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Reference (a) describes a preliminery method used to determine the
position and depth of a bottomed hydrophone or module by means of acoustic
signals. The following procedure was used. A number of M-1 rifle shots
were fired directly above the ares in which the srray was located (ss ob-
tained from Raydist information at time of planting), and the shot instants
and the instants of receipt from the module were noted. The minimum time
delay obtalned was used to get a first estimate of the depth of the array.
A circular run at & redius of 1000 ysrds from the array position wes then
made, snd time delays again measured. Using the computed depth and the
messured time delays, the horizontsl ranges to the module position were
computed, and the results plotted on polar coordinate paper. = The Raydist
range vs bearing dats were also plotted on the same sheet. From the dis-
placement of the centers of these two circles, an improved module position
was found. By repeating the circular runs, this position estimate could
be successively improved. When the position was adequately known, a final
series of shots, as nearly directly over the module as possible, was used
to obtain the depth more accurately. .

1] |
NEW MET Y ecknicol memo., |
In a more recent method of measurement, s single series of shots is S0
fired in & circle with a known dismeter ar some fixed reference point.
It is prefersble (but not absolutely necessary) that the circle be located
80 that the module is somewhere within it. < As in the previous method;<ghe
time delay for each shot position is measured. These sre then converted into

slant ranges and from these the position and depth of the module may be cal«
culated, gs follows:

From Figure 1 it can be seen that for any point within a circle (but not
at the center) the dismeter through this point will join it to the closest
point and farthest point on the circumference. A similar statement is true

if the point is located outside or on the circle. (These smts may be |
proven very simply using plane geometry.) 18-6] 4
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A profile view of the configurstion is shown in Figure 2. Sincg FB is
the shortest line from P to the circumference, and since the depth %s
comitant, A must be the shortest slunt range. Similarly b which is 180
from A& , is the longest slant renge, Thus all three sides of triangle
The angle A, depth #. and distance OP may now be computed
quite easily as illustrated below:

ABC are known.

TLLUSTRATION

Table I is pert of & table of measurements used to locate one of the

o

modules. Shots were fired at 5 intervals, and the circle diameter was 2000
yards. The pertinent data of table I have been entered in the triangle of
Figura 2, Nots that dismeter AB is given by the sum of the Raydist ranges
at 90" and 270 Thus

AB = AP+ PB = 760+1020 =2000 yards,

Using the values of Figure 3, we have, from the law of cosines,
[SCRANPLS
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= 0.79/2.

Hance the module is located 1669 - 980 = 689 ysrds from the reference
point on a bearing 090,

ACCURACY

The method just described is preferable to the previous method, since
it requires only a single series of shots for the determination of both the
depth and location of the module. No preliminary information is required
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other than a very rough ides of the location of the module. The calculations
are also much simpler, since tie slant renges sre used directly for computing
81l required gquantities. In siditior, the depth determinatior is more accurate,
since in the esrlier method thare never wae any asssurance that sny shot was
directly over the module. Thus the depth calculusted by that method would ss

& rule be too large.

The sccuracy of the method will, of course, depend on the sccuracy of

- the data abtsined. Thus relisdle navigstional information snd accurate sound

veloclity dita are needed for good results.

In addition to the sbove sources of error, there is one more which arises
from the finite number of shots used to form the circle. Assuming that sll
the experimentsl dats are perfsctly sccurate, the solutions obtained with this
method will be exact if the location of the shot nearest the module lies on
the diemeter drewn through the module st b, as point B in Figure 1. However,
the location of the shots msy e such thst the nesrest point is actuslly at
B'. Under this condition, the depth and locstion computed by the method
described will be in error.

The magnitude of the maximum error will depend on ihe ogactng of the
shots. In the tests under discussior, shots were placed 9 apart on_a circle
with 1000 yards radius. Thus the maximum value of sngle BOB' ie 2.5°, Using
this value, snd the messured vslues given in Figure 2 for the sides of the
triengle, the errors in depth ind location were computed. The error in depth
was negligible ’less than 1/2 ysrd). The computed position, however, was F°
instesd of I, where arc FP  is situsted practically on a circle with center
at O. The distence FP' is 31.5 yards, and this is the maximum position error
for the triangle of Figure 2. To reduce this maximum error, elther the shots
should be spaced closer than 5%, or more than one determination should be
made.

Neither method described above will compete with more sophisticated
micro-location schemes in which travel times to several module locations
are observed simultaneously anij thence their relstive placement determined
and in which consideration is slso given to the fuct that different aversge
velocities will obtain for modules located 3t differing depths.

APPLICATIONS

The revised technique described in this memorandum was applied to two
sets of measurements taken on the six modules described in reference (s).

* The first of these was taken shout June, 19601 and the second in November,

1960. The first set of data hid been used to compute depth and position by

the older method, thus permitting comparison of results obtsined by the two
techniques. The duts will be Alvided into two psrts for purposes of discussion.
First that related to modules at locations 2, 4, 5, and 6 will be discussed.
Modules 1 and 3 will be treated separately.

1This set of meassurements was actuslly spread over a pgriod of time, and not
411 were mode in June. For converience, they will be'referred to as the
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Table IL shows depth and locution estimates for modules 2, 4, 5, and 6,
using the dats of June 1960. /s may be seen, the two seis of reszults are
in good agreement The differences are within experimental error. In par-
ticular, it should be noted that the new depths are in every csse somewhat
smaller than the old depths. This is to be expected, #s explsined above.
As @ further check, all soluticns of Table II were sleo obtsined graphicslly,
as shown in Figures 3 to 6. The results agree with those of the tsble within
one yard. Based on the discussion given, the new solutions are considered the
more relisble.

The results of analyzing the data obisined in November, 1960 sre shown
in Table I1I. The same four mcdules as in Teble II asre listed there, and
the positions are given as gisplicements from those of Table II. Comparison
of the results in the two tsbles shows that the differences in depth sre not
too great, ranging from four to 30 fathoms. However, the differences in posi-
tion are very lsrge, and an explanstion must be sought. There sre several
possible sources of error, and these will be examined in turn.

As stated above, the inherent error in position due to the geometry of
the tests is of the order of 30 ysrds, sssuming perfect navigstion information.
Fossible errors in sourd velocity information msy add somewhat to this figure.
But these sources of error sre certsinly not sufficient to account for the
lurge displacements obtained.

Another possibility is that the modules have sctuslly moved. However,
other considerations indicate that this is slmost certainly not the case.
For example, orientstion plots and directivity patterns taken on these four
modules during the same period ylelded resulis which are comparable to
esrlier messurements. Further, the units sound mormal and show no signs
of flooding. It is extremely unlikely that any unit would be unaffected
had it been dragged 150 to 300 yards along the bottom.

The most plausible csuse of the observed discrepancies remaining for
consideration is some type of nsvigational error. Specifically, if an error
were made in cslibrating the Raydist system, it would result in a systematic
error in all the reported reference points bssed on this calibration. Such
errors in reference locstion would cause similar errors in aspparent module
locstion. OUn the other hand, such errors would not affect depth determination,
since in both methods described in this memorandum the depth is calculated
without using the reference locotion. A glance at Tasble II will show that,
for the four modules in question, the sbove statements describe the sctual /
discrepancies. Thus all four modules are displaced by distances of the same
order of magnitude (180 to 290 yurds) and in the same general direction
(135° to 207°). The depth differences, on the other hand, are very small.
Thus it would appear that the discrepancies noted between the two tsbles is
very probably due to an error in Raydist cslibration.

This, of course, puts the results of all past Raydist measurements in
doubt, and at les t one sdditional set of measurements will be required to
resolve the matter. While it is impossible to ssy for certain which of the
two sets of dota is more reliable, it is considered more likely that it is
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PAGE 18 BEST QUALITY FRACTICANA ' CONFIDENTIAL

00y PRRISHID 0D e 806N 71861 4 T LA Ao

Al W R S BN NN BB B B

. ——




v e R,

CONF IDENT IAL P USL Tech. Memo.
Noo 1=356-00-00

the earlier (Table II). This conclusion is based on the manner in which the
tests were conducted. The earlier runs were made at widely spaced intervals,
and were treated individually. Thus, errors in these data would tend to be
random. The later runs, however, were all conducted within one 48-hour period,
and the readings were all based on & single Raydist calibration. Hence, in
this case errors 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 at locstions #1 and #3.

No acoustic position determination was made for module #1 during the
June measurements. The only information availsble concerning this module
prior to the Nov-st measurements was the original Raydist Plant position
at 319 54° 52 N, 65° 11° 13.5" W. The result of the November circle on
this module indicstes & “corrected” position displaced 645 yards ajong 135.5°,
Thus the new position of the hydrophone would be 31° 54° 39" N, 63° 10° 38" W,
However, in view of the previous discussion, it is likely that this new posi-
tion is in error by 200 or 300 yards, and should not be relied upon until
further checks are made.

Module #3 is unique in that the November tests displace it along 0129,
rather then towsrds the southeast as is the case for the other modules.
This would indicste that the originsl Raydist position may have been in
error, as well as the calibration for the November measurements. In addition
there is a distinct possibility that this unit has moved or was dragged from
ite originel position. One indication of this is that the orientation plot
run in November (Figure 7) does not look like the earlier one (Figure BY.‘-

Again, the directional pattern of this unit taken in November (Figure 9)
does not look like the previous one (Figure 10). As a matter of fact, the
November plot has no recognizable pattern at all. This suggests either that
scme portion of the steering has failed or that the module has been physically
damaged. Because of this, it mey be that the unit is no longer usable as »
steered array. But for possible future use of even the single hydrophone,
further measurements should be made in order to determine its position more
accurately.

SUBSEQUENT MEASUREMENTS
At the earliest opportunity following the November measurements the
Raydist reference buoy locations were re-established and found to have in-

deed shifted. With the speculations suggested earlier thus confirmed,
appropriste coxrections were applied to positionsl data and additional
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messurements made on poth positlon snd depth by the subject method. For

purposes of information a revised summary of statistics concerning the first
six modules thru the period covered by this memorasndum is given In Table IV |
and Figure li. ‘

ot Zéa;;Z A /

" F. 8. Welgle and B. Sussman
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Ref {a)s F. S, Welgle and W. H. Thorp, "Summary of messuremenis at
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shot No. Bearing(deq) &t(sec) sSlant Renge, yd- Ravdist Rapge. vd.

2 _ 083 ~820 1338 101%
3 090 Mo 1332 1020 Shortest
4 095 824 1340 1010
38 265 1 .288 2102 970
. 39 27 1.293 2110 980 Longest
40 27 1,287 2100 990
Vable II
Module Original Correction  New Correction Original Hew
Location to Raydist to Raydist Depth Depth
—Number Plant Fosition _ Plant Fosition  Estimste(fm) __ Estimste(fm)
K1 146 yda ‘dlong 148 yds slong 955 545
meT 20%° T
4 310 yds along 315 yds slong 607 595
290° T 288° T
L] 250 along 2% along 827 815
- Haalle 1
6 200 yds slong 190 yds along $30 505
22°T 20° T
Table III
Module Displacement from previous
2 180 yés  along 135° 245 fatho 541 fath.
4 290 yds along 148° 595 fath. 565 fath.
% 140 yds  along 1%0° 815 fath. 797 fath.
6 220 yds along 207° 505 fath. 480 fath.

826n718-61 ™
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