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Below 30 Hz the convergence zone energy can be smaller than the bottom

reflected energy. Matched field simulations using a normal mode program give

narrow, irregular correlation peaks for target vectors taken from the complete
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field. Target vectors computed using only modes representing convergence zone
energy are then processed against the complete acoustic field. A much
broader, smoother correlation function is obtained. Target vectors are then
constructed that are eqguivalent to delay and sum beamforming at specified
angles. These vectors give correlation functions that resembled those for
convergence zone energy, and illustrate the relationship between matched field

processing and beamforming.
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Simulation of Matched Field Processing for Convergence Zones
in a Strong Bottom Field
by D. F. Gordon

To be delivered at the 113th Meeting of the Acoustical Society of
America, Indianapolis, Indiana, Session DD, 14 May 1987

4 In most wave theory computations of underwater sound propagation the
N convergence zone (cz) only field can be computed much more easily and

¢ accurately than can a complete field that includes bottom reflected enc: y.
‘ For this reason the effect of using the cz only field on matched field
¥ processing was investigated. The investigation was extended to other

simplified descriptions of the matching field including simple fields
. equivalent to alternating polarity arrays. Some results of this investigation
will be reported here.

At frequencies below 30 Hz the bottom reflected field may be stronger

by than the cz field at the range of the second cz. This is illustrated in the
first two viewgraphs. Viewgraph 1 shows a contoured propagation loss field
showing the first and second cz. Also shown are the depth of the 16 elements
of a vertical array. The spacing between elements is 1/2 wavelength at 30 Hz.
We will be interested later on in the pressure amplitude along the array.

4 Note the indication here that there will be alternating intervals of high and
low amplitude down the array.

The contoured field we see here is for a 100m deep source and the array
5 is at 100 km range. Sound pressures shown here are computed by a normal mode
program for a Pacific profile at 30 Hz frequency. A very lossy bottom,
modeled as a negative gradient half space, was used to suppress bottom
reflected energy.

Viewgraph 2 shows a similar computation, but here a realistic bottom was
used. The bottom was modeled as two fluid layers representing 70m of fine
grained sediment over rock. Note that the convergence zones can still be
distinguished, but are distorted by the bottom reflected energy.
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The array at 100 km range is again shown. The 16 pressures, expressed as
complex numbers, for this source depth of 100 m and this range will be used as
the target vector. The 16 pressures for each point on the total grid of
source depths and ranges constitutes the field vectors.

Let us first look at the results of simulating matched field processing
for this total field case. The total grid comprises the range points and 10
different source depths from 20 to 200m. Viewgraph 3 shows the result of this
3 simulation. The contours are the squared absolute value of the correlation
0 coefficient between the 16 pressures at the target vector and any field
! vector. The expected high correlation can be seen at 100m source depth and
100m range. However, there are many secondary peaks nearby, which in the
presence of noise might be mistaken for the primary peak.

-

We will now inquire into the effect of using a cz only field. This will
be done by substituting the sound pressures computed in this way for the
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target vector. The best simulation of reality would require that the numerous
field vectors rather than the target vector be re-computed by the method being
considered. However, to minimize computing, the field vectors are always the
same, computed from the total field. It is assumed that results for the two
methods will differ in detail but be similar in general behavior.

RN T it

Viewgraph 4 repeats viewgraph 3 but for an enlarged view. Here we see
the true target point at 100 km range and also a second area of enhanced
correlation at 10 km greater range. This turns out to be a location where the
upgoing rays at the target have refracted and are returning downward in a
similar pattern. The cz only target vector correlation will now be shown on
this same scale.
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Viewgraph S5 shows this matched field. Note first that we no longer have
a 100 percent correlation point. 1In fact, the target location no longer is
the strongest correlation. This occurs for about 80m greater source depth.
This correlation function is much smoother and more massive than the previous
full field one. However, it no longer has the source localization properties
of the previous one. Again we see the downgoing part of the cz about 10 km
farther in range.
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Let us now breifly look at the correlation process. Viewgraph 6 shows
the correlation equation. Here t is the target vector and p is the field
vector. The summations are over the 16 array elements. Note that t can also
be thought of as the weights and delays for an ordinary plane wave beam
former. The value of the correlation is then the response of the beamformer
to a source at the source depth and range of the field vector. 1In the
remainder of this paper the target vector will be viewed interchangeable in
these two ways.
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Viewgraph 7 shows the sound pressure from element to element down the
array. The complex pressure is shown as an amplitude and phase. The left
hand plot is the pressures of the cz only target vector used prevzously Note
the alternating high and low amp11tude down the array. There is a tendancy
for the phase to advance 180° from one amplitude peak to the next. The right
hand plot is the pressure that would be set up by two equal plane waves
intersecting the array from 10° above and below the horizontal. The
interference pattern set up down the array is a sine wave. A comparison of
these two plots 1nd1cates that the cz pressures have a strong component of two
plane waves near + 10°. The overall amplitude of the target vector is
normalized out of the correlation function so it is only the relative
amplitude and phase that matter in the target vector. However, the location
of the sine wave pattern in depth along the array is a significant parameter
and depends upon the relative phase of the two interfering plane waves. Here,
their relative phase has been chosen to match the computed target vector.
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Viewgraph 8 shows two more simplified target vectors. The left plot
represents steering to a single plane wave arriving from 10° below the
horizontal. The right plot represents an alternating polarity array. This
steering can be achieved by connecting sequences of array elements in
alternating polarity. Such steering is of interest in matched field
processing because the multiplication in the correlation process can be
omitted and field vector points are only added or subtracted. This greatly
reduces the computation load. The alternations of polarity here are chosen to
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match those of the previous viewgraph.

The correlation function over the field will now be shown for these
target vectors. Viewgraph 9 shows contours for matching to a 10° upcoming
wave. The 0.4 contour here covers about the same area as the same contour did
in the cz matched field shown earlier. The 0.2 contour here spreads out
substantiably farther than did the similar one of the cz case. Note that very
little of the downgoing part of the cz correlates with this target vector.

Viewgraph 10 shows the 0.2 contour only for the target vector created by
+ 10° plane waves. This contour is much narrower than the previous for a
single 10° plane wave, but the two sections of the cz are almost equally
correlated.

Finally, viewgraph 10 for the alternating polarity steering shows
correlations that are similar but not as sharp as the previous case. An
application of this concept would be observing only the relative phase down an
array, quantizing to + and - and then adding or subtracting the computed field
vectors to obtain the correlation.

In conclusion: Simulations show that if field matching at 30 Hz were
attempted with a field computed only from cz energy, correlation functions
would be broad and smooth, but would not peak at the true source depth.
Further, secondary peaks would be found at locations in the cz where arrival
patterns are in some way similar.

It is shown that results quite similar to those obtained by using the cz
field could be obtained by methods similar to plane wave steering and even

alternating polarity steering.

I




A ﬁ(k a’ <, \. n'. -! -l\- NA - .--.-.-f\l\-'- ’M}- nv. .. “V .-.. ..; .-. -.. “ - 3 hh”-vlv\-u\au\l'&»' P \«!\\N\- \t\-. L-\-N-F&-\.W\

(i) FHNV <5
oY 5
u o_m c_c o«. 008 Hn
. - 0os 3
]
” “ - Au Aw nw wuw.
X o 0
I m
3 3 5
3 e
: ¢
. — 002 %
u ;
>
: ap 001 —— — 001 4
e 8P 06 — e
” mu OQ XXX ”..-,
” 0
¥ z
: AjuQ sapo auoz aduabiaauo)
; 10} sinojuo?) sso1 uonebedouid |
w $ SINOIUOT 5507 @ISON &

Nt b
EDUUNORAULR A



oLt 00t 06 08 0L 09 0s oY

I 009

00S

oov

00¢€

(w) H1d3a

002

00l

) \’\'I\'l‘

0

p|ai4 |e}O 1 10} Sinojuo,) sso uonebedouid

nnL

NN

,\'1"."-" ‘o

ARG

Gy

i

"

oLt

e

DTt ts

N

AT T

"Ll'l.' |!‘ l,.'l.l.“ '.‘l‘g.l'.\ )

2 h

’1‘5‘930‘



e

At a i e s

v

k
F

h o T T T

PRl Tl Tl Y

X >, m& mhfhuh.-m;h .ﬁ. ..”.....a..wf..,.d......w_ [ N ﬁ-ﬂ-ﬁ\-r\” [ ] ,. .I.-.v.” -W.“JLT\. .u. [ Y -...-...- ”..- u'\ ..r\ ”U. ”.-.-u-,..nw ..._..-... .”......-..w......r Y M.rn”-.n”... ....W-W.-&.., .r..w...........\..‘.... ..... Y
09°0 O} O¥°0 NS
00°L O} 08°0 WM SrY VY O7)
08°0 O} 09°0 NN 0C°0 oy 00°0 [
(W) oabuey
zoL L oL 00L 66 86
002 002
081 08}
091 094
0¥l orl
)
5
ozl ocL 9
T
00l 00L —~
3
i
08 0 08
)
09 B 09
o S or
¥
0T k 14

coL

p|34 (€10 10}
SJUBIOY§S0D UOKEI21I0D PIdId-PaydleN

WOSON

LA

- 'A-.‘
L Canaofa

f.".t'-l -.l.r
AT S A

A

>

>

e T
g

-t

e,

”~
o2,

\:::

T
AN

bl

4

e




Y V.. "'*'v_v*_v_v—*"_r:ﬂr.[
IR WP Ty i A At SACSE O Bl 8
Che Seh 0ok Tal ol 8t 90 40520 DU WY R 4 T
ke A1 g g a8 TaR ek Vel o b -

o o o o S 8
=) N << [Ve] ]
‘ N L ! L 1 :
<
-
" -
. T <
: 0 =
3 - - o s
i} : :___ < 6‘:
o)
iy ng . (‘2 o
- 0 o - -
¢ <
', o .
by Y @ 08
“‘ ® ¢ @ 28
Y 8 o © 2%
<> o
I' — g ’ ll
s < -
@ o
"s : v Lg" - N
' Cao -~ _
': T - v e
— - - . 0 £
[y ] LL o eSS ARCIOM.S- © M
» - Al = NSRRI
. [} ARSI AT R _ «
O < e ——— o s T e g
! h - . . @
; O o o C
i ()l"' S 2 @©
s e _
A BT O g S 278
3 o . s=a
f i S e  o:s
' o ) :
' g 299 4
" v g—“ " ~ . . . ::
: < o« O -
; D ] :
L £ ¢ :
s
D - g :1
[J ®© @ - |
: =
~
% ,a_ ™
4
t Vo
, 2 T T T T { { L ' foa)
[e2]
k o o o o o
g ¢ 88 8 g8 & ¥ ¢ 2 §
W
A
0 (W) yYydagQ
"
<
I
&
'.
)
9
R

A

y L -
y " P LT A S g )
.,f R AT At A :JIW.';P-IP‘_M sl st

s P R L ST A
e e - - - NN S e 'J'.I_f __-‘_",}‘."
.':'--}"-.'-:_“ 'A:‘.A.__" :f ;‘_’;’ '\“:'r:fh'::-" AN A s e s N
R W W A -




80, 0% 0% g %0 40"

N .

Aet 1 a0 B ¥ gt BV $a0 Yot

LA R A

00C

081

091

ovlL

oclL

ool

03

o¥

oc

R

TR T T R a R w S Y RS T,
09°0 OV OF°0 UmEE
00"} ©} 08°0 NN RN EAN VRGN - iz =~ |
08°0 O 0S°0C SEENNN 0Z°0 Oy 00°0 [
(wy) obuey
ZLL LLL OLL 60 80L ZOL 90L SOL +OL €0L TOL LOL 00L 66 86 /6 96
4 —— 1 L 00
A
i y 08l
ﬂ 4|
4 03l
i ovi
-
5
. 0zL 5
o
i 00l ~
3
i 08
- 09
- or
1) 1 ¥ T 1 1 L i I 1 1 1 L T T ON

ckk LLL O0LL 60L 80F ZOL 90L SO 0L €O0L COL LOL 00)

66 8 /6 96

10}09/ 19bae] auoz aosuabiaauo) 10}
SjUdId}a0D uole|alio) pIdl4-paydleN

WISON

Tfh\-\.t.ﬂ---f\n.\m-

e
IR

-&h rtt

UGN AN (LN

DAL

: -,
R PRy




w} A P

NS T AN L YT L

RATLI 40 000 $.4°0 .0 000 Sob O o0 od Sup Soi it Sut et Sos Soll N0t Salle Sl Sl el Sl piol

T
LR

-------
.......

L O N Y )

--------

. RPN
S EEE LA

........

,. v
[o uis puz (1L -1)]

[dxa !m =}
bujwiojweag g

101094 19bie) - )

PId14 payojey ‘v

(e 4)Md (z4)'d T) (1 h 2)]

= (z ‘4)2

(za)d
uone|s1i0)
SS990.d UOI}B[3110)

9y} M3IA 0} sAep\ om |
L3 IJSON

pEvn

OO R A N < i A
t." - LN eS

. P, 3
PRt - 4 P w
v v e e . w1’ 4 ¥y . A . . I
¥y : N N W At LN AP Y PO A ar ! Pl B B Bl i 0L

R7

N N

o

IS
RN R
AP I AT A

s
AT,

'.‘4'. ”
)
' et

A

PAC S
s Bs _Bov B

"\ e

9 SR (VAPPSR Y I P )

AN

AR
»

“e L e
Ry

L ]
AN

LY L
QIO

o




.......

.......
.........
........................

(w) H1d3a (w) Hid3a
00S oot 00¢€ 002 00S (11117 00¢ 002

T T T _ _ T T _
— U~ -
_ T T
—H0 > —H0 >
w wn .
\ m m .
— i — I ”‘-
..n
] o - c m-
> <
> = R
= v 3
= C =
ds035 d1o0 & e
Cc ) ...“,__,
) m p
m x .J.m
o 5
o *xu
0L 20 %

ey

SaABA\ aue|d Bulajiaju] om|
10} pue uopneindwo) auoz asuabiaauo)
e 10} syjdaq Aeualy je sainssald punog




(w) H1d3a (w) H1d3g

00s oot 00¢€ 00c 00s ooy ooe 00¢
[ _ _ I . I _ [ I

| ]

= o
3SVHd

1 |

S o
dASVHd

~ N

40 do \

> 4 %

3 3 4

r C &

. —50 5 — S0 m_ ’ ”\-..

S O R

w) m 7

. " 5
0L 0L W\M
; Aeny Ayuejod Buneussyy m
3 ue pue aAep\ aued buiobdn oL e i

10} syiydaqg juswa|3 Aeuly Je sainssald punos

LJSON

LN

5y

>

w
a3
A
-

)
¢
8
\
‘I
¥
"
(]
i
’G
)
)
)
4
Y
Y
0
¥
D
%
¥
¢
Q
v
Y
-
]
W
),
:
}
X
]
D
1
&
D)
""
N
4
»
)
)
!
¥
b3
9
(3
¥
’
"



(wy) 3DNVYH IR
SLi 0Lt SOl 001 56 06 ¥

— 06t

.‘~.\..“. ..

e

—{ 00t

A LN
. -

~
L)

A A

(w) H143Q 30HNOS

NN

1
o
0

«

-.“J“.\ \I.*'. ;

Y Y
l'-

’\

v
>
=
v}
c
3
o
(o)
€
o
o
Q.
-
o)
o
P
| <9
o
V.
b S8
=
o
b
C
O
O
S
wYmbd
©
Q
P
t )
o
O
‘*I al

A ]

Nav e

_

FUGUM A N Xy

al

Ll
He Ry
AN



Yy v, MRt o p <t v b A S G G0 Sh G R L Tl Gl g Al iud Sl Soll Balb Bl
ETWURG Ty 48 2 2 2t 2*0 210 1" TS 4" A2 A VSO AN S A AR AN AR A S AT LR A S 0 AR g6

o

k=

o wn

o =

c

3

o (=]

Q S k=

T, .

c

Q2 )

Q. o 0~

FE

=2 S 3

c 9 8

N >
S o<

(7] 48 &

S

=

o 9

-

CE -

on_ 1o

O

c

'_g 1 | | =

s ° & 8 8 3

g (w) H1d3a 30HNOS
o
&

S S N P R AR S S S S R
P L P e e e




Pl I SN SESRALRNT e A LT

TR

Al i
hiag A

a2ty tad
™~
W N
_.\.h o

-
SRR

(wy) 3ONVY

SLL OLL 501 00t 06
o - : _ 002

S Pt Sl
)
o
TR
s\

-

T -
I‘h
RS
- - . .
I A R S

OO

.'.- J.". LN
PR B

~

o

— 0Sl1

~

A
.

™
-

RO

- J‘\I \..'

— 001

"

w
-

-

RN
» ‘- .t

A

(w) H1d30 32HNOS

1

o
et
-‘..-\.

\,\IF'

sl

Buliaa)s Aiuejod
Buneuls)ly 10} sinojuo) uoie|d.uo0)d

L3 IJSON

T A TN ,'f..f\f‘.f_'-: LR N

ABARAWMARTIR T T T N ™ AW e B g KO XN W Ww MU WL WL WL




el NI AN 2 2P s LA (NN g o N AN N N A
- ~..\u......~#._ L a\;\..\...ﬂ.\«.\;ﬂ:s. “O . .w...‘r .-f \r\fv.\d x”...”....,.x:x. sf.... L NAA ) .wﬂ.rma. \.. .... \.. \.. sﬂ.y . [ IR .v. .¢f\f , @
h » a > . pd (Y A N . R N )

\f\f\f(--w.w r\f\fpﬁht- u.\.- ut\_ Y ) .fnf-’. g ... PN} L brslhn\hh- A po -I.\W \A\P.A. ;r- o ) ) -.- nfhf. s lu.r-f -flft

2y

ot

PR
y)

X

S N

¥
¥

PR TRRRAT

»

COARN 0




