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SO NOD IVER II Arrays Documentation

by

D. Anderson and G. Kinnison

ABSTRACT

The Vertical directionality of ocean ambient noise as a function of

fcequency, depth, geographica l position, and season is desired to proper ly

mode l candidate array systems performance. To allow such measurements

independent of array suspension noises, the use of SONODIVER (Re~. I)’

is planned. This note documents the potential capability of three array

lengt hs to ~cover~ t he frequency band 5Hz to 2000 Hz. Eac h array has

five hydrophone sensors which wi ll be instrumented and verticall y suspended

from the SONODIVER Ii vehicle, and recorded on ana log magnetic tape.

Inc data wi ll be analyzed by sophisticated beamfo rming computer methods.

The results show that this con be accomp lished by randomizing the sensor ,

placement along the vertical line and having array lengths of 300’, 60’ and

l2’~
_.

~T his note was generated as a means of exp laining the methods involved

in se lecting the arrays for SONODIVER II.

This work was sponsored by NAVAL SHIPS SYSTEMS COMMAND, Sonar

Technology Section, Task ’~5~~~52-001 (C. Smith) .
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Sing le line bearing response (BR) plots are useful in the prediction of

system performance in directiona l noise fields like those involved in

SONODIVER II dives.

A BR plot is a display of adoptive and conventional beamforming responses

to a specif ied directiona l noise field at a specified frequency. For simulated

data, the directional noise field (the solid line on the plot) is generated by

assuming deterministic, discrete sources from various direct kns. Uncorrelated

noise is a iso simulated to account for the circuit noise floor, a noise component

always present, however minutely, even in we ll—des igned arrays . The uncorre—

lated noise could also be added to simulate flow noise across hydrophones when

appropriate . Directiona l response outputs in all d irections are obtained

ma~hematicall y by use of adoptive and conventiona l beamforming techniques.

It Is not t he purpose here to document the methods used to obtain the above.

Therefore, detailed descriptions of analytica l methods are not given; but they

ore not essentia l for an understanding of the results presented here. The

interested reader is referred to Ref . 2 for such details.

In choosing array spacings for the 5—element SONODIVER II arrays, BR

plots were chosen as a means of com~~ ring candidate array spacings . BR’ s are

given here for the following arrays: (1) regularl y spaced 300’ array (“75 .0 FOOT

SPA CING ” printed in lower left corner of plot); (2) randomly spaced 300’ array

(“RANDOM SPACINGS 1 1 printed in lower left corner of plot); (3) randomly

spaced 60’ array; and (4) randoml y spaced 12’ array. Random spadngs were

chosen instead of even spacings for the arrays to avoid possible ambiguity in the

ang le of signa l arrival that arises from even spacings (see Fig. 12) . This allows

the range of useful frequencies to be extended. A number of different random

placements were studied before making a final choice. The random placements

shown (see Fig. 1) are the ones that g ive best results for the greatest number of

frequencies.
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The three different length arrays are designed to cover different frequency
ranges. The 300’ array wi ll be used over the 5—50 Hz band, the 60’ array
wfl~ be used over the 50—250 Hz band, and the 12’ array wi ll be used over the
250-2000 Hz band.

All of the BR’ s presented in t his report are for simulated data. With BR’ s
for data co llected at sea, thes e wfl l  not be a solid line on the plot for the

noise f ield . To simulate the solid noise field line for this at—sea data, a
representative BR plot will be selected for further study. A simulated noise

fie ld will be designed to give adaptive and convent ional responses as close

to those for the at—sea noise field as possible. After the appropriate simulated
noise fie ld has been obtained, a fami ly of solid lines will be generated . These

solid lines will differ onl y in t he amount of uncorrekted noise which they

contain. The solid lines thus generated will not be unique but will be in the

proper c lass of lines for the particular noise field. The family of curves thus

obtained should provide a “good est imate ” of the overall shape of the at—sea

noise field for the time and place at which the data were collected.

2

;~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _  _______ 4



REFERENCES

1. Naval Undersea R&D Center TP 278, Ocean Engineering, Ocean Technology

Department , January 1972 (UNCL)

2. Edelblute, D. J., Shopard, J. M., and Kinnison, G. L., “Beam to Beam

Normalization for Adaptive and Conventional Preformed Beams,” Proceed ngs

of t he Optimal/Adaptive Space Processing Seminar, 12— 14 August 1969 (CONF)

3

___________ 4



S O N O D IV E R  S P A C I N G S

~1 (3) ~, 1 (0) ~1 (0) • 1 (0)

~~2 (59) 12 (2 )
(75) ‘2 (15)

~~3( 1 l0)

~3 (28)

~3 (150)

, 4 ( 7 )

~ 4 (225) 4 (225)
v 4  (48)

1 (300) 5 (300) 5 (60) ~ 5 (12)

Even 300’ array Random 300’ array Random 60’ array Random 12’ array
(75.0 foot spacings) (Random spacings 1)

FIGURE 1 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~ ~~~ . A



CONVENT I O N . c L  = S O N O D I V E F i  5 E L E M E N T  ARR R Y
o j RD4q PTIVE a NOISE F I E L D  8

FREQUENCY a 
~Q HZ PER SIERRDIRN

-35 08 UNC0R

C)
C)

ii
C)
C)

C

aDo
DC)

LU

C)
C)

0

cD~

0~ 0 ~b.o 6b.0 sb .o tho.o ~ o .o
T HET ~75.0 FOOT SPACINGS

FIGURE 2

L 
~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~ ~~~~~~~ 

____ _____________________



~

CO NVENT iON A L SO t~0DIVER 5 ELEMENT RRRRY
RD~ P11V€ a NOiSE EZELO 6
FaEQUENCY — 10 iiZ . 

~Ea ST~~R R O Z ~~N
— 35 03 UNCOR

C

DC

C

r 1

cD~
C)

C)
C)

o I
O~ u 30.0 &b.o 9U.0 120.0 t~ 0.0

THETA
B~N0O$ SP A C I N G S  I

FIGURE 3

~ 

~~~~~~~~~~~~ .: ~~~~~~ ~~~~~~~~~ ~~ ~~~~~~ L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .—.—---.~—— .— ,... . ~~~~~~~~~~~~~~ -



~~~~~~~. .- _ _ _ _  _

C O N V E t - J T I C N F t L  S D N C D I V E R  S E L E M E N T  RRRRY
o A D A P T I V E  = N O I S E  FIELD 8

FREQUEN CY = 20 ~IZ PER STER RDIA N
— 35 08 UNCO R

C)
C)

t
C)

• C
—

I

0 I
C i

0

C ) ;

d~. C 3 b.0 i~o. 0 1 ~ 0.0

THET A
75.0 FOOT SPACINGS

FIGURE 4

LA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~i



____________

CCNV ~ NTIONS L SON F/ElI 5 CLEMENT R~ RR1
C A D R P l I V E  - NOISE FiELD 8

FREQUENCY 20 HZ PER STEi~R0lAN
35 08 UNCOR

C i
-4 

-
~

aD0

C f
3b.o cb .. o eb.o i~o.o i~o.o

THET A
RANDOM SPACIN~ S I

FIGURE S

-. ~~~~~. ~i ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~. ~~~.. ._~~~~~~~. - .



— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- . - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—-. — -•.--—— - 

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

C 0 N V E N 1 I O N ~ L = SCN CD V E R  S ELEtIENT ARRA Y
o A DA PT iVE NOiSE ~ Z E L 0 6
0~ FRE QUENCY 30 1-12 PER STERRD 1AN

—3 6 08 UNCO R

C
C)

C)
U-,

C i
C ) ;

~ b~ó~~~ ThbTh ~~ Ô i~~Th i~ 0.0
THE IR

75.0 FOOT SPAC!NGS

FIGURE 6

~~~~~~~~~ 
‘
, 

-
~~~~~~~~~~



.~~~~~~~~. 
..~~~~

.-.--— .—.— -—---~---.- --- -~~ ,-

C C N V~~ T ION? ~.. = a S O N O 0 l V E I ~ S E L E M E N T  A R R A Y
C A D A P T  I V t  N O I S E  FIELD 8

FREQUENC Y - ~O H? PER S~iERA0IAN
—35 08 U ’~1CCR

C I

C

DC)

Thb.o ~ b.o 91~.0 1~ 0.0

THET A
~AN0OM S~ RCINGS 1

FIGURE 7

—~~ 
_i_ 

~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~ ~_~~~&~~_ - -- - --— - - —



r .-—

~~~

_ -- . 
_ _ _ _ _ _ _ _ _

CDNV EtfJICNAL = SCHOOl VER S ELEMENT ARRAY
o A D A P T I V E  = N O i S E  F i E L D  8
9 j FR E Q U E N C Y  - LW HZ PER S T E R A D  IAN

-3 5 08 UNCOR

C
C
C.
U-)

C
C)

aD0Do

~b.o l~~O .0 l~~0 .O

THETA
75.0 FOOT SPACINGS

FIGURE 8

~~~~liL*h — .~~ ~~~~~~~ ~ ~~~
- 

~ 
—

~~~~~~~
- 

- 

-•~~~~~~~2. ~~~~~~~~~~~~~~~



—-,..---. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -.- -- --.-.- - - -

C O N V E N T i O N A L  = SONOO1VER S ELEMENT ARRAY
o R D F I P I I V E  N O I S E  F i E L D  8
9 F~ EQUEN~ Y - 1W HZ PER

— 35 03 UNCOR

C
C

C

C)

C)

C

— I

C)
0 I
C)

C
C

C

3b.o sb.o 90.0 120.0 t~ 0.0

TH ETA

~
RN0 CM SPACINGS 1

FIGURE 9

- 
___________.

~~~~~



— -— ~~~~~~~ -. .- -~~~-~~~~~~.-~~~~~~~~~~~ - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CO NV ENT iONAL a SCNOOIVER 5 ELEMENT ARRA Y
o A D A P T i V E  N O I S E  F I E L D  8
9 FREQuENCY - 50 HZ PER STERADI RN

-35 03 UNCOR

C
C

C).
U-)

C)
0

C)

aD0

aD

C
C)

C)
-4

C)
C)

C)

C)
C

‘C.C 3b.0 sb.o ~b.o 1~ 0.0

T HEiR
75.0 FOOT SPACINGS

F IGURE 1O



CONVENTIONAL - SCN O DIVE FI 5 ELEi1~ N1 AR RAI
C) AD A PT iVE  - NOiSE FiELD 6
9 FRE Q U ~ N~ Y - SC HZ PER

— 35 03 UNC OR

C
C

C
C)

C—

aD
LU A A

C)
C

z ’ ~~~~~

C
C)

C

3 b .O G b.o eb.o 1~ 0.0

THETA
RANDOM SPACINGS l

FIGURE 11

——--—— .

~

- ...

~

.-

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . . _;.~~~ ~~~~~~~~~~~~~~~ .



~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C O N V E N T I O N A L  = a S O N O D IV ER S ELEMENT ARRA Y
o A DAP T i VE — N O i S E  F I E L D  8

FRE QUENCY — 60 HZ PER STERRO 1AN
-35 08 UNCOR

C
C

C
LI)

C)
C)

aD

C)
C)

0.
-4

C
C 

-

C)

C

‘
~~~~~~~ ~~~~~~

--

~~ . 

.- 

9 .0 0. 1 0.0

THETA
75.0 FOOT SPACINGS

FIGURE 12

~~~~~~~~~ 
_ _ _ _ _ _ _ _

_ _ _ _  _______ .-



C O N V E N T I O N A L  = SOt~4O 0IVER 5 ELEMENT ARRAY
ADA P T IV c - NOiSE FIELD 6
FRE QUENCY 60 H? PER ST ERAD JAN

—35 08 UNCO R

C
C
C),
U,

C)
C)

0.

aD0
DC)

\
C)

~O.O Th~~ô ibTh sb .o i~ 0.0 ~~O .0

THETA
RAN DOM SPACINGS 1

FIGURE 13

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



__________ -‘-- .--~ .- .. .— — —---—. .—.-—- ------—— ~ 
. - ,— .- -_ .—--—-. ---.-—-

C O N V E N T i O N A L  = SONOD IV ER S ELEMENT ARRA Y

• 
c~ A D A P T IV E  - NO ISE F I E L D  8

FREQUENC Y — ~0 HZ PE R ST ER A D I A N
-35 08 UNCOR

C
C

0
U,

C

aDo

aD 
L

L~
j

C

C

I.

- I ô.ü ~ o.o
THETA

75.0 FOOT SPACINGS

FIGURE 14

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

. 

~~~~~~~~~~~ 



• . CONVENTIONAL SON C D1V ER S ELEMENT ARRAY
A DA PTiVE — NOiSE FIELD 8
FRE QUENCY a 7W HZ PER STERADIAN• — 35 DC UNCOR

C
• C

C.
• U-

C)

C).

aD

C
C)

C

C)
C

c’C)

C)

3b.O 60.0 eb.c tho.o t~o .o
THETA

RAND O M SPACINGS l~

FiGURE 15

L~~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~



_______  _ _ _ _ _ _ _

CONV ENTIO NAL — SONOOZVER S ELEMENT ARRA Y
o A D A P T I V E  N O I S E  F I E L D  8
9 FREQUENCY — 80 HZ PER STERADIRN

-35 D8 UN CO R

C)
C)

aD
LU

C) I
C

C) 
I .

-I

C

C

C
C

ib7~~ sb~O s ~~ô~~~~~o.o I~ Q .O

T H ET A
75.0 FOOT SPACINGS

FIGURE 16

~~~~ --



. -.-• , - -.- . , . - --- -—- •-.---—~~~ ---• •

- CO NVEN T IONA L - SCS4OLJJVER 5 ELEMENT ARRAY
o ADA P T l IE  — N O I S E  F I E L D  8
9 F R E Q UENCY 80 H ? ~ER S T E R M D I A N

-35 03 UNCO~

C)

C.
U,

C
C

C.

aD0

cr

C
C
C)-
-4

C)
C)

C)

C
C)

~ó.o 3b.o 6b.o eb.o ~~0.O t~ O.O

THETA
RANDOM SPACI NGS I

FIGURE 17,

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



__________  _________________• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

CONV ENTI O NA L = a SONO O JV ER S ELEMENT ARRAY
o A D A P T I V E  = N O I S E  F I E L D 8
9 FREQUENC Y — 90 HZ PER S1ERMU1AN

-35 03 UNCO R

C
C

• C.
U,

0

aD0

aD
LU0

C)
C)

C.
-4

C)
C

C

C
C)

‘O~ O ~b.o 6bTh ib.O 1~ 0.0 1~~O.0

THETA
75.0 FOOT SPACINGS

FIGURE 18 

..
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ -



-~— — - • -—- - --... .- - • • - . - ——-.~~~~~ _ _

CONVE NTIONAL — SCNOO1VCFt S ELtMENT ARRAY
C) A D A P T I V E  a NOiSE FIELD 8

FREQ UENC ( — 90 HZ PER STtRA0IMN~
—35 08 UNCOR

C
C

C
U) 1

C)
C)

aD0
DC)

aD
LU

C
C)

~-1 I

C)

C)

C
C)

~ó~ o 3b.0 6b .o sb.o 120.0 t~o .o
THET A

RANDOM SPACINUS 1

FIGURE 19

~ 

. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .•--- •



-- ~~- .-  ~~~~~~~~~. ---~~~~~~~~— . •. 
—---—-- — --- . 

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

CONVENTIONAL = a S O N C D I V E R  S E L E M E N T  A R R A Y
A D A P T i V E  — NOISE FiELD 8

- FREQUENCY — 100 HZ PER S T E RAD1A W
-35 08 UNCOR

If)

C)
C

C

LU

IC
I

C)
-4

C)

C

C)
C

~~~~~~~~~~~~~~~~ a ~~~~~~. o I 20.0 t ~o. 0
THETA

75.0 FOOT SPACINGS

FIGURE 20

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
•
~1 —-—-.-~~~ •-- ,



r .-

~~~~~

--- •

~~~~~~~

- - ,

~~~~ 

- • • - ----

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

_ - .•

C O N V E N T I O N A L  SONCD ZV E.~ S ELEMENT ARR AY
C !  A DA P T IV E NOiS E F I E L D  6

rR EQ UE E4 CY — IOU HZ PER S~ CR ACIAN
- 35 08 UN COR

C)
C

C
LI)

C i

aD0 1DC)

aD
UJ0
~~

.C)

C

-I

C

C

_ _ _  _ _ _ _ _ _

‘C~0 ab .o 6~~o sb.o i2o.o ~ o.o
THETA

RANDOM SPACINGS 1

FIGURE 21 

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



C O N V E N T I O N A L  S C N C D I V E R  5 ELEMENT ARRAYC) I A D A P T I V E  — 
~~~ 

N O I S E  F i E L D  Lt
9 FREQUENCY — 10 HZ PER STERRDZRN

—35 08 UNCOR

C
C)

c .
LI)

C

C

aD0

aD
Li
—C C
cD9

c’J

C p.

C

—4

C
C ’
C

C
C

C

o . O  3b .O s b .o sb .o 120.0

THETA
RAN DOM S~ RCINGS 1

FIGURE 22

:.: 

4 ,
;

.~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~ 1_ 
~~~~~~ .• ——~~-—--- --- -.-.• ..- -~~ - -  — •- -.----~—



— —••—~--~~— —
•• ~~~~~~~~~~~~~~ 

—.- •— •————. —. , .  —. -. • • - • — . .- •-. —•———•— — --— . — •——• .— -.•. —

CONVENTIONAL = a SOt ’ IO DZV CR 5 ELEMENT ARRAY
o A D A P T i V E  — N O I S E  F I E L D  ‘49 FREQUENCY a 20 HZ PER STERRDIRN

-35 08 UNCOR

C)

C
LI,

C

C

aD0

aD
Li

Q C ) .
C’,

C
C)

-4

C
C)

C

3b ,O sb .o sb.o i2o.o
1t-’tET~RANDOM SPACING S 1

FIGURE 23

_ _ _ _ _  J



_ _ _ _ _  ~~~,-- 
. . • •  . - 

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

CONV ENT IONAL = a SONOOJ V C R S ELEMENT ARRAY
ADAPTIVE — NOI SE FIELD 4

9 FREQUENCY — 30 HZ PER SIERADIAN
—3 5 DC UNCOR

C
I

C)

C I

DC ) 1

~ fl~~~~~~~

’

0.
C

C

C lC I
3b.o sb.o sb.o 120.0 t~o .o

THETA
~iRNO0M SPAC INGS I

FIGURE 24



_  
•

C O N V E N T I O N A L  = a SONOD IVER S ELEMENT A RARY
C ADAPT LV E — NOISE Fl~ LD 4
9 FRE Q UENC Y a ‘W HZ PER ST ERROIRN

• —3 5 08 UN C O R

C

C
U,

C
C)

C)

aD0

LU
—‘-C)

C l  I
C

l
C
-4

C

C ,

C~

10
~.0 3b.O Sb.U 90.0 t~ 0.0

T t-tE1~RANDOM SPACINGS I

FIGURE 25

~ 

.::~~~~~~~~



r ~~

—

~~

- •

~ 

~~

•-

~~~~~

• •‘

~~~~~~

CONVE tfl1O NRL — SCNODIVER S ELEMENT ARRAY
ADAPTIVE — NOISE FIELD ‘49 FREQUENCY — SJ 112 PER ST E RA D IAI4

—3 6 DC UNCOR

C)
C

U,

C
C

aD
LU

cD9

C
C)

C)-
-4

C
C

C
C

C

‘ó .o 3b.U &b.O 9b,O i2O.O

T H ETA
RANDOM SPACINGS I

FIGURE 26



r

C O N V E N T I O N A L  - a SONOQIVER 5 ELEMENT ARRA Y
AOR P I Z V E  a NOISE FiELD ‘4

9 F R E Q U E N C Y  a 60 HZ PER STERROZAN
—3 6 CC UNCOR

C
C l
C)
U,

C
,

• C)

C-

Dc,

• cc
LU C)

cL~~

C)

C.
-4

C)
C

C
C

~O.o ab .o sb.o 9b.o i2o.o

THE1~RANDOM SPACI NGS 1

FIGURE 27

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
--.•.

~~~
~.



r 
..--

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

. ---- -

C O N V E N T I O N A L  S O N O O Z V ER S ELEMENT ARRA Y
C) ADA PTIVE - NOiSE FIELD £4
9 FREQUENCY — 70 HZ PER STERADIRN

— 36 08 UNCOR

C
C

C).
U,

C
C)

C-

aD0DC)

cc
LU

C
C

-4

C
C

C)
C)

3b.O sb.o sb.u 12J. O ~ u.o
THETA

RA NDOM SP A C I NG ~ I

FIGURE 28

_ _ _  4 
•.

-. 
- •  ..• -.- -• • • - -- •- • — .

— ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~



- • - • —•.-•~~- •. • ~~~~~~—~~----- ~~_____ ..---—-- ~~_ _

CONVE NTIONAL — SONOD IVER S ELEMENT AR RAY
C) ADA PT PIE • NOISE FIELD £4
9 FREQUENCY — 80 H Z PER ST ERRUIAN

—3 5 08 UNCOR

C
C)

C.
U,

C
C

C-

• cc
LU0

C
C)

C,
-I

C
C

C

C
C)

‘0.0 3b.0 6b.0 sb .o 120.0

T HET A
RANDOM SPACI NGS I

FiGURE 29



- .

CONVENTIONAL - a SONOiJ I V ER 5 ELEMENT ARRA Y
ADAPT Z V E  — N O I S E  F i E L D  £4

9 F R E U U E N C Y  — 90 HZ PER
—35 08 UNCOR

C)
C
C,
U,

C)
C
C,

cc
Li

C
0

C.
-4

C
C

0’

C)
C

‘O.O 3b.0 &b.o 9b.0 120.0 t~ 0.U

TH ETA
RANDOM .- SPRC.INGS I

FIGURE 30

L ~~~~~~~~~ ~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.
~~~~~~~~~~~~~~~~~~ 
,



‘—“----
~
- - • ‘ 

~~~~~~~~~~~ 
. — .- - -~~~~~~~~~• •

CONVENTIONAL — SONODIVER 5 ELEMENT BARRY
C ADAPTIVE — NOISE FIELD ‘4
9 FRE Q UENCY — tOO 112 PER STERRDIAN

—35 08 UNCOR

C)
C

C).
Lfl

C
C

cc
LU

3_C.
(U

C
C
C)-
-I

C
C

‘ 0 .0 3b.o 6b.0 sb.o 120.0

THETA
RANDOM SPAC INGS I

FIGURE 31

~~~~~~~~~ - ----—
‘ 

--~~
‘ 

_ _ _  .



C O N V E N T I O N A L  — a S O N O D I V E R  S E L E M E N T  ARR A Y
o ADAPTIVE — NOISE FIELD 4
9 FREQUENCY a 5Q HZ PER ST ER R O I R N

—3 5 08 UNCOR

C
C

0.
If-)

C
C

0.

‘no

cc
LU
0

C
C

C.
-I

C
9
C

C (
9!

sb.o sb~ i2o.o

THETA
RANDOM 60 FT ARRA Y

FIGURE 32

~~~~~~~I&. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ .- :
~~~~~~~

-
~~~~~~

-
~
-
~~~ ~~~~~~~~~~~~~~~~~ :~: _ _ _ _ _ _ _ _ _ _ _ _ _ _



- . •— ,.——-——-,-•---.-—--•-••• 

~~~~~~~~~~z— ~
---•_ ••-— - . ~~~~~~~~~~~~~~~~~~ ~~~~~ ‘ ~~~~~~~~~~~

CONV EN TIO NAL — a S C N O O I V E R  S E L E M E N T  A R R A Y
C) ADAPTI VE - NOISE F IEL D (4
9 FREQUENCY — IDa lIZ PER ST ERAOI R N

—3 5 08 UNCOR

C)
C)

C).
I!)

C
C)

C) ,

aDoDC)

cc

~~~C)

C)
C

C).
-4

C)
C
.-

C

C
C

‘00 3b.0 Sb.O 913.0 t20 .O

THETA
RANDOM 60 FT ARR AY

FIGURE 33

~~~~d& . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~ 
~~~~~~~~~~~~~~~ . —

~~
- 4



• — ,,•.,—.,—•.. .•

C O N V E N T I O N A L  = a S O N O O I V E R  S ELEMENT ARRA Y
C) A D A P T I V E  — N O I S E  F I E L D  ‘4
9 FREQUENCY — 150 HZ PER S T E R A D I A N

-35 08 UNCOR

C ) ’C

C.

C
C

C)-

‘noDC)

cc
LU
-7 C

C’,

C)
C

C
-4

C
C

C

C l

C i  
_ _  _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

313.0 6b.0 9b.O t2o.o l~ 0.O

THETA
RANDOM 60 FT ARRA Y

FIGURE 34

L~
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~. — - - - -~~~~~~ .- ,-~~~- —~~-- •.-~~~~..-



r ~~~ ~~
-

~~~~~
-- -

~~
•
~~~~~~~~~~~~~~~~~

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

- —
~~~~~~~~~~~~~~~~~

—. . •
~~~~

-— -
~~~
-— .—. . .. . .

I

C O N V E N T I O N A L  — a S O N O D I V E R  5 E L E M E N T  ARRAY
C ADAPTi VE — N O i S E  FiELD (4
9 FREQUENCY — 200 HZ PER STERADI R N

— 3 5 08 UNCOR

C
C)

C-
U-)

C)
C)

0.

aDoDC)

cc
LU

C

C)
C)

C.
-4

C
C)

C)

C
C)

~0k0 ~b.o sb.o Th~.o i2o.o

T HETA
RAN DOM 60 FT A R R R (

FIGURE 35



r~ ~~ — - . - .• -

~~~~
- -

~~~~~~~~~~
. - -

~~~~~~~
—

~~~
-

~~~
—• 

C O N V E N T I O N A L  = a SONOOJVER 5 ELEMENT ARRA Y
ADAPT IVE — N O i S E  FIELD 4
FREQUENCY — 250 HZ PER SIEFIRDIRN

-35 08 UNCOR

C
C)

C
C)

C

cc
LU

C’,

C
C
C)-
-4

C)
C

C

C
C

C

~o.o ~~~~~~~~~~~~~ sb .c t2o.o t~o.o

T HETA
R A N D O M  60 FT A R R A Y

FIGURE 36

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •.•. .~~~~~~~~~~.



CO NV ENT IO? ~iA L — a SONODI VE R 5 ELEMENT BA RRY
ADAPTIVE •‘ NOISE FIELD (4
FREQUENCY — 300 112 P ER STERROIRN

—35 08 UNCOR

C)
C

C).
U,

C !
C)

‘no
,

• cc
LU

3_ C.
C’,

C)
C

C).
-.4

C)
C)

C
C

35TO ib.o ~~b.o i 0.0 l~ O. O

THETA
R A NDOM 60 FT A R R A Y

FIGURE 37

_ _ _ _ _ _  

‘
~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~•~~~~
,
~i__ ___ i •_ 

-~ —-.-- ----~~~- •— .- - -,-- --•--.--.•---- .--•-- — -



— . —-- - - - ‘ ... _________ - __________________________________________

CONV ENTIONAL SONODIVER 5 E L E M E N T  A R R A Y
o ADAPTIVE — a NOISE FIELD (4
9 FREQUENCY a 350 HZ PER STEARDIRt4

— 35 08 UNCOR

C
C)

C)
U,

C

C.

‘noDc,

cc
Li

C
9

C
C

C

C
C

~o.0 
i2o.o

THETA
RANDOM 60 FT AR RAY

FIGURE 38

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
‘

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - A



_____ -- . —•~-.•---•- -—-.-• ---~~~ .•

CONVENTIONAL — SONODIVER 5 ELEMENT BARRY
C ADAPTIVE — NOiSE FiELD 4
9 FREQUENCY — £4Q0 112 PER STEARO1RN

-35 08 UNCOR

C
C)

C.
Li-)

C
C)

C,

‘DC)
DC)

c c l
Li

C)
C)

C.
-4

C
C)

C

C

9
C l
‘‘oto ab.o 6b.0 sb.o I2O.O l~ O.0

THETA
RANDOM 60 FT A RAR Y

FIGURE 39

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
•



r — . ———-— — ,.- .——~~~—,— —  —.—-——————.———,,.——— . —-—— , .—,-—— . . — .

CONVENT IONAL a SONODIVEII 5 ELEMENT ARRA Y
C A D A P T I V E  — NO ISE F I E L D  4
9 FREQUENCY — £45Q 1-12 PER STERA DIAN
0. —35 08 UNCOR

C)
C)

C.
U,

C)
C)

C ,

‘DC)

• c c l

C)
C

C)
-4

C
C

‘Ut Q 3b.0 1b.o sli.o t26Th t~o.o
THETA

RANDOM 60 FT ARRA Y

FIGURE 40

---~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~ . ~~~~~~~~~ . ~~~• •~~~~~~~ -. i



-

CONV ENT IO NAL — SONOOIVEB 5 ELEMENT ARRAY
ADAPTIVE — NO I SE F I E L D  4
FREQUENCY — 500 HZ PER STERRDIRN

—35 08 UNCOR

C)
C

C.
‘I,

C
C)

C.

‘DC)
DC)

cc
• LU0

CC ) .

c .
-4

C
C)

C

C
C

6b.0 sb.o i~o.O t~ 0.0

THET A
RANDOM 60 f T  ARRA Y

£ FIGURE 41



r ~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 

—
~~~~

—- •—.•.- . . .  -—-
~~ ~~~~~~~~~~~ —

~~~~

- 

~1

C O N V E N T I O N A L  — a SONODIVER 5 ELEMENT ARRAY
C) ADAPTI VE a NOISE FiELD 4
9 FREQUENCY — 250 HZ PER STERA DIRN

35 08 UNCOR

C)
C)

C.
U,

C
C)
C. -

‘DCDC)

cc
LU

C’,

C
C)
C)-
-4

C
C)

C

C
C)

~ó.o 3b.o 6b.0 ob.o tho.o
T H ETA

RAN DOM 12 FT ARRA Y

FIGURE 42

, .-~~~~~.- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- •  - -—..•-

~~



-—-—-•—--- ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C ON V EN7 J ONB L — to SOSI400JVER 5 ELEMENT AR RAY
C A D A P T i V E  — NOiSE FIELD (4
9 FREQUENCY — 500 HZ PER STERROIAN

—35 08 UNCOR

C)
C

C)-
U,

C
C

C).
.~~
.

‘Dc:,DC)

• cc
LU 0

C)

C.
-4

C
C) _ _ _ _  _ _ _ _

C

C)
C

~ä.0 3b.0 6b.o 9b.o i2o.o
TH ETA

RANDOM 12 FT ARRA Y

FIGURE 43



_ _ _  

‘ ‘~~~~~~~~~ ‘
_- - -~~~~~~~~~~ ••-- • ~~~~~~—~~

-‘- - - ~~~~~~~~~~~~~~~~~~
--- ‘

C O N V E N T I O N A L  = a S O N O D I V E R  5 E L E M E N T  ARRAY
ADAPTIVE — NOISE FIELD (4

9 FRE Q UENC Y — 750 HZ PER ST ER A O 1 R N
—35 DB UNCOR

C) ,
C)

C,
LI,

C
C)

C.

3D0DC)

• cc
LU

3_C).
C-U

C)
C)

C.
-4

C
C

C)
C
C)

‘o.0 3b.0 6b .0 sb.0 i2o.o t~ 0.O

TH ETA
RANDOM 12 FT ARRAY

~~It ~~u lP F 44

4



F 
..- ---_--•- , -._•.---- —.-._—-••-_-.-.- - - -— - -_- •- .— •--•- ,-----—--• —----- ._-. . — ~~ —

‘I’

CO NV E N T IO NA L  — a SO NOOJ VE A 5 ELEMENT ARRA Y
C ADAP T IVE — NOISE FIELD (4
9 FREQUENC Y — 1Q00 1-12 PER STERA DIA N

— 35 08 UNCOR

C)
C

U,

C)
C

C-

‘DC

cc
Li0

C
C
C),
-4

C)
C

C

C
C

‘0.0 3b.0 6b.0 sb.o i2o.o t~o.o
THETA

RANDOM i2 FT ARRA Y

FIGURE 4~5 

~~~~~~~~~~~~~~~~~~~~~~~ 
T”• ‘~~~~~~~~~~ . 

~•-~~~~~~~~~ - ‘•_ A~~T~~_



- .- -- . -• . -_ , . -•._. - ‘

CON V E NT IO N A L  — a SONODIVER 5 ELEMENT ARRA Y
o ADAPTIVE — NOiSE FiELD 4
9 FRE QUENCY — 1250 HZ PER S 7 E R R D I A N

-35 08 UNC O R

C)
C

C).
U)

C)
C

C.

aDODC)

cc
LU

~D9
3_C.

(U

C
C

C.
-4

C
C

C
C

C

‘O.o 3b.o 6b.o sb .o i2o.o i~o.o 
—

TH ETA
RANDOM 12 FT ARRA Y

FIGURE 46

- 
~1~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..c-~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— — _ - ——



C O N V E N T 1 O N R L  — a SONODIVER S ELEMENT ARRA Y
o A D A P T i V E  — N O i S E  F I E L D  4
9 F R E Q U E N C Y  — 1500 HZ PER STERROIRN

— 35 DB UNC OR

C)
C)

C).
U,

C)
C)

C).

‘Dc:,
DC)

cc
LU0

3_ C.
(U

C)

9
C.

C)
C

C

C
C

C

‘0.0 3b.0 6b .0 sb.o tho.o
TH ETA

RANDOM 12 FT ARRA Y

F IGURE 47

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ - -4  ~~~~~~~ ~~~~~~~~~~~~~~~~~~ .



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

CONVENTIONAL — SONODIVER 5 ELEMENT ARRAY
ADAPTIVE — NOiSE FIELD (4

9 F R E Q U E N C Y  — fl50 HI PER S T E R A D I A N
—35 08 UNCOR

C)
C

C).
U,

C
C)

C).

‘DC)cJC)

cc
U 0
e D .

0
C)

C).
-4

C)
C

0

- 
I i

‘0.0 3b.0 6b.0 9b.0 1~0.0 l~0.0 p.
TH ETA

RANDOM 12 FT ARRA Y

FIGURE 48

~



CONVENT IONAL — a SCNOOJVER 5 ELEMENT ARRA Y
A D A P T IV E  — NOiSE F I E L D  (4

9 FREQUENCY a 2000 HZ PER STERRDIRN
—3 5 08 UNCOR

C

C).
U,

C)
C)

C.

aDc:,
DC)

cc
Li0

3_C).
(-U

C)
0

C.
-4

C
C

C

C)
C)

~a~o 3b.o &b.o ob .o tho.o t~ 0.0

THETA
RANDOM 12 FT ARRA Y

FIGURE 49

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
;
~~~~~~~~~~~~~;: 

~~~~~~~~~~~~~ - ~~~. ~~~~, ___-_ _ _



F _.--“- ‘._--..-

~~~~~~~~~

-—— .- . - •. . _ •

~~~~~~

•

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

,
--

~~~

—.

C O N V E N T I O N A L  a SONODIVER 5 ELEMENT ARRA Y
o A D A P T I V E  — N O I S E  F I E L D  L~

9 F R E Q U E N C Y  — 2250 HZ PER STERBDIAN
—35 OB UNCOR

C
C)

C).
‘I,

C
C)

0.

3D0Dc,

cc

3b.o sb.o sb.o t~ 0.0 t~ 0.Q

THETA
RANDOM 12 FT ARRA Y

FIGURE 50

E11: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~L 2 
~~~~ ~~~~~~~~~~~~~~~~~~ _.i___ - - .~~~~~— . - — - .~~~~~~~~~~~~~ ------ ‘-- - -~~~~~~~-



-.-. . . - . - .•——- . •

CONV ENT IONA L — a SONODZVER 5 ELEMENT ARRA Y
A DA PTiVE — NOISE FIELD 4

9 FRE Q UENC Y - 2500 HI PER S I E R R D I A N
~
C) . —35 08 UNCOR

C)
C)

0.
U)

C)
C)

0.

‘Do

~~~~~

cc
LU C)

eD .
~~~~~(U

C)
C

0.
—4

C)
C

4 .

C

0
C

C)

~ä. o 3b.O 6b.0 sb .o l~0.0 l~ 0.0

THETA
RANDOM 12 FT ARRAY

FIGURE 5]

4 ~~~~~~ - ~~~~~~~~ 
• -


