d  mask ing  noise amid s igmua l—e h i pp i ng  losse s .

Prob abitj tv of Faise \iarm

( lii ’ p r o b a I t i h t t ~ of ( ,tlse a la r m ,  /~ . is t h e  p r o h a h i h i t \  t h a t  son ic th re sh old ise~ cccdcd in - i som e rcs ol t i t io n cell of ’ a sonar ph / i t  posit iou -i ui d i~ . t t o m ( c s  -iomi e equiva-lent  1I :s l s l/u ~ I so t h a t  an opera tor  is con iv inc ed t h a t  a ta r g et  is prese nt wh ct  it  is a l l )
Since ‘~a app lies on ly  (0 one re so lu t io n - i  cel l .  h u e  l o t / i l  p r o b a b i I i t ~ ot t ake  a larm t o tti me ind tea t or  i given - i  h~

= I — (1 -/~~~~ l ’s 
~4

whc cc

\ s the  lo t / t i  n u m b e r  of ’ ‘~~ ~c s h 1 u t i u u m  cells  in the  di sp t a~

52 

- -

~~~~~

- —
. . .. ,.

,—-— —. ——~~~~~~~~~~ . s_.__JL _
1

-.——
~~ 

“ 
~~~~~~~~~ _ . .  — —‘-



II ’ t he display is divided in - ito h-degree sectors and 20 range bins , a 3(s O-degree mdi-
cator won.uld have 7200 resolution cells, Thus , in practice P~ assuuiics a snua il magni-
tu i t e , wit h-i typical values ranging between 10-2 and 10- i2  - Usua l ly  P1~ f’a Il s ui - i between
10’ ~ a n -id 1 0—6 ft. K . Arndt , discussion ) ,  ‘l ’lue modc l ’input is P1~ au -i d uiot . In  the
sonar se t t ing ,  the operator can change h i s  I~~ by i ncreasing or decreasing the gait  oni
the indicator.  Certain subjective influenc es on t i e  operator , such as a requirement
th at no (‘alse alarnus be reported, can produce wide variance in e s t u m i i a t e s  Of ’J

~ta Flow-
eve r, flue probabihity-of ’-detection models arc relatively insensitive to P~~. lii all (lie
detectio n mmu ode l s  p resented here , (hue p robability of detection is muclu more Sens i t ive
to (he rccogt ii( ion differential .

Recognition Differential

The Case of Reverberatio n-Limited Masking Background. TI -ic recognition dif-
t’ercntia l  is ti - ic ratio in decibels of ti-ic sigu al level to (lie niuasking level requunred for a
0,5 probabil i ty of detect iomu .  TI -ic r ecognition - i dif t ’crcntia l  is a p sych ioacoustic fumietiomi
of ’ the sonar operator ’s menta l  outlook and the character is t ics  of the  masking noise.
At (hue sant e false alarni rate , ope rators will  (end to detect a signi ah less often in a
reve rberation-limited back ground (h an in an-i anubienit-noisc- h irni ( ed background , Ti-ic
pe r(’ormance of the h imicar corre lator hias been in vestigated for the  presence of a kn owu i
sig nal in gaussian white  noise and in reverbera (ion- l ini ii (cd n ou se~ 6’37 TI-ic results  iuudi-
cu te t h a t  reverherat ion- l inu ited noise increase - i ti -ic r ecognition - i d i fferemit ia l  2 dB over
an amb ieni t -noise— l i m ited back ground for both - i (‘Ii ’ at -id I- I! trar u sni u i t  s ignals  -\n dt h - ia - i
prod uced au - i expressio mi to give  a stu oo t hm transit ion (‘or flue correction tern - i - i ‘~~r to he
added to t i-ic recogmiition differential  (see Fig. l a ) :

= 2 _ 2 e r l ’c~~—~—
,
) 

( 4 ( s )

where

erfctv ) = 

~~~~~ J~
°° 

ex p (~~~~) dv 47

ari d

R vR is the ra t io  of r eve rbe ra t i on  to ambient n oise in d13

‘li me inpu t  recognition dit ’t’ere nt iat  supplied by the user of ti - ic c ot u ipuu tc r pnug n ~inm is

time recog u - i i t ion d i f f e r e n t i a l  f ’or ti me ambient—noise- h iuni ted  pcrf ’oru ’uuauice nuu o dc l ,

* Clipp ing Correction for Recognitio n Differential. i - s in u u m u u l t i e l c n ’ne ni t  m c c c i v  i n i g
ar r ay s , signal d ig it i ia l io n i  cam - i produce effective loss, si nce the discrete t in - i c  sanip ii ng
and nonl inear  qua n t i i a t i on  of ti - ic signal level produce a n o n o p t i m u m  signal at tIme
rep lica c i t n re l a t o r  as compared to a signal r eceived b y au analog li n ear receu~ em . I or
ti m e / t s s i i n i p t i o n  Oh /i very lo vv sug t i ; t l - t o - n i o i s e  r u tno ,  I l o n t o n u  and S c h m u l ( l < r ’iss ‘ h av e

a ,. ,, 
- - _________________________________________________________
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~ I

Reve r b e r at i on ’ to -No rse Rat io  )dB )

I ieur e I S , ( ‘or r ee t l on  ur~c tor  recogni t i on  d i f t ’er en -
n~~i , si sowing ilt e t r an s i t i on  from a noi”e-
u r n )  ted to a reverbera t ion—limi t ed
s i t u a t i o n  ( L. K - ,-~nt d i , d iscusss ~~ii I

ulc te r n iuinu c d uipper h ounuds on - i c l i p pimug loss for a replica correlator ,  H o r t o n  spec i f ies
cli pp ing loss as a 2-dB response deter iorat ion - i  or as a I -dB signal- to-noise  loss

I’ xpcrin uuc ntah resuil ts b\ i c c t e r 3
~ l’or puilsed (‘(1! am - i d l inear  I ’ll s i gni / t l s  i n d i c a t e  t i - ic

f o l l o w i n g  c l ipp imug  los’es to be subtracted (‘ron - i- i t ime s igm i al level  -

( ‘ h i p p imig l oss , A m n h i e n i t - N o i s e - L i n i i t e d :  2 dl3

( ‘h ipp ing  Loss , Rev ember / i )  i o n — L i m i ed:  1 d R

Instead of the  correct ion - i being ap phi e i .h to t Ime s i guu al  eve  - i t  is  h ere applied to  thue
recog n n t i o m i  d i h f c r e n u t i u h  , - \ n  l il t ’s su iuoot hm tr / iu s i l i ou i  curv e (s e e  I ig l~ c ,in be u sed I l l

ob t a in  t i n e  r o m r e c t i O m i  term . vs’ hi chi is

R \ RI + er t c  ( —‘-
~ ‘—-—— ) t o n  e h i p p i u i g  4”. I

= 0 ( ‘or no c h i p p i n u g

vs h iene

R is I lie r a t io  of rcverber a ( not - i  to noi se in - i d B

an d

e r t e l  \ ) t s  d e f i n e d  b~ h - q ,  4 ’
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ambient t reverberation
noise limited
lii ’ l,~0

-6 -3 0 3 6

Reverberation-to-No ise Rat i o 1d B)

i ii _’ i i r c  9. (‘ u pp ing i iss in the pre sen se of
reverberation.

The Corrected Recognition Diffe re nfl al. TIme corrected reco guii ( ion d i f f e r en t i a l ,
R1~ . . us obta ined by combin ing  E q. 4t’s amid 4~~:

R1)( = RJ) + +

R VRRf l ( . = RD + 2 — 2 erf ’c (—

~~~

-— 
) . ri o ch ipp ing

( 4 0 )
R

= R/) + 3 — er I e  
~

—1——
~ * chipp i n g

Probabili t y of i)e(ec ion

‘Flue f o l l o w i n g  d iscussio m i wil l  deal wi th - i  sever / i l  models for p r o b a b i l i t y  of d e f e c —
tmonu l ’or va r ious  assumptions of signal degradat ion - i .

M odel I - Performance of the Li iuear Correlat u r W i t h  a Kn uo wn Signal in W h i t e
Caussj anu Noi se , 5 The l inucar  corrc lator (Fig ,  0) ~s (by  the  m a \ i m u i m — l i k e h i h u o o d  an - id
in t n u m ’ n u t tm— ul i c / t n— s qua t - ed—err or c r i t e r i a )  the op t imum receiver  s t ruc ture  for the  detec—
(ion of ~i c o m p l e t e ly  k n o w n  signal  in flue presence of addi t ive  wh i te  Gu uiss ian u no ise .

~~ ( ) ,
3l) l ime rece ived si gn al , SR (t ) ,  is at  worst  an a t t e n u a t e d .  phu a se-shi t ’tcd versiomu of

ti - ic t ra nsmi t t ed  s igna l , . s~ ( 1 ) :

/‘., ‘l ( t ) s i n i l w!  + ç5 (t )+ O J , O~~~/ ~ 7’

= 0, ot h i e rs e ise

—- ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I igure 20. Linear correiator matched filter.

s~
(t) = A ( t)  s in [ wt  + ~( ( ) J ,  0 ~~~t ~~ T

= 0, oth erwise

whucre

k is an arbitrary constant

A(t )  is the ampl itude

w is (I- ic t rans n ui t  f ’requcncy ‘~‘ 21r

~ (t) is tb - ic  p luase

U is an - i a rb i t r a ry  constant

ari d

T is the signal dura t ion

Time receiver is mate lued to (r) ,  l h i s  is equiva l en t to (he u n l i k e l y  s i t u a t i o n  I e spec uaI l ~
for echo ranging ) where ti - ic propagation ch annel does not distort t h e  signal in amp hi -
t ude or phase .

The perf ’orn m mance of tb -ic l inear corrc laton munder op ( iu n um i condit ions -i~ u

= erfc (x—d ) SW

wimere
* 

is ti -ic probabi l i ty  of detection

v is time t iures luold corresponding to a gu vemi  f a l se  alarn i  rate.

and

d is time ou tpu t  sigmial-to-noise rat io given by

-
~ - “1’ 7’ I i l l  1 ! 2

d = ’ ~~~=~~ ’~_ =  2T BI~,,R
I l0 ’5 ’ )

~‘i (1

~~~~ :. ~~~~ ..  
- - -—

~~~
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where

fT  ~
= J s ” (t )  dt I T

o R

I: is h h e  mean-squared received signal power

T i-i the signta l  length
is the m ean-squared inpu t  noise power i n a I - l iz  b a n d w i d t h

I
~~i, 

is (i-ic imipui t  signal-to-noise ratio in - i dB

and

B R is t u e  recei ver h aru dwid ( h i  in - i u i

A new (cm ii , ti - i c proces si ng gain . gp. us def ined here as

g1, 2 ( 5 1 )

l ’h ien Eq. 50 beco m es

= eri c v — I c 1, 10
1,sv ~~~ 1

1 
) S 2 )

The p m o h u h i h u t ~ of ’ alse ala ruiu . P1g . is t he  p robabi l i ty  t l ua t  t iuc t iureshoid v’ us e ‘sceed s 1
wimemu t h ere is urn sign - i/ i l  ene r gy , sO

1/) = = e r i c ( x (  153)

Thuus , g i v e m i  P~~, the  thi resluold can he determined by inver t ing  Eq. 53, In m e  compute r
program . ir u versiom is do n e b’s in t e rpo la t i n ig  t ab u la t ed  va lun es .

‘The  recogni t ion diff ’ere n tia l  is de f ined as the v a l u e  of s u gn/ I l - t o -miom s e rat io where
= 0,5 for a given Pf .  Thus , u i s uu i i i  i q .  52

k i l l

0,5 er ic  I v  — g1, 10 ‘~

Smnu ce

e r I c  ( 0 )  = 0.5

the n

R - I I  i / 2
— (g1, 10 ‘~ I = 0

S7
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w i t h  t h e  resul t

= 
R / il

h O  °

Using E q .  52  and 54

= er I c  [x ( I — 
IL SR 1~~) 2 I

i

where

x is obtained by inver t ing  Eul . 53 ,

This signal processing mu - iodch is in cl uud e d becaus e it provides au - i uupper bound on
signal processor pe rfor m amice .  TIme re verbera t ion- l imi ted  ease is realized by suhs ( n tuu t -  J
ing RDC for RJ ) .

Model 2 — Perfor mance of (he Linear Corr ela tor With - i a Constant-Amp litude .
Phase-Distorted Signal in White Gaussian ~ oise , l i n e  a ss uu um ptu on  is made here t in /I t
the mediun u u m causes phase d i s to r t ion - i  of the  signal , but  not an ip hu ude d i s t o r t i on .  For
(hue t ransmit sign/ i l

= - 1(t ) s i n b c ~j t ~~ø( ’)h . 0 ~ / ~ T

0, othcrvvise

A reasonuab l y severe mode l of ti - ic p lmase-dustorted m ’ eceuve signal u s

= k ~~~~~ - l i t )  i nf c s t + ç~i
’ t ) + 0, 1 J i i ( t — t ,) - 14( r-T ,~ 

)
~ 

I S(t I

/=1

,6

vs hi e rc

u (t )  = 0, t < 0

= I .  i~~~0

0 = t
~ 

K t~ < ‘ 
, < t ,~ < tii + i  = 1

/i iii ,!

0,1 i I .2 . . , , , ui are i n d e p e n d e n t  s/ u mi p ies from - it a unnunf ’ortu d m s t r m b u t i o u i  over  I~. ~~ I

. .

~
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Sc hm u iu uuac i uer  au -id i c e t e r ~ h/ l y e simowni (hat th u s model is very nearly e q u i v  , i i en t  to
Model  I . wit h flue signal-to-noise ratio degraded by 2 dB .  The probab i l i ty  of detect ion
is

- L --R -2
= erIc  I . v ( l — 1 0  £\ DC

wh ere

.v is t h ue  threshuold ob ta iu m ed  by i ruvcr t ing  Eq. 53

~~ is the signal-to-noise ra t io  in dB

/1 nd

Rf) c is tb - i c corrected recognition d i f ferent ia l  of E q. 40

Model 3 — Performanuce of (he Quadrature Correlator With -i a Cons t a i m t - .-\m ’ni p li-
tude . Phase-Distorted Signal in White Gaussian Noise . The q u a d r a t u r e  corre la tor
muia ( ch ed f i l t e r  is (hue opt im - iuu i muu receiver ( 1w the maximu im - l i ke l ihood  cr i te r ion  ) (‘or
flue de tec t ion -i of a e o n s t a n t - a m n p h i t u .ide.  un i f ’orrn h y d i s t r i bu t ed  r / indom-piia se signal .

in gau ssian whi t e  noise . i i (t ) .  ‘[lie t ransmit signal is d e s c n i h e h b~’ Eq. 5S . and
the ueceive sign/i l is described by Eq. 5 ,  Tb-ic q u a d r a t u re corre lar or is sch emat ica l l y
represente d  in i: u g ,  2 I

l — ’ l c ~~s ~~l - .; ii~~ ! j . .’ ø.~ SO

__________________ ______ 

thr :shold

1
- ,,,,, - -s ir so

I cii rc 2 1 - u ,lu ad r.i ru re c,rrreia iriS nt .i I ched i ’iiu er.

4

l ime p ertorm/im u ce ot time q uadr / t t l t r c  c v l n r c ’I , t  i l l ’ u i t i dcr  thuese cond i t ions  is~
5

= Q)i/,.v ) ~‘\p 
—(: 2 +~ / 2 ( i ( i l ) /

vv lie me

( )  is knu o v s ti as M , u n ~ v iu n ’ (,t ~ t i t t e t i on

‘It is  a u n t s i h m t ’ied Iii., sse l ) t i n i c t i o r u  i t t h e  i n s t

v ~ — 2 lu - i ‘(a is  ( l ie t h r e s h m o l d

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



and

where

T is the receive signal p ul se length
81aR is the re ceiv e signal b a n d w i d t h

and

us (h - i c ~~~~~~~~~~~~ rat i o in d H
A gain , L. K A r u d t  b - i / is  mntrod u i ced th e ree ogmiitj on i d i f f cr en t i a i  to rem ov e thetlm ne-ha n dw id t h  prod uc t TB11~~. Using 1- ’ q 5 1  and 57

1. - 10 1 . 2QI (g ~ 10 - “ ‘ s  
‘

By (he de( ’in i t i o n  of r ecogn itio n di t ’t’eren tj al

0.5 Q [ f g p J 0
RD~ l l l

)
1~ 2 

~~~~~~~~~~~ (5~~)
Since RD au iul  ~~~are mode l in p u t s ,  g~. can h. e t ’ou t m d by in t e rpo l a t io n  The p r ob ah i l i (~
of ’ detec t io n  is

= Qf (g1, I of” -” 5~~R/ ) ( . I  10 
, 

~~~~~~~~~~~~

\5 11 ci’ c’
Q is def ’irued by I r t ,  57

is ul l tnml er ie ah h y ev a lu i a f e d  us ing E q. 5 ~
us t u e  ~~~~~~~~~~~~ rat i o  in dB

RD(. is th e  corrected reco~ u ui t j o , j  d i t ’f ’ere n t i a l  of ’ l - q 49and

I is time ~~~~~~~~~~~~~~~~~~~~ p r o b a b i l i t y  of ’ 
~ihse a l anij

~louh ’I 4 Pcr fornm ~uumcc of the Quadr at nr c Corr etator for a Rag m ( Ionml- \uumpl if t n (1cau m cl Ranm(1ou1).pgmasc l)is(~r(e(J (RaYlei gh (‘tma nmnm el) Signal in - i ~~ ite Gaussian \oiseI hi s is t he  most r easom ~ i h le of al l  the  models Prese nted f o r  r ep r cs eui ta tj o~ of ’ ti m erec eive s i g t i 1 l  in echo r an g ing  lime t v v  ~~~~~ propw~ut iou - i  and target refleeti oti dis t or t

(5 (1
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t he sigum al in ampl i tude  and ph/use ,  The t ransmit  s igum a l  is given - i  b\ l’. q . 55 and t h e
rc’:eive sug umal by

= k 
~~ 

Or ,’l(t) sinlwt + ç5(’t)  + 0 . 1  I i1 ( r—1 ~ 
) — i i ( t —t ~~~ ) 1

i+ I

w lie re

a )  i = I .2 , . . ,_ V )  are in ~dcpendent samp les l’ro mn a Ra \ - l e ig i i  d i s t r ibu t ion

an- id

0~. u ( r — t 1 ), an -i d a re defined in -i Eq. 5( ’i

i’he per t’ornia nee of this model is ciuaractcri ied b~’ the p robab i l i t y  of detect ion - i -”

( S O )
\ n÷d

1) fri

v vlu e r e

2 — s r’ ~~~~~ I I )
— — ‘“WR I t ,)

\ g , u u u t  i t ’ Eq. 51 at-id ti-ic defini uiomi for R1, are uused , TBWR cam be e h i n u u n a t e d  f o r  R/) :

( ~~ ./ 111 )
~~~~~~ t o

= I)
(a

‘I ’ l i u i s . (he process imig gain us

; hog (-~~--~
— g, = ~~~~~ L_ i o

_
~

? /x~~~
O

/ log _

and

log ~~~~
= ~~~~ 10

. ,s , ’s R,X I l l

log

for u s e  in - i I ’ . q. S~

— 
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Model 5 Ra nm d ou nm -Pl ma s e . Gaus~ian -Anm p Iitude Sigima l in White  Gaussiaum Noise ,

Fro nu ’u flue (‘cm ut r a l  L in t i i t  I l u e  r etu , t h e  d i s t r i b u t i o t u  of ti - ic signal l eve l ,  - tend s to be
gaussian v s l u e n  it is the suu m of indep endemi t var iab les  having the  same cl i s t nuh un t i o t ’u  as
ti - i c others ,  ‘l’he signal  level in - i t h e  pre senuce of noise us

L55 S/ _ 2 / ! + B \ (
~~v ) + B k t~ R ) ’ ~~

wh - iich u is as suume d to be ‘~a u ssian , s i u tce  the source level .  S, Orie -v5 /iV p r o p a g a t m o u l  loss .
Ii:  t r a n s u n i t . I3

~ 
, ami d u e~’eivc , BR .  respomise p a t t e r n s :  au-i d ui u ask t m i g  noise . 11. are rando m - i- i.

‘I ’ht e s ignal excess u s

= L 5~ — R1)(

vv iie re

R/)f . is (he rec ogmiitio n d i f t ’enemi t i / i l  corrected l’or the p r e s en c e  of reserbera t u oui
and t’or sugna l  c l ipp ing .  as iii l q - 40

The p r o b a b i l i t y  of detect ion is

Is’P ., =
1’.

wlu crc

u is ( l i e s tandard devia t ion  of t ime  sugmial  excess m i  decibels

and

~ is t ime s t an da rd i zed  no rm u al  d i s t r i b u t i o n  (‘unc t i on  gu y  cu t  by I - q. ~~

~“~ote t h a t  (lie p robab i l i ty  of t’alse a I / m rum ’ u p l a r  s no part  iii t h i n s  mu m odel  for p roba b i l i t y
of de t ec t i on ,

a
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NOTABLE PROGRAM C.-~PABbL lT I ES

‘l ’hi e nominal first-convergeuice-/one pre diction -i capabilitie s of N[( models
an ce st r al  to L. ORA h a v e  been extended to allow perfo rmance predietiouis for a
n u a x i m u m  of five conv ergenc e Zone s am - id bo (toni bounces.

P r e v i o u s Nt.,!(’ active-sonar models apply only to sonar ~. nio unted on su r f / icc
s h i ps , ‘Fl-ic LOR , -\ model allows any soutrec and target depth s .

Pm - cupag zn tion- l o ss predictions are useful byproducts  of the perfo rmamuc e predie-
(ions , A c t i v e  and pa ss ive  propagation losses may he ealcu i lated (‘or a m ax iumu mn of 30
convergence zones or bottom bounce s,

‘Fl - ic sound-speed profile is au tomat ica l ly  curve-fit ted by computer  rou utines
desie n ed by C. Bartberge r . wiuo used the mat h ematical tcchni q t.ues of P ed emse n - i  an -i d
Gord ) mi ,  (‘uirve- f i t t ing  ti -ic sound-speed profile reduces false caustic s iui troduced in to
the propagation loss whuen ti -ic s l s uu nd - spee d  profile has d iscont inuous  der iva t ives ,

F
Muil t i -ping reverberation is avai lable:  t h a t  is. r everbera t ion  cauused by p ing s lire-

cedi ng (hue current ping is inc lu m ded in ti - ic total reverberation l evel .  Single-p ing reverb-
e r / u t ion  is time s tandard o u t p u t :  m u l t i - p i n g  reverberation (‘or a max imum of nine pmn gs
is optional.

if (hue uuser wishe s , reverberation effects can be reduced heeauu se of time dopp ler
motion of time target.  The user can ente r  doppler g a i m t  or use (hue i n t e rna l  ca lcu la t ions
to inclunde tIme doppler effect.

Five optiotial p ro h ah i h i ty -o i ’-detcct i omu models are ava i l ab le ,  depend ing  a n t  t ime
user’s choice of detector  eh ia rac t e n i s t i e s  and hi s  a s su mp t ion m of sigmial  degradat ion - i .

‘l’lme conipi t ter  program can - i  rui n - i nearly v v u t l uou t  f a i l u re .  I t  luas ‘ ccii ru u ( ‘or
t h ousa nds of c/uses . — \ n ex / inu ple  of i ts  capab i l i ty  is i t s  p r ocessimug at 240 s e q i m e t i t i a l
da t / I  sets iii t h e  sante program e x e c u n t u o n i : t i i , i i  is . t h e  pu ’oa r / un i i  re / R h niew ( h/ ut / i  24 ))
t im e s , produced per i ormanc -e pr edict iouis . ami d ter mimiated n ornu mal l ’~’ - T u e  to ta l  cost
f’or (h at set of ruins was S6O I i. N I V ,-\( - 1 1 1 0  conuputer  ch iarge s l .  of vvhuic i m 5 3 ( 1  v s a s
f o r  paper. ‘Flie LORA mode l amid support ing con Wuu ter program - i-i cami t i i i .us g ive  t h e
sonmar sy ste ul u desi gmien ’ t he ab i l i ty  to con-ipare the pert ’ormaui ce of / u c t u ve - s o u ta r  sys tem - i - is
i t ue sp cn i s ive ly ,

The l O R A  program requires 3~~,000 words of 3 ( i -hu t  con e s torage .

(13:
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RECOMMENDATIONS

‘ Volume reverberation may be es t imat ed  more closel y b’~ utsing a ~eat te r i ng
stre ngth which varies with - i dept h . The added ra r -tracing would increase progra m- i -i run-
ning costs substantia l ly.  in addit ion - i  an algori thm would h ave to be developed whi ch
smooths reverberation peaks due to raytracing caust ics. Such am - i a lgorithm woui l d
dep end on propagation mode ( tha t  is . di rect pat h , convergence zone . etc , ) ,  scal ter in ug
geometry . hean pat tern , and the i n tu i t i on  of the designer of (lie al gorit h m .

Nonspecular scattering could also he added to ti -ic reverberation model. Thi s is
an ot her cost l y ca l cu lat io n , and (he utscr of ti -ic program shmou l d be allowed to ssv it ch
to a ch eape r reverberation model if he desir es ,

The subsurface duct model could be improved.  The cutrre nt model uses cylindri-
cal sp reading of sound in the duct ,  At low wavelength-to-duct-width ratios cy h imidrical
spreading does not app ly si nce son -i-i c acoustic energy le/uk s out of the duct ,  Normal-
mode theory c/in give accurate predictions for propagation loss , b utt normal-mode
models are typ ica l l y expe nsive to run.  To keep computer costs down a subsurface
d uct model should be derived whic iu approxim n a es normal-mode thieory results.
The new modeh should incorporate suc h - i parameters as duct  w id t bm.  source and ree civ’er
positio n s, frequ iency of ti - ic propagating sound . amid son-i-ic im idica (or for dui et stremig tl i.

T h e  recognition - i d i f f e re n t i a l  model uised here is not representat ive of soni c ac t ive
sona rs. A helpful addi t ion to (i-ic program would be tb- ic abi l i ty  to enter  recogn ition
different ial  versus signal-to-noise ratio iii order to nuakc t he  program more sensi t ive
to ce rtain active sonars ,

( 4  
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Appendix A

LOGICAL STRUCTURE OF THE LOR A COMPUTER PROG RAM

The LOR ,\  eon u puutcr  progr am u conitains thre e major e o m nputa t ioui a l  sect ion s :
eu viron nmcm tah . reverberatio n. an-id detection . Fi gure .\-l sh ows the computa t iona l
st ruc ture  of t ime LOR .-\ program. -N il i nputs  are entered thro u gh - i  S U B R O U T I N E
RI -N l ) I N , Ti-ic inpu t  paran ru eters are (lagged to ind ica te  if the y  be l ouu g to environ-
menta l , reverberat ion , or detect i on categories. TI -ic flag “LOOP’’ in I” ig.  - N - I  is set
in Rh -  .- \D IN , depending unp on whicim inpu t s  arc emitered.  Table B-I  in .-\pp end ix B
gives  ti - ic grouping of the i n p u t  param iue crs , e n v i r o n m e n t a l ,  r everbera t ion , or detee-
(to n ,  If the uuser enters only reverberation at -id de tec t ion  p / ura n u e ter s . t he  wiuo l c
e nv ironmenta l  sect ion svu hi  he skipped a u t o m a ( i c / u l l y , w it h ou t  u u s e n  s p e c i l i c a t i o n .
el mi mia t m ug red u ind an t c a h c u u l a t  ion - is .

)U i P and OU ’FR imu l ug.  - N - I  arc i n p u t  p ara u ue t en s  set b~ (h - ic uuscr if hue
desires spec i /u l  out  pu t s  (‘or p napa g :u t ion  loss ar ud r eve rbe ra t ion .  resp ec( ivelv . Th e
o u t p u t s  (‘or t ime d e t e c t i o n  c a i c u u l a t i o t u s  i m m e h u .u d c summar ies  of propag/ut ionu loss and
m cv er be ra t io n  whic im are s u f f i c i e n t  (‘or / t e l  usc  sonar pe r formance pred ie t i om - i  sy ank
Howe v er , t i me -user n u may w a nmt  (h - i c op t iom i a l  passive coherent  and incoheren t  propaga-
t mo nu loss o u t p t u t s  or ti - ic sep/ m ated con mi po neuu ( s  of ’ nes e rh cr a( ion  surf ’ace, b ot to n i i  .
and volu m e /15 well ~ms t ime r e l / m t ivc  con i t r i b u m t i o n  to r cverber / u ion  from p r e v i o u s
ping ~. Use of ( )U I R  and ( )UT P al ’ al lows time uiser to skip t i - ic  de tec t io r t  or
mc ve rb c’r at i ~ nu c / u l c u l a t  onu s i f  l ie  u s  i i  ic ’rested on ly  in - i res -er b erat io t u or pro p/mg/m t ion
lass ou tpu t s . I I ’ ti - ic u,u ser does not  .et O U I P  or ( ) T j ’f ~ the progr/ mnu i sets t hi em i i to
iero . a nd time de t ec t ion  oui put s  a .‘ t 1 c  s t andard a u t p u i t s .

Vt u t l u su ccess ive  r u ins , i t  u i u a ~ he tha t  envu romin i en i t a l  parame t ers  are ch anged
sv - hui c l m do uuo t  m n f l u i e n u e c  (h - i c sou nd ‘peed p r o f i l e , so i l m a t  it  is un inceess /um y  t o  cur s d’ ’
l i t  ( lie p ro f i l e  lam cs- cry ru i n . ‘I he i t i t  ted l in e in Fig.  N -I in i dic/m le s that ti-ic soun d ’
‘speed liro l ilc c / t l c u h a t  ions t ire conis ij ered to he 1) /t n t of (lie e m u v i r o u u u n e n t a l
c / i l c u t l / i t i o u i s .

I l ie  e n v n r o r m i m l e u u t / m l  c a l c u l a t i o n s  in h - h g .  -N - I i n c lude
• Se.u r c lmn ng t lie soun d -sp ec - i ) profile fo r  su rf a d c  a t i d  s t u bs u r l / uce  d Li d s amida p p l y i t i g  ( i-ic A Nb )“  ‘ sm . , t a rt s u t  applicable.
• (‘ n u r s e — l i t  mug t h e  sou uii l — s l ’e eu J pro l ’m lc sv i i ii comu I i n u u o u l s - g r . I d I  l e n t  c i i  iv e

s c guuu eu m t s  a l t e r  t h e  p ro f i l e  has been correcled ( ‘or c / u r l h  ctn u’v-at urc.

- 
. (~()

- ,c,~~ T - r ;  t~T~~ fl- L .  c_ :~~T ?rL ’ :-.D
-- —

~~
.‘-~

- ,
~~

- —a



- ‘---‘- 
-

~~~ - - -~ - 
_~~~~~~~~~~~ ~~ , —~~-_ ‘  _ _ _

iREADIN

LOOP 1

EN _ “ “

.—
new

/ 
~~~~~~~~~~ 

yes I

bottom speed
depth~ 

pr o f i l e  /
I I
I n° /

I /

~~~~~~ouTP~2

6~JTP-~ 
specia l

t 2 propa9at iOfl
env s r ori rs’lenta i 01 

loss
calculat ions outputs

OUTP=O

OUTP~ 1

OUTR 2

spec 131
reverb e r .Oion O U TR ~ 1 ~r 2  reverberat ion
Calculations compo nents

LOOP— 2 outputs

OUTR=O
OUT R ~1

— normai ~iI

LOOP - 3 
aga to n  i s~

detect ion reverbes atson
Ca iCUi a t i On s  ants j i’i~ ct --

output s

t Icl i t i , ’ 5 - i. i ~~ p~ t iu ’. l i s t  t o R y n i s l s t — o u u v u t
and ~t tcutatton ’ .
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• Ray t r / i c ing  to obta in  pat h - i  segm ui en t s be twec u i source and target , souurce
and surt ace . souirce a nd hottoim am -id source and vol ume scattering dep ths ,

• ;\ s s e u i i h h i n g  time path - i  segment s to obta in  a n u m u ht i ude of ’ di f fe ren t  paths
(‘or the pu rpose of ’ comput ing propagation loss and reverber ation - i
components.

• Interpola t ing time ray paths to obtain t w o- vs - /m y t imes /mnd propagat i on
losses correspond ing to integer kihoyard s t e p s  iii horizontal  range b e t ween - i
source and target .

• O b t a i n i m u g  ond- ’w:uy p/ u s sus e  a here n t and incoherent propagation losses
(opt io na l ) ,

The reverbera t ion section per ( ’orms ti - ic following con iput at iou i s :
• In t e rpo l a t i n g  arrays of rev er b erat ion - i  components  (stored du r ing  n/my pat h

co mpu it a ( ions )  correspondimig to tui e two-way tiuu ’te s to (he target (‘or
i ntege r kitoyard horizontal ranges .

• (;r oltping (by incoher ent suin’ imation the c II ’ects of su rface . bot to m. amid
volu me reverb eration.

• (‘ale u l a t ing  to ta l  sing le—pi ng rcvcrben ’/m t ion fo r  two—way t n/mv ci t imes  to
(hue target.

• (‘alcu i l a t i mug  tot / mI reverberatio n - i from -i -i t ime-delayed previ ouus pings .
• Calculat ing total reverberat ion from all pings ( ‘or (hue eu r r en t -p i m -ug ts ’, a-

SV / u V t i mes to (hue target .

lhe detect ion section ca lculates and p r i m - i t s  the l’oiiowing tabular  o u l t p u t s  ) see
(hue p/tges in Append ix D labeled “ .- \ c t i v e  Per (’orn u ancc Pr edict ion ” ) :

• -N head ing  and a brief s ta tem en t  of ti - ic propagation muuod e.
• A h u s t u n u g  of time values of the s ingle—value i t i p tu t s . wi th  a t ra i h in e  le t ter  to

i ndicate  sta tu u s , *

• ‘N l u s t i n g  of ’ t i - ic v a l u i c s  of ce r t a in  in impor tan i t i n t e r n a l l y  c a l c u l a t e d
pa ranueter s ,

* i t ic s t .s  I u~ sv mbots in d ic a mc u he oiiowing (see p. 5)5 I’)’):

user has ~p uci m ’ied th(s inpu t va iue ott t his tun.
iui,itik s i t  is~ user on prev i o us run : uni’hangcd in i l t i s  run.

ii lii .tl sa iuc si t in hse ti C ii i Usi’ spa ii tu it ion,
(‘ ca lc u late d i n ter n a l iy  by ihe program am m is c user ’s request ,

w t i ne s i )  sic spec lied by user. ( I i ’ ii range ui ailowab!e va l ues . ‘lhe p u n ted . , l i j c is s ’s it ie r a
t \  pk,ii or in Inte l  s ilk calculated va lue,)

N - not an input : inlet i t ,il)~ s a ls uiatetj parameter.
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and under the fol lowing imeadings :

• R A N ( ; l - , all i iuteger k i t oya rd ranges to ti - ic target (‘or which the  c u r r e n t
propagation nmode is applicable .

• I I  Ni l -  - corresponding two-way travel times for (lie rays  wh ic h i give ni ini-
munu loss to the tar get.

• 1 OS.S . nii n im u m two-way propag a( ion loss to the target , i n c ludi ng hea ni
pat tern correction -is ,

• A N t  ; t . i -  . s t a r t i n g  an gles (‘or thuc rays at (l ie source depth  whi ch g i v e
min imum loss to ti -ic target. *

• SIG N ,—\ L. signa l level of ti - ic ret uu ru u signal in (h - ic r ece ive  band Cu s me asuired
at  the o u t p u u t  of the beam f’orTn er ) .

• R E V E R B , reverberation level het ’orc doppl er correct ion )d opp ler  f t /mim i
“U DOP” is listed svuthi flue single-value unpin ( s ) .

• R E V  L IM , a “YES” an ‘‘NO ” to indicate  if t ime n u / i s k u n g  noise us reverb-
eration l imited ( tha t  us , dopple r-corrected nc v enben : m t u o u i  l e v e l  ex ceed s
/ mni h ient  noise level in -i (h - ic receive band by 3 d i 3 ) .

• S M N . signal-to-masking-noise ratio in the recei ve band.

• h - X( l - SS. signal ex cess.

• PROB DE 1’ECT , p r o h a h i h i t ~ of d e t e c t i o n .

t i h i s  is use m ’ui )nl’isrmatum in  aiming ihe beam pattern on so ~~ess i ls ’ runs , N1, s ai ues iso \NI 1 I are
gi ven in t hc s uri ’ae~’du ct or subsurI ts ’s’~1uci modes ol propagation.
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Appendi x  B

INPUTS TO THE LOR . -\ ( O \ l i ’L F i - ~ PR OG R .-NM

I able  B—I contains a In st at t h t ~ i m - i p u t s  to (lie L,~) i~ -\ co t i upuu t c r  Pr ogr~m n i - l ach i
m n i p u i t  us designated by a n u /m nuc t h a t  correspot ids to a p :mr am ime tc r  used in s i l l i e r  am-
punte r p ro gr /ums , mt N t  - ( l’iiese ui ,unics ,m n e listed in the  column ‘‘ N ( N ,m nies
M o d i f i c a t i o n s  to the  \ ( n/ur ic ’s 55 ir e  required hr u sers at Ome \ a s  ti  ln ’ e l l j g e n c e
S u u p p a r t  ( e n t e r  \ l~~( 

~ . be~’ .m u se t h e i r  c o t i m p u t e r  svo r d  c o i l l , t i n s  t o u r c j u , i r , u ~ Icr s r . i i h i c r
( h - i an u  su x  as /ut  \ U (  - I b us . ne’ s ~m m i d  s c u i m c t u u m c s  in u r e  Fn r u e i u i o t l u c  and  aeron ~ u n i s t u 5
mi a mu c ’ s  s s cue  d e v e l o p e d .  l’hest ,’ t i ccu ir m u  I able B- I i t i  t ime c o hu u m im n u. uu id e r  ‘ ‘N I  N) \ .uin e s , ’’
i n p u t  p :un. u l i c  t e n s  i dem - i t u f i c d  by ci t h e r  set  oh ’ p. r/m in e Ic - n nanme s  are  a c c e p t a b l e  t o  t h e

s s u t h o u m t  uus e r  s p c c i ) u c . i t u u i u u .  O i : i p t i t  l abe l s . l i ow~’ve r ,  arc i d c n t u t i c d  by u m s i t i g
e i t h e r  of t uie  da ta  I i t e r j l s , ‘‘N t  (

‘‘ on ‘‘\ lS ( - -  see l a b l e  l~ “ u t o  denote  t h e  a p p r ap r i -
ate set of p ar a nuuc  ( e m n ame s , (h e  co lut r i ru t um i den ‘‘ I)e s~ r i p t u o t i ’’ iii I ,u b tc  It I ~- o n t j i n s
brief  del ’ iu iu t i ons  u I  t h e  i n p u t  p / m r / m n m m e t c n s -  ‘ ‘ R , i i i e~- ’’ us t he  r ang . ’ of’ s . u l u m e s  a g u s cu
p/mr /n i l - ic i e r  5 / u l l ow ed .  Any  i n p u t  5 :m lu e  ou t s ide  t h i s  r amige us u m b e r  se t i i  - i ‘‘I ~N : i l uue ’’ or c / m l e u u l / u t e d  in the  progr :mmi m .

Table i t -2 us t i c  l u s t  of ’ da ta  l i t e r a l ’ s  umsed to ex e r t  spcs I i i  t i n  I n t ’ l  as ci t he
progran - i , ‘Fhme u i s cm m u s t  t ~-pe these one t o  a c/mr d I l i n e ,  r ecord I,

Na t  all of tI m e imiput parameters need to he entered by the (user In  ij , , t on ly
one u n u p u i t  param i ucter  is requir ed to be entered by tIme uu sc r , t h e  souun d- ’spced p r o f i l e .
‘ ‘N5 15 ’’ Typica l  or c :u l euuha t e d  v : m h u u c s  v v i h l  he produi ced (‘or e v e r y  o t l ue t  n p u !  1’.II  am-
eter t h - i : m t  is not en te red .  Of course (lie outp u ts u n: mv Imas e l i l t  Ic s u g f l u  l i ~ a t i c e to the
u mser  vv h i o does not e’sercuse h - ins  p rerogat ive  to cu ter  h i s  oss n d a t .m .

‘a

I

‘73

L .~~~~
‘ T T

~~~
”T

~~~~~~~~~~
” 

. , . .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _



Lilik tt’ i. LORA inpUis,

m NVlRoNSti N t - s i  PuSRA SI t t i R S

NU(’ N IS (
Name 5atii~ iks c rip non i’ ni ts Range i y p ica i  \ ‘aluc

(it TP 0( 11’ l Iag for special output ot propaea000 I l t ~ , I I

h,sscs u - - l u , no special su ip ut :  — i print
and c onhin ue to rev erbera i ion calcula-
t ion s : 2 . print and go li,is k to rea d new
data)

IN  St) Source depth ft I t o 4 111(01)  2o

i. iG ii.) laure l depth mt 1 to 4 11 ,110(1 Su u
t RE Q i REQ i-sc q ucncy 0)’ t ransmi t ter  kHz  11 ,4 ( 99 i i  25 3 .5
m w- s vv v v ’ m W ave isei ght ft O t o  20 4
VWI 55 I Ni) 55 utsi speed knots f l I t s ,  35 15

~ vu I s v u  I Salinity 0/00 33 to 37 35
I i ’ s St Pit Signal ioss per bounce at the surface dm4 —2 i s ,  i i )  3, eaicuiaied if ilst i ta t l l s ’

/ u v u hi) Bottom depth ) im ’ d i mme se nt  than the late - ft I to 4 11 ,11(1 0 latL’esl depth in SSP
es t depih in the sound-speed profile)

Ri-i- LS N Et t It Masimum nu mt te r of bottom boun ces i to 30
t O NI -S f ONt Max imum number of convergence zones I io 3t) I
P t t t )X  N u t  Transrn ii du’p rst ssi s , n—t’i evau iofl ang ie o) deg — 55 uo 85 5

t he main ax is of the beam patte rn
i’ml i)R Ru t-: Rus ci vu depres ,s ion~ r lc v at ion ang le ii t he deg —85 io 85 5

main a x is of the beau s pa t t e rn

nm m i ’~ xv lu st i i  l c ’c l i vc  ve rt ic, it  iieamsvidth transmit deg 0.) i i  I Si , 1 1 4
I ) i -L PR RV I(N1 Ef fe cu is ’ s’ v ert i cai beaisiw idtis receive dat (L i to I 8~i 0 , ~‘u to 15 1 1 if it t- v \ t  IS

is omnidirs’c t t sin, i t

StUB itSS mtotto in toc ksc ,i lts ’ririg snrength d i (/ ’. 5m; -40 II’ —5 —27
Sit \ 555  Volume backscatte ri ng s i r c n g t ) i  of the d t u t y d  —80 io —3 (( —t9

oi l ie r ct itu mn
/ u Si t) Scattering Livcr de p it s (w al er ’ ,,luinn it (1 is , 11 ,11110 2 ( v l lu

dept h)
i -v i  L v i  Lat i tude dat ~ 91) 10 1) 11 II

lit , 511’ III, St P t-iait for diagn ostic prin us iut I — u ) . no
5 ) i nt l os t  ic print oUi / — I , print ri ’ , I rac-
ing oui p u t s . ‘ i . print)

SSI’ SSI ’ Sound—speed prcitile .irr ,u or ai t ern at ’  ft . i t / s e c  4 7 5 ( 1 t i  it s ’ iv pisa ) ua ) ue

‘a sic dept h and sound-sp eed v a lu es or it,, I ’

a depth and icn iper ais ir e valu es m. ti s/ust i I 44 o to SSI ’ must he input I -
I St i l l ’ ‘ prilerani to run

i i .  4 ii, i t ’  ~ ç . l

in. tS
( I i  i s ’  1(1*

v u lit I) B ii’ Hot toils ret lec t - ‘ ‘ i i  loss profile ,i rra~ o i dci’ . d I) not c isc  ( is )  ‘cr, loss am a n~ eracing
alternat ing gr,,,Inst - .,isitic and bottom- .osgle
n-li ce is sit -l i s’ v,I tues

mite input parameter is au iotut. ’ l r , ,sli\ ss ’ i i , th is u .ilue in ,s t ,s ,- r s s e  si user sp u’ c i t i s , i t io n .  ii , ,,,,s t
‘ 1  his ra te s ’ i i i ‘ t i t s e s  .ipptiu’s oni~ at the ocu’.iii s ur l , iuv ’ , that  is . in secon d s-a t t ie Ut mliv ’

inpu  i .1 I .i 5 .i t ier eieiits ’ n Is have t s ’stn orde red 55 iii rs ’s I’s ’s I mo iii ,-re ,i si n it dept Ii
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‘ iab le B-i . (Con mdl

N Et  N1 S (
Na uti e N o ire Description Units Range Typical \‘ -alue

Bt -A M\  X V R P  l r,irus rn il sc r l ica i  response pattern n.e.. deg. dli not checked omnidirectional (i,e., 0
beam-pattern ) arra s of alternating di) s i r all ang iesu : if
, i r t v ’ le  and respo nse values , w here response the arra s coniains one
is givers as positive dit  down from tile element s , i ri~ - t h e
inax iutium res psit lsc . defined as 0 dtt at si l t  us I s  response pat-
an an g l e  of 0 degrees tern for a continuous

mine is calculate d
(i . vM R RVRI’ Receive ser l ic a l  respoi rsc pa i tern Sante as for )ti - - v \ t \

R I  S i  R B L R A ’ l ION I’AR. -vML i t -  RS

OUTR Ot l B  i - la g )‘or spe c ial outp ui of reverberation -- 0 to 2 II
va lues )bottom. surface , an d volume
eui n ltpo nef l t s . total conirihulion front
cad s pure, and overall total  reverbera-
tion for 155 0 - way time to target corre—
spoisding to integer ranges in Icvd ( 0 ,
1~ ~~~~~~ printout : i. prinus and con-
tinues to detection section ; =2. prints
and goes back to read nesv data)

— 5100) 51001 i- lag to ind icaie sonar operation mode — I io 3
( i , nezir-sur l.ice or d i rec t  pa)h 2 ,
bottom bouncet =3 , co nver gce ce zone ,
siii iasd bou isce , or re liable acoustic
pat h )

SE Si Source level ditre i/lb 4 11 to 160 145
un i _ - nun  i i  i t i ~~i vu’ )torieontai hcanswidiis deg 0 to 3(u l I i l l

MPR \IPR Nunsber of pings )‘or muiu i-ping - I t o  ‘I
rever beratio ts

LI I I ’  ‘L ’ it P I i  rIle be t o  ‘c is pings si’s’ I to 5)( I 2 ))
l’(’i SI PULS Puise length to help determine rcverlicr.i- sec I H isi ~ 0.1

lion backsca tie r t i c  a r e a s

I)) 1 1 ( 1  ION ‘y R  5\II - i - I  RS

Ill Di i ) u i es - t i v i t s  index used ss nk s i dei er — dl) I t  is i  7 )1 ii

— 
m i n e  tin’ amount of d i ss rlIlllll1ill’iit

— agai nst isotropic ns lisc due to the sIue~
is is of Hue beam 11.11 te rn. ml NO~~f is

knots ir. 1)1 need not he inpui I
l) 55S 1)55 5 tt andw idits ii Itse relurn siit tia ) iii I 10 OuuI ()  I i l l

BWR I3WR Rc ceise r  I’~si t duu i s l i ls  Ii, I iii 10011 lOS S
Nt ’S NI’S Ouu snid i rec i iona l i t s i l s i ’ sp e c l t s i l l u  level ai d il r e I/ Its —5 11 Ii’ 0 —4 5

the rs ’ ss ’ l s i n s t — t r i O  m p h  I

NI- il ) NOl I Ns,~si’ band lese ) .11 T ilt rcc~- iv i i l t - arr.i v litre l).il — I l lS  i,i 2 ’) — ( ‘ 1 .2
‘ I  or ~Ielt,I l pr oce sss l r  uus p u t

i ’ s )  iV (  I _ i t t _ el  s i ’ , s i n i c  is ,_ ’ ) s i c i i (  h i r es _ I s1i - - 5-d o-Oh kti,iii, — ( S I )  is’ ( i l l  I )

r csps ’ s i us ,  t h e  s,cc ,iis s lung the rj uice
I rt ~-, k be 10cc 14 ssi urce ,insi t ante I I t i ses i

in  c s t i t i i , j  i ti e doppler gain s i t  ~t~ is~il over

— 
resc r) ’ s ’ r . i i i s ’ u i ,

It i i ts lsJ I
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l~ bte B- I .  ((‘ont d)

N u (  N iS ,
N.sIl1e N.iini,, Iiv ’ t_ i r Iui iI tII ( t i lt s  B one typ ic -al S

Ii) II’ GDOP Ii t’P Ier gain I si stn,ii enhancement s u e r  dIm —2 i’~ 3 1 5 1  ea ls_ut ,, ts ’ d using I S I

rcs~’rbetat i i ,n i  due i s ,  s h u t  s It  c u c r ) r s ’la- n, ’ga t I s s ’ ‘,,it s ie -

l i s i n  band i w o  froni return suen,Il band un s_al ulaii,sn

ii’ tar g e t  IS  u luuss inu g t J_ i i I t s ’ lit  s’IlsIriifl’

nse! st u
4 ; S  loS iarget strengtli dtl h i  i t i 4’ 15

RI IN Ru IN Recognition differential for ansbient- dtt —2 ) )  i s ’  2 11 —2

noise-lim iisr d detection I sor r ec ted by
program for rs_o ’c rt ,erati s_ ns -h iflh ited
dci c ut  si lt

I It’ ( t n t ’  I lag lo indicate 2 ’s_ Il) c l u pp lu lg  tit signal am U Is_ s I
pr o s _ e s s i h r  IS I I . no J i1 ’pi l tc t  l. clipping)

Si) v t \ SIC Siauidard deviation si l signal difucrentia l di) 1 1 .5 lii L u ’
ii be u sed sv it is sigri.iI p15 cc sst nc  model
ut ucit  l’s Sp .:5

I’) - v P1 5 Probabihit~ of lalse a) ’.iriil (or one reso lu- iIr t - t l l ) .l ui ,u i t ( l

ccli on s, iIfls_’ d s p - i i

SP Si’ I lag Ii’ de note si gn,~l pt ~ ’ s _ C  us i ire nisodel I to 5 5
S I ,  linear corre ta ior , known s ic t ia t :
= 2, linear corre lator, constant ‘,ig irat :
=3. qua dr.iturc correiator, ci ’ r I - .i,hlli-

ampiti udc st en.s ) :
4 . qua drature cs irr e iator.  random-
amp lit udc— .ti td — P li_ s uc siit ita l

- 5. enc res dci cc b r  I’ 11 ta l lsslall Ott ts , s )  
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iabi e l)- 2, Data hlera ls ,

m .iata i .i tc ra l Resulitisg Control

R h ,. N (‘aicu la iions are pertormed lor the current values ii the in put parameters and sonirol is
returned to SC1(ROt± l INI RI - Sh IN I s i t  more in put s

\h) i Sssme as Rt iN .

‘St I,) Sanse as Rt ~~

‘- vt  s m Sanse as R) N .

I Ni )  Program cs c c ut ion is i r l l r r r c dt . IOi \  tc r nssinat ed and c s , ns tr  ‘I is returned Is the c\ec ul luc .

SI (Ii’ S.ime as t N I).

I NIl-l i  S i  S ‘s .i n i e as  h N t ) ,

i t i -  -v ol  B -Sil, ,s s • the ,ilphanuisteric s lnnsg on the nest c;urd to be uses_i or t icadsn, ’s (In ouupu i pages.

NI ( N o i l  I nd ersc a ( ‘enter input p.lr. Irete r names .s re used to label lute liuuputs tassunsed if
NOn “ is ns iu eniered I s  the user),

N iSC N,i s ai intell igence Suppsl r l I cr u et input paran ieter nautses are used I s ’  label tIle outpu ls .

l’ - vSS Onie - s_ ua~ ‘ as s l u s ’ propagation loss , including receiver response p 11c m and inuimipath ra~
s Ul l l r l l a t i o l us . is c a t s _ U l a i s _’d 01 Il’ — I or 2 is needed to disp las ills’ s_~itUs ’ s u .

t’ -SSN I c lc , s t s  l’ -’tS’i ii ii has beeti entered.

05) 5 OnIc -us .l~ s_ on im unic ti i is .,ns propagation Los . including tran snsit and t e e s _ r u e  resj  501155 ’ pat-
terns and nsult ipath r,i s linsuss at io n, is calculated 01 P- I or 2 is needed I’i sl isp t as  uhe
u,i t ucs ( .

( 1  1St N l t ct uj I -  ( (iSIS ii Ii has been en t s_ -~ed.

COIIY Cohereni propagauion t osse s  are ca icu iat ed. as us _ e l I  as ti le incoherent losses , for cit iser Ire
p. isuisc or consmunicat ions si ph ons . Sensicoheren ee is also included hut nsit rst-oninsended
hes a ut c of the artific iahmy ‘‘I I tie calcula I i o i t s .

‘4 COh N Defeats ( (It i’s ii it is as been entered.

I I S Reduces output or deinsans) terminal us .iee .

NOl I Os_’ i , , , i s  i IS  (assumed i) I IS  has not )leeut entered ): norm al out put ’S and p e e  tiea din,st s
are printed.

I
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A ppendix C

IN P U T  FORMAT

The LORA program accepts all  i n p l u l x  through S U B R O U T I N E  RI -  A I ) l \ .
R E A D I N  conta ins  only two read statement ’s, I ’hc i n p u t  charact er ’s  are seat im ied in a
mau lner  s imi la r  to NA \1 l -  L IST to d et e r m i n e  if a s tr ing of character s  is an i n p u t  name
or an inpu t  pa ramete r  v L m l t l e  ) a  n u m b e r ) .  R I : - \ l ) I N  does not use N .-\ \11 - . L I S i  for  the
fol lowing reasons ;

• It u s impor t an t  to keep track of the v : un i : m hles  which are changed from run
to run In order to redu ce r e d u n d a n t  ca ic t i l a t ions .

• Column I on t i l e  i n p u t  record can no ’s_v be used ,

• l) :mt :m l i tera l ’s  which have no numerical  v a l t ue  cat -i be en te red .

The tmser en ters  s In g le - s  :dt u e v ; m n u a h l e s  by t y p i n g  the  n ame of Ih e var iable ,  t’ol loss ed
by a space or an equal  sign ‘‘ ‘‘

, and then by the  numer ica l  : t l u e  in  F. ! . I - . or I)
t o rmat .  - \ ) l  I n p u t  vaR ie s are con ver t ed  to si mi ~ le-p rec isi onu (b at ing point numbers .
There e :mrt be no inib edded b lanks  in e i t he r  the  name or v a l u e , a l t hough  the re  m ay  he
more t h a n  one b lank  ‘scpa n ,m t ing  the  n a m e  and v m l ue - A name and i t s  ‘s a ln ue  mus t  be On
t h e  sat lie l i ne .  I h more than  one name—value ‘set occur ’s on ii ( i f i C ,  the  sets ire to be
separ :mted by a cotilma “.

‘‘ or :u slash “/“ . I hiere is no need to use a con luna  or a ‘ s I . t sh i
Lu ’s :u scp, l r : itor  b e twe en  sets occurring on d i f fe r ent l ines .  The parameter ’s  can he t i p t u t
il l  :u t i \  order or not inpu t  at all , ;m s t he  uu ser de sire ’s.

‘F lt e use r en l e t ’s an r :u y s in a s t m m l a r  fashion to his en t e r i ng  s ingle-valu e  ar i lmbl e s .
b’5 t i t ~t t \ p i I l S  the  name .  t li eti  a sp ice or eqnta l sign ‘‘=‘‘

, and I hen the  arra aloes in
I -

- I - I , or I) tornnat , Stu ee c s s lv - e array ;ml ue s  t ire su ’p: i r : i led by one or more s~~ i s_  c ’ s . Li
— the  ai .r . ts  us too long for one l i t e. as many  l ines  a’s :mre requi r ed  CdIl he tixu ’d b~ 1’s p I t l u t

F 
t h ~ c o n t i n u a t I o n  ‘symbol “° “. ( I n t l  is . an a st e r i sk  and a sp Ice ’ . as t h e  f i r s t  e l u . t r . u t _  l en s
Oil t h e  ‘stie ce ssi s e l ine ’ s, Au  array is t e r n i i i n a f  ed by a eom ma or :u slash or by s t a r t i n g  a

I - ui ey s l ine ss mthou t the con t i f l l . Iat iot l  ‘sy mbol ,

l ) , u t a  l i t e r m I s  a l e  tl:u n e’s vvhi eh are h o t  h ollowed by ; u l i t es , lo en t e r  ihc  m l am e i’s to
‘set Li 1kw or to f o l k u s s  some t n l s t r u c t i o n s  b efo re re :tdi ng I l t e  t e \ l  i n lp t u t .  \~ he t l  one da ta
I t l e r m I  is read, t h e l ine  t ’ s a t i t On i l i l  i e :u l l ~ ter tl’u i t l L m t e d  - 1) ata l i t e r a l ’ s  mus t  he en te red  onm e
Os a i rk ’ a m i d  he th e  l as t  d :mtu m OIl t h l m t  h i t i e .  \ t t v  o the r  da ta  om i t h e  l i ne  I t l I l o w i t - i c  t h e

sl , t t , t  h u t e r t I  wi l l he ignored ,

—

i)

—4



-

1- igur e ( - I  i l lus t ra tes  sonic of the pu ’ s s i b l~’ vs :m v s d a t a  ma~ he entered.  Colt .mm m i I
is ind ica ted  by time arrow . The l ine I l u i n - ib er s  are merely for re terenee ill t h u s  discus ’
sion . Lin e I in 1 - i g .  (‘ -I sh ows  ‘sev eral  e ’ s ; mmp lc s  of sc p a r :m t o r ~ aml d spacing ’s  and the
(( Se and nonuse of the equaL sign . Line 2 cot l t : m u t ’us the  da ta  h i t ~’ m u I  “1’ -\~~Y .‘‘ which
wil l  cause a flag to be set so t h a t  p~m s s t s e  propagatuor l  losses ‘s~ i i  be ca l cu l a t ed ,  Line 3
is another  data I l l e n a l  - ‘ ‘ I I I \ l ) I  R . ’’ w h u eh  C~ s ’ us es tile t i e ’st  card to be react .m s h i e a du i l g
in l or l i lLt t io nl .  Line ~‘ ‘show s hu t v v an array t i u a \  1C en te red .  -\ user at .m demand te r n im-
n at iliLl’ s’ m ima ke  a m i s t ake -  I f s o ,  h~ can reenten  the same par L m mele r  .i~~ au 1 t i l e  (s . [he
latest ent ry  of ; uuu ~ p L mra met e r  ‘su per sede ’s u t l \  aloe it tli ,u ~ lou se been a ssign e d b ’s pre—
v ious ent r ies .  I he user  need not — p e c i l s  the n i u m n i b e r  of ’ ‘, ;m l ui es tn an arr a ~ the  program
;uuton i a t i ca l ly  eoum i t ’ s  t hem.  I i n e s  ~s-  10 illu strate the e f l t e r m n l g  of ’ s a b l e ’ s  in .m r r a v
“ -\ I IB , ” ~‘n 1p Io\ im ig c o n t i n l u : m t i o n  card s . 011 card I I  “ I t  ,S= 2 ) ) ” fo l lows  ~m da ta  l u t e r a t ,
‘so it u s igm ored. Thtu s . I t  5= I ~ - On Line 12  PF-\ is Lm ss ig t l e d  ‘s att ie n fl I - fornn a i  L u n d on
Line 13 in I) I ’o rm i i a t .  [he dali I u h e r L m l  on I_ inc 1 2. ‘‘ Ri _ \ ‘‘ vs u l l  e’ LuUSC im tu ed iLm te
tern i’m ; n i a t i o n  of the R h -  \ l  ) l \ sumh rout  it i c . ca lcu l a t ions  wi l l  be pe r formed w u l h  Ih i e  c t u r —
ren t data  se t ,  am i d ~OllI  ~~n l s’s _ i l l  be n e t t J r I ) ed  to R I -  \ L ) I  N to read the  l l~’\\ v a l u e  lia r P1 -\

on Line  I 3 , The ‘‘ R t . \’’ on I t u e  14 vs i l l  again v a l ise  ca ls _  u l a t i o n i s  s~ he perfor m ed .
this  t ime  only  in the de tec t i o t i  ‘ s ec tmon l ,  since P1 - ’ \ is a de t ec t iom i  para m e t e r .  Line 1
ends the program w i t h - i  ‘‘ I  N I ) ,

‘‘ and v’Otl t rol is ret ur m ’ued to Ih e c \i.’eul t i ’u e  -

Col. 1

l~ F r l E Q  1 ., Z x 2 0 - Z I G  300. .PHDX - 5 ,PHDR .5
2 PASs’
3 (‘(EAGER
4 T HIS I S A H E A D I N G
5 SSP=0 5000 100 500 1 .5 3000
6 SSP 0 5000 100 5001,8 3000 4050 10000 5050
1 AHB 0 5 5.0 13.5 10. 1 ’~

8 ‘ 20 13 40 14

9 :55 
~~

s_,

10 90 15
11  TGS-15 ,COHY , TGS 20
12 P F A - l .E-5 , RUN
13 P F A  1,0 4

14 RUN
15 E N D

I igure ( - i - I ~ai ms p le s_ ’ f ss i i t t s  sip lions’ il tts c input
Is ‘ r rm ~ut

-\ t la t , i  se’t e s _ l u i v L m l e t i t  to  t i t , u t  r ep r e se t t t c c l  un I u g .  ( - t  us  shosv n nm i I ig. ( ‘-2 .

— — ,——-.———‘——-—.~~~~..--‘—~ ——---- —s,~
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Cot , 1

H E A D E R
THiS IS A HEADING
FREO=1 ZX =20 , ZTG~ 3OO , TGS- 15
PFA— .00001 , P H D X ~ 5 , P H DR — -5
PASS’
COHY
SSP~0 5000 100 5001 ,8 3000 4950 1 0000 5050
AH B— 0 5 5 8,5 10 12 20 13 40 14 55 15 90 15
R U N
PFA- 0001 RUN
E N D

I cure ( -2 .  Reusri i t e n m’orm ut the dai~ in l-igure (.1.

‘4
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Appendix D

EXAMPLES OF RUNS FOR THE LORA COMPUTE R PROGRA M

Flu ’ s Appendix contaIns exampl es of in pu ts  and resu ul t ing  ou t p u t s  of t h e  L O R - \
compute r  program . To keel) the report unclass ified , no a t t em pt  is made to make the
‘ s y s t e m  and env i ro n n i i e n t a l  i n p u t s  correspond to u.l a t L u  or th eore t ica l  values , wi th  the
e\ c cp t lo t l  t h L m ( the  two sound-speed profi les are from umi c l a~sified measured da t a .‘l’hu e se 1)rofi le ’s are depicted in l ug.  1)-I and D-2 and tab ulL mt e d  in TL m hl e s  1)-I and 0-2,
In the compu ter nuns the typ ical  values  for sound speed are used ra ther  tham i  th e as en-
Lmgc va hue ~,

I l i c  t ransmit  and receive beamii pLttt erns are the mt er flLmli y ca l cu la ted  response
I U n c t i o n s  for a con t i n uo t ms —l im i e  array,  wi th  the h a l f— po w en be amwi d t h ’s  def ining thel en g th  of ti m e l in e  for the given f r equenc y .  it  is  i m p o r t a n t  to rememb er  t h a t  the
p r opL m g at uo n los’s v a lu .ue ’s i nc lud e  be ann respom ise degradat ions ,

‘4

J , (, . (,i Iln,,rn and I. I) , I’s n e ) i .  - -  S Pniucedn i rv ’ for .‘ss’ Is ’s tj i i f l  i i i i s  ‘ is. i I  ‘ i ’ L i t t s I - S )’cei( I’r,iiiles ,” Nt ( iN
i i t ~ (i I t97~~t ,

V L~,’JC - 
-
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I

‘I’ab le 0-I. Sound speeds at standard depths for typical prot ’iie and
aver.uge prof ile. Eastern Mediterranean Sea, winier.

Sound Speed, tin s

Ikpuh, ni I pica t - ‘ s i c  i_s e e

() 15 11 .1) i5 i 2 . 4 o
( I )  15t2 .0 1S t 2 ~S6
21) 1 5 1 2 . 2  15 I2.~ 4
30 1 5 12 - 3  1 5 ( 2 , 55
5 )) 1512.8 1513 , 01)

75 1513 .5  i 5 l 3 . 4 5
1514 .1  l ,c I 3 . s ( ’

1 25 I 5 i4 . 4 I 5 i 4 .iI
150 15 14 .5 15 1 4 4 5
211 ) 1 15 14.7 1 5 1 5 4 4

25 ) )  1 5 15. 1 1 5 1 5 . 9 2
3) 1)) 151 5 ,8 I 5 I ( ’ 2 3
4 1 )11  1516.8
5 1u1 (  i 5 17. 9 1 5 1 7 .52
60) ) 151 9.0 15 19 , 17 )

700 1 521u .2 15 2 ) 1 .25
1)00 1 5 2 1 , 3 15 2 n  4 7
9 ( I) )  1522  53

10 ( u ) )  1 5 2 4 4 1
i i , ) ) )  IS 2 6 _ i I

1 2 ( 111 5 7.)i4

1301 ) 5 2 ) 2 1 n
14 0) 1 15 30 .55
1500 15 - 32 . 53
175 ~ 536 .64
201 )1) I
2511 ) 1 15 4 9 .2 ( 1
3 00)1 1 ,5 5 7

~ (5
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‘

Table 15- 2 .  Sound speeds at standard depths for typical profile and
as era ge profile. i’ ransii ion Zone, w m nt c r.

Sound Speed. ns 5

Depih. ni I ypis~iI

0 i488 , IJ 14 90.36
10 14 1)5 ,2 1490 .69
2) 1 i41)1),6 ( 4 9 ) 1 8 7
30 141)5 ,S I 490 .9S
50 14 85 .1) i49 1 . 05

75 I-I S~) .0 i 491.13
101) 4 1)9.2 i49 1.2 i
12 5 489 .3 14 90 95
15( 1 (4 5 9 ,6 4 5 )s  .36
200 i489.5 1455  3m
2 5)) 14 55. 5  l4 s5 . ~ 5
30 ( 1 14 7 ’ ) . ’) 4 5 3 . 2 3

147  ~.2 l
511) 1476 . 6 1 4 ’ ’  7S
60 )) l4~ (’ .6 4 76 , 75

700 1476. 7 14 o.s I
800 47 7 .2 l4~~ .33
900 ) 4 7 7 1 )  l 4 7 .Y 5

14 7 ( 7 . 6 ( 4 7 ( 7  )~5l

1 1 ) 1 ) 1  l4 ’) 4 I

1 2 0 ))  14 80 _ S j 4 8 i i  u~~
1 3 u ) u u  14 s 1 . 7 14 51 .52
14 ) n 14S ~.) I 4 57  44

Su it 4 54 4
— i ’ S ) i  14 5 ‘1 I 4 8 ~ .S5

2 n luuuu  I - I 5 I _ _ ~ I4’ I I 12
25u111 14 95
300 u i  15111, 5 2
4 i i i , s i  5 2 3 . 55

.:i i i.  :i~~~~i~~~~~~.
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L U R A  —— LONG R A N G L  A C T I V E  P E R F O R M A N C E  P R E D I C T I O N  P R O G R A M

RI. S PONS IBL E P E R S O N :  D A V I D  * , H O F F M A N
N A V A L  U N D E R S E A  C E N T E R
C O D E  33 4
SAN D IE G O , CA 92 132

T E L E P H O N E  N U M B E R S :  (7 1 q )  2 25—2J ~~6
A U T O V O N  9 3 3 — 2 3 1 6

• IN P U T S , R U N  I •

H E A O E R
M E D I T E R R A N E A N  ~ I N T E R  SO U N D  S P E E D  P R O F I L E ,  NUC T N  103 6 , P . 23

5SP 0 1 5 1 1 . 8  I~ 1612.0 20 1 512.2 3o 151 2 .3 50 1512.8 75 151 3. 5 100 l 5 i ~..l
• 125 l S l ~~.~ 

I S U  1 5 1 5 .5  230 1514.7 250 ISIS.! 300 1515. 8 ‘400 1 5 1 6 . 8  500 L S i l .9

• 600 1 5 1 9 .0 700 1523 .2 ~O 3 1 5 2 1 . 3  9Q3 1522 .83 1000 1524. 41 1 1 0 0  152 6.01
. 1200 1527.64 13 u0 1529 .2 6 1’$0O 1530.88 1500 1532 ,53 175 0 1536 .64
• 2000 1 540 .78 253,) l5 4 9 .Zi,, 3033 1557. 87
iB M 6040
BE A M X 0. B E A M R  La
*118 • 0 1 10 2 S ,.i 6 7 L~ 7 90 7.5
Z X . ’4 0 0 .  Z T G I0UU , F R E s ~~ 2 1 L 6 A ~~5 , v * l .I S , 11S 1, L0 NE S~~2
D E L P X ~~I O , O ELP R I3 , DE L I uI S I O , L A T = 3 5 , 0UT l~.l,
SL .135, M P R ~~2 ,  TBP .ILt , T V C .l 2 ,  B * R S I Q ,  0 U T P ~~1,  COPi Y
MOD E 1. RU N

• •e . .• .• . • •• .• . . • .• • .• •• .
• C A L C U L A T I O N S ,  lU’s I •
•...ø..... ~~~~~~~~~~~~~~~~~~~

~ E A M X  I~~ T H E  S I N ( A ) / x 8 L S P I J o S L  F U N C T i O N  FOR A C m L ’ s T I N U U U S  L I N E  A R R A Y

~~E A M R  I S  l’ II L S I N ( A i / s ’, R c S P O N S L  F s ~5 C T l O N  FOR A C O N T I N U O U S  L I N E  A R R A Y

‘~ THE L E T T E R S  F O L L O n I N 7 ,  T o E r , 0 8 1 3 E R 5  I’s  T H E  H E A D I N G  Os TH E
P E R F O R M A N C E  P R E D I C T I O N  ( ‘ A . .,E 515151FY THE F O L L O a I N G ,

U ~~~~ H A S  SP L C n F I i O  Tiil S I- S PO T V A L U E  0m~ 14115 RUtS
B L A N K  S E T  b Y  US E R  Os A PR E c I O U S  RUN

T T Y P i C A L  V A L L - f SE T IN A B S L . ~CE OF u SE S S P E C I F ! C A T l u ’ s
C C A L C U L A I m . 53 I N T E I S S A L L Y  BY  P R O C , S A M  Ii) 5E M O P T I O N )

,‘a~~O’s(, V A L U E  S P E C I F I E D  b Y  U S E R  ( O U T  OF M A S S E  OF A L L O A —
A u L E (A L O E S .  TIl E P n I 7 T L D  V A L L , L I S A  T Y P I C A L  V A L U E , . u

‘sQl’ A N  l inPi j i p C A L C L I L A T E 1 J  I t i T E R r i A L L Y .
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SOUND SPEEd PH U F I L E  A F T L H  EAnn T I’i C U R V A T U R E  C O N R E C T I O N  A li D CU SV L F I T T I N G

SSP SE G M E N T  PA R A M E T E J ’ I S
I J A S A , V O L .  ‘II , N O , 2 , PP. 4 1 9— 4 3 8 )

L A Y E R  D E P T O  5OU ~4u S PE E D
Nij M B E R  (F T )  I F T / S L C i  CA. .2 KA ZA

I .uuj 4959 ,7802 92 .2508371 ,38 .1172 2 ’4 ’4 sj 8 .4098082.04
2 32 8 .141 4 967 ,157258 .2 4 6817 1+08 . 5 I 5 O 7 3 2 ,~7 .4I25656’u3
3 372 .683 ‘4967.865436 .2469763 .08 — ,5 822 35 5— ~.,8 .7257 311’03
‘4 ‘492.136 ‘4968.87n’4 77 . 2 4 6 5 1 2 3 . 0 8  • ! 1 8 1 1 1 0 — i j 8  — . 6 5 7 2 2 5 7 . 0 3
5 1 3 1 2 .1 3 9  4976 .’4 1 S 1 1 7  .2o3~~l 3 6+O8 — .9546 943— 10 .2738071 .OS
6 1S 9 1 . 77 4  ‘4979 ,64962) .2752025 .08 — .601077 8 — 1 3  .4433693 .0;
7 1 968.612 ‘4983 .980388 .7463949.08 .6438600—09 — .1 572664.04
8 3 609.212 50C7 .292388 .2665761.08 ~ .2UoI 63B t.i 9 . 2 1 1 1 7 9 8 .O S
9 3820.jU’4 S ,,51~~.8S78l’4 .267’4 961j+3b . i9 S 9 S l 3 a9 .Zis.u 82 31+CjS

ID ‘426 5. ’457 5 ., I8.28~~’477 .94 53833.07 .2’ 43 7 4,3—ll — .5319462 .06
II  6040 .989 5~~47 , 877286 .Sc~DOOu j . o o u o o o O  .O O U0 0 0 0
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A C T I V E  T A O — i . A Y  LOSS , P A GE I

M E D I T E R R A N E A N  U L S T E R  SOUN D SPE E U P R O F I L E ,  ‘,UC T ’ s  130 6 , P. 23

THE L O S S  E N T R I E S  I N C L U D E  T A O — W A Y  P R O P A G A T I O N  L O S S
A N D  T h E  T R A N S M I T  A N D  R E C E I V E  B E A n  P A T T E R S  R E S P O N S E S .

M A N G E M I N I M U M  B O T T O M  D I R E C T  P A T H ,
I K Y D ) T~~Q — * A Y  B O u N C E  C O s V E R G E N C E

LOSS LOSS ZO.~E L O SSES
1 3 1 . 1 8  2 12 . 0 2  1 3 1 . 1 8

2 1 32.83 2 1 1 , 4 1  1 3 2 . 8 3
3 1 3 9 . 9 ’ 4  2 0 3 .7 6  1 3 9 . 94
‘4 i 9 s . Su 2 1 5 , 7 4  L 4 S . 5 O
5 1 ’ 4 9 . 6~ 2 0 1 . 1 3  1 4 9 . 6 5
6 15 3 . 0 7 2 3 3 . 1 1  l 5 3 . , ,~7
7 i 5 6 . D~~ 2 15 . 41  l 5 6 .. ,~~8

8 ~~~~~~~ 2 3 2 . 6 8  15 8 . 0 0
9 163 .63 196.73 163 .03

ID 162.1 9 197.25 1 62. 1 9
I l  163 ,40 261.59 163. 42
12 1 64.55 2 1 3 .1 5  164 .55

1 3 165.66 215 .32 165.66
14 1 66.72 222.83 166.72
IS 167.74 21 6 .2 1 167 ,74
jO 169 .78 209.18 169.78
17 )71 ,82 235.09 17 1 .a 2
1 8 )73.7u 232 ,73 173. 70
19 1 7 5 . 1 5  2 0 1 . 4 4  175 .15
20 17 6 .3 8 200.65 176 .38
21 i 7 7 .57 203.48 177 .57
22 1 78 .72 2~~C .S8 178.7 2
23 177.80 203.9~ 177. 80
24  ~ 7 7 . 4 9  2 0 1 . 53  1 7 7 . 4 4
25 j 7 7 , 4 S  2 u 2 . 3 1  1 7 7 . 4 5
26 j 7 7 . 5 4  2 3 3 . 2 4  1 7 7 . 5 4
27 1 7 7 . 6 9  2 0 4 . 3 2  1 7 7 . 6 9
28 b a , 6 8  20 5 . 5 4  1 68 . 68
29 1 7 8 . 5 8  2 0 6 . 9 2  1 7 8 . 56
30 1 8 4 . 6 6  2 0 8 . 4 8  I B R . 6 6
3 1  1 8 7 . 09  2 1 0 , 2 2
32 1 8 6 . 3 2 2 1 2 . 1 7  1 8 6 . 3 2
33 i 5 . 7 5  2 1 4 . 3 8  1 8 5 . 7 5
34  j 8 5 . 4 9  2 1 6 . 9 7  1 8 5 . 4 9

1 9 1 . 9 1  22 3 . 1 9  1 9 1 . 9 1
36 19 2 . 78 2 2 4 . 4 4  ( 9 2 . 7 8
37 1 9 3 . 6 4  2 27 . 2 6  ) 9 3 .b ’4
38 l~~ ’4 . ’4~ 2 2 9 . 9 4  1 9 4 . 4 7
39 1 9 5 . 8 4  2 3 3 .3 1  1 9 5 . 8 4
‘10 19 7 . 56 2 3 7 . 9 9  1 9 7 . 5 6
‘I I 1 9 9 . 1 6  2 6 7 .2 2  1 9 9 . 1 6
‘4 2 2 . i u .6 6  2 7 3 . 4 1  2 3 0 . 6 6
‘43 2 0 2 . 0 7 . O u  202 . 7

2 3 3 . 1 7  .03 2 0 3 . 1 7
‘45 2 0 ’ 4 . O’ 4  .i33 20 4.04

~ 
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I’ A C T I V E  T~~u— . , A Y  L~i SS , ( ‘A G E 2

M E O I T E I R A N E 6 . 1  . I I ,T E I (  SO~~NU S PE ELs P R O F  ILL , ~~~~~ 
Ill ~~~~~~~~~~ ~~. 2 3

r t A N G E  M INIM1J 1I 8 O T T O i  D I R E C T  P* T ~~.( K Y D 1  In O — . A Y  B O U N C E C O . V E R G E N C L
L O S S  L O S S  Z O N E  L O S S ES

46 2U (,8V . j ..i 2 0 ’4 . n 9
23 5 .72 ~~.s3 2 3 5 . 7 2

~~~~ ‘48 2 0 8 . 5 2 .33  2 0 6 . 5 2
‘49 2ü 7 .3’ .&,~~, 207 .3c
50 2 3 7 . 7 2  .d7 2 3 7 . 7 2
SI  2us.i .’46 .33 2 0 3 . 4 6
5 2 2 3 6 . S b  . . j  23 6 .5 5
53  2 3 6 . 51  2 3 6 . 5 1
54 2 u 0 . 5 1  • s j 3 2 3 6 . 5 1
55 Z s . s O . 5 7  . 33  2 3 6 . 57

2 3 6 . 6 6  .0 3  2~~6 . 6 6
— 

57  ~ ia o . 1~~ ~~~ 2 3 6 . 7 8
58  2 0 0 .9 2  .3 3  2 u 6 . 9 2
59  2 3 7 . L~~ . - . .3  2 .~~7 , ; c
60 2 3 7 . 2 8  .3 ,~ 23 7 . 2 a

7’ a )  2 3 7 . 5 1  . t .2 2 3 7 . 5 1
62 2 0 1 1 .6 0  . w d  2 3 9 . 0 8
63 2 14.23 ‘ ‘ a d  2 1 4 . 2 3

4” 64 215. 96 
~~~~ 2 1 5 . 9 6

aS 210. 6? .3,; ZI6.o9
86 2 1 8 , 7 7  .~~ . 2 1 6 . 7 7
a7 2 1 7 . 75  .33  2 1 7 . 7 5
68 2 2 u . 3 9  2 2 C . i _ 9
69 22~~. 9b  . 3 3  2 2 3 . 9 8
70 2 2 ! . 9 ’ ~ ‘ 3  2 2 1 . 9 3
7 1  2 2 2 . 8 3  . 63 2 2 2 . 8 3
72 2 2 3 . 77  2 2 3 . 7 7
73 2 2 ’ + . ) I  .0 4  2 2 4 . 7 1
74  2 2 5 . 6 6  .3,3 2 2 5 . o o
75 2 2 0 . 6 2  .0 3  2 2 6 . 6 2
76 2 2 7 . 5 9  .9 2  2 2 7 . 5 9
77 2 2 m a . S ~ .ij v 2 2 8 . 5 6
78 2 2 9 . 5 5  .od  2 2 9 . 5 5
7 9  2 3 7 .5 7  .O~ 2 3 7 . 5 7
BE’ 2 3 8 . 6 1  .3 4  238.81
8 1  2 3 1 . 6 0  . 32  2 3 9 . o S
82 2 ’ 4 u . l . ’  •~~~~, 2 4 3 . 7 3
83 2 7 I . 9 ~ .~~ 2 7 1 . 9 9
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PASSIVE ONt~~ .4AY LOSS , PAGE 1

M E DI T E R R ANLM . “ IN TER SOUND SPEED PROFILE , NLJ C TN 1006 . P. 23

T ilE LOSS ENTH ILS INCLUD E ONE— R A Y  P ROPAGATION LOSS
AN D THE N E C E IVE BEAM PATTERN RESPONSE, M UL T I PA TH INTENSITIE S
AR E SUMME D , SO TIl E ONE~~~AY PASSIVE LOSSES ARE NOT 1~ GENERAL
ONE—HALF ~F THE TA O — W A Y  A C T I V E  LOSSES.

RANGE I NCOHER ENT COHERENT SE H ICO HER EN T
II (YD ) P AA Y  LOSS 1 — A A Y  LOSS I — W A Y  LOSS

I 65.53 6’4.93 6’4.93
2 6o,36 65.53 65.52
3 69.93 70.21 70.20

72.75 72.8C 72.80
S 79.79 7

~I.63 74.6%
6 76.95 7a.3,.~ 76.31
7 77.90 78.23 78.19
8 79.08 79.08 79.u$
9 0~j.CI 8I~•60 80.50

10 ou.75 82.95 82.19

~ j,3b 81.62 81.56
12 81.9’4 82.65 82.99
13 82.52 85.01 89.90
14 83.06 82,92 82.59
IS 83.50 82.29 82.66
16 09,55 85,96 85.18
IT 05.51 86.77 86.36
18 86.37 88.09 87.99

87,09 89,28 88.95
20 87.67 93.29 91 .11
21 88.26 88.65 88,99

22 8o.82 89.19 89.03
23 88.95 95.26 92.20
29 88.33 87.61 87.95
25 00.37 89.34 88.87
26 80.49 88,86 88.65
27 d~~.S5 88.91 88.72
28 81.79 88.82 a’4.95
29 85,83 89.69 87.98

30 88.16 88.20 88.18
31 88.90 97.99 92.92
32 88.82 85.52 87.61
33 69.12 92.06 90.14
39 09,93 86.26 88.39
35 91.52 93.31 91.98
36 9~~,4l 89.53 91.5 8
37 93.08 9

~~,25 92.33
38 95.33 93.q3 99.87
39 96.38 96.63 96.21

1* 140 97.03 102.54 98.15

I! 9 %  97.88 99.18 98.12

U 92 99.99 97.63 99.60
‘$3 iOO .73 101.37 100.82
‘49 101.38 l i.’1.9’4 131 .95
‘45 %u1.8~ loZ.92 101.96

L 92
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PASSIVE O N E — W A Y  LOSS , PAGE 2

ME DITERRANEA N IINTER SOUND SPUD PROFILE . NUC TN 1006. P. 23

RANGE IN COHERENT COHERENT SEMI COHERENT
IKYD ) 1—W A Y  LOSS 1—WA Y  LOSS 1~~*AY LOSS
‘46 402.31 101.02 102.20
‘47 102.75 102.99 102.76
418 103.16 103.42 103.16
‘49 ~O3.Sb 103.1414 403.56
so *03,79 *09,55 403.79
51 96,78 406.514 96.78
52 iuo .~~’ *02.91 100.31
53 101,3% *42.87 101 .31
514 101.76 110.98 101.76
55 401.44 108.26 101 .141
56 *02.0’ 9e.oS 102.09

t 87 102.31 109.79 102.31
58 *02.98 100.814 102.’48
59 *02.149 401.99 *02.149
60 402.43 400.69 102.93
61 *02.149 *014.99 *02.99
62 ~O3,32 *01.08 403.32
63 *09.67 Jlj, 7Ø *09.67
6’4 ~O5.i3 402.144 405.43

442.95 405.149
66 405.8* *09.69 105.8%
67 406.23 l*’4.77 406.23

68 108,03 142.17 408.03
69 108.68 106,99 408.68
70 409.26 *16.77 lO9.~~6
74 409.79 437.00 409.79
72 140 .1 9 420.46 110.19
73 ~I0.66 407.214 110.66
714 j l I .1 3  420.69 1 * 1 , 1 3

1 1 1 . 61 107,85 I* l .6I
76 142.0 9 124 .15 112.09
77 j12.58 109.148 112.58

78 443,07 116.16 113.4j 7
79 448.42 115.99 418. 92

80 41 9,2* 448.09 119.21
SI ~I9.72 118.SS 119.72
82 *20,23 11 9.03 120.23
83 43S.99 13S.99 13S,99

93
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+ I E V L R B E R A T I U M  LEVELS AT TIM ES CORNESPONUIt4G TO 2—WA Y
ACOUSTIC T R A V E L  TIMES BET WEEN SOURCE AND TANGE T .
4 2 PING S —— T I M E  oET,.EEN PINOS 15 10.00 SECONDS. )
THE SO UND PROPA GAT E S BETW EEN SOURCE AN U TARG ET BY

DIREC T PATH

1A R G E T  TA O— ~%A Y BOTTOM SURFACE V O L U M E  T O T A L  P 1 + 4 0  £ PING 2
RANGE 11+4. R E V E R b  R E V E R B  REV ER B REVERB REVERB REVERB
KY D SEC Db DO DO DB 08 OB

4.0 4.23 —300.0 —39.7 —330.0 — 36.2 —39.7 —38 ,8
2.0 2.43 —34.0 —27.0 —330.0 —2 1.5 —26.2 —23.’4
3.0 3.63 —94 ,9 —27.8 —30u.0 .22.6 —27.7 —2 9.2
‘4 .0 14.~~~3 — 5 9 . 9  •3u.3 —89.4 —23 .9 —30.3 —25.0
5.0 6 .0 1 4  — 3 4 . 4  — 3 3 . 9  — 7 0 . 0  — 2 9 . 3 — 2 9 . 3  — 2 5 . 9
6.0 7 .25  — 3 6 . 7  — 3 7 . 0  — 7 3 . 0  — 2 5 , 6 — 3 3 . 8  — 2 6 . 3
7.0 a.’4S —67 .6 —39.6 —79.8 —27,0 —3 9.6 —27 .3
8. 0 9 . 6 6  —52.3 — 92.4 —78.9 —28.7 ‘41.7 —28.9
9.0 4 0 . 6 7  — 9 4 . 9  — 9 9 . 9  —b ’4.C — 2 9 . 9 —39 .6 —30.9

)0 .0  1 2. 37  — 3 7 . 7  — 9 5 . 4  —~~3.3  — 2~~.6 — 2 3 . 4  — 3 1 . 8
14.0 43.28 —36.7 — 4S.9 —29.2 —23 .14 23.9 —32.6
42.0 * 14.98 —37. 4 — 96.3 —25.! —29.2 —24.8 —33.5
i3.0 15.69 —3 8.3 —‘+6.3 —2 6.0 —25 .1 —25.7 .33.8

l q.o 16.9u —$o.l —45.8 —26.8 —26,0 —26.6 —35.0

~5.O 18.40 — 92.5 — 95 .4 —2 7 .1 .26,3 —26.9 —35 .0
16.0 19.3* —145.5 — 149.3 —28.6 —27 , 6 —28.14 .3S.D
47.0 20.53 — ‘49,2 ‘Iu.l 30.3 —28,6 —29.8 —344,9

18.0 2 1. 7 2  — S M . S  — ‘ 4 2 . 4  — 3 4 . 8  — 2 9 . 6 — 3 4 . 1 4  .39. 8
19.0 2 2 .92  — 7 ~~.8 — ‘4 1.2 —32 .9 —3U .2 —32.3 —34.2
20.0 2 4 . 4 3  — 7 6 . 3  — 3 9 . 8  — 3 1 4 . 3  — 2 3 , 6 — 3 3 . 3  —2 4.4
21.0 2 5 . 3 3  — 8 9 . 2  — 3 0 . 3  — 3 5 . 6  — 3 u . ’4 — 3 3 . 8  — 3 3 . 1
22 .0  Zo .5 ’4  — 1 0 2 . 0  — 3 9 . 3  — 3 6 . 8  — 3 2 . 4  — 3 9 .9  .35.2
23 .0  2 7 . 7 9  — 4 0 2 . 1  — 9 1 . 8  — 3 6 . !  3 4 . 6 — 3 5 . 0  — 3 1 4 . 3
2’4,O 28.94 —99.2 —43.2 —35.7 —32.7 —35.0 —36.6
25.0 30.15 —86 .2 —43.8 —3 5.6 — 33 ,1 —35.0 .37.7
26.0 34.35 —82 .2 — ‘+9,4 —3S .3 —33. 4 —34.8 —38.0
27.0 32.55 —78.3 —42 .6 —35 .1 —33.5 —39.4 —40.8

2 8.0 33.02 —75.2 ~ ‘$Lj.6 —20.3 — 2 0 . 3  — 2 0 . 3  — 4 1 . 3
29.0 34.95 —73,8 39.M —3 4 .5 — .30,6 —30.9 —92.8
30 .0  3 6 . 15  72. ’I 3 8 .4  38 .S  — 3 ’ 4 .9 ‘.35.2 — ‘ 4 5 . 7
3 4 . 0  3 7 .39  — 7 4 . 7  — 3 6 . 8  — 3 9 . 2  — 3 4 . 6 — 3 4 .8  — ‘ + 6 . 8

d 32.0 3 8 . 64  — 7 1 , 2  — 4 3 . 1  — 3 7 . 7  — 3 5 . 6  — 3 5 . 7  — S 0 . 9
33,0 39.84 —7u.$ — ‘43.9 —38 ,6 .37, 3 —37.5 —52.0

— 3’4 .O ‘4 1 .0 4  — 7 C , 8  — 1 4 5 . 4  — 3 9 , 0  — 3 8 ,0  — 3 8 . 1  .541,4
35.0 ‘ 12 .2 7  — 7 & . . 8  — ‘ 4 6 . 1  —‘+2.3 — ‘40.4 —90.6 —55 .9
36.0  4 3 .4 7  — 7 4 . 0  — ‘41.2 —42.14 — ‘41.0 — 41.4 —56.6
31.0 9 4 . 6 8  7 1 .3  — ‘4 8 .3  ‘4 ’+,0 — ‘ 4 2 . 9  — ‘ 12.6  — 5 7 , 6
3 8 . 0  ‘4 5 .09  —74 .7 — ‘19.9 — ‘4 7 . 8  .45.3 — 4 5 . 5  — 5 8 . 7
39.0 47.Q9 —72.2 —50.6 ‘$B.B — 96.4 — 96.6 —59.7
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ACTIVE PER FORMA NCE PRED ICTION
MEDITERRAN EAN WI NTER SOUND SPEED PROFILE, NUC TN 4306 , P. 23

DIRECT PATH

OUTP 1.0 U LA ‘100.0 U ZTG I000.o U FREi~ 2.0 U LWA S.Q U
V A l  4 5 .0  U SA LT  35.0 T MS 5 .s~ C ZB M 63410.  U REFLS 1.0 T
ZONES 2.0 U PHOX 5.0 T PHDR 5.~ T DELPA 13,0 U DELPR 40,0 U
NUB —27.Q I MUV —99.0 T ZC 2030. T LAT 35.0 U DUMP .0 7
U0T R 4 . 0  U MODE 4 .0  U SL 4 3 5 .3  U DELT H *0 .0  U MPR 2.0 U
TBP 10.0 0 PULSE .10+001 DI 25.6 C BVI S I~~.0 1 86+4 *0.0 U
N IH ‘~4 S .0  T NOUT —60.8 C TVC *2.0 U 000P 4.14 C TGS 15.0 1
RON 2 .Q T CL IP  •C T S I G M A  6 . 3  1 P F A  • 130 02T SI’ 5. 1
80 .0000 N ALFA .42 65 N ZL .00 N ZCJ 0. N PHIB 10.20 ~
CX ‘*968.43 N CT ‘4973.07 N CL .03 N (S 9959.97 ~ Cb 5047.87 N
TSUR 61.6 N lA y 59.9 N NOCL 2 N IRAP 0 N IAM O S 3 N

RANGE TIME LOSS ANGLE SIGNAL REVE RB REV S/MN EXCESS PRUO
IKYD) (SEC ) 406) b EG) (OB 4DB) L IM 4DB ) 4DB) DETECT

4 . 0  4 .2 3  13 4 . 2  * 1 .4 5  * 8 .8  — 3 6 . 2  Y E S  59 .4  59 .4  4 . 3 0 0 0
• 2.0 2 . ’4 3  132.8 5,99 * 7 .2  — 2 1 . 5  YES ‘4 3 . 4  ‘43 . 4  1.0300

3.0 3.63 139.9 ‘4.22 *0.4 —22.6 YES 37.1 37.4 1.0000
‘4 .0 ‘4.83 195.5 3.’$ ’4 14.5 — 2 3 . 9  Y E S  32 .8 3 2 , 8  3 . 0 0 0 0
5.0 6.04 * 99.6 3.13 .9 —24.3 YES 29.1 29.4 1.0000
6.0 7.25 *53.1 2,9k — 3.1 —25.6 YES z7.~ 27.0 1.0000
7.0 8 .4 5  *86 . 1  2 .70 — 6 . 4  — 2 7 . 3  Y E S  25. ’4 25 .4  1.0000
8.0 9.66 158.6 2.57 —8.6 —28.7 YES 2’4.S 2’4.5 1.0000
9.0 10.87 * 60,6 2.57 —10.6 —29.9 YES 23.7 23.7 1.0000
40.0 *2.07 162.2 2,641 — 12.2 —22.6 YES I’$.8 1’4.8 .9878
*1.0 43.28 *63.41 2,77 —43.4 —23.41 YES 49.9 1’l.u .9862

• * 2.0 1’+ .’+ S  * 6 1 4 .6 2 ,89 — * 1 4 . 6  — & ‘ 4 . 2  Y ES  4 ,’.l 1,4 . 4  . 9 8 5 4
* 3 .0  15 .69  165.7 3.02 “ 4 5 . 7  — 2 5 . !  Y E S  13.~~ * 3 . 8  •9 8 ’4 0
341.0 46.90 *66,7 3,44 — *6 .7 —26 .3 YES 43.7 13.7 .9836
45.0 18.40 167.7 3.27 17.7 26.3 YES 13.3 *3.0 ,98 7
46.0 19.3* * 69.8 3.’45 — *9.8 —27.6 YES 42,2 *2.2 •9~~~8
£7.0 2Q.~~I 171,8 3,63 —21 .8 —2 8.6 YES 11 ,2 11, 2 .9595
*8.0 21.72 *73.7 3.82 —23 .7 —2 9.8 YES 10.5 *0.5 •9’428
*9.0 22.92 375,4 ‘1,33 —25. 4 —30 .2 YES 9. ’s 9. 44 .9*87
20.0 214.43 176,14 ‘4 .3 9  —26.4 —23.6 YES 1.7 I.? ,6~~’47
21.0 25.33 177.6 14.38 —27.6 —30.4 YES ‘.3 7,3 .8692
22.0 26.59 *78,7 ‘4 .56 —28.7 —32.4 YES 7.8 7.8 .8 32
23.0 27 .7 ’s  177 .8  41 ,79 — 2 7 . 8  3 1.b Y E S  8 .3  8.3  .8949
241 .0 2 8 . 9M  177 ,’ 1  5 .05 — 2 7 . 4  — 3 2 . 7  Y E S  9,~’ 9,7 ,9 2 3 7
25 .0 30 . iS  * 7 7 , 9 5 ,35 — 2 7 . ’ +  — 3 3 . 1  YES * 3 . 1  10.1 . 9 3 3 3
26.0 31.35 *7 7 , 5  5 . 7*  — 2 7 . 5  — 3 3 . 1  Y E S  *0 .0  *0 . 0  ,9 3 12

• 27.0  32 .sS  * 7 7 .7  6 ,3 2  — 2 7 . 7  — 3 3 . 5  Y E S  * 0 .2  13.2 .9 3 65
28.0 33 .82  *6 8 .7  ~~~~~ — 1 8 . 7  — 2 0 . 3  Y E S  6,0 6,0 ,8’406
29.0 39 .9 5  178 ,6 7 .18 ‘ .28.6 30.6  Y E S  6 .5  6 ,5 •850’4
30.0 3 e . i S  18 14 .7 7 .60 — 3 4 . 7  —3’ I .9  YES ‘1.6 ‘I.~~ .7 7 12
3i .0  3 7 .34  4 8 7 . 1  7 s 9 1 ,  ~ .,7.I  — 3’ l .ô  Y E S  1.9 4 .9  .6489
32.0 38 .69  186 ,3 5 .25 — 3 6 . 3  — 3 5 . 6  YES 3.o 3 .6  • 7 2 2 3
33.0 3 9 .8 M  185 .7 5 .92 — 3 5 . 7  — 3 7 . 3  Y E S  6 .3  6.0 .8387
3 14.0 9 I . Q’ 4  *8 5 , 5  6 ,85 — 3 5 ’ S  38 .u  YES 6 .9  6.9 ,8597
35 .0 “2 . 2 7  * 9 4 , 9 2 ,~~~ “11.9 — ‘ 1 O . ’ 4  YES 2 .8 2.8 .6804
36 .0 4 3 . 47  * 9 2 . 8  3.35 — ‘ 12 . 8  — 4 1 . 0  Y E S  2 .5 2.5 . 66 4 3
37.0 ‘4 ’+ .6 8 4 9 3 ,6 3 . 4 5  — ‘4 3 . 6  — 1 4 2 . ’ 1  Y E S  3 .1 3. i  .6935
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A C T I V E  PERFORMANC E PRE DICT iON
MEDITER RAN EAN W iNTER SOUND SPEED PROFiLE , SIUC T,l 1036, P. 23

D IR EC T PAT H

QUIP 1.0 0 L~ 4~~0.Q U ZTG l0U~~.3 U FREQ 2.3 0 LWA 5.3 U
961 15.0 u SALT 35.0 T +15 5 . t _  C ZBM 6090. U REFLS 1.0 1
LONES 2.0 U PHOX S.. T PPIOR 5,,. 1 DELPA 43,0 U DELPR 30.0 U
NUB —27.0 1 NOV — ‘l9.~ T LC 2030. 1 LAT 35,0 0 DuMP .3 7
OuTR 4.0 +J NODE 1.3 U SL 135.0 U DELIs I~~,3 +j MPR 2.0 U

+ TSP *0.0 U PULSE s l u+GOT DI 25.6 C 8WS 13.0 1 B..N 40.0 U
I,IN — ‘45,3 T “4001 6C.4 C TVC 12.u U ODOP ‘4,’4 C lOS *5,0 T

RON ‘.2.3 CLI p .
~~ 1 SI4M~ 6..~ I PF A .LQu O2T SP 5. 1

• 00 .0303 •. A L FA .4265 4 14. .3. 4 ZCJ -3. N P1116 1~~.2O N

• CX 4968.43 .. CI ‘*973.07 N CL .3. t
~ (5 ‘4959,97 N CO 5347,87 N

T5LJR 61.6 • TAV 59.9 i~ NOCI 2 ‘~ IRAP 3 +‘s IAMOS 3 N

M ANGE T IME 1.055 A NG LE SIGN,L RtVER ~ REV S/MN EXCESS PRO6
IKY D ) ISEC (08) (DIG) (Ob I 4DB ) L3M ~Db) (08) DETECT

38.0 95.~~9 19 9,5 3,25 — ‘44.5 — ‘45.3 YES 4,9 ‘4 .9 ,786I
39.0 ‘47.Q9 *95.8 3.36 —418.8 — ‘*6.4 YES 41.4 4 ,o .7679

9()
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• INPUTS , RUN 2 •

MODE 3, RUN

• CA L C U L A T I O N S , RuN 2 •
•. . . . .•••..• •••...• •e .• •.

BEA MX 15 THE S IN I X )/X RESPONSE FUNCT iON FOR A CONTINUOUS LINE ARRAY

OEA MR IS ril E 5 111 (X)/A RESPONSE FuNCTION FOR A CONTINUOUS LINE A R R A Y

THE LETTERS FOLLO .~ING THE NUMBERS 1l ~ THE HEADI NG ON THE
PERFORM AN CE PRE D ICT ION PAGE SIGN IFY THE FQLL0*I’~G ,

u USER iiA S SPECIFIED THIS I NPUT VALUE Ot~ THIS RUN
BLANK SET OY USER ON A PREVIOUS RUN

I TYPICAL VALUE SET iN ABSE NCE OF USER SPECIFICATION
C CA LC ULATED INTERNALLY BY PROGRAM (USER OPTION)
6 W RONG VA LUE SPECiFIED BY USER (OUT OF RAN GE OF ALLOW—

A OLE VALUES. THE PRINTED VALUE IS A TYPICAL VALUE, )
N NOT A N INPUT, CALCULATED INTERNAL LY,

F

1.

L I  

___ _ _ _
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REVERBERA T ION LEVELS AT TiMES CORRESPONDING TO 2.WAY

• ACOUST IC TRAV EL TiMES BETWEEN SOURCE AND TARGET.
2 P1NGS —— TIME BETWEEN PINGS IS *0.00 SECONDS.)

THE SOUND PROPAGATES BETWEEN SOURCE AND TARGET BY

SURFACE BOUNCE —— BOUNCE I

TARGET TW O — W A Y  BOTTOM SURFACE VOLUME TOTAL PING I PING 2
RANGE TiME REVERB REVERB REVERB REVERB REVERB REVERB
KYD SEC 06 05 08 05 08 08

39.0 147.09 —72.2 —50.6 — ‘48.8 —96 .14 .416,6 —59.7
‘40.0 ‘18.30 —72.7 —65.9 —50.7 .50.1 .50.5 .60.6

• ‘4 4 . 0 ‘49.50 .73.’+ —641.9 —54.9 —51 .2 .54.7 -e I.’I
‘42.0 5~~.7I —14.0 —64.2 —514.6 .83.4 .59.4 — 61.5

4 q3.O Si .91 —74.8 —63.4 —56.4 —52,1 .55.3 —59.8
4, 14.0 53.42 —75 .6 —62.6 —57.7 .541,2 —56.14 —58.2

‘15.0 511.32 — 7~~.’4 —62.7 —58.7 .55.3 —57.2 —59.9

‘46.0 55.53 77. 14 64 . 3  — 5 9 . 7  — 5 6 , 2  .58 .9 —6 0.2
‘47.0 56.73 “78.9 ‘65.9 “60.6 .SS.’I —59.14 “57.6
‘48, 0 57.94 —79.44 —67.5 —6 4 .11 —57.0 —60.14 —59.8
‘49, 0 59.114 — 8~~.o —48.5 —62. ! .57.5 —64.2 —59.9
50.0 60.39 — 8j.8 —69.0 —62.5 ..57,6 —61 .6 —59.7
51.0 61,61 —83.2 49.5 52.2 •SI.’* —52.3 59.5

52.0 62.75 —8’4.6 —49.9 —57,6 —55.2 —57,3 —59.3
53.0 63.95 —86.2 —70.3 —59.9 .56.3 —59.8 —59.0
541.0 65.1 6 —88.0 —7~~.8 —60.6 —57,3 —60.2 —40,’4
55.0 66.36 —90.0 —49.4 —56.2 —SM ,B —56,0 —6 4 .4
56.0 67.56 —92.14 —6 8.0 —60.2 ~S7,4 —59.6 ~64, ’4
S7.O 68.76 .95,41 —67.3 —60.7 —58.6 —59.9 .69,6

58.0 69.97 —99 .4 —66.7 —63.8 —58.8 “59,8 —65 .5
59.0 7~~.47 —303.0 —6 6.0 —63.7 —58.8 —59,6 —66 .7

60.0 72.37 —303.0 —45.9 —63.6 —58.8 —59.3 —68 .2
61.0 73.57 —330.0 —6 44 .8 —63.41 —58,7 —89.1 —66.9
62.0 7’+.76 —300.0 —64.3 —6 4.8 —89.9 —59.9 —69.6
63.0 75.96 — 33 u .O “63.7 — 6 4 . 5  — 6 0 , 6 61 .1  .70.2
69.0 77.36 —300.0 —63.4 —6 5.5 —60,7 —61.2 —70,8
65.0 18.446 —306.3 —67.3 —66.6 —63.2 —63.9 ..74,4

66.0 75166 —3Ou .~ 73.3 —67 .0 .69,5 —65.41 —72.0
67.0 8c.a6 —33u.3 —7 1 .7 — 67.44 —65 .3 66.0 —72.6
68.0 84.99 —333.0 —72.7 —69.6 —66.7 —67.9 —73.1

• 69.0 83.14 ~ 3~jj.u .73,4 *73,3 —67.’4 68.S .73.7
70.0 8’+.33 —300.0 73.7 ~~~~ —68,2 —69.44 —79.3

— 71.0 ss.T.~ —3 C ,~. .ii —74.3 72.O —69.9 10.0 —78.9

72.0 86.72 —303.0 —75.0 —72.5 —70.4 —70 .6 —79 .8
73.0 87.9* —360.0 —75.6 —73. ) —71.0 —71 .2 —86.6
74.0 89.10 —30v.’.. “16.3 —73.6 —7 1.7 —7 4.7 —97.1

• 75.0 90.29 —30u .u —17.3 —74.! —72,3 —72.3 —97.1
$ 76,0 94.48 — 30~~.u ‘.71.7 —7’+.7 —72.9 —72.9 —300.0

• 77.0 92.67 —3 Qu ’’~ —78.4 —7 5.2 —73.5 —73.5 —300.0
78.0 93.06 “303..~ 79,2 ‘.75.7 — 74.4 7’4 .1  —300 .6
19.0 9~~.l9 —3t,u.C —80.0 —83.0 —78.3 —78 .3 —300.0

• 80.0 96.38 —3~~...U —83.8 — 86.0 —79.6 —79.6 —300.0
81.0 97.57 —3 3u.3 — 142 .2 —86.5 —86.5 —86.5 —300.0
B2.0 98.78 —3 3 ... —300.0 —87.3 —87,0 —87 .0 —300.0
a3.O 4 0Q .Jc .  — 3~~~.0 —30ü.0 —97.5 — 97,5 97.~ 3CO.6

• 98
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A C T I V E  PERFOR MA N CE PRED ICTION
P+ E D I T E R RA N E A N  W INT ER SOUND SPEED PROFILE , NUC Ti~ 1006 , P. 23

SURFAC E bO UNCE —— BOUNCE 0

ULJTP 1.0 L~ l$.jQ.3 LTG I000.o FRE~ 2,0 L*A 5.0
v .~I 15.3 SALT 35.3 T HS 5.t~ C ZSM 60413. REFLS 3.0 T
ZONES 2.0 Pp1 0X 5.~ 1 P440+4 5.~ I DELPA 10,0 DELPR *0.0
HU b —27.0 I M~~,l — 49.c. T LC 2000. 1 LAT 35.0 DUMP .0 7
OUTR 1.0 MODE 3.3 U SL 435.3 DELTH *0,0 MPR 2.0
TSP 10.0 PULSE .Iu+QCJT DI 25.6 C UWS 10.0 1 BWR 30.0
N IH —M5.~ I HOoT —60.6 C TV C 12.3 oDoP ‘4,14 C TGS 45.0 T
NON —2.0 T CLIP .0 1 SIG MA 6.3 1 PFA ‘*30—021 SP S. T
cáo .0000 N A L FA .1265 N ZL .03 N ZCJ 0. N PHIB 10,20 N
CX ‘4968 ,13 11 CT ‘4973.07 N CL .Q N cS 4959,97 N CS 509 7 .87  N
TsUR 61,6 N T*V 59.9 N ~OCL 2 N IRAP 0 N IAMOS 3 N

RANGE TI ME LOSS A N C . L E  S IG I IA L  REV E R 5 REV S/Mt~ EXCESS PROB
IKYD ) (SEC) (083 (DEcá ) (Db ~ (08) LIM (06) 4DB) DETECT

SEE THE DIRECT PATH OUTP UTS (MO DE— I ) FOR FIRST—LONE
PERFO RMA N C E P RE D I C T I O N S  FOR THIS SOUr4D— SPEED pR O F ILE ,

3
99
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ACTIVE PERFORMANCE PREDiCTION
M~~D ITE RKA NEA N W INTER SOUND SPE ED PRO FILE, NUC T14 1006 , P. 23

S0RFACE BOU NCE —— BOUNCE I

QUIP 4.0 LA 400.0 ZTG *000.0 FREG 2.0 L~~A 5.0
VA! 15.0 SALT 35.0 T MS 5.u C ZBM 60410. REFLS 1.0 1
ZONES 2.0 PHOX 5.0 T PHDR 5.~ I DELPX 10.0 DELPR 10,0
NUB —27,0 T MUV —99.Q T ZC 2030. I LAT 35.0 DUMP .0 1
UUTR 1.0 MODE 3.3 U SL 135.ü DELTH 10.0 MPR 2.0
TBP 4Q .Q PULSE •lO.OQT 01 25.6 C 6*5 40.0 1 bnR 40.0
NI N —45.0 1 ROUT —60.6 C TVC 12.9 000P ‘4.41 C TOS *5.0 1
RON “2.0 1 CLIP .3 T SiGMA 6 . 3  1 PFA .300—021 SP 5. 1
00 .0000 N A UFA .1265 N LL .OC N ZCJ 3. N Pill s 1:• ,20 N

CX ‘1968.43 N CT 4973.07 N CL ,uO N CS ~9S9,97 1 Cb 53447.87 ‘1

TSUR 64.6 11 TAV 59.9 N NOCZ 2 N IRAP 0 N IA MOS 3 H

RANGE TIME LOSS ANGLE SIGNAL REyER B REV S/Mw EXCESS PROS
(KYD ) (SEC) 1DB) (DEG) (05) (081 L IM (08) 1Db) DETECT

39.0 ‘47.09 195,8 3.3k —45.8 — ‘46.4 YES ‘~.6 ‘l.o •7679
90.0 48.30 197.6 3.418 —141,6 —50.4 YES 6.3 6,4 .8419

‘*1.0 ‘49.50 499.2 3.59 —‘49.2 — 51 .2 YES 5.3 5.4 .8105

‘42.0 50.74 2~~3,7 3 ,7k —53,7 —53.14 110 5.4 5.7 .8255

‘43.0 51,93 202,3 3,83 —52.3 —52.1 YES 3.43 3.2 ,6993
‘4 14,0 53.12 203.2 3,95 —53.2 —511 .2 NO 3.3 3.9 .7328
‘45.0 59.32 2~~q,Q 4,35 —S4.j —55.3 NO 3.4 3., .7357
‘46.0 55.53 ZQM,9 ‘4 ,34 —5’4,9 —56.2 110 2.7 3.7 .7258
‘47.0 56.73 205,7 ‘4 ,27 —55.7 —55.4 HO 1.5 2.3 .64454
148.0 57,94 206,5 ‘~.38 —56.5 ‘.51.0 140 1.5 2.7 ,6730

‘49.0 ~ 9’l’4 
207,3 ‘4.98 —57.3 —57.5 NO .9 2.2 ,6’4lO

50.0 60.314 207 ,7  4,59 —57.7 —57.6 ‘40 .5 4.9 .6396

51.0 61.61 200.5 3.3~ —53.5 —51. 44 YES ‘4.1 ‘4 ,2 .7504
52.0 62,75 2Q6.5 ‘4 ,85 —56.5 —55.2 110 .5 1.3 .5804
53.0 63,95 206.5 5.O~ —56.5 —56.3 NO I.~ 2.2 .6365
5~4 , 0  65.4 6 2~~o,S 5.3 8 —56.5 —57.3 ‘40 1.0 2.9 .6852
55.0 66.36 2Qo,a 5.37 —56.ó —54.8 ~O .3 4.0 ,56044

56.0 67.56 206.1 5.57 56.7 “57.44 NO 4.5 2.9 .6780
57.0 68.76 236,5 5,8~+ —56.8 —58.6 14~) 1.9 3.5 ,7I35
56.0 69.97 206,9 6,35 —56.~ —58.8 ~,O 4.8 3.4 .740 5

• 59.0 7I.~~7 ~~~~~~ 6,32 —S7 .I —58.8 NO 1.7 3,3 .7037
60.0 72.37 2~~7,3 6,62 —57.3 —58.8 110 4.5 3.1 .6937
64.0 73.57 207.5 6,95 —S7.~ “58.7 NO 1.2 2.8 .67447
62.0 741.76 239,9 7.26 —59.9 —59.4 110 — .9 .8 ,5495
63.0 7S.96 2114 .2 7 ,S~ —4’* .2 — 60.6 NO ~ ‘4 ,9 — 3 .1 .3053
64.0 77.1 6 216,0 7.7~ —46.3 —66.7 110 —6.6 — ‘4,8 .2244
65.0 78.96 2 *6, 7 6.33 —66.7 —63.2 HO —6.8 —14.9 .2169
66.0 79.66 2)6.8 6.72 — 66.8 —6’4 .5 NO — 6,7 — ‘4 .7 .223*

• 67.0 80,$6 217.7 7.19 —67.7 “65.1 ‘40 —7.9 —5.6 .1782
68.0 81.94 220,1 8 ,14Q —13 .4 66.7 110 —9.8 — 7 ,8 .4* 84
69.0 83,114 224, 0 8,57 — 7I.o —67.44 NO ..)D.7 —8.7 .0991
70.0 84.33 224,9 8~~75 — 74.9 —68.2 ‘40 — u .S —9.5 .0793

• 71.0 85.~~2 222,8 8,92 —72.8 — 69.’4 NO ~~~~~~ —10 ,14 .0596
72.0 86.72 223,8 9.09 —73.8 —70.1 NO — *3 .3 — 1 4 . 3  .0388
73.0 87,94 2211.7 9.2o ~~~~~~ — 7l.~ ~O — 1 4.2 — 12.2 .0222
714.0 89.10 225,7 9,43 —75.7 —71.7 110 ~~l5.1 — * 3 .4 .0*8 6
75.0 90.29 226,6 9.60 —76.6 ‘.72.3 NO .16.1 —1 14 .4 .0*50
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ACTIVE PERFOR MANC E PRED ICTIO N
MEDITERRA NEAN W I N T E R  SOUND SPEED PROF ILE , w u~ Ti~ 100 6, P. 23

SURFACE bOU,~CE —— BOUNCE I

UUTP 1.0 L~ 1430.0 iTO 4000.... FRE~ 2.0 LWA s.3
V WI  1S.~ SALT 35.3 1 MS 5,~ C ZBM 63410. REFLS 1.0 1
ZONES 2.0 PMDX S.~ T PI40R 5.~ I DELPX 13.0 DELPR 10.0
HUB —27.0 T M UY —‘ 19.) ,  I ZC 2330. 1 LAT 35.0 DUMP .0 T

• OUTR 1.0 MODE 3.3 U SI. I3S~~3 DELTH 46,0 MPR 2.0
T~~P ID.) PULSE .I6.03T UI 25.6 C ~*S 13.0 1 BA R 40.0

~IN — ‘4S.C) I HOOT —60.6 C TVC 12.3 ~~~OP ‘i.44 C TGS 35.0 T
RO N —2.0 1 CLIP .3 T SIGMA 6.L I PF* .333—02 1 SP 5. 1
00 .0000 •~ A L FA  .12b5 N ZL .3k. N ZCO 3. N PH IS 1 ,20 N
CX 44968.33 ‘4 CT 4973.07 N CL .33 11 cS 4959.97 I~ 08 5 0 4 4 7 . 8 7  N

TSUR 61.6 N IA V 59.9 N NOCZ 2 11 I R A P  0 •~ IA MO5 3 N

R A N G E  T I M E  L~~5~ A N G L E S I G N A L  R EV ER ~J R EV  S/ M~ E X C E S S  PW (J b
(KYD I 4SEC ) (084 (DEG) (DO) (QO) LI’l (0b3 (Os) DETECT

76.0 9I.~~d 227,6 9,77 ‘.77.6 “72.9 ~O — 17 .u —1 5,0 .0*33
77.0 92.67 228.6 9.94 —78.6 —73.5 r.O — Ib .U I 6 . C j  .3076
78.0 93,86 229.5 43 .11 —79.5 — 7 4.3 NO —1 9 .0 — 37.0 .0039
79.6 ~S’ i~ 237,6 9,61 —87.6 —78 .3 110 27.u ~2S.0 .0000
80.3 96.38 238,6 9.79 —88.6 —79.6 110 ~28.0 —26.0 .0000
03.0 97.57 239,6 9.98 —89.6 “86’S 110 —2 9 .u —27.3 .0000
02.3 98,76 2443,7 13 .46 —90.7 —87.3 113 — 33 .3 —28. 3 .0300
83.0 *00,03 272,0 —*3 .37 — 122 , .j — 97.5 NO 64.44 —5 9,q .0000

.4
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• INPuTS , MON 3 •....••• .•... .. .••..

HEADE R
W~~STERN N. A T L A N T I C  W IN T E R  SOUND SPEED PROFILE , HOC TN 1006, P. ~7

SSP 0 1’488.~ I~ 1488.2 Z~ 11188,6 33 l’4d8,~ 5~ 1 4188.8 75 1989,3 *00 I’489.2
• 125 1’459 ,3 j5~ 14189,6 233 I1489,~ 250 I 1 4 4 4~~,S 3O~ 197 9,9 4QQ I’477.2 500 I1476.o
• 600 3 4 1 7 6 .6 700 14 4 7 6 , 7  833 

~‘4 7 7 .2  ~~~ 19 7 7 , 8  30 3 0  I
~~7$ ,ó  1 3 0 0  14 7 9 , 4

• 1200 
~‘4BO .5 I3~~ 4 1161.7 14Q3 l’1N3.o 15~~j 4484.41 1753 I’487,9 2000 144 93, 3

• 2500 1 1 49 5 ,5 7  333~ 150 6.52 ‘4300 1523,852844 17372
lÀ 20, ZIG 33~
PHOXuD, PHDR~~0
QUIP 3
MLJ IDE.l, RUN

• C A L C U L A T 1 U , . 5 ,  RuN 3 ••# * • ~~• * • * • s s I s * * • • * a A •
~~

*.

SEAM A IS THE SZN(~~1/A RESPONSE F UN CT ION FOR A CON TINUOU S LINE A R R A YSEAMR 15 THE 51N (A) /X 
~E5P0NSE FUN CT ION FOR A CON TINUO US LINE A R R A Y

THE LE TTER S FO LLQ ..3N0 THE NUMBE RS IN THE H EAD ING ON THEPERFO RMANC E PRE D ICTIO N PAGE SIGN I Fy THE FO L L O W I N G , 

IIU USER HAS SPEC IFIED IRIS I~~Pu~ V A L UE O~ ~~~~ R0r~
BLANK SET b’V USER ON A PR E VIOU S RUNI TYP I C A L  V ALUE SET IN ABSE N CE OF USER S P E C I F I C A T 1 Q 1 1C C A L C U L A T E D  INTERN ALL Y BY PROGRAM (USER OP T 40111~~~~~~ V A L U E  S P E C I F I E D  BY USER lOUT OF RAN G E OF A LLoW.ABL E V A L U E S .  T HE P R I N T E D  V A L U E  IS A T Y P I C A L  VALUE ,1N NOT A~4 1

~~PUT . CA LC U L A T E D  INTER NA L L Y

.4
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SOUND SPEED PROF iLE AFTER EARTH C U R V A T U R E  CORRECTION AND CURVE FITTING

SSP SEGMENT PAR AMETERS
(JASA , VOL. ‘44. ‘40, 2, PP. 4*9—4 38 )

LAYER DEPTH SOUND SPEED
NUMBER (FT) (FT/SEE) CA..2 KA ZA

I .000 ‘4881,82425* .221’4913.08 .‘4066880—09 — .1317770 +05
2 65.566 4883.675617 .2385609,08 — .33831460—0 6 .1O714963~~03
3 92.310 4884.191610 .2386202.08 — .1573539—07 .2258650+03
‘4 *641.1148 48844.730599 .2385917+08 ,3503356 38 — .3 )29618+03
5 ‘430.060 ‘4886.915517 ,238880I.08 — .73411937—08 .6599851’UJ
6 495,840 4887,0524483 .2388941.08 — .3073871—07 .535O405•03

MAX 535.090 4887,367 9002 .2388941.08 — .3073871—07 .53534105+03
8 5116.801 4887.16751) .3582575.08 — .5880864—12 — .921 14970.06

• 9 625.626 4887,018299 .2388296.08 — .238 9725—06 ~624)l3 6.03

ID 6 S2 ,9 5 9  4 8 8 6 , 5 3 3 7 9 3  .2 3 8 82 3 2 +0 8  .2 7 6 0 17 7 — 0 6  .6279857+03
II 680.292 ‘4885,113177 .2399920+08 — .3723707—07 .29O677R~~03
12 964.329 ‘4858.022883 .2355967.08 .3506278—06 .IQ3q 5 6u + ~~M

)3 984.0419 9855,924476 .2357*78+06 .8723283—06 .10048141•O’4

~9 998.522 ‘4855,162433 .3530354.38 — .13 69661—09 —.5927139•05
uS 1273 .013 4847.8*6346 .23118977.08 ,61970u3—07 .1362057+04
36 1327 .7u 6 ‘48’46.8U21341 ,2347903+08 .853I8O8~~O8 .167709 6’O14
17 149 ),739 4845.666728 .2347286+08 .1632508—08 .3937840+04

M IN  1937.040 4844.8794312 ,2347286.O8 ,u632508—u 8 ,19378’40+04

~9 2952.988 4848,959999 ,2333293+08 ,3038165.09 — .24622S4’O’l
20 328 1.320 14851,682678 .23’1817u.O$ .1273930—08 .190~,8I3+O4

• 21 3609.2*2 9854,8259*3 .2334022+08 ,4814189’09 —. 88143195+03
22 ‘492),878 ‘4873.859697 .2255981.08 ,4485947—39 — .-1-326012’DS

• 23 5673 .011) 4881.51o253 .2595228+08 — ,I1757’41—0 9 .33201 65+05
24 6562.5514 ‘4894,23:663 ,2252955+08 .12434171—09 — .1530363+05

• 25 984 4.916 4949.954944 .2)69439+38 .8038726—10 — .276*407+05
26 1172 Q.U39 ‘~977.53~~1l8 .2959689.08 — .9563049— 10 .5682859+05
27 13b 12 .~~b ’4 5ij11.1 65179 .3792102+08 — .599o851 1u .1099431+06

28 *7379.253 77.3~~s4’43 .C~jO3 QO3 .3000000 .0003000

.4
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K E V E R B E R A T I O l  LEV~~LS AT TIMES CORRESPON DING TO Z— .4AY
A C O U S T I C  T R A V E L  TiMES BETW EE N SOURCE AND TAR GET.
4 2 P11435 — — TIME BETW EEN P11135 IS 10.30 SECONDS .)
THE SOU ND PRO PA GAT E S BETWE EN SOURCE AND T A R G E T  BY

SURFAC E C~~A~~NEL

TARGET TA O — ,A A Y  BO TTOM SURFACE VOLUME TOTAL PING I PING 2
RANGE T I l E  R E V E R b  REVERB REVERB REVER B REVERB REVERB
KYD SEC O b 08 05 DO 08 08

1.0 u .23 —300.0 —5,0 .7 3.7 3.7 .30.5
2.0 2.46 —300.0 —8.3 —8.7 —5,5 —5.5 —32.’4
3.0 3.69 —30u.u —6.5 — 19 .3 —5.6 —5.8 —34.0
‘4 ,0 4.92 —30o.3 25.3 — 1 8 . 4  — 1 6,6 — 16.7 —35,9
5.0 6.15 — ) U U .&  —27.6 —2 3 .7 — 19.7 —1 9 .8 .35.9
6.0 7.37 —57 .2 —33.8 —24.11 — 22,6 —22,9 —34.7
7,0 8.60 —55.) — ‘40.9 —26.8 —25,3 —25.6 —37 ,0
8,0 9.63 —57.4 —96,2 —29.3 —27,8 —2 8.0 .43.7
9.0 1j.j6 —58.6 —98,5 — 31 .6 —30 ,0 —3u.2 .944,1

*0.0 12.2 9 —7 9,2 47.I —33.8 — 31. 9 — 32.1 — 95.5
uI.O *3 .52 —53.7 —45.6 —35 .8 — 33.6 —33.8 — 46.6
i2.0 14.75 —So. 9 —43.8 —37.7 —35.0 —35.2 —47,6
p3.0 35.98 .52.8 “40.7 —39.5 —35.6 —35,9 — 45,7
l’4,) *7 .21 —6~..6 “ ,7.0 — 91.2 _34•9 _35.0 — ‘49.7
‘5.0 1 8.99 ‘8u~~’ 37,8 -.92.8 .36.0 —36.1 —50 .8

1 6.0 39.66 —82 .8 ‘.47.2 —44.4 —40,9 — ‘43.2 — 54 .9
ul .O 20.59 —72.9 —62.3 — 9 6 . 4 3  —43.9 —93.9 —53.0
48.0 22.12 “65.1 —70.3 —47.5 —44.7 — 45.3 .53.9
19.0 23.35 — 61.5 —70.6 — 98,7 .45,8 46.9 —59 .7
20.0 24.58 —59.9 —69.3 —49.9 —46,8 -‘47.6 —56.1
21.0 25.61 —59.9 68.5 —51. 0 —47.6 —48,5 —59,8
22.0 27.04 —59.9 —67.3 —52.2 —148.9 +9.6 —57.0
23.0 25.27 —63.6 ‘.65.9 —53.41 —50,1 —53.7 —~~9.3
29,0 29.b1.~ -62.3 “65.3 —5 11.5 —51~~3 —53 .8 — 61.0
25.0 30,73 — 63.6 69.0 —55.7 —52.4 —52.8 —62.4
26.0 31.95 —65 .44 — 63.1 —56.8 —53,4 —53.8 —63.7
27.0 33 .38 — 67.5 —6 3 .7 —57.9 — 69,2 —54,4 —64.8
28.0 39.44 —69.8 ‘.60.43 —59.0 .S’4,7 “55.1 ‘65,9
29.0 35.64 —72.9 —57.9 —63.2 —54.6 —54.9 —66,9
30.0 36.87 —75.5 —66.2 —61. ) —56,3 —56,6 — 67,9

— 33.0 38.10 —79,4 —6 5.1 —62.4 —‘55.6 —59.Q —68.9
32.0 39.33 —84.6 “69,9 —63.5 — 60,3 —60.8 — 69.8
33.0 40.56 — 92 .3 741.7 —64.6 — 61,7 ‘.62.3 —70,8
34.0 ‘4~~.79 —89.9 — 67,8 —65.7 —63.0 —63.6 — 71,7
35.3 93.02 —89.3 —68.9 —66.8 —641, 0 ‘641.7 — 72,7
36.0 94.25 —88.7 ‘69.9 —67,9 —65. 3 —65.7 —73,6
37.0 45.417 —86,0 “10.8 —68.9 —66 ,3 —66.7 —74,6 2
38.0 46,70 — 88,8 —7 3 .8 —70.0 —67. 3 —67.8 —75.5
39.0 97,93 .93.0 —72.6 —71.1 —68,3 —68.7 —76.5
‘40.0 49.16 — 93.1 —73.5 —72. 1 .69.0 —69,7 .77•14

‘41.0 50.39 —95 .2 .7’4.3 —73.2 —70.0 —70.7 —78.9

42.0 S~~.62 —98.0 —76.0 —74,2 —70.9 —71.6 —79,9
43.0 57.65 I 0 5 e 3  .75.9 —75.3 .28,7 —72.5 —28,7
44.0 54.38 —112 ,0 76.7 —76.3 .33,4 —73.5 ~33,4

‘45.0 55.3* —1 )8.9 —77.5 —77.3 .33,5 —7 9.9 33•5
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1

REV E RBERATION LEVELS A T TIMES CORRESPONDING TO 2—W AY
ACOUSTIC r R A V E L  TiME S BETW EEN SOURCE AND TARGET,
2 PINGS • —  TIME BETWEEN P1 1165 15 30.00 SECONDS .)

THE SO UND PRO PAGAT ES BETWEEN SOURCE AND TARGET BY

SURFACE CHANNE L -
•

TARGE T T W O — W A Y  BOTTOM SURFACE VOLUME TOT AL PING 1 PING 2
RANGE TIME REVERB REVERB REVERB REVERB REVERB REVERB
KYD SEC 08 DB 06 08 08 08

‘46 .0 56.59 —125,9 —78.4 —18.9 .38,8 —75.4 —38.8
‘47.0 57.76 —125,0 —79.3 —79.4 —41.2 —76.3 —‘11 .2
‘48.0 58.99 —1 2 1.9 —80.2 —80,5 —43,2 —77 .3 —93.2
‘+9.0 60.22 —1 *7 .8 “81,1 —81.5 — 96.1 —78.3 —96 ,1
50.0 64.415 — 31 9 .3 —82. ) —82.6 —98,9 —79.3 ~98,4
51.0 62.68 —1 1 1 , 2  —83.3 —26.3 —26 ,1 —2 6.1 —50.’4
52.0 63.91 —108.8 —29.3 —39.5 —2 8,0 —28.0 —52.1
53.0 65.19 —*06.5 99.4 —30.4 ~3Q,’4 “30.9 —53.5
54.0 66.37 — 109.2 —52.6 —38.6 —38,3 —38. 11 —54,9
55.0 67.60 — *32.) —55.4 —41.1 —40.8 “‘43.9 —56 ,1
56.0 68.83 —1 01.4 —57.8 — l4 3~~4 —42.8 — ‘42.9 —57.2
57.0 7Q.,.~5 —10~~.7 — 60.1 — 46.0 —95 ,6 .95.8 —58.2
58.0 7u .28 —300.0 —62.5 — ‘+8.3 —47,8 -“48.2 —59.3
59.0 72.51 —99.4 — 69.8 —50.3 —50.3 —50.2 —67. 9
60.0 73.79 —99.4 —67. ) —52.0 — 51 ,9 —51.9 — 7 3,8
61.0 74.97 —99.3 —69.3 —53.4 —53.3 53.3 —7 6.1
62.0 74.20 — 99.2 — 71.3 —59.8 ‘~~~~ ~~~‘4•7 —81 .0
63.0 77.93 —99.2 —73 ,3 —56.0 —65.9 —55.9 —83.0
69.0 78.66 ~99.5 .744,7 _57.I — 57,1 -57.3 —8’4.9
65.0 79.89 99,7 76.0 —58.2 —68.1 —58 .1 —87.2
66.0 81,12 —*00.0 —77.3 —59. 1 —69.0 —59.0 —89. 1
67.0 82.35 —*00.3 —83.9 —67.9 — 67,7 —67.8 —9 3 .0
68.0 83.57 —100,8 —85.7 —73.8 —73,5 —73.5 103.5
49.0 84.80 —1 01.2 —88.0 —76.43 —76.7 —75.8 — 304 .11
10.0 86.03 — 101 .7 —90.3 —81.3 .80.7 —80,7 — 105 .2
71.0 87.26 —3 02,3 —92.5 —83.2 — 82.7 —82.7 — 306.)
72.0 8~~.419 —1 02.8 ‘99.8 —85.2 —84,6 —8 9,7 — 108,6
13.0 89.72 —*03 .9 — 1Q8.8 —87 .1 —87.0 “67.0 —*09.11
7’4.0 90.95 —1 04 .1 —109.9 —89.0 —88.8 —88.9 — 310.3
75.0 92.1 8 —104.7 110.9 —9 3 .0 — 9~~,7 —90.8 — IH,2
76.0 93.9) —305 ,9 — 1 1 1 . 9  — 107.8 —1 02.9 —103. 9 112 .1
17.0 94.69 — *06.2 — 112 .9 110.8 — *03,7 — 30 9.3 — 1 1 3 . 1
78.0 95.86 —106.9 — 1 1 9.0 — 1 1 1 . 9  — *09,6 — *35.3 119 .I
79,0 9i,09 —107.7 — 4)5.3 —11 2 .9 —105 .5 —10 6.0 1)5.2
80.0 98.32 —*08 .5 — 3OO.~ —300 .0 —101.8 — 33 0.5 — 316 ,3
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A C T i V E  p E R F O R M A N C E  P RE D I C T I O N
.,ESTERN N , A T L A t i T I C  ,,1 NTER SOUND SPEED PROY ILE . 4UC T~ lDuo , P. ‘47

SURFACE C H A .,I .LL

UUTP .9 ~ Z~ 20.: U zTN 33~~.. U ~HE . 2.3 LW A 5.0
v., I 15.0 SALT 35.3 1 HS 5.u  C ZH I~ 17372. 0 NL FLS 1.0 T
ZONES 2.0 PHOX .3 U PMDH •~~ U LEL PA l~~.O DELPR 10.0
MOB —27.G I MDV “99.~. I LC 2330. T LAT 35.3 Du MP .o T
QuIP 1.0 MODE l.~ U SL 135.3 3ELTH *0.0 HeR 2.3
TBP 13.9 PULSE •13,0jT Di 25.6 C o~~S l~~.O T ~..R *0.0
11 1N ~ 45.Ø I MO O T —60.6 C TVC )2..i GOO P 4 , 4 C 165 15.0 T
RON ‘.2.3 1 CLIP .3 T SIGMA 6.9 T PFA .100 32T SP 5, T
so .~~1Gi N AL FA .1263 N ZL ~92.l3 N ZCJ 6)52. 4 PH IO 15.93 14

CX ‘4882,39 ‘~ CT ‘4685,S3 N CL 9o87.l’4 N CS 4801.89 ~ CO 5077.36 N
TSUR 99.3 , TA V  36.9 N NOCL u ‘4 I RA P  N 1A M05 I ‘4

RANGE TIME LOSS A NGLE S I G N A L  REVERB REV S/MI, EACE S S PROB
IKYD ) (SEC1 4Db ) (DE4) (08) (00) L IM (084 408) DETECT

1.0 1.23 *23,6 .06 29.~ 4,7 YES 32.1 32.3 ),3~~U0
2.0 2.46 333.2 .33 16.8 —5 .$ Y€. S 26.7 26.7 I,OuQO
3.0 3.69 14~~.8 .3 9.2 —5.5 YES 19 ,4 19.4 1.0000
4 ,0 9.92 1~~b .4 .33 3.6 — *6,6 YES 29.7 29.7 1.0000
5.0 6.35 1 5 . 9 ‘.3 — .9 — * 9.7 YES 23.2 23.2 1.0000
o.0 7.37 154 .8 .3u —4.~ —22.e YES 22.3 22.3 1.0600
7.0 8.63 158,3 .33 —8.3 —25.3 YES 21, ’4 21,4 I .OuUO
8.0 9.83 161 .6 . t u  — I I . o  —27.8 YES 20.7 23.7 1.01)00
9.0 11,06 169 .5 ,.~u —14. 5 —30.3 YES 19.9 19.9 1,0300
10.3 *2.29 *67 .3 .‘~I. — *7 .3 — 31. 9 YES 19.1 19,1 1.0000
11 .3 13 .52 * 69.8 ..3 —I9.~ — 33.6 ?E5 10.2 18.2 1.0000
*2.0 *4.75 *72,3 .1)0 —22.3 —35.0 YES 17 .1 37.3 .9966
13.3 35.98 179 ,6 .1)3 — 2’4.a —35.6 YES jS.5 15.5 .9903
34.0 17 .21 370. 8 .~~o —2 6.8 —34.9 YES i2.~ 12.5 .9789

*5.0 18,44 17 8.9 .31) —28,9 —36.3 YES 11.16 11.5 .9652
36.0 19.66 *80.9 .uO —33.9 —90.9 YES *9.3 14.3 .9857
37.0 20.89 182.8 .30 —32.8 — 93.9 YES 19.8 14.8 .9879
1 8.3 22 .12 *84 ,2 .63 —3 4.2 94.7 YES 19.7 14.7 .9672
1 9.3 23.35 l~~b,7 .vO — 3 S . 7  — 415.0 YES l’4.2 19.2 .9855

~~~~ 29.So 187,1 .30 —37. ) — ‘46.8 YES 13.7 13.7 ,9834
Zu .u 2S.e 1 *644 ,5 .1)0 —38.5 — 47,0 YES 13.u 13.0 ,98U9
22.0 27.39 *69,8 .33 —39.8 —98.9 YES *2.7 12.7 .9799
23.0 28.27 191.2 .u3 — ‘41.2 — 53. 4 YES 32.9 17.4 .9787
2 i . 0 29.5.. 192,5 .6 — ‘42 .5 — 51 .3 YES 32.0 22.) •9773

• 2 5 .3  3 3 , 7 3 *93, 9 . 3  — 93.9 —52.4 YES 31. 9 31.7 .9690
26.3 31.95 19S .2 . 3  — 96.2 —53.4 1,0 uO.o 11. 2 •958’4
27.0 33.io I9~~.5 ...) —46.16 .54.2 ~.U 1 3.1 Iu.o • 9 9 4 ’ 4
2P.v 39.41 *97.7 .1)0 — ‘47,7 —54 .7 1,0 ~~.*  9,7 .9249
29.0 3S.o’4 199 .3 . 3  — ‘49,3 —59.o .0 7.8 8.4 •89’4l
.10.0 36.87 2~~~,3 ,.. i) — 5 3.3 — S~~,3 .0 7.’, 6,9 .8956
3),G 3t~.i. 2~~I.S .3.~ —51. 5 —168.6 NU 7.1 8.7 .9038
32,0 39.33 2 32. 8 .33. —52.s —60.3 N O 6. -s 8.3 .89*9
33.0 93,56 2 3 ’s .3  .uC —59,3 — 61 .7 ~0 5.~ 7.s .87)9
34 . 0 9),79 235,2 ..3 —55 .2 — 63 .3 ND ‘$.~~ 0 . 6  .8526
35•3 ‘43,O2 23~~,41 .‘J — 5 6,4 — 6 4 4 . .. r .1) J.~, 5.5  .8157
3ee~.. ~4.2

5 & ,7.7 ..., — 57 .7 — 05 .3 .0 2. ’. 4 .~~ .762 0
37~~3 ‘45,97 2,8,9 ~~~~ —5a.~ “06.3 ~~ I.) 3.3 .7371

lOf,
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A C T I V E  PERF O R M A N C E  PR E D I C T I O N
WE STERN N , A T L A N T I C  nI N TER SOUND SPEED PROFILE, NUC T14 1006 , P. ‘*7

SURFAC E C H A - s~~EL

UUTP ,
~~~ u LA 26.3 U LTG 333.~ U FREs 2.0 L4.A 5.0

4,1 3 15.0 SALT 35.~ I u S  5.~ C ZBM 31372. U REFLS 1.0 1
ZONES 2.0 P’41)A ... U PR O R  .3 U DELPX *0.0 DELPR 10.0
MU6 —27,3 T M uV —99.3 1 ZC 2006. 1 LAT 35.0 DUMP .0 T
OUTR I’D MODE 1.3 U SL i35.~ DELIM *0.0 MPR 2.0
TBP 10.0 PULSE .)O+0GI Dl 25.6 C 5*5 l~~.O I bnR 10.0
111 11 .45.~ I NOUT —6 6.6 C TVC 12.3 (.DOP q~~4 C TGS *5.0 1
NDN —2.3 1 CLIP .2 1 SIGMA 6.0 T PFA .430—021 SP 5, T
so .C iO i  N AL FA .3283 N LL 492.13 N ZCJ o152. N P4118 15,93 11
CX 9882,39 ~ CT 4 1 8 8 5 . 53  N CL 4 8 8 7 . 1 4 4  N CS 4 8 8 3 , 8 9  11 CB 5077 .36  N
TSUR ‘49.0 Is TA V 36. 14 34 M DCL ~, N IRAP 0 N 1AMOS N

RANGE TIME LOSS AN GLE SIGNAL REVE Rb REV S/MN EXCESS PROB
(KYD ) (SEC1 108) b E G ) (06) (DO) LIM (081 408) DETECT

38.0 46.70 213,1 .30 —60.1 —67.1 NO .2 2,2 .6’412
39.0 ‘47.93 211,3 .00 — 61,3 —68.1 ‘40 .9 1.1 .5698
43,0 ‘49,16 2*2 .4 .30 —62,9 —69 .u 340 —2,~3 — ,Q ,~~98)
‘*1.0 53.39 2~~3,o .GC. —63.6 70.u ~ 0 ‘.3,2 ‘.1.2 .4 2 5 9
‘$2.0 51.62 214 ,8 .uO — 6 4 . 8  — 7 3 . 9  ‘40 .4,~ — 2 . 3  .3536
93.0 52.85 215,... .03 ‘66.3 —28.7 YES —32,9 —32.9 .0000
94. 0 59,Q8 217.1 .1)0 —67 .1 —33.9 YES —27.3 —29.3 .0300
45.5 5S.~~i 218,3 .1)3 —68.3 —33.5 YES —30 ,4 —3u .’* .0000
96.0 56.54 239,5 .30 —69.5 —38.8 YES —26,3 —26.3 .0000
97.0 5 7 . 7 6  223,6 .30 —70.6 — 44 .2 YES —2 5,* —26.1 .6000
‘*8.6 55,99 221,8 .... .. — 71 .8 ‘43.2 YES —29.3 Z’4.3 .0600

‘*9.0 60,22 222.9 .1)3 —77.9 —46.1 YES —22,8 —22.8 .0000
50.0 61.45 224.1 .30 .,7 ’4 ,~ —448 .44 YES —2 1 .8 —21 ,8 .0000
SI.3 62.65 225,2 .30 —75.2 —26.3 YES — ‘49 .7 “‘44.7 .0300
52.0 63.9* 226,3 .1)0 —16.3 —28.3 YES — 93.9 —43.9 .0000
53.0 65,~~4 227,5 .06 —77.5 —30.4 YES —42,7 —42.7 .0000
54.0 66,37 228.6 .00 —78.6 —38.3 YES —35.9 —35.9 .0000
55.0 67,60 229.7 ..ui) —79.7 —90.8 YES —34.6 —34.6 .0300
166.0 68.83 230,8 .03 —80 .8 —42.8 YES —33,8 —33,8 .0000
167.0 73.oS 232,3 .36 —82. .. — ‘46.6 YES —32.3 —32.3 .0000
58.0 71,2 3 233,1 .1)0 —83.4 —97.8 YES — 31 .4 ‘.31.4 .0000
59.0 72.~~I 234.2 .uC — 844,2 50.) YES —30.6 —33.6 .0000
60.0 73.74 235,3 .00 —85.3 — 51 .9 YES 30.4 —30.2 .0000

.4 
61.0 79,97 23~~,4 .3~,. —86,4 —53.3 NO —30.5 —30.I .0000
62.0 76.20 237,5 .03 —87.5 —59.7 340 —30.7 — 3u. I .0000

• 63.0 77~~~3 235,6 .60 —88.6 —55.9 NO —3 1 .1 —30.2 .0000
64,0 78.66 239,7 .00 —89.7 —57.3 NO —3 1 .7 —30.5 .0000
65.0 79.89 290,8 .1)6 —90.8 —5 8.1 NO 32.9 30.9 .0000
64,3 81 .i2 2’*),9 .00 —9 1.9 —59.3 NO —3 3,1 —3 1.5 .0000
67.3 82.35 243.0 .30 .93.~ — 67.7 riO —32,7 —30,7 .0000
68.0 83.57 294.1 .06 —99.4 .73.5 NO —33.6 —3 1.6 .0000
69.0 84.gO 245,2 .30 —95 .2 .75,7 NO ~~~~~~ —32 ,6 .0000
70.0 8o.~~3 296.3 .00 —96.3 —80.7 ~O — 35 ,7 —33 .7 .0000
71.0 67.26 247.9 .1)3 —97.’* —82.7 ‘40 —36,5 —39.8 .0060
72.0 85.49 2’*~~.5 .00 .98.5 —84.6 390 — 37,9 —35.9 .0000
73.5 89.72 299.6 .1)3 —99.o 87.w ~O 39.U “37,0 .0000
7.~~3 

94,,~~s 253,7 .33 
~~~~~~~ —58.8 ‘40 —40.3 —38,0 .0000
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ACTIVE PERFORMANC E PREDICT ION
• *CSTERN N , ATLANTIC *INTER SOUND SPEED PROFILE , NUC TN I00~~, P, ‘47

SURFACE CHANNEL

UUTP •0 U ZA 20.0 U ZTG 300.0 U FR(~ 2.0 OWA 5.0

~*I 35.0 SALT 35.0 T MS 5.0 C ZBM *7372. U REFL5 1.0 1
ZONES 2.0 PHDX ‘0 U PHOR .0 U 0ELPX 10.0 DELPR 10.0
HUB —27.0 1 MUV — 99.6 T ZC 2000. 1 LAY 35.0 DUMP .0 T
OUTR 1.0 MODE 1.0 U SL 135.Q 0(31)1 *0,0 MPR 2.0
TBP 30.0 PULSE .l0.OOT 01 25.6 C BBS 30.0 T 8~~R 10.0

• N IN — ‘45.0 1 MOOT ‘.60.6 C TVC 12.0 (‘DOP 14,9 C 105 16.0 1
(4Q34 —2 .0 1 CLIP ‘0 T SIGMA 6.0 1 PFA .100—021 SP 5, T
(.0 .0*07 N A LFA .1283 N ZL ‘492.13 N ZCJ 6*52. N PH IB 15.93 N
CX ‘4882.39 t CI 4885.53 ‘4 CI. 9887.14 N CS 9881.89 39 C8 5077.36 ‘4
TSUR ‘49.3 N TAV 36.4 N NOCL N tRAP 0 N IA IIOS 1 ‘4

MANGE TI ME LOSS ANGLE SIGNAL REVERB REV 5/M’4 EXCESS PROB
IKY D ) 45(C) 1DB) (DEG) 1DB ) lOB) LI TM (06) bO B) DETECT

75.0 92,18 251,8 .00 — 101.8 —90.7 P40 — 91 .3 —39 .4 .0000
76.0 93.91 252,8 .00 —*02.8 — )~~2.9 NO — 92.2 —40.2 .0000
77.0 9q.~~9 253.9 .Cefi 303.9 —103 .7 NO —43.3 “41.3 .0000
78.0 95.86 255.0 .00 —106.0 —109.6 NO .49,4 —42.4 .0000
79.0 97.09 256.1 .00 —*06.) —*05.5 NO —‘i5,’* 43.4 .0000
80.0 98.32 257.1 .00 —107. 1 — *57.8 NO —96.5 — ‘44.5 .0000

H ;
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• IN P U T S . Nw. ‘* •
•• . • • • •* .• .u•* • • s * .

PP IDX .M O ,  PHUR. ’4U
MOOE .2,RUN

- • ••.• • ø •S* S* ** . • * S I .* • • * S .
• CALC U L A T I U ,S ,  RUN ‘4 •

BEA MA 15 THE SI~~lX )/A RESPONSE FUNCTION FQ ’4 A C ONTI NUO US LINE A R R A Y

OEA MR 15 ThE S l I ~~(A)/A RESPONSE F UNCTION FOR a CONT IN UUU S LINE A R R A Y

THE L E T 1E R S FOLLO..ING T~~E NU MBER S IN THE H L A U IN U  ON THE
PERFOR M A N C E  P R E DI CT ION PAGE S I J N I F Y  THE FO LLO P I N C .,

U USER p4*5 S PECI F IE D T441S INPUT VALUE ON Tui15 RUr4
b L A N K SET SY USER 014 A PREVIOUS RUN

I T Y P I C A L  VALUE SET IN ABSENCE OF USER S P E C I F IC A T I ON
C CA L C ULATED IN T E R N A L L Y  BY PROGRAM (USER OPT ION)

* ~NO N5 VALUE SPEC IF IE D BY USER (OUT OF RANG E OF ALLO *—
AB LE V A L U E S ,  THE PR INTED VALUE IS A T Y P I C A L  VALUE,)

N NOT Ar. INP UT, CALCULAT E D INTERNALLY.

I- -.
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R EV E R B E RA T I O N LEVELS AT TIMES COR RESPOND IN G TO 2—*A Y
ACOUSTIC T RA V E L  TIMES bETWEEN SOURCE AN~ TARGET.

2 PING S —— TIME 5ETu ,EEN PIN.S IS IC ..~. SECONDS.
)

THE SOUND PROPA GAT E S BETW EEN SOURCE AND TA R SEI BY

BOTTOM BOUNCE — — BOUNCE 1

- - 
TARGE T T*0— 8A Y BOTTOM SURFACE VOLUME TOTAL Pit - sO I PING 2
RANGE TI ME REVERB REVERB REVERB REV E R b  REVERB REVER B
KY D SEC 05 08 08 08 08 06

1.0 3 4 4 . 3 j  52.’4 ‘49.9 —85.2 —31 .7 ‘.47.6 —31.9
• - 2.0 14.30 —62.1 —47.3 —83.6 —32.7 — 97.1 —32.9

3.0 14.52 —7 ),8 —84.9 —83.0 —33.7 — ‘*4.9 —34,0
9.0 * 4.82 —77.5 92.S —82.1 —39,8 —92.5 —35,6
5.0 15.31 —76.6 — 93.7 —80.3 —37.1 — ‘43.7 —38,2
6.0 15,80 —76.1 —94.9 —78.2 .39.3 —49.8 —40.8
7.0 16.36 —73 .0 —46.8 —80.0 —42.0 —46.8 —93.7
8.0 17.07 .99.6 63.6 ‘82.1 —48.9 ‘.48,3 —97.5

• 9.0 17.77 — ‘4 7 . 0  —60,9 —84.5 — ‘$6. 7 .96.8 — 61,2
10,0 18.162 —46.7 — 69.8 —75.8 —96.7 —96.7 —73,6
11.0 19.36 —97.6 —52.2 —62 .9 .46,2 —96.2 .66,8

~2.0 2Q.21 — 99,8 39.7 98.9 —38.8 ‘.38,8 —58.3
13.0 21.uB —52 .9 28.0 —96.3 —27.9 28.3 —49.6
*4.0 22.53 —55.8 ‘.29.1 —46.5 —28,9 —29.0 —45 .7
jS.O 22.97 —59.7 — 343.1 “47.) —29.9 —33.0 —46,4
16,0 23.93 —63.8 —3 1.2 —50.) — 31.0 “31.1 —47.0
*7.0 24.94 —68.5 —36.3 —54.4 ~35,9 —36.2 —47.7
18.0 25.95 —73.4 41.7 —59.4 —40,7 — 41,6 —83.3
1 9.0 2~~.97 —78.4 —97.0 —68.7 —45,7 — ‘*7.0 —51. 8
20.0 2~~.u3 —7 9.3 —68.3 ..79,9 —55.0 —6 6.9 ‘.55,)

• 21.0 29.09 —69.5 —93.2 —9 6.2 —58.5 —69.5 —58.8
22.0 3~~.27 —57 .7 —97.6 — *04.3 —56.5 — 57.7 _62.6
23.0 31.23 —48.1 —96.8 — $69 .8 — 48,1 “48.) —68.2
29.0 32 . 3 2  — ‘ 4 5 . 9  95 .9  — 9 9 . 2  — ‘45. 9 — 9 5,9 —73 .6
25,0 33.82 —‘46.7 —83.9 —80.5 —46.7 — 96,7 —75 .1
26.0 34.52 —47.9 —67.8 —80.0 .97~~4 — 97.4 —77.2
27.0 35.64 —98.2 —67.6 —79.2 —48,I —48.) .79.6
28.0 3o.75 —5 1.2 — 67.9 —78.8 — 61 .0 —51.0 — 82,1
29.0 37.87 —55 .1 —67.2 —7 9.7 —54 ,8 —54,8 — 84,7

30.0 39.0* —59.0 —68.6 —80.7 —58,6 —58.6 —87.5

• 31.0 4Q.1 9 —63.0 —76.1 —82.0 —62,2 —62.2 — 90.1

32.0 41.2 8 —72.0 — 71 .5 —83.7 —68.5 .68.6 —86. 1
33.0 92.92 — 9~~.3 —73.6 —85.6 ~72,9 —73.2 —8 4.7
34.0 93.167 — *08.6 —75.7 —87.5 —79.9 75.9 —84.8
35.0 4’*,71 — *26 .9 —77.9 —89.8 —76,8 —77.6 —84.7
36.0 45.57 — *45.3 —80.4 —92.2 —78.8 —80,1 — 84.7
37.0 ‘47.32 — *37 .3 —83.6 —94.7 .80,6 —82.7 — 84.7
38.0 48.38 —123 .6 —85.7 —97.5 .82.6 —85.9 —85.8
39,0 99,39 —*09.9 —88.7 — *30.3 —89.5 —88.4 .86,8

90.0 50.50 —96 .2 —91.7 — 103.3 —85,8 —90.2 — 87,8
41.0 5 1 , 6 6  —85.3 9’$.9 — 106 .5 —83.2 .84.6 —8 8,8
‘42.0 52.83 .89,9 —98.4 — $39.7 ~28,4 ‘.64,7 —28.9

43.0 5~~.99 —8 9,8 —1 01 ,8 —11 3 .2 —39.7 —89.7 —34,7

‘44 .0 55.16 —89.7 —$05.5 — *1 6.9 — 31,2 —84.7 — 31 ,2
‘45.0 56.33 —89.6 —$09.1 —11 9 .6 — 38,5 84.6 —38.5
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‘1

NEVERI4 L N A T I O I a  L E V E L S  AT TIMES CO RRESPONDING 10 2—WAY
ACO USTIC I RA f t L  T IM ES BEI*EEN SOURCE AND TARGET .

2 PI NES — — TIME bET .~LE N PIN(.$ IS IC.~~... SECOSDS .I
THE SQLn~D PROPA GAT E S 6ET’4(E39 SOURCE AND TA RG ET BY

BOTTOM bO UNCE — — 80Ut~CL 3

TARGET 1.~U— ..AY BOTTOM SURI-ACI. VOL UP~E TOTAL PI NG I PING 2
RA NGE TIM E R E V E R B  RE V E R B  REVERB REV E R b  MEV LR B RE V E R B
KYO SEC 08 05 DO Db Ub 08

46.0 57.163 —~~5.2 —1 *2 .4 — $2 2 . 1  —40.9 ‘55,2 —40,9
‘47,0 58.68 —86,2 ‘.1116 .2 —424.0 — ‘42.9 —66.2 —92.9
98.0 59.86 —87.2 — 4 3 7 . 1  —125.6 ~ ‘4S.6 —87,2 —45,6
149.0 6~~....3 —88 .3 —31 8.7 — *2 6.8 —97.9 — 88.3 .41.9
50.0 62.21 —89.3 — $2 0 .1) 128.C ..‘$9.8 —89.3 .49.8
51.0 63.35 — 93.8 —1 21.3 —33.3 — 33 .u —33.0 — 51,6
62.0 64.56 —92.4 “81.8 —36.3 ~3S.9 —3 6.0 —53.0
53.0 65.74 —93.9 —80... —3 6.9 —36,8 .36,9 —5’*.3
59.0 bo.92 —95.9 —78,9 ‘.39.6 —39.7 —39.8 —55.5

65.0 68.39 —97 .1 —79.3 —41.9 — 91,8 — 41.9 —56.6
66.0 69.27 — 99.~ —79.1 —4 9,2 —94.0 —94,2 .51.7
67.0 7o.’S —1 33 ’b ‘.62.5 —96.8 — 96,5 — 96.8 —58.6
58.0 7~~.a3 —$02.7 —a ’*.6 — 48.9 —48.5 ‘48.9 .59.5
59,0 77.ol —16 4.6 —86.3 —50.8 .SQ.8 —50.8 —72 , 4

60.0 73.99 —$66.8 —88.1 —52.3 —52.3 —S2.3 —74.6
61.0 75.17 .)~~8.9 — 8 9 . 6  -53.7 —53,6 —53.7 —76.7
62.0 76.35 — 1 1 1 . 1  —9 1.7 ‘.54.9 —54.9 —5 9.9 —81 .8
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A C T I V E  PERFOR MANC E PREDICTION
8ESTERN N . ATLANTIC A1N TE R SOUND SPEED PROFILE, NUC Its 1006 , P. ‘*7

BOTTOM BO UNCE — — BOUNCE I

UUTP .0 £X 2C.C LTG 303.0 FREQ 2.0 L8A 5.0
val 15.0 SALT 35.6 1 MS 5.u C Z8M *7372. 44EFLS 1.0 T
ZONES 2.0 PHOX 90.6 U PHOR ~~~~ U DELPX $3.0 UELPR $0.0
NUB —27.0 1 M UV —99.,; T ZC 2060. T LAT 35.0 DUMP .0 1
UUTR 1.0 MoDE 2.3 U SL 135.6 DELT)1 $0.0 MPR 2.0
TBP 10.0 PULSE .10.601 01 25,6 C 685 $0.0 I BAR $0.0
N IN —45.3 1 NOUT —63.6 C TVC I2.~ OCuOP ‘4, 9 C 165 $5.0 I
P4039 —2.0 T CLIP ‘C T SIGMA 6... 1 PFA .130—021 Se 5. 1
(.0 .stO7 14 A LFA .3277 39 ZL 992.13 N ZCJ 6152. ‘4 Ph18 15.93 34

CX 4882,39 IS CT 9885.53 N CL 9887.19 ‘4 CS 9881.89 N CB 5077.36 39

TSUR 99.0 N IAV 36.4 N NOd 3 N 3RAP 0 (4 lAND S I N

MANGE T I ME LOSS ANGLE SIGNAL REVERB REV 5/MN EXCESS PRO8
1KY O ) (SECI (08) (DEC.) (1)5)  lOB ) LIM 408) 4Db) DETECT

1.0 1 4 .11 223,7 85,26 —73.7 —3 1 .7 YES — 37.6 —37.e .0000
2.0 1 9.36 225,1 843.43 —75.1 —32.7 YES .37,9 —37.9 .0300
3,3 1 4.52 ‘37.6 .75.67 —87,6 —33.7 YES —49,5 —49 ,5 .0000
1.0 14.82 219,0 71,36 —69.6 —34.5 YES —29.8 —29.8 .0000
5.0 15.3 3 218.8 67.36 —68.8 —37. 1 YES —27.3 —27.3 .0000

• 6.0 *5.80 269,1 62.97 .1*9.) 39.3 YES —70.’* —73.q .0000
7.0 $6.36 213 ,0 59,15 — 63.3 —92.0 YES —$6.7 —*6,7 .0049

8.0 17.07 208,9 55.89 —58,9 .94,9 YES — 9.9 —9.9 .071 )

9.0 17.77 223 .v 52,63 —73.c — 46.7 YES —22.9 —22.4 .0000
10.0 18.52 213 .9 49,62 —63.9 —96.7 YES — 13.3 — 13.3 .0182

11.0 $ 9.36 197.0 97.12 —47.~ —46.2 Y(S 3,3 3,3 .7634

*2.0 20.21 1 89,4 49,61 —39 .1 .38.8 YES 9,~ 4.0 .79* )

l3.C 21,05 456,7 ‘42.28 —35 .7 —27 .9 YES —3.3 —3.3 .2940
14.0 22.03 185,1 93,37 —35.$ —28.9 YES — 1 .8 —1.8 .3863

35.0 22.97 3s 6,2 38,47 —3 6.2 —29 .9 YES — l.a — 1.8 .3843

36.0 23.93 188.8 36.64 —38.s —31.0 YES .3.’* —3.’u .2903

17.0 24.94 192,4 35.19 —42,4 —35,9 YES —2 .1 — 2 .1 .3686
18.0 25.95 397.1. 33.79 —47,’* — ‘4 3 .7  YES —2.3 —2.3 .3531

19.0 26.97 239,3 32,31) —5 9.3 ~~145 .7 Y E S  —9.5 —4 ,~ .2333
20.0 2a.~~3 2*2,2 31.17 — 62.2 ‘55.0 NO .5,2 —9.5 .2326
23.0 29.09 229.2 30.3a —79.2 —58.5 NO ~~~~~~ “19,0 .016 4
22.0 33.27 2 98,2 29.34 —98.7 —56.5 NO —40.5 —39.4 .0000

23,0 31.23 242~~$ 28.3* —92. 3 — 98.1 YES —90.2 —40.2 .0000
24.0 32.32 229.6 27.15 —79.6 —95.9 YES ~~~~~~ .29,7 .0000

25.0 33.qZ 22’4.3 26,25 —74.3 — ‘46.7 YES —~~3.i —23,7 .0030
26.0 3’*.52 222.0 25.50 —72. ,; — 97,4 YES —20.7 —20.7 .0000
27.0 35.64 221,2 29,52 — 71 .2 —98.1 YES — *9 .3 —*9.3 .0000
28,0 36.75 221,2 24.14 — 71,2 “51.1) YES —36.8 — 36,8 .0048
29.0 37.e7 221,8 23. 49 — 11.8 —59.8 ‘40 —$ 9 .9 “* 9.2 .0394
30.0 39.01 222,8 22,95 —72.8 —58.0 340 — 39 .2 —$2 .~ .0208
31,0 9Q.~~4 229,2 22.90 14.~ — 6 2 . 2  NO I9 .S —12. 6 .0208
32.0 9).78 275,9 23.87 —75.9 —68 .5 NO — *5,5 —13. 6 .0*74
33,0 42,92 227.7 23.93 —77.7 —72 .9 390 —$7.2 —15.2 .0409
34.0 93.57 229,8 20.99 —79.8 —79.9 NO — 1 9 .2 — *7 .2 .0030
35.0 “9.71 232,1 Zu.56 —82. 1 —76.8 390 — 21.5 —*9.s .0000
36.0 95.87 239,5 2u.20 —89.5 —78.8 NO —23.9 —21.9 .0000
31.0 47,32 237,1 19.s3 —87. 1 —80 .6 NO —26.9 —29.9 .0000

-S..
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A C T I V E  P E R F O R M A N C E  P R E D I C T I O N
WESTERN N. ATLA N T I C  WINTER SOUND SPEED PROFILE, NUC TN *006, P. ‘*7

BOTTOM BOUNCE — — BOU NCE 1

CIUTP .0 ZX 20.0 ZIG 300.0 FRE Q 2.0 LWA 5.0
VII I $5.0 SALT 35.0 T HS S.D C Z8M 47372. REFLS 1.0 1

• ZONES 2.0 PHDX 90.0 U PHOR 40.0 U DELPX 10.0 DELPR $0.0
NUB —27.3 T M UV —49.0 T ZC 2000. T CAT 35.0 DUMP .0 T
OUTR 1.0 MODE 2.0 U SC *35.0 DELTH 10,0 MPR 2.0
TaP $0.0 PULSE ,l0.QQT DI 25.6 C BA S $0.0 1 BA R *0.0
NIN — ‘4 5.3 1 NOUT “60.6 C TVC 32.0 GDOP 9,4 C TGS $s.Q I
RON —2.0 1 CLIP •0 T SIGMA 6.0 1 PFA .)O0—02T SC 5, 1
(.3 ,O~~O7 r~ A LFA .4277 N ZL ‘492.13 P4 ZC..t 6*52. ‘4 PHIB 16.93 P’S 

-
•

CX 9882.39 N CT 9885,53 N CL 9887.14 N CS 4881.89 N CB 5077.36 ‘4
TSUR ‘+9.0 N TA V 36.4 N NOCZ 6 N IRAP 0 N IAMOS I N

RANGE TIME LOSS AN GLE SIGNAL REVERB REV S/MN EXCESS PROB
(KYD I (SEC) lOB) (DEC.) 4Db) (08) L IM (08) (08) DETECT

38.0 98.1$ 239.9 *9 .49 —89.9 —82.6 NO —2 9.2 —27.2 .0000
39.0 49.39 292.7 19 .19 —92.7 —84.5 NO —32.) —30.1 .0000
‘40.0 50.50 24 5 . 9  18 .89 — 9 5 . 9  — 8 5 . 8  NO —35.2 —33.2 .0000
91.0 51,66 299,2 $8 .62 —9 9,2 —83.2 ‘*0 —38,5 —36.5 .0000
‘42.0 52,83 252,6 18.37 — 132 .o —28 .4 YES —69.8 ‘.69.8 .0000
43.0 53,99 256.6 18 ,12 — * 0 6.6 —34.7 YES —67.4 “67.9 .0000
94.0 b5,j6 260,6 *7.9) —110 .6 —3 1 .2 YES —75.3 —75.0 .0000
95.0 56.33 265,3 17.70 —11 5. 3 —38.5 YES —72.4 —72.4 .0000
46.0 57.~~l 268.3 — 17 .53 — 1 * 8.3 —40.9 YES —7 3 ,i —73. 1 .0000
‘*7.0 58.68 269.6 — 17.35 — $ 1 9.6 —92.9 YES —72 ,5 —72.5 .0000
‘48 .0 5 9 . 86  273,9 —1 7 .1~~ — l 2s J . y  —145.6 YES —7 4 .2 — 71 .2 .0000
49.0 61.03 272,2 — $7.03 — *22 .2 —97.9 YES —70.4 —70 .4 .0000
50.0 62.21 273 ,5 —16.90 —I2 3 .~ —49.8 YES —7 0,1 —70.1 .0000
51.0 63.38 279.8 —1 6.77 —12 4.8 —33.0 YES —87.9 —87.4 .0000
52.0 69.56 276,2 — $6 .65 — 126 .2 —35.9 YES —85.9 —85.9 .0000
53.0 65.79 277 ,6 —*6.55 — *27 .o —36.8 YES —86,4 —86.4 .0000
54. 0 6 6 .9 2  279,Q — *6 ,95 — $29, ,; —39.7 YES —89.9 —84,9 .0000
55.0 68.09 283.4 —1 6.37 — 136.q — 91.8 YES —84,4 —84,4 .0000
56.0 69,27 281.9 —1 6,29 — i 3 1 .~ — 99.0 YES —~~3,$ —83.8 .0000
57,0 73.45 283,5 —1 6.22 —1 33.s — 46.5 YES —83.0 83.0 .0000
58.0 71.63 285.1 — 16 .16 — 13 5.i —98.5 YES —82.8 —82.8 .0000

• 59.0 72.81 285,9 1 6,10 —135. 9 —50.8 YES .81,8 —81.8 .0000
60.0 73,99 286,7 $6 .06 —$36.7 —52.3 YES —8 1.4 —81.2 .0000

-‘ 61.0 75.~~7 287,8 $6 .32 — 137 ,8 —53.6 (40 — 81,7 —8 1 .3 .0000
- 

I 62.0 76.35 289.5 15 ,99 — 139 .5 —5 9.9 (40 —82,5 81.8 .0000
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.. .•I•I .... •... S• S .

• INPUTS . RUN 5 •

PIIDX . 5 ,  P 4-4 0 R.5
M O(.3 , RUN

.e• .• • •.• . .• . ..•• .• . . .• • •
• C A L C U L A T I O N S ,  RUN S •
•..•••••••.•.•.•.••.••.••

DEA MX is THE 51N(X )/X I4ESPONSE FU N C T I O N  FOR A CONTINUOUS LINE A R R A Y

B E A M R  IS T HE S L ’ *~~ .) / ~ RESPONSE F U N C T I O N  FOR A C O N T I N U O U S  LINE A R R A Y

THE LETTERS FOLLOI ,INO THE NUMBERS IN THE HE A D IN G  ON THE
PERFO RMAN CE PRE O I C T IO N  PAGE S I GN I F Y  ThE FOLLO.~ING ,

U USER HAS SPECIFIED THIS I~4PUT V A L UE O~ THIS RUN
B L A N K  S ET BY USER ON A P R E V I O U S  RUN

T T Y P I C A L  VALUE SET IN ABSENCE OF USER S P E C I F I C A T IO N

C C A L C U L A T E D  I N T E R N A L L Y  BY P R O G R A M  ( USER O P T I O N )
*H O N 0  VALUE SPECIFIED BY USER (OUT OF RANGE OF ALLO W -

AB LE VALUES, THE PRINT ED VAL U E  IS A T Y P I C A L  VALUE .)

N NOT A N  I N P U T ,  C A L C U L A T E D  I N T E R N A L L Y .
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REVER BERAT I UN LEVELS AT TIMES CORRESPONDING 10 2—W A Y
ACOUSTIC T RA V E L  TI MES BETW EEN SOURCE AND TARGET .
4 2 PINGS —— TIM E BET,.EEN PING5 IS IO .UC SECONDS.)
THE SOUND PROPA GA TES BETW EE N SOURCE AND TARGE T BY

• CONVERGENCE ZONE —— ZONE I

TARGE T T A O — W A Y  BOTTOM SURFACE V O L U P I E T O T A L  P I N G  1 P I I5 G 2
R A N G E  T I M E  R E V E R B  R E V E R B  R E V E R B  R E V E R B  R E V E R B  R E V E R B
KYD SEC 05 08 08 08 38 DB

• 51.0 63.68 —88.2 —89.2 — 31.7 — 31 .7 — 31 .7 —50.8
52.0 64.29 —88 .9 —35.6 —35.4 .32,4 —32.5 —52.14
53.0 65.55 —89.7 — 91.4 —36.2 —35.0 —35. 1 —53.9
59.0 66.72 96.3 44.2 —39.4 — 38 ,1 —38.2 —55,2
55.0 67.93 — 93,2 — ‘47.6 —41 .7 —‘4~i.6 — 4 3 . 7  — 5 6 . 4
56.0 69.14 —92 .3 —56.5 —43.8 — ‘42,8 — ‘+2.9 —57.5
57.0 7Q.99 —93.5 —55.3 —46.7 —45 .9 — ‘+6.2 — 5 8.16
58,0 7~~.o7 — 9 4 . 6  — 5 8 . 5  — 4 9 . 0  — 4 8 , 2  — 4 8 , 5  — 5 9 , 6
59.0 72.90 95.9 61 .14 —50.9 —60.5 “50.6 —72.3
60.0 74.12 —97.4 —64.2 —52.5 —52.2 —52.2 —74.5
61.0 75.35 — 9~~.8 67.0 —53.9 —53.6 —53.7 —~~9.3
62.0 76.58 lO u.3 69.8 —55.2 —55.0 —55.0 —8 1,7
63.0 77.51 — I u I , 9 72.7 —56.4 .56, 3 — 56.3 —83 ,7
64.0 79.63 — *03 .7 —75 .6 —57.5 —57.’~ —57.4 —86.6
65.0 80,26 —*05 .4 —78.3 —68.9 —58.4 —58.14 —88 .0
66.0 83.99 — *07.2 —81.3 —59.4 59,3 —59.3 —89.9
67.0 82.72 — 109.2 —83 .5 —72.7 — 71.9 —71.9 — 101. 3
68.0 83,94 —I I I . )  —86.~ —7 4.5 ~74,2 —74.2 I I l . C
o9.O 8~~.$7 — 1 1 3 , 9  —88 .5 —76.7 .76.4 —76.4 11 2 . I

.4
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P4EVE RB t.RA TI UN LEVELS AT T I M E S  CORR E SPUNDI N G TO 2 . ’ nA Y
A C O U S T IC  T R A V E L  TIMES B ETWE EN SOURCE A lS O T ARO LT .
4 2 PING S —— TIME BET8EEN PIN(.5 IS j,;...,; SECONDS.)
THE SOON’) PRUPA BAT ES BETWEEN SOURCE AND T A R G E T  BY

C O N V E RGEN C E LO NE —— ZONE 2

TARGET TW O—., A Y BOTTOM S U R FA C E  V OLUME TOTAL Pl (5G 1 P ING 2
RANGE T i l E  R E V E R B  R E V E R B  R E V E R B  R E V E R B  R ( + E R B  R i+ E R B

SEC DB 08 08 68 08

10 3 .0  12 7 . 3 9  — 3 0 3 .6  — 3 O ~~.6 — 6 2 . 5  .62 . 6 — o 2 . 8  — 7 5 . 2
104 .0  12 8 . 6 2  — 3 6 .0 65.s. o 7 . I  — 6 9 . 2 6 4 .5  —76.3
IO 5.u 129.02 — 3~~~.6 —72.0 “67,4 .65.9 —66.1 —78.3

* 0 6 .0  131.P. . ’t — 3o....O —7 14,2 —69.3 — 67,8 “68.1 ‘79.6
*07.0 132.26 — 30~~.u —75 .8 —7...8 —69,3 —o9.6 —8). )
3 08.’ .  3 3 3 . 1 4 7  3uu..~ “77.3 —72.2 — 7 3, 7 71..i —82.3
30 9.0 434.00 —36’..C —79.4 — 73.5 — 72, 1 —72.5 — 83.4

1)0.0 135.o9 —30....3 —8 1 .3 —7 14 .6 — 73 .9 — 13.7 ~~~~~~
111.0 1 3 7 . 3 0  — 3 6 3 . 0  — 8 2 , 6  — 7 5 . 7  .74 ,6 .7 4 . 9  — 8 5 , 6
$12.0 13 8.30 —3o0 .’. —89.2 —76.7 —75 .7 — 7 6 . 3  — 8 6 . 5
113 .0 139,66 —33,;.O —86.5 —78.6 —77,5 78.v —87.4

414.0 * 90.59 —33k.,.’. —89.2 —83 .1 —79,1 —79.6 —88.3
3)5.0 142 .12 — 3 0 u . 6  —9 1.3 — 81 ,4 —80.3 —83.9 —89.2
1*6,0 l’43.34 —36u .... — 92,6 —82.5 — 84 .5 —s 2 .$ — 9 0 . 0
* 37.0 J44.57 —303.6 —94.2 —83.7 —82,6 —83.3 — 93,5
£18 .0 1 45.8,; —33....0 —95,8 —84.8 — 83,7 —84.4 — 94,6
1)9,0 1 97..~3 30u... 97.’4 —85.8 84.7 “85.5 — 92.3
320.0 1 98.25 —330.’. —95.9 —86.7 —85.0 — 86,4 — 93.1
121 .u 3 49.9w —3 0 .3 —)0o.3 —87.5 —86.4 —87 ,3 —93.7
i22.O 150.7 1 —303... — (34 .9 — 88.4 — 87,3 — 85 .2 ~~94,4

* 23.0 15 3 .914 ‘30~l.’. — 1 3 3.4 “89.2 —88. 1 — 89.1 —95.0
124.0 jS3. 3o —3. - .~. —J;5. ,; —96.0 ~~~~~~ —~~9.9 —95 .7
£25.0 IS ’4’-)9 3~~.’’. 130.S 9-,;.8 91),S “93.7 — I ~~ 3. 4

12 6.u 155,62 — 33~~.3 — 1 0 8.1 —9 1 .6 — 9 1 , 4 — 91.5 I,;7.2
*27.0 15o.b5 — 3~~~.C — 4 3 9.7 — 92,3 — 92,1 “92.2 —108.5
128.0 1SR .’.7 —3i - .~ .3 — 4 1 1 . 2  —93.C — 92,9 —93.’. 109.b
£29.0 159.3 .. — 3u.,.... — 4 3 2 . 7  — 9 3 , 7  ~ 9J, 6 “93.6 ‘ It I . u
4 3 0 . 0  16 0 . 53  — 3 3~~.3 — ) 1 ’ * . 2  — 9 9 . 3  — 9 s .2 — 9 4 . 3  — 1 1 2 . 3
333 .0 3 63 .16 ~~~~~~~~~~~ — ) 3 5 . b  — 9 5 . 0  — 9 4 . 9 9 4 , 9  — 1 1 3 . 5
$32.0 362,96 —333... —1 * 7. - , ;  — 95.6 — 95.5 “95.6 I44.8
333.’. 364 .21 —363 .~. — 1 1 8 .4  — 133.4 — 463. ) —IL 3 . 3 — 1 1 6 . 1

; $3 4.0 165 .114 — 3 u ~~.- .. — 3 * 9 .9  — 3 3 7 . 3  — I O b . 9 I ..7.l — *22.8
*35.0 3 66.07 —30’..3 — 1 2 1 . 3  —43o.5 —3 6 8 , 2 — * 68.3 —I24 ,~
33 6.0 167 .o9 —333 .3 —1 22.6 —1 09,8 ~Q9,5 ~ * i.iY.O 125. 2
*37.0 3 69.12 —30.. .C — 124 .0 — 1 1 1 . 1  — 1 1 0 . 7 — * 13 .8 — *27.6
138,0 ~ 7Q.J~ — 3 3’ . .~ J25.4 — 112.3 —1 12 .6 — 1 1 2 . 1  —1 28.2

*3 9.3 *71 .57 ‘3Cau .’ .  .120.8 —1) 3,6 — 1 1 3 , 3 —1 13.4 —12 9 . 7
*40.0 372.00 —36.1.0 —12 s . I  — 3* 4 .8 —1 )4,6 — 4 1 4.6 —300.6
l~~I.0 374...) “303.0 12 9.5 — 1 1 6 . 1  I15. 9 — 1 *S. 9 —300.3
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A C T I V E  PERFOR MA iCE P R E D I C T I O N
WESTER N N , A T L A N T I C  ,dNTE R SOUND SPEED P R O F I L E ,  IS U C TN 1006 . P , ‘47

C O N V E R G E N C E  LO NE —— ZO N E I

V UI P .0 Z A 20.0 1T~~ 303.3 F R EG 2.0 LWA 5.0
V III 15.0 SALT 35.6 T hS 5.6 C ZBM $7372. REFLS 1.0 T
ZONES 2 .0  P HOX S . C  U P RDR 5.3 U D E L PA  IO .u  O ELPR 10.0
MO B — 2 7,0 1 il ’ .V ‘“+9.3 1 ZC 2030.  1 L A Y  35.0 DUMP .0 1
U U T R 1.0 MODE 3.,; U SL 435.0 D E L T M  10 ,0 11CR 2.0
TBP $3.0 PULSE •13,OCi T Di 26.6 C 6~~S *3.0 T BWR 10.0
NIN — 45,Q T NOUT —oO.6 C TVC $7,,; ~0OP ‘I.’+ C IGS 3 5.0 1
IION “2 .0  T C L IP  ‘C  I S I G M A  6 .0  1 PFA •100—02T SP 5. 1
G O .6 1 37  •,  A LFA  .1 2 7 7  N ZL 4 9 2 , 1 3  N Z C U  o 1 52 .  N P4 4 1 5  15,93 N
CX 4882,39 ~ Ci 98 8 5 . 5 3  N CL ‘4687.14 N CS 4804,89 I~ CS 50 7 7 . 3 6  9
TSUR 4 9 , 3  ~ 1AV 36.4 N NOC L C N I R A P  U r~ 1A M Q S  3 9

I IANG E T IME LOS S A N G L E  S I G N A L  R E V E R B  R E V  5/MN EXCESS PROS
(KY DI £SE C ) 1)63 (DEG ) (08) ID S I L I ’* (08) (08) DETECT

51.0 63.38 !8...1 3.98 —3 0,3 “33 .7 YES 0.6 0.0 .8385
52.0 614.29 *86,6 7.78 — 3 6 , 6  —32.14 YES .2 .2 ,5)58

5 3.0 6 5 .5 5  189 ,8  ‘4 ,76 —39.8 —36.’. YES . ‘4 “.14 ,4 7’4 6
1614.0 66.72 195. 1 9.73 — ‘45.) —3 8.3 YES —2.6 ‘2.6 .3338

5 5,3 6 7 . 9 3  198, 9 10.52 — 4 8 , 9  — 4 0 .6  Y E S  — ‘4 . 1  ‘“4 ,1 .2 5 7 2
Se. O 6 9 . 3 4 233 , 9 1 1 .3 3  — S 3 . 4  — 4 2 . 8  Y E S  — 6 , 4  — 6 . 4  . 1 5 1 2
b7 .Q  7~~.’+’4 237 ,2 3 ,5) — 5 7 . 2  — ‘4 5 . 9  Y E S  — 7 . 2  — 7 . 2  , 13 16
58. 3 7 1 ,6 7  209 .6  3 .4 3  — 5 9 . 6  — 4 8 . 2  Y E S  7 .ó  “7 ,6  . 12 2 9
59.0  7 2 . 90  2 1 1 .8  3 .35  — 6 1 . 8  — 5 0 . 5  Y E S  — 7 . 9  — 7 . 8  . 1 4 8 6
63 .0  7 9 , 4 2  2 13 . 8  3 ,27  — 6 3 . 8  — 5 2 . 2  Y E S  — 8 . 6  — 8 , 5  . 4 04 0
6 1. 0 7 5 . 3 1 6  2 4 1 6 , 6 3 . 19  — 6 5 , 6  — 5 3 . 6  NO —9 ,5 —9 ,1 ,0896
6 2 ,0  7 6 . 6 8  2 4 7 ~~9 3 . 1 1  — 6 7 . 9  — 5 5 . 6  NO — 1 0 , 4  — 9 . 7  ,076o
63 .0  7 7 . 8 1  2 * 9 , 0  ) .u3 — 6 9 , 3  — 5 6 . 3  NO — 4 1 . 3  — 1 0 . 3  ,0612
64 . 0  79 . 0 3  22 3 , 5  2 ,95 — 7 0 . 5  — 5 7 . 4  NO — 4 2 , 4  — 1 1 . 1  , O ’ 4 4 4
05.0 80,20 222,. 2,87 —72.,; —58 .14 NO — 1 3 . 1 4  — 1 1 . 9  ,o255
06.0 83 .149 223.4 2 . 7 9  — 7 3 . ’, — 59 .3  NO — $ ‘4. 5 — 12.8 .0)99
07 . 0 8 2 ,7 2  2 2 9 . 8  2,72 — 7 ’4 . 8  — 7 4 , 9  90 —I ’4.2 — 42.2 ,022I
68,0 83,99 226 ,0 2.614 —76. 3 —74.2 r~O —4 16 ,5 — 13 .s .0173

09 . 0  8 5 , 17  22 7 , 3 2,So —77 .3 — 7.6.4 NO —)6,7 — I’+,7 .0127

.4
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A C T I V E  PERFORMANCE PRE D ICT ION
WESTERN N, A T L A N T I C  WINTER SOUND SPEED PROFILE, NUC TN 1006, P. 47

CONVE RGEN CE ZONE —— ZONE 2

UUTP .0 Z~ 20.0 ZIG 300.0 FRE~ 2,0 L*A s.o
V II I 15.0 SALT 35.0 1 HS 5.0 C ZBM 47372. REFLS 4.0 T
ZONES 2.0 P440x 5.~ U PHDR 5.0 U DELP* *0,0 DELPR *0.0
TMUB — 21 .0 T M uv —49.~ I ZC 2000. 1 LAT 35,0 DUMP .0 1
OUTR 3.0 T M O U E  3 .6  U SL *35.0 OELTH IQ.0 MPR 2.0
TBP 40.0 PU LSE ,1O.O01 Dl 25.6 C 5W5 $Q.0 T 8*R 40,0
N IN — ‘ 4 6 . 0  T 9001 —60.6 C TV C (2.0 GDOP 4,4 C TGS 15.0 1
RO N “2.0 1 CLIP .0 T 545448 6,0 1 PFA .400—021 SF 5. 1
GO .0)07 -I A L~~ A ,~~277 N 26 4 9 2 . 4 3  N ZC . J 6)52. N P4-415 15.93 N
CX  4 8 8 2 .39 , C T ‘.865.53 N CL 11887 .44 N CS 9881,89 N CS 5077.36 4-’
TS UR “9’O •. ~ A 4  3b .w “ .r 3C 2 0 ~ IRAP 0 N IAMOS I N

IIA NG E T I M E  L’.S~ A N G L E  S I G N A L  R E V E R B  R E V  5 / M N  E X C E S S  PROS
(R Y D $ ISE (I I ..~”) 4’ .t~.) *083 (06) L I TM  (05) (0B~ D E T E C T

$0 3.0 $27.) 9 233. 7 11,35 — 6 3 , 7  —62 .6 NO — ‘~.0 —2,0 ,3708
304.0 (2~~.ó2 ~~~~~ 3.~~7 — 69.4 — 64.2 NO ~ 9,j — 7,) .3345
$US,0 I2~~ .-I 4 ~~2 2 . 6  7,89 — 7 2.o —65.9 90 —)2.4 — 16 .4 .060 3
Iuo.O 13 1 .011 2 2 . ~~ ~~, .)  “?~~ . v  “67 . 8 90 —1 4 .6 .12,6 .0208
4 01.0 132,26 227 ,) 6.’~ ~~~~~ — 69,3 40 —4 6.7 —3 4 ,7 .0428
4.18.0 )3)..7 2is .7 9.’2 —7 4 ,7 —70 ,7 ~sO — I G .2 — 1 7 , 2 .0029
)‘.9.O 13’.bb ‘32.4 9.ba — - ~~.I —7 7 .4 NO —2 4.6 — *9.6 .0000
140 .0 35 .—’ ~~ M .2 *0.28 — $ ‘4.2 —73. 9 NO —2 3 .’ —2 3 .7 .0000
1) 3.0 l3 7 .i~ ‘ 3 6 . 3  I ’ j . ? Q  — 56,3 —74.6 4-40 —~~5,7 “23.1 .0000
432.0 1 3~~.36 2 3~~,4 £ 1 . 1 3  —88 ,4 —7 6.7 NO —2 7,6 —25,8 .O000

*33 .0 43 9,66 ~~11,.,t ~~~~ —9 0.6 —77. 6 NO —30 ,0 —28.0 .0000
444.0 I~~O,6 9 2 1 1 2 , 4  3,5, — 92 .1 — 79.) NO —3 1 .6 —2 9.~ .0000
115 .0 342. 4 2 2113,6 3 . 5 s  — 9 3 . - — 8 0 . 3  l~O — 3 3 , 0  — 3 4 . 0  .0000
4 ) 6.0 )43.3~ 2411~~9 .3.5k ~.94.9 ‘ . 84 .5  NO — 3 9 . 3  — 3 2 . 3  .0600
$17.0 1’44.57 2116 .2 3 ,47 —96.2 — 82.6 NO — 35,ó —3 3.o .0600
118 .0 4116.86 2117 ,5 3.4~ — 97.5 — 83.7 NO — 36,9 ~ 3’4.9 .O u O 0
*39.0 I”7 .O3 2-,8.7 3,4,; — 98.7 —84.7 NO —3 8 .4 —36, 4 •06u0
120.0 1’4S,25 249,~ 3 ,3e — 99.8 —85.6 NO -.39.7 —37.2 .3000
121 .0 V49.116 2166 ,9 3 ,32 — l O 3 . ~ — 86,4 ,,O —40.3 —~~8.3 .0000
$22.0 $50.7 1 262.C 3,28 — 4 32. 3 —87.3 90 — 41.4 — 39 .’s .0600

• * 23.0 454,94 2~~3,j 3.25 — 3 3 3.4 “58.) ?O — 42,9 —46.4 .0600
1211, 0 153.48 254 , 3  3.21 — ) , ; 4 .l — 8 8 , 9  NO ~~~~~~ — 4 4 . 4  . 0000
325.0 3 54.39 2 5 1 6 . )  3.47 — * 0 5 , 1  — 93.5 NO —94.4 —42.4 .0’.00
32 6.0 1~~5,62 

256,0 3 ,43 — 1 L 6 . . — 94.4 NO - ‘45.9 — 4 3 . 4  .0000
)27.0 156.85 256,9 3.39 — 466 .9 — 92.1 NO — 4 6 , 3  —49 ,3 .0000
128.0 45 5,01 257,5 3.36 — (67,9 —97 .9 NO — 97.2 —‘45 ,2 .0000

1 29.0 *59.3’. 255,7 3.07 —46 8 ,7 93.6 IS O  —9 8 ,1 — ‘46.) .0000
330 .0 *60,53 259.6 2.98 — *09 .6 — 914 .2 NO —4 9,0 —‘47.0 .3600
434.0 1 61,76 263.5 2 , 9 1 4 — 1 1 3 . 6  —94.9 IsO — 9 9 , 8  — 4 7 . 8  .06 0 0
132 .0 162,98 264 .3 2,9~) —$ 11 . 3  —95.5 NO —50.7 —48.7 .0000
*33.0 4 64.24 262 .3 2.87 — 1 3 2 . )  — 1 b 3 . I  NO —5 3 .6 —49,5 .000,;
1)9.0 1 65.44 2 62.9 2.63 — 4 4 2 , 9  — 406.9 ~.O —52.3 —50.3 .0030
435.0 1 66.67 263 ,7 2.79 — 1 1 3 .7  — I’.8.2 N1 0 — S3.I —5 4 .4 .0060
13 6.0 167.89 ‘6 ’4 ,5 2.75 — 1 4 9 .5  —1u 9 .5 .0 ‘.53,8 — 61.8 ,OCr’O
437,0 16 9,12 265,7 2,7k — * 1 5 . 2 — 4 * 0 . 7  IsO S9,6 —52 ,6 .0000
43 8.0 170 ,316 266 ... 2.64 —1 16, .. — *12 .6 NO “65,4 “53.4 ,3600
$3 9.0 $7 1 .57 266 ,7 2 .614 —1 16,7 — 4 4 3 . 3  90 —5 6,) S’4 .) .0600
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A C T I V E  PERF URIIA I4CE P R E D I C T I O l ~nESTLRII N , A T L A N T I C  A I N T E R  SOU ND SPEED P RO F ILE, NUC TN 1006 , P, ‘+7

CO N V E R G E N C E  ZO’~E —— ZONE 2

QUIP .0 1)1 20.0 ZIG 3O3..~ FREG 2.0 L8A 5.0
V .4 1 15.0  S A L T  35.3 1 4-15 5.. C 2811  17372. IIEFLS 1.0 1

• Z O N E S  2 .0 ~ 4-4OX 5.0 U PNDR 6.3 U DELPA 43,0 DEL PR 10.0
MOB —27.0 1 Mu v “49.6 1 ZC 2000, 1 LAT 35.0 DUMP .0 1
OU T R 1.0 MODE 3.~ Ii SL *35.6 OELTH *~~.D 11PM 2.0
TSP 10.0 PULSE ,IC.00 1 63 25.6 C 585 10.0 T BAR $0.0
N IN — ‘45.0 T M O O T  “oC.ó C T V C  12.3 GUOP ‘4.9 C IGS *5.0 I
RON —2.0 1 CL IP .,; I S I G M A  6.0 1 PFA .IOO— 02T SC 5. 1
GO ,0107 A L FA .1277 9 ZL ‘192.13 N ZCO oIS2. N P4416 16.93 9
CX 4 8 82 .39 ~s CI 4865.53 ~ CL ‘4 c , 5 l . 1 ’4  N CS 9854,89 N CS 5077,36 N
TSUR “9.0 ~. I~~V 36.4 N NOCL C ~‘ IRA P D ~ 1A 1105 I N

RA N G E  TI ME LOSS A N G L E  S I G N A L  R E V E R B  RE V 5/444 EXCESS PROS
(KYD) LSEC ( o B i  ( D E S )  ( 0 5 )  ( O S )  L I T M  ( O S )  (PB) DETECT

1 90.0 172.80 2~~7.S 2,60 —11 7 .5 — 114 .6 140 —56.8 —54.8 .0000
1 91.0 I7q.Q3 268,2 2 ,S ó —118.2 .115.9 NO 57~~ô 5S.e .0000
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