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O3J~~t’

To compare two different types of shading for a linear array’ composed
of 5 e1me~nts si’sc.d &t 1t/~ iuterva~s. On. .~~thod by’ P tabard(1) 8(4* ~

fixed minor lobe level and determines the shading factors by’ using the

¶2sch.by~heff polyno.ial lb. second s~at~~d was developed by’ Finn 3zyn( 2) ,

ftltchsrd a method of shading tofloirs the proo.dure developed b~
DcAph(3) an~ Riblet(~~ in prescribing a certain Level for mu ~thor Lobes

• ~izid e~~loy’s the ~~cbabycbeff polynoaial to de t r~~.na the sha&S.ng factors
• required to produce the desired pattern. Eavever, Pritchard extends this

method so that it may’ be ap~li.d to compensated or 0steexed ’ arrays.

P~yn considers the second oz dar cross ~~~~nt cC ziotse received at two
b~ydrophon s and develops a method which inI~leme~t. the layman-Pearson U~~
libood ratio, thus optimizing this signal-to-not. . ratio.

~~~~EWNI

Comparisons ware mad~ for patterns steered in the direction of the

~~rey ~~~~~~~ i.e., e~ (?; for 32~25 fran the array’ normal, e~ — 32?25;
eM end fire, 90 .

The 3ryn method assumes electronic 53’stem noise of lass intensity then

the background noise, while the unshaded and shaded patterns using the

~schebycbeft type shading do not consider system noise.

The ca]culat.4 patterns as s~~wn in fS gnres 145 and tables 1-3 give

$ anepiLYison of the bea* width suck ainor lobe levels.
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DISCUSBIOB

~~~~ — Pritchard ‘a ibading peoduc~s the best pattern, that

is the narrowest beam width with acceptable a~.nor Lobs levels.

When the array is c~amj.n.at.d far 32.25’, Pritchard ‘a method produces

lair minor Lobs levels, bet beam w±dtha become excessive. Bryn’s method of

• 
•

~ 

shading narrows the been width bet the minor lob, level at 490 is only’

-3.d db snd at -90’js8,T db vben a nojse rstto ot lO ’S ja ua.d.

At end fir. operation Bryn’. method produces the narrowest beam widths

with aiucr l~bea no high.r thea -U db. Pritchard ’s method gives a very

• • i broad been width, but the prescribed minor Lobe levels are realized.

co~~wsIo~~
- • Proc the Uaited n~~ber of result ., it Li concluded that Pritchard is

/ method results in low minor Lobe levels without ~~aMening the in lobe

unduly.
C

~~yn ~ method results in narrow main Lobes, but at the pric, of hi~~sr

minor Lobe Levels, or an increased number of ei~or Lobes. Also, the method

• of shading is sensitive to the noise ratio (system noise to ambient noise).
• A change in either or both may produce a substantia l ohiing~ in the direc-

tivtty pattern.

It is not intended that these results should be extrapolated to Longer

arrays; each array’ needs to be studied individually. 
• • .• —-
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Typ. at Ream Kinor i b s  Zmvsla (db) } ngers
S 

* 
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lit

Unshaded ’ 1.r -V.1 —— —- 1.
Pritchard - ~~ .15 -15 -~~~~ 2

• Pritchard 3”' -~i.6 -*.6 —

• B~~n -~~~~~~~~~~
.

‘10L5.c io-5 -u -6.8 —- 1.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
_ _ _  _ _ _‘_ J

‘Systiam nois, to ambient wise.

- 

T*$LJXX. 8,.~~32.25”

~~‘pe of Been Miwr Lii*s LsveLs (db) I Pi~~~. 1
i~~~~~~~~

Sb a4 i n 1;v i d t  1tt~~~~~~
shaded 51,” : ] ~ .. .—. 6

• Pritchez’~~ 53” -3.5 —15 ——— 1
Pritchard 61.~ 4..6 ..*.6 8
Br

5 -l3.3’ .~$ .8.74 9
~~Ratio 4

L - 

t0 2 ~‘i1..6 ~~ 
- 

ID

‘laft minor lob S.
‘*i~~t ednor lobe,

• ~tUIZ III. - * 90•

Type of Beam Minor Lobe Level (db) Pigure
j shading • vidth~ 1st ~~d 3rd ~th~

I
- - .  

~~~

- i - . -• - •- . - ---•

Unshaded 100” .11.8 -13.6 —- --- • U
Pritchard 103” •15 -15 --— 12
pritchard. : U? ..~ .6 -~ .6 --- 13

Boise ~ io-5 1.2” -15.7 .1.8.8 ~~~~~~~~ ~~~rat1o ’
~ 10 a 5O~’~ .t6.i -~ .7 -~~.2 
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Bryn Method of Shading for a I.ineer Array

• 

S 

C.J. K~iegsr

In lbs c~ ws cf pattern aaloulatiorzs a constant atts~~t wee made to
redno. the maber of operations to a s~”1 .~~~~~ its following ii the method
which was f~~~l ly adopted.

1. Writ, the matrix whose claimant. ar. lb. normalized correlation

ooefticient. c~~ (Et. A 2.8 of AppeudiX 2 ol Rat. 2). ?or~ the reciprocal

~~tntz (q.i}vtth e]aaents rth.

2. T~ c~~~snsste for i direction st,, amltipl.y each rth by

—
kd. sin 0~ end k —

3. it. titter transfer function or co~~~az shad ing coefficient is

~~ h nin e

1.. To obta in the reiponse of each filter to sound arriving tram direct.i~n

9, meltiply each filter f~~ction Zj s~~~ by ~~~~ where - I. kd .Ln~
).

5. its diractivity function R(B,60) ~~ 
.

I

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

_ _•  
~~~~~~~~~~~



Exi~~l•s

A five-element linear array with A/k element spacing. Syitem noise

to bient win, ratio 10”.

I... its and matrices:

1.0 .6366 0 -.2122 0

.6366 1.0 .6366 0 -.2122

0 .6366 1.0 .6366 0

-.21.22 0 .6366 i.o .6366
o .a~ 0 .6366 1.0

“ +11.91. -~~.2T +28.97 -21.~~ .8.37

+55.41 -6B.2~ +~1.6~ -21.21.

+28.97 -~~.2T 487.93 .68.ZT +28.fl

+51.83 -68.2T 455.~1

• • L .8.37 -21 .~~ +28.97 •~ ..2T

:~~~~~ ~~~~~ —~~~ -~~~~-- ~~~~~~~~~~~~~~~~~ ~~- :  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2. i t co~~ensste for OC a’32.25 ;~~h o s b .~~$.O2’

i _ — 2  -.1 0 +1

11.914 ~j 96.o5 ..214.2T e396•05 : 4~2 8 9 7  ,j 96.05 : ~~~~~ 
,196.05 +8 37 

j96.05

-1 -214.27 ~J 0 2  +55.141 ~j48.02 • 

~6e zr ,J48.02 +51.83 ~3148.o2 -23 .24 e~
1
~~

°2 
-

O +28.97 ei0 -68.27 e~~ 487.93 ei0 -68.2( ~~~ ~~~~~~~~~~~~ e~
0

+1 2 1 2 4 e148 02 +51.83 5 j l~8~02 -68.21 , J ke&02 $55.2? , 31e8.02 
~~~~~ ~~J I48.O2

+2 48,37 ~~~~~~~ •z..~ ~~~~~~~ +28,9’? . I96~~5 211.91 ~- ..396.O5 .1194 ~-J96.o5

3. Fitter Tra ns I~er Fum ,tiona .

Z() ZI3~

3 8~ ,
j 16o.2’ 82 7 ~~2.41~” 9 5 1  p.80’ 8.27 ~~~~~~ 3,81. ~~~~~~~

1.. For so~nid arriving from B 90”~ ~~ 
a’

i a -2 -1. 0 +3. +2

3.8’~ 0
j 1~~~ ” 8.27 5 j2,~~ 9,51 ,~~80’ 8.27 ,J a. a1 3.81. e 3~~

)
~2

• e i180 . -i90 , ~J 0 , 5J90” ,

5. a(90’ , 32.25” ) — - 2.99 (untts)

Repeat for other values of 9.

~ 
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Various hel�1A 4isci~ssious with ~ wwe1t B. 0004. az’s ~~stsfu1.1 v
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