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information {t coutains msy be useful to others working in allied fields
&t NEL, and to & few perscons o:' wtidti& outside NEL. It should not

bs construed as & report eince its only furction is to present informa-
tion vn & small portion of the work on NEL Problem L3-2.
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OBJECT

7o compare two different types of shading for a linear array composed
of 5 elements spsced at A/4 intervels. Ons method by Pritchard(l) sets o
fixed ainor lobe level and determines the sheding factors by using the
Tschebychetf polynomial. The second method was developed by Fimn Bryni2),

Pritchard's method of shading follows the procedure developed by
polph(3) and Riviet(*) in prescriving e certain level for all mimor lobes
and employs the Tachebychef? polynomial to determine the shading factors
required to produce the desired pattern. However, Pritchard extends this
method so that it may be applied to compensated or "steered” arrays.

Bryn corsiders the second order cross moment of noise received st two
hydrophones and develops a method which implements the Weyman-Pearson like-
1ihood retio, thus optimizing this signal-to-noise retio.

PROCEDURE

Comparisons were mad= for patterns steered in the direction of the‘
siray normal, i.e,, 6, = 0°; for 3225 from the array povmal, g, = 32.25;
and end fire, 6, = X°.

The Bryn method assunes elactronic system noise of less intensity then
the background noise, while the unshaded and shaded patterns using the
Tachebycheff type shading do no!l consider system noise.

AESULTS

The calculated patterns as srown in figures 1-15 and tables 1-3 give

a comparison of the beam widih and aivor lobe levels.




DISCUSSION

When 6, = 0° Pritchard's shading produces the best pattern, that
i3 ths narrovest beam width vith acceptadble minor lobe levels.

When the axray is compensated for 32.25°, Pritchard's method produces
low minor lobe levels, but beam widths become excessive. Bryn's method of
shading nerrows the beam width but the minor lobe level at +90° 4is oaly
-3.6 db and at -90° is 8.7 db when a noise ratio of 107 is used.

At end fire operatiocn Brya's method produces the narrowest beam widths
vith minor lobes mo higher than -11 db. Pritchard's method gives s very
broad bean width, but the prescribed winor lobe levels are realized.

CONCLUSTONS
7 Prom the lintted mmber of results, it is conciuded that Pritchard's
method results in low minor lobe levels without brosdening the wain lobe
unduly.

Bryn'’s method results in parrov main lobes, 'buz at the price of highex
minor lobe levels, or an increased number of minor lobes. Also, the method
of -mm is sensitive o the noise ratio {system noise to ambient noise).

A change in either or both may produce a substantial chenge in the direc-
" tivity pattern.

It is not intended that thege results should be extrapolated to longer

arrays; each array needs to be atudisd individually.
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' Type of | Bean ! Minor Lobe lavels (dv) | Pigare
shading ' vuth%- bt 24 :

RO R W 5
Unshaded & k2* | Lkl ~e-  eee 1
Pritchand P* | -15 -15 ——— 2
MM : *‘ "*o‘ .ali.s o | 3
Bryn ‘ o $ i

*Moise 05 | B8 ¢ -n 6.8 ° wue ; »

1 m m‘a _:,_____?,__. «‘:-1?.' -'_—.o-- wue ! , 3

*3ystem noise to smbient noise.
TABLE II. - 6, = 32.25°

e s e

! !:nect?u-: mwunu(mi Pigore

i“" ~ Sheding \ruth‘ st 24 ydwi s

| Unshaded  5b* . <12 eee  eee | 6
Pritcharé | 53° ~15 ~15 e | T

i MME a. E ‘*06 .*46 b l 8 y

1 : |

| Noise (205 | 2 | -13a7 5" 8.7% 9

! 102 | 35 - 46" - | W

! Rt e =l "o .

*Laft minor lobes.
*Right minor lobe,
TABLE 1IX. - Qc - ”.

P A ! 1 ,
Type of ' Besm : NMinor Lobe Lsvel (dd) ' Pguxe
Mm,mmi__ht 2a 3:4 hth‘_

f Unsheded | 100° i 118 136 == - 1
Fritchard ;| 103° i «15 «15 —-a \ 12
Pritchard | 112° ‘ « 2,6 M6 oo | 13

, Noise 10-5 b2* | ~15.7 -18.8 -18.4 -1 Wb

. ratlo 1w0-2 50 i <16.7 DT 222 ---. 15
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APPENDIX A
Bryn Method of S8hading for s linear Arrey
" CuJ. Krieger

In the course of pattern calculations a constant attempt wes made to
reduce the mumber of operations to a xinimum. The following is the method
viich was finally adopted.

1. Write the matrix {Q} vhose elaments are the normalized correlation
coeffietents q,, (EQ. A 2.8 of Appendtxs2 of Ref. 2). Fora the reciprocal
ntr!.x {q-l} ‘with elements ryy.

2. To compensete for » direction 6,, miltiply each ry) by c"wx"’,
vhere '
By = b - kdsin 6, end k= 5X ¢
) x

3. The filter transfer function or complex shading coefficient i=
z& Cm - § z‘u "’Jahc

* k. To obtain the response of each filter to sound arriving from direction
9, maltdply each filter function Z; ¢/®1 by o1, vhere T, = 1 ka sino.

50 The dir‘ctivity Dunction R(0,0c) = g z‘m . .JE"




Example:
A five-element linear array with
to amblent noise ratio 1079,

1. e {o} ant {@") matrices:

{a) =4

{a2) -

(1.0

6366
0

g ’ -.a22

L o

r +11.9%
-2k, 27
+26.97

l

~uo

-a1.24
+8.37

.6366
1.0

.6366
0

ce2122

=227
+55.41
-68.27
+51.83

-21.3&

%.g[

-68.27

+87.93
-68.21
+28.97

"aoa

+51.83
-88.27

#5541

‘“02?

+8.37 )
2.2
+28.97
24,27

+IJ..%

N,



2. To compensate for 0y = 32.25%; Gy = h + ¥B,02°

g . A ; :
1= -2 ‘ ~1 ! 0 +l ' +<

|

. é{-, 11.9‘ .396-05 '_thr eu’%‘” ‘a.q’ 9396.05' :-a.g‘ .3%005 '.8;3{ 0496.05 H
o 2u2p o002 g i U802 g oy GJBB02 gy gy (088.02 g (J48.02

b.B :+2B.97 eJ0 -68.27 ed0 +87.93 €I -68,27 ed0 +28,97 &C

S v g

. #l :-21.2# e~J48.02 +51.83 9‘5“8'02: -68.27 o~348.02 +55.27 0'3"8'02;-2‘&.27 e-J8.02

— i 1 o

g +8,37 0'396'01"; ;21.3‘ e'396‘°55 +28.97 -0'496‘65“-2'&.'9'{ -96.05 +11.9% e-396.05

3+ Filter Transfer Functions,

4.2 Z %o 2y b
3.84 3160.2° g o G2 g 51 JIB0° g o7 QJRMT 5 gy o-100.2

k. Por sownd arriving from 6 = 90°; §; = 190°

{1 = «2 -l (o} +1 +2

3,84 o9180.2° g op g-j2.bb g 5y (J180° 8.27 ed2.bk 3,84 ¢~J160.2

. Q-Jm . Q-J%. . E;JO ® .Jm. o edm.

5. R(90°, 32.25°) « - 2.99 (units)

lepeet for other values of 4.
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180°

Figure 1. 5-Element Linear Array. \/4 Spacing. PRl
Unshaded. Beam Width 42°, Highest Minor Lobe
Level -14,1 db.
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Figure 2, 5-Element Linear Array. \/4 Spacing. 8, = 0°.
Pritchard Shading., Beam Width 30°, Highest Minor
Lobe Level -15 db.
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180°

Figure 3. 5-Element Linear Array. \/4 Spacing. #_=0°.
Pritchard Shading. Beam Width 34°. Highest Minor
Lobe -24, 6 db,
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240° 120°

210° 150°
180°

Figure 4. 5-Element Linear Array. \/4 Spacing. 8o ® 0°. Bryn
Shading. Noise Ratio 107®, Beam Width 28°. Highest
Minor Lebe Level -6. 8 db.
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Figure 5. 5-Element Linear Array. )/4 Spacing., 8 c¥0°. Bryn
Shading. Noise Ratio 10"°, Beam Width 32°, Highest
Minor Lebe Level -13 db,
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330°

300°,

210°

180°

150°

Figure 6. 5-Flement Linear Array, )/4 Spacing. A _= 32,28,
Unghaded, Beam Width 54°,
Level -12 db.

Highest Minor Lobe

120°




240° 120°

210° 150°
180°

Figure 7, 5-FElement Linear Array. \/4 Spacing, f_ = 32725,
Pritchard Shading. Beam Width 53°, Highest Minor
Lebe Level -15 db.
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180°

Figure 8. 5-Element Linear Array. \/4 Spacing. A&, = 32725,
Pritchard Shading. Beam Width 64°, Highest Minor
Lobe Level -24, 6 db,
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270°

180°

Figure 9, 5-Element Linear Array, )/4 Spacing, A, = 32725,
Bryn Shading, Noise Ratio 10°%, Beam Width 29°,
Highest Minor Lobe Level -3, 6 db,




Figure 10. 5-Element Linear Array. )/4 Spacing. 0. = 32725.

Bryn Shading. Noise Ratio 10°®, Beam Width 35°,
Highest Minor Lobe Level -12, 6 db,
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Figure 11, 5-Element Linear Array. \/4 Spacing. #, = 90°,
Unshaded. Beam Width 100°. Highest Minor Lobe
Level -11. 8 db.
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240° 120°

Q

210° 150°
180°

Figure 12, 5-Flement Linear Array. )/4 Spacing, 7 _ = 90°,
Pritchard Shading, Beam Width 103°, Highest
Minor Lobe Level -15 db,
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Figure 13, 5-Element Linear Array. \/4 Spacing. 8., = 90°,
Pritchard Shading. Beam Width 112°, Highest

Minor Lobe Level -24. 6 db.




Figure 14, 5-Element Linear Array. \/4 Spacing, A, = 90°,
Bryn Shading. Noise Ratio 10°®, Beam Width 42°,
Highest Minor Lobe Level -11 db.
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Figure 15, 5-Element Linear Array. \/4 Spacing. A, = 90°,
Bryn SRading. Noise Ratio 1072, Beam Width 50°.
Highest Minor Lobe Level -16, 7 db.




