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O Reference (a) describes a preliminary method used to determine the
position and depth of a bottomed hydrophon. or module by m.~ns of acoustic

~~~ signals~ The following procedure was used0 A nueber of M—1 rifle shots
were fired directly above the area in which the array was located (as ob—
tam ed from Reydist information at tie. of planting), and the shot instants
and the instants of receipt from the module were noted0 The minimue time

~~~ delay obtained was used to get a first estimate of the depth of the arrayo
A circular run at a radii.a of 1003 yerde from the array position was then
mode, 3nd tirne delays again measured0 Using the conçuted depth ~nd the

~~~ meesered time delays , the horizontal ranges to the module position were
coeputed, and the results plotted on polar coordinate papero The Raydist

~~~ range vs bearing data were also plotted , on the a~~e sheet0 From the di.—
placement of the centers of these two circles , an ieprov.d module position
was found 0 By repeating the circular runs , this position estimate could

~~~~~~~~ . be successively ieprov.d~ Rhen the position wee adequately known, a fina l
series of shots, as nearly directly over the module as possible, was used
to obtain the depth more accurately~ • •—-~~~

N W M E T F (7~~(4l ( czJ
_

v~~~~1~c. . (
In a more recent method of a asur esent , 

~ 
single series of shots is

‘.. ~ .J fired in a circle with a known diameter around some fixed reference point0
~~~ It is preferable (but not absolutely nec.ssary) that the circle be located
U... so that th. module is somewhere within it. As in the previous methodj~3h.

‘se. time d.lay for each shot position is measured 0 These are then convez t~~ into‘
~~C~~~ slant ranges and from these the position and depth of the module lay be cal-
~~~~~~ culat.d,1s follows ;

From Figure 1 it can be seen that for any point within a circle (but not
at the center ) the diameter through this point will join it to the closest
point and farthest point on the cir c~*f.rence. A similar sta tement is true
if th. point is located outside or on tb~ circle . (These st”+ ,pts may ~. f~ 

1~proven ver y sieply using plane geometry. ) 
~16OI18_ 61 L~u I
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A profile view of th. configuration is shown in Figure 2~ Sinc, PB is
th. shortest line from P to the circumference, and since the depth ~
com tant, & must be the shortest slant range 0 Similarly b which is 180
from 0, , is the longest slan t range2 Thus all three sides of triangle
ABC are known. The angle A, depth ~~~. and distance OP may now be coeputed
quite easily as illustrated below

ILL(ETRATION

Tabli I is par t of a table0of measurements used to locate one of the
modules Shots were fired at 5 interval., and the circle diameter was 2030
yard s0 The pertinent data of table I have been enter ed in th. tr iangle of
Figur8 20 Note that diameter AB is given by the sum of the Raydist ranges
at gO and 270 0 Thus

A B ~ 4P+ P~ 9COi 1020 zOoO~~ r~4~

Using the values of Figure 3, we have , from the law of cosin.s,

~~~ ..... (~.i,o) ~~ oooIk~(,~-

.= (.,, Uxio ’

~~~~~~ =- ) J / O  x O, 6 / 14  ~:/ )~q0 a’ ~~~~OWW~D 01

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

Hance the moduls is located 1669 — 900 ~ 689 yards from the reference
point on a bearing 090.

ACCURACY

The m thod just described is pref•rable to th. previous method, since
it requires only a single sir ias of shot. for the deter mination ot both the
depth and location of the odule. No preliminary information is r.quir.d

DISTRIBUTION STAT~~~~~ A 2.
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o ther thin . o’ery rough l~o~ c~ ~~~~ ~c~~j~~~or of the mo’t~ule. The calculation s
t are .i~~SO much simpler , since tie sl~rt r ”ges are used directly for computing

a l l  required 4La r ’~Jttes . in ~~ci~~ ior , the depth determini~io~. Is more accura t e,
sinc e in ~~ e~r 1ier method th3re ~e~er w~~ ~ y ~ssurar .cs ~~~ ~ny shot wasdirectly over the module~ Th.; the dep th ca1cui~ .ed by th~t method would ~a rule be too large .

The dccurdcy of the method v I l t ,  of course, depend on the accuracy of
the d4t~ abtained .. Thus re1i~~le .~‘. ~~j t i o na1 i n f o im , t i , -  ,~rd ..ccur a -t e sound
velocity d~ ’~ .rc needei for g ,od results ,

1~ ~dd t t o ~ to the ti~bove so~rces of error , there ~.s one more which arise .
f rom the finite number of shot ;  %I. ?d to form the circ le As~ .an ing that all
the exper imen ta l dat * ar• pe r f e c t ly  ~cc~ z~~te, the solut ions obtained with this
method will be exact if the 1o:ati ~ n of the ~ihot r~e~ rer t the module l ies on
the diameter drawn throi. gh ~~~~~~ module at P , .~s poin t  B in Figur e 1 H owc# er ,
th. locdtt~I~ of the shots a~y • such ha~ the t~~~re~ t pO~~r!t is actually at
B’, Under this condi:ion , the 1ep~ h ~nd loco ton coepu~e~ by the method
described w~ll he L~ error 0

The m3gni t~~s~ of he maximum error ~‘ll dep”~i o~ he sg~c~’~ of th e
shots0 In  n~ t e s t s  under di~~:~ cs~ o~ • shots were p l .~:er i ¶~ apart or~~a cir:le

F w~ th 1003 yeirds ro.iius, 7hu~ the m~x ir nan v~ lue of angle BOB c 2 5 Us ir.g
this ~!ue, r•~ ~he me.~eur ed v,1ies give ’ ir  FIgure 2 for the sides of the
triangle, the err or s ~r- depth i .4  ~oc~~.io~ were coeput.d0 The error i’-~ depth
mis negligible ‘Less than 1/2 f.:d’ T), e coeputed position, however , s~is I- ’
Inste id of ~ , where arc 1+ is s t ’~~~ .i pr~c~~c~11y oi’ a circle with center
at O~ The dis tance PP Is 31 yards , arl .his is the x~mtsc position errorfor the triangle 0’ Figure 2 o r .duc* this mextm*.an error, either th. shots
should be spaced closer tha:, ~~~, or more than one determt r ~4t ion sho~.ld be
mad e

F Neither method described ab ,’,e ~il1 cor~~ete wi th more suph I~ ticated
micro —loca tion schemes In whici ui~e1 t hief to severol module locations
are observed simultaneously ani thence their relative -~cement determined
and in which consideration is siso given to the fact th it different average
velocities will obtain for modiles 1oc~ ted ~t differing d epths

A?PL XCftT IorL-

The revised technique described Ir this memor~ r’dum W i S  applied to two
sets of meas uremen ts taken on the six modules described in reference (a)0
The first of these was taken ~Sou t June, 19631 and the second in  November ,
1960. The first set of data h id been used to coepute dep th and position by
the oJ d er method , thus permitt ing coeparison of r esults oht dned t~y the two
techniques The data will be ‘flvlded into two p arts  f or purpo ses of discussion .
First th.~t related to modules it location. 2, 4, ~~, ~~~ 6 w i l l  he discussed0Modules I end 3 will be treats~I sepaz~~ely .

1This set of measur ement s was ictu il ly  spread o~er a period o’ time. 4r5i not
all were made in June~ For convenience, they wi l l  be referred to as the
Jun. as~suremants 

___________________
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Tab4e II shows depth and io~~~i~~ estimates for modules 2. 4, ~~, ~nd 6,using the ~at~ of June. i960~ ~s m~y t~e seen, ‘the two s~~tt~ of re3ults ;re
in good ~greemec~t The difference- are wi -hin experiment.il error0 In pa r—
ticular , it should be noted th~ t thc :~ew depths ~r ;ci ~v - ~ ~~~~ somewhat
sma ller th~~ the old depths - This is ~o be expected , as expliined :~bo-~e~As a further check, all  so 1utic~ s of T . A~> 1e II  were ~iso obt~i~ei qraphically,
as shown in Pi gur es 3 to 6 .  The result s agr ee with those of the table within
one yard0 Based or the discussion gl en , the new SO ld- :Ye ~re considered themore re1iable~

The results of ~rilyzing the ~~
j - a obtained ii November , 1960 ~re shownin Tdble Il l- The same four ndcthles as ii’ Table 11 ~re listed there, end

the positions are gl-~er as 4j l çe.eiits from those of Tible II. Comparison
of the results t r  the two tables shows that  the differences In depth are not
too great, ranging from tour to 30 ~~thoms0 However , the differences lr~ posi-tion ire very large, and in expl anation must be sought~ There re several
possible sources of error , ;~rd these will be examined i~ tur n

As stated abo’e, the inherent error in position due to the geometry of
the tests is of the order of 3C yards, asstuning perfect r - -t~Ig1tion informationI ossIb1~ errors in Sound .elocity information may add somewhat to this figure0
But these sources of error jre certatr’ly not sufficient to account for the
l~ rg. dt sp la~ewents obtained~

Another possibility Is that the modules hi.’e ~ctu~l1y moved However,
other considera ’lo!:c Indicate ~h-~t this is almost . ca r  ~n~y not the case~For ex~~~le, orie~t . tion plots aid directivity patterns taker on theie four
modules durir~g the same period yielded re.sdl t s which .~re comparable toearlier measurements . Further. the units sound normal i r d  show no signs
of flooding it is extremely ~‘likely tha a~’~ unit would be unaffected
had it been dr-~gged 150 ‘.o 300 yards .- 1o ~g the bottom .

The most plausible cause of the observed discrepancies remaining for
consideration is some type of -

~~ ig~$ ’-~onal error Specifically, if an error
were made in calibr a ting the Raydist sys tem , it would result In a sys tematic
error in all the repor ted reference points based on this calibration Such
errors in referenc . location w~-~ld cause similar errors in apparent modulilocation (~n the other hand, such errors would not affect depth determination,
since in both me thods descr ibed in this memor andtim the depth Is calculated
withou t using the referen ce location A glance at Table II will s)~ow that,
for the four modules ir question, the ~bo~e st- ~.tements describe the actu al
discrep ancies Thu s a ll fou ” modules are displ iced by distances of the same
order of magnitud e (180 to 290 yards) a rid ir the same general direction
(135° to 201°). The depth diff erence s , or the other hand , are very small0
Thu s it would appear that the discr epancies noted between the two tables is
very probably due to an error in Raydist calibration ,

This, of course, puts the results of a 1  pas t R ayd ist measurements in
doubt, and at le4 t one eddittorial set of measurements will be required to
resolve the matter. While it is impossible to say for cer tain which of the
two sets of data Is more rel~ ib le , it  is considered more likely th a t it is

_ _ _  
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the earlier (Table 11). This conclusion is based on th. manner in which the
tests were conducted. The earlier runs wer e made at widely spaced intervals,
and were treated individually . Thus , errors in these data would tend to be
random. The later r uns , however , were all conducted within one 48-hour period,
and the readings were all based on a single Rayd ist calibra tion0 Hence , in
this case err ors in position would tend to be comparable for all modules , as
was the case with the actual data.

We now turn to a discussion of the modules •t locations #1 and #3.

No acoustic position determination was made for modul e #1 during the
Jun. measurementi The only information available concerning this module
prior to the Nov~~~e~ measurements was the original Rsydist Plant position
at 310 54’ 52” N~ 65” 11’ 13.50 W. The result of the Nove~~er circl , on
this module indicates a “corrected” position displaced 645 yards a’ong 135.50.
Thus the new position of the hydrophone would be 310 541 39” II, 65 10’ 58” Wo
However, in view of the previous discussion, it is likely that this new posi—
tion is in error by ~~0 or 300 yards , and should not be relied icon until
further checks are wade .

Module #3 is unique in that the Nov~~~er tests displace it along 012°,
rather then towards the —southeast as is the case for the other modules
This would indicate that t.ho original Raydist position may have been in
error , as well as the ca libration for the Nove~~er measurements. In addition
ther. is a distinct possibility that this unit has mov d or was dragged fras
its original position . One indication of this is that the orientation plot
run In November (Figure 7) -does not look like the ea~lier one (Figure 8) .

Again, the directional pattern of this unit taken in November (Figure 9)
does not look like the previous one (Figure 13) . As a matter of fact, the
Nove ber plot has no recognizable pattern at all. This suggests either that
some portion of the steering has failed or that the module has been physically
damaged. Becaus e of this , it may b that the unit is no longer uiable a~ a
steered array. But far possible futur e use of even th. single hydrophone ,
further measurements should be made in or der to determine its position more
accurately.

SUUSBQUEWT MEASUR~~ENTS

At the earliest opportunity following the Nov~~~.r measurements the
Raydist refer ence buoy locations were re-established and found to have in-
deed shifted . With the speculations suggested earlier thus confirmed,
pprcpriate corrections were applied to positional dat. and additional
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shot No. B.arinaCd.o) ~~~~ Slant R.now. yd~ Ray isj ~~~~~~~~
2 085 ~820 1338 1015

3 
- - - 

090 1332 1020 Shortest

• 4 095 .824 1345 1010

38 265 ‘.2fi5 2102 970

39 270 l.29J 2110 980 Longest

40 275 3.~~7 2100 Q90

~abl. II

Module Original Corr.ction New Correction Original New
Location to Rayd ist to Raydist D.pth Depth

Ni~~er P~~~~~~~fl~on P l.~~ l ositlon !sti.ate( f~~~ EsUap~t.(f.)

2 146 yd~ dlong 145 yds along 555 545
111 1 ).05~~T

4 3l0 yds al ng 315- yds along 607 595
290° T 288° T

5 250 yd~ along 235 yd~ along 827 815
290 T 310 7

6 200 yds aloAg 190 yds al ong 530 505
235O l,~ 2300 T

Table III

Module Dteplac..ent from previous
Loeati ~ i Mo. ~~~t ac~ aetic positioq D~~th. Jiai. Data D~~th .Nov. Da.~~

2 180 yds along 135° 545 fath . 541 fath.
4 290 ydi along 148° 595 fath 565 fath .
5 140 yds along 250~ 815 fath. 797 fath.
6 220 yds along 207° 505 fath. 480 fath .
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