
UNCLASSIFIED

AD NUMBER
ADC002497

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; DEC 1974.
Other requests shall be referred to Office
of Naval Research, Arlington, VA 22217.

AUTHORITY
31 Dec 1980, per document marking;
CNO/N772 ltr N772A/6U875630 20 Jan 2006 &
ONR ltr 31 Jan 2006

THIS PAGE IS UNCLASSIFIED



I CONFIDENTIAL

t464,
NMI

ft A

a tu

edited by OPFICE OF NAVAL RESEARCH
Aubtey I. An-lerson C"r~tract NOO014 -70 -A-O0166, Totk 0023

g- K
;w ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ Nf -<.'.N.ý-5~~-' ~. NN ~t .

4 a

tV/ ~v.42 -- Zr
Li _ _ .~gp

<9"W
-All e -~

~ 4*kt ~.yt~crt.''.'. %4Vt

~ .? t AN<NtME A.
A"q&Ck't"' ~i

9:. NATONAL SEURITY nFUMI ONF E IA
~%7. Unuthoried DislosureSubje.to Cruiisil Santion



CONFIDENTIAL47>](This page is UNCLASSIFIED.)

ARL-TR-74 .53
December 1974

CHURCH ANCHOR EXPLOSIVE SOURCE (SUS) PROPAGATION MEASUREMENTS (LU)

edited by

Aubrey L. Anderson

This work sponsored by
OFFICE OF 14AVAL RESEARCH
CIontract N00014-70-A-3166, Tasck 0023

DD 254, Cont. NOOO14-70-p,-0166,
CLASSIFIED BY-1Ju 1974
SUBJECT TO GD~S OF EO 11652 D D CAUTOMATICALLY DOWNGRADED ____

TWO YEAR INTERVALS -"~~
OECLAS$PIFIO ON DE 31 1980>1-

APPLIED RESEARCH LABORATORIES
THE TINIVERSITY OF TEXAS AT AUSTIN

AUSTIN, TEXA '712

(Tht7 reverr~e of' vni- iie -qnk.
NATIONAL. SECURITY I11FORMATION i'D iT A
U Inauthorized Disclosure Subject CON~i E T A
to Criminal Sanctions



1 UNCLASSIFIED

CONTRIBUTOR~S

(U) Many persons at ARL/P3J and other organizations contributed to the
planning, data processing, analysis, and interpretation which has

resulted in this compilation of results. Most of these are listed below.

The planning and execution of the exercise were carried out by an even

larger group.

Contributors from ARL/UT

Analysis and Interpretation

A. L. Anderson
S. K. Mitchell
T. D. Plemons

Data Processing

N. R. Bedford

K. C. Focke
J. A. Shooter
S. L. Watkins

Planning and Coordination

G. .E. Ellis
L. D. Hampton

Non-ARL Contributors

Naval Oceanographic Office -
Environsental Data, Sotn-ce-to-Heceiver rangeo

Defence Rentarch Establishment, Pacific -

WEA Data Process in-

ACOINAC Operations

Undermater Syvtew, Inc. -

SUS Quality Control

(The reverse of this 12agc is blank.)

UNCLASSIFIED



I
CONFIDENTIAL

ABSTRACT

(u• .The. received energy of sound waves generated by underwater explosive

sources (SUS) was recorded during August and September 1.973 as part of

the CHURCH ANCHOR Exercise conducted in the central Northeastern Pacific

Ocean. The analog and digital magnetic tape recordings of these

data have been analyzed by digital hardware/software processing tech-

niques including automatic shot detection, shot length estimation, and

fast Fourier transform (FFT) spectrum analysis. Results of these

analyses are plotted as propagation loss versus range, for ranges up to

1200 nm; for frequencies of 25, 50, and 158 Hz, with limited data for

100 and 250 Hz; for source depths of 18 m and 91 m; and for receiver

depths near the sound channel axis, near the critical depth, and near

the ocean bottom. Sound propagation characteristics were examined

R; as a function of source-to-receiver range, source depth., receiver

dA-th, freqi-nny, and bathymetry.

(C) Often no source depth dependence is evident; however, in some

"cases propagation loss from the deep (91 m) source im as much as 15 dB

"less than from the shallow (18 m) source. Kinimum propagation loss was

always observed at the sound channel axis, with up to 10 U1 higher loss

at the critical depth nuid as much as 50 dB higher lose (at 31-)O !..

range) below the critical depth an4 near the ocean bottom. Only slight

frequency dependence is exhibited and it is interrelated vith Gour-.'•

depth. Propagatiol Lxross seamouwts blocking 25% of the sound•chinne•

introduced as much ax 10 dB additional loss over clear c nel prepa&g-

tion. Beyond a range of about 175 flm, Gignl-to-r.wia ratio .{gN)

decieases with incr *a3ing receivwr depth, the rate of direaee i. C

greater below critical depth. For rangges £ee than 175 n•, the Sii• w

greatest at the deepest (near bottom) hyaroineos. n-m at 0 mz

.was usually lower than S3/ at either 25 lit or 158 Hz.

(The reverse of thir page is Wilý -.. )
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T v~ge i

(U) (etrsof'nev terson prpagetis n iUNthe exercise area

Sim.la illustrations of signnalto-noiserto r ien in'- Secio V.

In Sections IV and V, propagation l.oss and signal-to-nioise ratios :are

examined as functions of receiver depth, source depth, frequency, awl.

()source-to-receiver range. .i

(U) Plots of propagation loss versus range for all $8W source events

Sand ACODAC receiver- aeptbS for which recorded data were processed are

shown in:AppenditA ~for frequencies of 25., 50, and 158 14Z. Appendix B

contains propagation loss'versus' "rnePlots derived from MWS data

for frequencies -of '25, 50,ý 100, 158, and 251 Hi. Error estimates for 1
WEthe ACOPAC. data analysis techniques are described in Appendix C'.

N-4.
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I .b. SLWAD OF RESULJTSI

S(U) Suw±2rized below are observations of pr'opagation loss and signal-

to-noise ratio characteristics and dependencies. These are discussead

itin detail in Sections IV and V.

A. Propagation Losis Su~mary

(C) Propagation loss frequently exhibits no aoutce lepth dependence.

Whea a deuendence -is observed,, loss tfrm the tteq-p source (91 m) in as -

...... ..... uch as 15 diB leza than for the shallow source (i8 Mn). 'ThiAs is pa~rticu-

r.1~ : 7 i4t-t~n the M?$'_A data (%.art4ver at- tcia -depth)..

2. ceivyer 2 th Dietfdelce.

()axs F or rangva bey-and 200 s-m north ofba ervti vert thea ax tws
Irp~i lo=4 incvettses2 only Very slwl *01B.=*4:A ~~.

aecreasia itg it .ncreasing rszze at Ct1 tC or- Athe. lw-r t-equenie;,el

ef-source.,

(0 *1ydrcph1-oncs at dsaptlm; witbita 160 -t of the cttictiw. derpth ey]Abit~v

hiotir propavAt4.1 103$ theft u- Js dlopth hydrcpboet. the &$$&r-mace

-n~nes 4dth roii~e anir &-;erQges 5 4Hi for the i8 m source di-AEsfth

antd 10 du.' for thfeý 9:1 , miu- 4 dn-,vdpth. The rste & p rial$prýf~
tici l069- with Inereastng xedvr itepth iisrje (o aept",.iwt~ranft$m~

4 r'jt41Ck2 r' pt' w at. 162 'n etw* critiml cX._tttLa.

7W<
CCNP IENVA
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R6) Propagation lose to receivers beneath the sound channel. and near

4'the sea floor exhibxts a much more rapid'increase 'with-range than woult4i 1
result from simpUj cylindrical spreading. For ranges on. Ube order et.

I"200 nm., the propagation loss difference between sound channel o"zý aan-dI
near bottom receivers ii greater than '15 dBD and can be aa larlgo aW

3. Frjqýenzc.'P~endence
V-F

(c) For f requencies between 25, and 158 &z, there is ofe oindct

dependence is most often exhibited by axis depth receiv-ers.

4. Ith~rex lnner

(C) ~. Bathyety and/or sound speed profile changes near. Path-finder

north of. the sea-mmtat. The presenice of Kermit-ROosev"et Sewzxumt,.

oa xtend4 ug $kX) m in-to -tw &oun- 'Channell between the sao.rce6 andi ftvvt4"vý :

akjo tneea0zi prpgatniex y about, 1Q dli. Priopa~tioxt acrocis

tW~ sea~untresul-s in awleg-v~~rc zeoi-lvk Utztructune in th~s ro-1'

J`1 ' 10 -1

2 ~ fba ttFWN'rL
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(Q-) -For ranges greater than 11-5 Um, the S/N is larger near thesudcanlI

4.ini the vicinity Of Critical, depth., the S/N values are esrentiafly

4equal. Benleath thea deep sound. channel, 5/14 decreases 'with increasing.

dePtb for source-to-recelve? ranges beyond. IT fu.

2. xrequncy Dependence

-At 50 RZ the S/N is, consistently less than that at, 25 Hz for aill

$~..siters and abmst all re-nges, the difference being. geater for the 91 mn

source depth "than for the. iS m source depth. At 50 Rz the 8/N1 isV t 2frequently less than thiat at i58 Hzj* although it it; equal to or greater j*

iithan that at 158 HZ for scne range intervals- 4outh Of site C, and- for
ranges greater than ~400zu north of site C. 8/1; is Usually higter at
158 ft than at 251 Hz.

Iw N1 R 0 - 1I-1
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S() The CHURCH ANCHOR Exercise was conductea in August and Septedmb-: L973

in that region of the Northeastern Pacific Ocean shown in Fig. TI .

During the exercise, acoustic energy from underwater explosive (•JS)

sources was recorded with two types of receiving systems: Acoustic Data

Capsules (ACODACs) located at sites A, C, :id. D, and a Multielement

Super-direc.-tive Array (MESA) located at site E. The primary source

track for the data, as shown in Fig. I1-1, was the south-to-north line
2 (longitt'e 14o50 0'W) p -asing through sites A, C, D, and E and extendin.g

ff=m 150 inm south of site A to the beginning of the Alaskan Slope (about

850 nm north of site D). Also shown in Fig. Il-1 is the secondary source

track, a 90 nm segment of the radial line from Kermit-Roosevelt Seamount

to site A, centered ob the seaC'jat.

(U) Vw;o sotrce detonation deptha were used for each SUB run: 18

and 93 m. Tha SUS ch-•rgcs uere deployed by USNS STL-S DE's (T-AGS 26)

along the pri-ary track Prm. 0-503'1 to -@ 63 ,' and subseq'iently by
Saircraft flying tfroem 1643050 to 59"')! n along the northern portion of

th.e track (see Fig. 1I-i for track segments eA Thble 11I-1 for deploy-

.Wnt times). Fur the seconLd-ry track passing over )enitt.•ooeelt

Se-mount, the SUS chýrgar vere deployed by US$S & L•WT¶ (T4GOR V}),

!iciarqne intervals betvWee& shots; at eacl. *ieplh were 1 urn for the

41.4ship rus &M.4 8 =tA for the mircr!&ft ;ouAirce r.un. V!&rlou' rtce-iing

fystems were used during the exercise x recrud-l -und onrr.y receive.

-rr SUS chsrges and CW source an to -ecor4 etbient oise eaera.

becau'e of thI ý v'riety or ta'cka, the ACOŽAC 10-day recording nter

atsit A x~ed efo, he ;rT itnd atrcraf~t rcnrce- r-uns uere c--pletetd.

Te otter tw-o ACODACa and the ?CSAR~ aYrray &1ý r sil-e eodidt

'th-jgaout each of the SUS rvis. ýieeier recer•airg time 1ntervaka

ý soand -sozrce event ti=e intor.ais are c=rtrze _- 7, eble 1.-1,

CONFIDENTIAL
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H I (U) The ACODAC systems have six hydrophones distributed vertically in

the water column. The bydrophone depths at each ACODAC site and the

MEA at site E are shown in Table If-i. Two midwater AQODAC hydro-

phones at sites A and C did not function and are not included in

Table II-1. Receiving system locations and hydrophone depths are also

indicated in Fig. I-2 on a cross section showing the bathymetry along

Ki: the primary soiurce track. Sound speed. profiles based on data obtat.ned

during the Exerci.se are shown in Fig. 11-2, together with indications

of the deep sound channel axis and the critical depth.

~I/

1.0
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III. DATA ANALYSIS

(U) SUS signals received by the ACODAC and MESA sensor systems were

recorded on magnetic tape in analog and digital format, respectively.

The processing of data from both systems is described in this section.

A. ACODAC Data Processing

1. Outline of ACODAC Data Processing

(U) The following is a listing of the steps performed in processing

the data. Each step is described in detail in the subsections which

follow.

Tape Duplication

Preprocessing Edit
Analog-to-Digital Conversion

Multichannel Shot Detection

Shot Length Estimation

Shot and Noise Fnergy Estim.at!on

Propagation Loss and Signal-to-Nolse Calculations

Plotting of Analyzed Data

Final Editin4g

2. The Dulicationl

TISI
!• (U) The C( ODAC an log tapes were duplicated by Tex Instruments,

Dallas, Texas. After duplieation, the originall tape wa., archived for

ipreservation and subsequent analysis was performed only on the duplicates.

- [UNCLASSIFIED
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3. Preprocessing Edit

(U) Prior to processing, each analog tape was edited for quality and

completeness of data recorded during each exercise event of interest.

The edit checks included data quality, time code consistency, tape

speed consistency, overload density, and the quality of the internal

and external calibration signals.

14. Analog-to-Digital (A/D) Conversion

(U) The edited analog data from three channels (hydrophones) are

played back at a speed-up of 20:1, bandpass filtered (10 to 300 Hz) to

minimize strumming and aliasing effects, and simultaneously sampled at

a rate of 600 Hz. The 50 Hz carrier of the time code is extracted and

multiplied to 600 Hz using a phase-lock loop frequency multiplier. This

600 Hz signal is used to control the A/D conversion process in order to

minimize the errors due to mechanical variations in the analog record/-

playback systems. The digital samples are continuously stored on

digital magnetic tape in blocks of 10 sec (ACODAC time).

M (U) The digital data for one or more events are stored in a temporsary

tape library for processing with a CDC 3-00 digital computer.

5. Shot Detection

MU) An imnportant aspect of the hardware/software system used in the

processing of SUS data is the automatic detection of shot energy

arrivals. The leading edge of an arrival on each of three channels ib

located by continuously comparing a short time average of the recorded

signal to a Ionger time average. The short time average value E will

be larger than the longer time average E1 when a shot signal is presert

in the time interval of the short time average. Recursive filtering

techniques are used to obtain E and E V Whenever E exceeds a threshold

level of 2E1, the ar.rival of shot energy on the channel of interest

UNCLASSIFIED
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(U) is hypothesized and this portion of the record is selected for further

proces3sing.

(M The probability of processing f'alse dietections is reduced by
requiring that Eexceed 2EA simultaneotisly on two or three channelsj,

and that the detection be within a few seconds of a possible shot energy

L arrival time determined by the times of previous detections and the shot,

deployment schedule. Nominal shot detonation depth is identified by
comparing the arrival time with previous arrivals for the different
depths and the known shot deployment pattern. Exact deployment times

or' source-to-receiver ranges are not known; however,, it is assumed that

the planaed schedule of deployment and ship/aircraft speed 'was approxi-

mately adhered to. R~eference arrival times for processing purposes

are initially obtained from plots of the signal envelope.

6.Shot 1ength Estimation

(U) To ensure that all the significant multipath- energy ia included

in the tim intervawl used to estimate shot energy., the shot duration

must be estimated. Stmply using a -very long signal segment results in

unnecessary measurement errers due to statistical fluctuations of the

noise,

(U) To ensure pm.ecisimi and. repeatabtili-ty in the ahot length estimate,

a re-,uraive filtlmr is p~ed to auto.maticsaily upiate the Shoit length

"estmate on each clnunnel In this p-ocess, the aiigual. energy is

measured in. tiime iatearvalB .6t I-ore caid after the current estimate of
signl ed tme. Th w nergieaexae respectively designated EL, andE.

The time interval At is the great-er of I see or one-tenth of the signal.
J. lngth. A noice ieference energy E in a time segment At i& computed

ffrca the bsackgivund lvel.. If E >E and F-Il then the sigualIRN E~~
lengtb estimate is inereased by 9 -; otherwise it is decreased by 1A,.

A mnimm hotlenthof 2 sec is imposed. If either or E. exceedia
.2E, then the signal length estimate is incressed by 20% to ,-educe con-

vergence time of the length estimation proces4.~

UNCLASSIFIED
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(U) In ad~dition to the attention gi _a to the shot termination, two
steps are taken to ens-ure that all of the initial shot energy is

included: 1) shot integration for energy, estimation begins before the

indicated detection time (normal le',ad is 0.5 see) and 2) the beginning

of sho>t integration for all channels Lz; set by the earliest detectio~n

tize ovter the three channels,

7. Shot and Noiaie Energy Eatimnation

(u) For e~ach BUS sifgnal d~etecteii, the SUS signal plus noise energy

-Is estizatvd using 20483 spectral energy levels computed L-- a f~.t

Fourier transform (PF) ovex the irequency band from 10 to 300 Hz -'.4th

o.146 HL resolution. Noise spectral energy is similarly estimated for

a 13 sec segment of noise data ending 2.5 see bef'ore the shot detection

time. The total received shot energy plus noise energy and total noise

energy in I-octave and 1/3-octave bands centered. on frequenciees of

interest are then com~puted by suimahig the individual spectral energy

levels. The received BUS energy estimate is determined by subtracting

the noise eniergy estizate froma the SUS signai-plus-noise energy estimate.

8.. Pro-aato ios wad Signal-to-Noise Calculations

0j) The output of the energy estimation process is combined with

source-to-~receiver range information (from a digital range tape supplied

by the Naval Oceanographic Office) and with sensor system response

parmaeters. to 4etermino the propagation loss and signal-to-noise ratlo

for each shot.

(M The ACOI)AC exlwrnal and internal calibration signals axe converted.

to digital nspresentatioa at the same time as the shot data. These

calilyration data awe processed &nd used to correct th6 results for the

recording and p~layback 3ysten Iftequiency response.

.1 16
Ikl UNCLASSIFIED
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(M Other pareameters used for propagation loss and signal-to-noise

ratio calculation include the hydrophone sensitivity, acoustical

impedance of the water at the hydrophone, source level, and source

".ietonation depth.

"M (Explosive source levels for 1.8 lb SUS charges detonated at 18

()and 91 m depth were obtained from Gaspin and Shuler (Ref. 3). The

source levels used are shown in Table 111-1 in ergs/cm 2Hz at 100 yd.

Z.I TABLE III-1

Shot Energy by Gaspin and Shuler

.p16 /3 tv Frequency
•- Sure295 flz 50 Hz 160 Hz

SDepth
M 1 octave 1/3 octave I octavel 1/3 octave 1/3 octave

18 18.6 20.0 15.8 14.09 10.3

491 19.9 1 20.7 15.6 1-5.7 11.5

. •(i) Corrections were made to the source levels in Table 111-1 because

of variations in actual detonation depth of the SUB charges. True

detonation depth was determined by measurement of the period of the

first bubble pulse (Underwater Systems, Inc., 1 9 7 4 ). 1p1existely 10%

of the shot signals were discarded because of excessive depth devia-

" I. tions (from the nominal detonation depth).

9. Plotting of P cessed Data

(U) The propagation loss, signal-to-noisýe ratio (SIN), and noise

estimate for each shot is plotted as a function of frequency, sour-ce

depth, and receiver depth. Sybols used to plot the nropagation loss

for each 5hot are ed a inliPate the signal-to-noise ratio of the

received signal (see Appetndix A for code). Range of detection (but not

propagation lor) is indicated for overloaded shots and for shots With

S/N < -3•B.

UNCLASSIFIED
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10. Final Editing

(U) The propagation loss and signal-to-noise retio data are wlbJenzed

to a final editing for quality control. For re'nges that exhibit eAtreme

noise estimates, the narrowband spectra for the swot signai dztected in

those ranges are inspected to determine the quality cf thb- data. Presumed

signals which did not show the characteristic bubble pulse pattern were

rejected as being noise contaminated.

B. MESA Data Processing

1. System Description

(U) The data from a single MESA hydrophone were recorded in digital

format for the BENT SUS run and in analog format for the aircraft SUS
run. The processing of all SUS data is with the fast Fourier transform

(FFT) method (Ref. 4) utilizing Hewlett-Packard hardware. For SUS

signals covering time periods longer than 6.55 sec, additional consecu-

tive transforms are taken and added to obtain total energy. The energy

for the BUS signal-plus-noise and the noise estimate are calculated in

1/3-octave bands from higher resolution energy spectra. The 1/5-octave

bands are weighted with a sixth-order Butterworth filter function.

h-om these energy estimates, the bSS signal energy, propagation loss,

and signal-to-noise ratios are calculated as a function of source depth

and source-to-receiver range.

2. Proccsing fa•rameters

I (U) The paa~atreters relevant to the SOS procecssing are

A/D rate: 25W Rz

Data window, 6.55 Uec (16,384 points)

FFT bandwidth: 0.153Hz *

18
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IV. DISCUSSION OF PROPAGATION LOSS

(U) Propagation loss is examined in this section as a function of

source-to-receiver range, receiver site, receiver depth, source depth,

frequency, and bathymetry. An inventory of the data examined is included
in Table IV-1. Propagation loss is plotted, in Appendix A for ACODAC

data and in Appendix B for MESA data, as a function of range for each

source depth, frequency, and receiver depth. S;-lected plots of these

data are combined in some of the illustrations of this section. A

description of the symbols used in these plots is given in Appendix A.

"(U) The data for each receiver site arG discussed belov on an individual

basis. Observations based on data from all four receiver sites are

combined in the Sunnuary of Results (Section I.b).

(U) Because the source-to-receiver ranges varied from less than one

nautical mile to over 1200 nautical miles, the received signals were

sometimes so large that they ove-rloaded the ri'eceivlx% 6tem, and .t

other times they were of such low level that the rebultAnt low signal-to-

noise ratio precluded accurate propagation loss ca]cclation. 741;n, in

some range segnants either the low propagmtion lom&v (high signal level)

or the high propafation loss (low signal-to-noise ratio) data arc

missing and the fine struture of the propagation loss versus range

plots is lost. O-rlcaded and low signal-to-noise ratio signals are

indicated on the ACCGAD data plots in the a.,Lner described in Appendix A.

A. ACODIAC, St te A

(U) At site A t !e sound channel axis depth waa 6?0 m and the criticil
depth wa" .45.•5••-., n R. pagation loss data a.re available for the BNT SU•

run over the rmage interval from 2K4 to 5•) n-. north of site A for two

f9
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(U) hydrophone depths: I) 4353 m (162 m above critical depth) and 2) 4659 m* f (144 m below critical depth). These data are shown in Appendix A,

Figs. A19 through A30.

(C) Data for the 4353 m hydrophone depth are combined in Fig. IV-I

and for the 4659 m hydrophone depth in Fig. IV-2. These two illustra-

tions snow the dependence of propagation loss on source depth. At

25 Hz for both recel' .r depths, propagation loss is greater for the 18 m

source depth (although the large number of overloaded shots preclude

detailed comparisons). At 50 Hz, the shallower (18 m) source similarly

exhibits greater propagation loss to the hydrophone 144 m below critical

depth while, for a receiver 162 m above critical depth, the loss is

approximately the same for each sourc depth. Source depth appears to

have little influence on propagation loss at 158 Hz for either hydro-

* phone depth.

(c) Propagation loss to the hydrophone 144 m below critical depth is

consistently greater than propagation 7oss to the hydroghone 162 m above

I: critical depth. This Is illustrated in Fig. IV-3 where the difference

, in propagation loss for the two hydrophone depths is shown for each shot

having greater than 0 dB signal-to-noise ratio at both hydrophones.

Though the hzrdrphones are only separated by about )OO m, the sinals

arrivigM at the hydrophont above the critical depth are, at all threeJ frequencies, 2 to 5 dB higher, on the average, than those arriving at

"the hy•dirmpne below the criticaI depth, i.e., propagation loss si con-
aistently preater to the deeper phone.

(c) The fraquency dependence of propageytion lo-s • illsM trated it

.igs. iv-4 and IV-5, whore the difference 1n propagation ioss cowpnted

at two different frequenlcies is plotted vertus rawne- The duta indicate

that prowygation loss is alo-st inrdeparent of frequency for both source

depths f 25 to W0 Hz. Roveve.,r, the 158 Hz pro pagatlon loss is

consistently different from the lower frequency data and the difference

CONFIDENTIAL
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(C) is dependent on source depth: the 91 m source depth data indicates

that propagation loss increases between 50 and 158 Hz while the 18 m

source depth data shows that propagation loss decreases between 50
and 158 Hz.

(U) The secondary source track passes over the Kermit-Roosevelt

Seavount approximately 540 nm froa site A. On this track, which is

radial to site A, USNS BAILE.TT deployed SUS charges over the range
interval from 500 to 580 nm from site A. Propagation loss measured at

site A for this source run is shown in Appendix A, Figs. Al through

A18.

(C) The BARTLETT SUS run data provide an indication of the influence

of topographic blockage on propagation loss. The Kermit-Roosevelt
SSeaxiount rises 30�0 m above the sea floor; approximately 800 m above

critical depth (i.e., into the deep sound channel). Propagation loss
data at 50 Hz are summarized in Fig. IV-6 for both source

depths. Beyond 540 nm range (i.e., beyond the seamount), two charac-

teristics are sbown by the data. First, the slope of the propagation

loss versus range is greater and the overloading of the receiver
abruptly decreases or ceases for most receiver depths. Second, a con-
vergence zone-like fine structure appears in the data (for ranges less
than 540 nm the fine 9tructure may exist, but be obscured by overloading).

As indicated by Fig. IV-6, the topographic effects are greater for the
shallower (18 m) source depth. For the ae-ar axis depth receiver (749 m),

St'.: e ource (91 m) data overloads continue beyond the seamount range.

(C) Figure IV-6 indicates that at 50 Hz, for the BARTLETT BUS run,
propagation loss increases with receiver depth, especia3ly for ranges

"beyond the seamount. This fact is further borne out in Figs. IV-7 and
iv-8. which iwhow data for frequencies of 25, 50, and 158 Hz. In

Fig. IV-7, the propagation loss for the 18 m soiurce depth shows almost
- - no frequency dependence, perhaps decreasing slightly with increasing

frequency for ranges less that, 540 nM. For the 91 m source depth,

27
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the frequency dependence behavior is consistent 'with that measured
during the BENT IBU run.

B. AC0DAC, Site C

(U) The BENT SUS run passed northward over site C. Thus, data are

available for a range interval from 0 to 350 nm south of site C

(northward propagation) and for a range interval from 0 to 440 nn north

of the site (southward propagation). Additional data for sources from
W440 nm to 1220 nm north of site C are provided by the aircraft BUS run.

Data for these three range segments are included in Appendix A, Figs. A49

through A.102.

(U) Propagation loss from these SUS runs is examined below for

hydrophone depths of 696 ra, 4055 m, and 5521 m. At site C, the sound

channel axis depth was 655 mn, the critical depth was 3860, and the sea

floor depth is 5555 m. This information is summarized in Table IV-l.

:(C) Propagation loss data at 25 Hz are shown in Fig. IV-9 for the three

source-to-receiver ranage segments, both source depths, and the 696 m

hydrophone depth. The range segments are combined to provide a con-

I :.tinuous indication of propagation loss from 350 rn south of site C to

1i200 tim north of site C. Similar data for 50 liz and 158 Hz are shon in

Figs. IV-1O and IV-ll, respectively. These illustrations show a greater

I propagation loss for the shallow (18 m) source. They also indicate

I decreasing or constant propagation lot;s with range for the deep source

.. at reages beyond 200 nm north of site C. This decreasing loss with

j2 range results from shoaling of the sound channel axis and consequently

better coupling of energy from the sources north of site C (see Fig. 11-2).

Minii•um loss occura whien both source and receiver are near the axis depth.

An abrupt increase in loss at 158 lz from the shallow source, at a

J range of 700 nm north of site C, results from partial blockuge of the

channel by Pathfinder Seamount (Fig. H1-2). j

I CONFIDENTIAL
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(c) Propagation loss to the 5521 m (near bottom) hydrophone depth is

illustrated in Figs. IV-12, IV-13, and iV-14. For all frequencies and

source depths, the loss increases more rapidly with range than it does
at the channel axis. For the initial 200 rm range segment., the loss to

the near bottom hydrophone increases more rapidly with range north of

"site C than south of site C. This greater loss may be due to partial

blockage of the near bottom hydrophone by the Mendocino Escarpment,

which rises 1500 m above the sea floor about 50 nm north of site C

(Fig. 1-2).

•(c) All of the very short range data were overloaded. In some cases,

processing of the signals was started at about 25 mu range, which is

why the overload indications do not occur continuously across zero

range in Figs. iv-9 through IV-14.

(c) Roceiver depth dependence of propagation loss is indicated I,

comparing Figs. IV-9, IV-10, and IV-Il with Figs. IV-12, IV-13, and iv-14.

For all three frequencies and both source depths the loss is always

greater for the near bottom depth than for tne near axis depth. This

diffsTrence in propagation loss increases with range until it exceeds
50 dB beyond about 600 rn. Receiver depth dependence is further illus-

If trated in Figs. tV-15, IV-16, an4d IV-17 where the difference in propagation

loss between the axis depth and the other two depths (near critical depth

and near bottom) is shown. In Fig. IV-15 an•d IV-16, for the portin or

the BIT SJS run south of cite C and for both source depths and all three

frequencies, the loss near the bottom iz shown to be consiztently larger

than near the axis and the difference increases vith incresaing rng e.

This same t-pe of behavior iz exhibited by the dUta for the rnnge seg-

ments north of site C. Figure IV-It shots that, for the 18 m source

depth and for all three frequencies, the propagation lo1s is# or. the

aversge, slightly l.arger (perhaps 5 4B) for the near critical depth

(4O,55 m) than for the axis depth (696 m) and the differeace desýs not
exhiit •Y conrzistent chPne. with rar~e. FLg•r •-6ehbt mlr•

,behavior for the 91 m sc'rce depth except that the average difference

iC5OE'I ~CONFIDENTIALa
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(C) is larger, the loss being about 10 dB higher at 4055 m than at 696 m.

The same general pattern of receiver depth dependence is exhibited by

the data for sources north of site C as shown in Fig. IV-17, except that

a gradual increase in the difference with range is shown for ranges beyond

300 nm.

(C) The frequency dependence of propagation loss at site C is shown, for

the 18 m source depth, ia Fig. IV-18 for the 696 m receiver depth and in

Fig. IV-19 for the 4055 m receiver depth. Consistent with findings at

site A, for the axis depth, loss tends to decrease with increasing fre-

quency for the 18 m source depth both north and south of site C (Fig. IV-18).

Loss also decreases with increasing frequency at 4055 m for sources north

of site6C (Fig. IV-19); however, no consistent difference in loss with fre-

quency is exhibited by the data for sources south of site C. For the 91 m

source depth, propagation loss increases with increasing frequency at

all receiver depths.

SC. ACODAC, Site D

(,U) At site D, the sound channel axis depth was 478 m, the tritical

depth was 2840 m, and the ocean bottom depth is 4646 m. All of the

hydrophones at this site are deeper than critical depth, ranging from

3325 m to 4612 m deep. As indicated in Table TV-1, data are described
for the hydrophones at deptIm of 3625, 3925, and 4612 m; these represent

distances below the critical depth of 785j 1085, and 1770 mn, respectively,

with the deepest receiver (4612 m) only 34 m above the sea floor. The

overload detector was not work1ing for the hydrophone at 3925 m depth;

therefore some of the high level signals probably overloaded the ACODAC

I system and the data plots are useful for only the high propage.tion loss

data.

(U) The MENT SUS run passed rorthward over site D and propagation data

are available for a range from 0 to 700 am south of site D and from 0 to

8) nm north of site D. Most of the signals received from north of site D

wore large enough to overload the ACODAC receiver. The aircraft USU unN

42
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(U) provides propagation data for ranges north (f site D from about 90 to

900 nm. The propagation loss to site D from these SUS runs is shown in

Appendix A, Figs. A-121 through A-156.

(C) The general nature of the propagation loss versus range at sile D

is illustrated in Fig. IV-20, which combines data for propagation from

south and north of site D for the 91 m source depth and the 4612 m

receiver depth at 25 Hz. The 4 nm nominal spacing between shots for the

aircraft SUS run (north) provides lower density sampling. Processing of

the aircraft run data began at 150 nm range because of overloaded data

at shorter ranges. The rapid increase in propagation loss at about 350 nm

north and continued low signal levels beyond this range are typical of the

data for propagation from north of site D and probably result from partial

blockage by Pathfinder Seamount (Fig. II-2).

(C) Figure IV-21 illustrates that at 50 Hz the propagation loss is,

in general, higher for the 18 m source depth than for the 91 m source

depth; this is also true at 25 Hz. However, as shown in Fig. IV-22, for

i58 Hz at the near bottom hydrophone, for ranges less than 300 nm, the

maximum signal levels are as much as 8 dB higher for the 18 m source depth

than for the 91 m source depth, minimun signal levels being about the same

for both source depths. Beyond about 400 a=, the 158 Hz data are similar

to those for 25 Hz and 50 Hz in that the 18 m source depth propagation

loss is somewhat higher than is the 91 m source depth loss (note the

higher incidence of low signal-to-noise ratio for the 18 m source depth).

Another notable feature of the 18 m source depth 158 Hz data, for this

near bottom receiver, is the large span of values for propagation loss

over range intervals of less than 50 nm (convergence zone str-ucture).

(T) For ranges greater than about 200 nm., the propagation loss increases

significantly with receiver depth, aG showm in Fig. IV-23. This is also

evidenced by the higher incidence of overloads at 3625 m and the higher

incidence of low signal-to-noise ratios at 4612 m (Fig. IV-23).
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(C) With the exception of the previously noted lower minimum propagation

loss values for short ranges at 158 Hz for the 18 m source depth and

4612 m receiver depth (Fig. IV, 22', no significant frequency dependence

is exhibited by the data for site D. An example of this is shown in

Fig. IV-24.

D. MESA, Site E

(C) At site E, the MESA hydrophone was at 400 m depth; 10 m above the

sound channel axis and 4200 m above the sea floor. Similar to the other

receiver locations, site E is on the primary source track (Fig. II-I).

The BENT SUS run nor.hward ended at site E and the aircraft source run

began near site E. Thus, source-to-receiver ranges vary from 0 to 967 nm

south and from 0 to 780 nm north of site E. Propagation loss ve-.sus

range plots are shown in Appendix B. Figure IV-25 combines the data

south of site E for both source depths and frequencies of 25, 50, and

158 Hz. These data, and those fbr the aircraft run north of site E,

illustrate that propagation loss is grcater at all frequencies for the

18 m source depth than for the 91 r, source depth. The data also indicate

that the 18 m source depth propagation loss shows a decrease with

increasing frequency while the 91 m source depth propagation loss

increases with increasing frequency; however, the difference in propagation

loss for the different frequencies is amall. This behavior iAe consistent

with ACODAC ivsults for near axis hy-,rophones

I
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V. DISCUSSION OF SIGNAL-TO-NOISE RATIO (S/N)

(U) For the ACODAC data, signal-to-noise ratio (SIN) was computed by
-dividing the energy in the received SUJS signal., within a given fre-

'~' fquency band (1 octave at 25 and 50 Hz, 1/3 octave at 158 Hiz), by the
noise energy within the same band as measured over a 15 sec interval
ending 2.5 sec bef'ore the SUS8 signal arrival. Signal-to-noise ratio

I differences between the signal at the same frequency received at two
different hyd~rophones and between different frequencies for the signal
received at the sane, hydrophone have been computed on a shot-by-shot

basis and plotted as a function of range. These are used below to examine

the variation of SIN with receiver depth and with frequency. The data

shown have all been smoothed by averaging over 101 nm range increments.

(Ti) The signal-to-noise ratio for the NESIA data was computed using

1/3 octave nignal-plus-noise eand noise only segments of 6.55 see length

(see Section Ml-1). This SIN has been plotted versus range and composite

ilustriations of this are used below to examine the variation of.8/

witL frequency.

A. Vriaion f Sgna-to-Noise Ratio with ReceiverDpt

(C) As; previousl2y described in S~ection IV, the signal level generally
der ,aaes with iaere&.iing receiver depth for a given source. depth and

ro*,ge (i.e., prop.agation loss increases with, increasing receiver depth).
As described. in Ref. 5,, the ambient noise intensity levol also decreases

*with incre-azing receiver depth, but wot necessarily at the same rate az

the sig~aol level. Coraequently,. S/T; does not necessarily increase or
decrease monotonically with depth for a givea aource-to-receiver geometry.
In addit-ion, thia ambient noise intensity level, at a given depth is

rwinstationary. Vbr2ations in SIN with range can therefore be attribut~ed
to variations in propagation loass, variations in noise inten-sity,,

53
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(C) or combinations of these. Computing the S/N difference tends to reduce

these variations. The resulting S/N difference curvea are useful for

noting major trends in the S/N data.

(C) Figure V-1 shows S/N differences between hydrophones located at

depths of 4363 m and 4659 m at site A. These data correspond to the

1-octave band centered at 50 Hz and are for the BENT SUS run. As the

figure illustrates, S/N difference varies with range, but with no obvious

deterministic behavior. The average S/N difference is approximately

zero for both the 18 m and 97. m source depth, i.e., on the average the

S/N is the same for these two hydrophone depths and for both source

depths.

M (C) In Fig. V-2, curves of S/N difference versus hydrophone depth are

plotted for the three frequency bands centered on 25 Hz (I octave),

50 Hz (i octave), and 158 Hz (1/3 octave) for site C where data were

processed for hydrophone depths of 696 m, 4055 m, and 5521 m. The data

"are for an 18 m source depth and they have been smoothed over a 10 nm

range increment. For propagation to rang-s less than I'T5 nm (except for

a short range segment near 100 nm) S/N at the deeper depth of 5521 m

is pgeater than at the other two depths of 1055 m and 696 m. Beyond

175 nm range, this situation is reversed and S/N is higher for the two

shallower hydrophones indicating that the acoustic propagation at long

ranges to 5521 m depth is not as efficient as to the depths of 696 m and

S4055 m. This same S/N behavior is exhibited at 25 HR and at 50 Hz at

site C for propagation from the 91 m source depth as Fig. V-3 illustrates.

SAlso, for ranges beyond 175 rim, S/N at 66 m is greater than at -055 m.

Thus, for ranges less than the transition range of about 175 nm, theV I SIN is usually highest for the deepest (near bottom, 5521 m) hydrophone.

For longer ranges, S/N deareases with increasing depth fr.=n the a-xin to

Sthe critical depth and continues to decrease with depth to the near

bottom hydrophone. This is in agreement with the observation of a

generally increasing transmission loss with depth for site C as discussed

in Section IV. A similar range dependence of the S/N difference with

54
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(C) depth is exhibited for the BENT run segment south of site C, as shown

in Fig. V-4.

(C) For ranges beyond 400 nm north of site C, SIN differences with depth

for some of the aircraft BUS run data are shown in Fig. V-5. For the

initial range segment, these data support the conclusions previously

stated. The leveling off of the S/N difference between the 696 m and

5521 m depth hydrophones corresponds to the observed leveling off of

propagation loss at very long ranges for the 5521 m hydrophone depth

(the 696 m hydrophone depth propagation loss is almost constant with

range, see Section IV). This behavior of the propagation loss at the

5521 m hydrophone depth probably results from reduction of the continually

decreasing received SUB signal energy level below the ACODAC receiving

system noise. Note, in Section IV and in Appendix A, that for ranges

beyond 600 n= north, the signals received on the 5521 m hydrophone at

50 Hz are all rejected because S/N is less than -3 dB. For long ranges,

the apparent decrease in S/N difference between that at 4055 m depth and

that at 5521 m 1epth also results from the propagation loss at the deeper
hydrophone bottoming out in the system noise while the 4055 m depth

propagation loss continues to increase with range.

(C) At site D, the three hydrophones at depths of 3625 m, 3925 m, and

4612 m are all below the cr:Ltical depth. As Fig. V-6 illustrates, the

deepest hydrophone always has the lowest S/N and the difference becomes

more significant with increased range. The data suggest the possibility

of a transition range of about 100 rn with S/N increasing with depth

below critical for shorter ranges. There is not sufficient data for a

definitive statement, but such behavior would be consistent with the

observations at site C. There is no significant difference in S/N between

3625 m and 3925 m for ranges up to 400 nz for both the 18 m and 91m

source depths. Between 400 and 700 nn range, the S/N at 3625 m depth

becomes greater than at 3925 m by as much as 10 dB. For ranges beyond

400 nm, these conclusions are supported by data from site D for the

aircraft SUS run as 3bown by Fig. V-7.
• i 58
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B. Variation of Signal-to-Noise Ratio with Frequency

(c) The frequency dependence of S/N is illustrated by plotting, versus

range, the difference between S/N for two frequencies for given source

°I and receiver depths. For a source at 18 m depth and a receiver at

4659 m depth at site A, the difference between S/N at 25 and 50 Hz and at

158 and 50 Hz is shown in Fig. V-8. The lowest S/N occurs consistently

at 50 Hz. At 158 Hz, for the 18 m source depth, S/N is 7 to 10 dB

larger than at 50 Hz, while at 25 Hz S/N is only 2 to 3 dB larger. For

the 91 m source, the difference between the 25 Hz and 50 Hz S/N, and

variability of the difference, increases with range. Similar frequency

dependence of S/N is exhibited by the data for other receiver depths at

site A.

(C) Frequency dependence of S/N for both source depths and for the

I 5521 m hydrophone depth at site C is illustrated in Figs. V-9 through

V-11. For the deep (91 m) sources, S/N at 25 Hz always exceeds S/N

at .50 Hz. For most range segments, this is also true for the shallow

(18 m) sources.

(C) At site C, the dif.ference between S/N at 158 1HU azd 50 Hz exhibits

a similar irge dependence for both source depths. For sources south of

site C, Fig. V-9 shows that s/N is higher st 50 Hz for rags less than

175 =m, but S/N at 158 11z is higher for r&%qes in excess of 175 um.

Fiture , 10 atd V-11 slw that, for propa.ation from sou-ces north of

sit8 C, SIN &t 1I5 Hz is higher for ranges out to 400 tm beyond whichr
SIN at 50 Jzf exceeds that at 158 1. on the average.

(U) Figures V-12 and V-13 show the frequency dependence of s/u for the

4612 m depth at site D. For propagation from south of the site

(Fig. V-12) S/N in a&1--ct alvays less at 50 f thmn at either 2. 1) or

158 lz. For propagation from the north (Fig. •-13), !Par.e fuctugtions

63
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(U) in the S/N difference are exhibited, but generally SIN is minimum

at 50 Hz.

(C) In agreement with ACODAC results, the MESA data given in Figs. V-14

' 1 I and V-15 indicate that S/N is minimum at 50 Hz. S/N at 25 Hz and 50 Hz

are approximately equal with the exception of the 91 m source depth of

the BENT SUS run, for which S/N at 25 Hz is about 5 dB higher than S/N

at 50 Hz. For all the MESA data, S/N increases with Increasing frequency

between 50 and 158 Hz., but decreases with increasing frequency between 158

and 251 Hz. Thus, the maximum S/N occurs at 158 Hz.

I
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APPMENDX A

ACODAC PROPAGATION LOSS DATA

(U) The propagation loss, computed as described in section III, is

shown versus range in nautical miles in Figs. Al through A156. Different

symbols are used to indicate the signal-to-noise ratio (S/H) for each

data point:

the symbol X indicates that S/N exceeds +3 dB, but the signal

is not overloaded;

the symbol + indicates that S/N is less than +3 dB but greater

than 0 dB; and

the symbol, indicates that S/N is less than 0 dB but greater

than -5 dB.
The range of detection for signals detected with S/W less than -3 dB

is shown by plotting the symbol V on the bottom of the figure.

Similarly, a shot which triggered the overload signal is indicated by

plotting the symbol 0 at the top of the figure at the range of
iI; detection.

j (U) The following three pages each contain a table for one of the

ACODAC sites indicating the figure number assigned in this. appendix

to the propagation loss plot for each source event, hydropihe depth,

* - requency, and source depth.

- (U) Though not shown in this appendix, analyzed propagation data are-
1: :i available on digital magnetic tape for 1/3 octave bad andlysis at

freq-ni•ies of 25, 50, 100, and 250 l4z.

The data presented in this appendix are
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TABIZ Al

SITE A, ACODAC

Figure Num~ber for Source Depth 18 m, 91 m

I ~Center Frequency (Hz)//Bandwid~th (octave)'

ource HydrophoneI etDepth (mn) 25//1i0/ 158//1/3

30 79Al, A2 A7, A8 AIS, A14
I Bart lett

ýSource 43S3 A3, A4 A9, A10 AlS, A16
Run

465,9 AS, Atb All, A12 A17, A18

BENT 4353 A19, A20 A23, A24 A27, A28
Source

Run I 4659 A21, A22 A25, A2 A29. 3

_ _ _ _ J _ _ _ _ _ _ _ _ _ _ _ _ _ _ __7_ _-



TABLE2A

SITE C, ACODAC

Figure Number for Source Depth 18 m, 91 m

Center Frequency (Hz)//
Evret Hydrophone .Bandwidth (octave)

Eventpth 25//l 50//I 158//1/3

30 696 A31, A32 A37, A38 A43, A44
BARTLETT

Source 4055 A33, A34 A39, A40 A45, A46
Run

5521 A3S, A36 A41, A42 A47, A48

31BENT 696 A49, ASO ASS, AS6 A61, A62

RUN
South 4055 ASI, AS2 A57, A$8 A63, A64

of
Site C 5521 A53, A54 A59, A60 A65, A66

31
BENT 696 A67, A68 A73, A74 A79, AS0

RUN
North 4055 A69, A70 A7S, A76 A8I, A82
of

Site C 5521 A71, A72 A77. A78 A83, A84

32 696 A8S, A86 A91. A92 A97, A98
AIRCRAFT

Source 40SS A87, A8S A93, A94 A99, A100
Run_5i $521 A89, ASO A9S, A96 A101, A102

_______________ ____________

-> ,=

I.,

I : -



TABLE A3

SITE D. ACODAC

Figure Numaber for Source Depth 18 m, 91 m

'Center Frequency (Hz)//
Hydrophone Bandwidth (Octeve.•v.' ~ Source Depth (m) 5!1 58!!_

.Event ..... 5/4. 50//l

3625 A103, A104 A109, Al10 A1I•, -.- 6
30

BARTLETT *3925 A105, A106 A1i1, A112 A11 7 , AiIS
Source

Run 4612 A107, A108 A113, A114 A119 Al2f

3625 A21, A122 A127, A128 A133, A134
31

BEN•T *3925 A123, A124 A129, A130 A135, AI!6
Source

Run i46)2 M.25, A126 A131, A132 A137. A138

3625 AA139, A140 A14S, A146 AISI, A152
32

AIRCRAFT *3925 A141, A142 A147, A148 AIS3, A154
Source

Run 4612 A143, A144 A149, AISO AISS, AIS6

;- -•-o _________________-f-'i d__ta PO_ _ U_., these Plots May

A4t

I.ie u it-,t,- ( ¢r o d d i.r.,s
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AIPPENDIX B

MESA PROPAG3ATION LOSS DlATA

A~.Tesga-onierto(/N o ahso sidctdb
(U) MESA array propagation loss data are shown in Figs. Bl tbrough

j.different symbols as explained in Appendix A. TabLe B-i summa~rizes
the figure numbers used in this appendix for each source~event,.

frequency, and source depth.

IA
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TABLE Bl

I SITE E, MESA
ilk Figure Number for Source Dopth I8 m, 91 m

Hydrophone Depth 400 m

Source Center Frequency i'z) of~ 1/3 Octave Bnd
Event-

__ _ _ _ _25 so 100 158 251

iiSource 51, B2 53. M4 Ds, 56. B7* B8 B9, B10
~rI Run

32I AIRCRAFT
Source B11, 312 B13, 814 BiS, B16 B17, B18 Big, B20

Run
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APPENIX CI ~QUALITY ()ONTIDL OF TBE ACODAC DATA ANALYSIS

(U) Meaningful interpretation of the experimental results requires

that sufficient quality control be exercised during the data processing

to minimize the errors introduced through the processing system and

techniques. These errors must be small relative to the variations in

shot-to-shot signal level that have been introduced by the transmission

environment.

(U) Wo studies were conducted at the Applied Research Laboratories

of The University of Texas at Austin (ARIJIVr) (Refs. 1 and 2) to

determine repeatibility and compatibility of' the digital SUS processor

with analog processors. A sumzary of' the results of' these studies

follfvs.

(U) 1. On a single ARL digitizing day, for repeated digitization,

the energy in f~requency benids for either abots or noise had standardIdeviatious. of 1% to 2%. The energy in the sawe banda of the calibra-

tioo signal showed-a similar spread.

(U) 2. The signal levels, as digitized, shiowed variatioue i'ro d.%

to day that yleld t% o 1C4 (5f a 0.2 dB) deviat;on xtenrgy In the

selected ben4s before "he *calibratlmn. sign :.1. was used ror cumeazpi ion.

Since the callbrsthln s~igms associate(- vith the data u-ere ulzilarly

i ectqed, 4dequate ccocenesaton c=- be ma~de.

j U) The tirx-s at uthich the automatit shot process (AL f?) detectedI ~a sht shm-ed no~ flucttmv . a vith rep.uat;ed processing other than those

*to be expected frcco the tezparal resolutic>n inzxose4 by "I- sa±plihgj rate (i.e., apoiteyO.OL (ee).

1* UNCLASSIFIED
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(U) 4. The standard deviations due to repeated processing of

transmission loss for given frequency bands is of the order of 0,1

and 0.2 dB.

(U) 5. To prevent an introduction of frequency smearing due to

mechanical variations in the analog record/playback procedures, a

reference track should be used in any shot processor, whether analog

or digital.

(U) 6. The stability of the ACODAC calibration signal analyzed showed

a variation in pouer of only I dB over a 24 h period in data.

(1) 7. A comparison of two data segmentation techniques used in the

digital calculation of total shot energy in a given frequency band and

the shot energy calculated by the traditional analog method was performed

using selected shots from the CHURCH GABBRO Exercise ACODAC data. The

selected shots had different characteristics due to different propaga-

tion situations. To complete the study between the two digital

Gechniques, a comparison was made with 700 shots from the CHURCH GABBRO

shot runs.

(U) For the selected shots, which had a time duration of 25 to

40 sec, contiguous data blocks were transformed (FFT) and summed

coherentJy and incoherently" and compared to a digital simulation of

an analog system (50 Hz at 1/3 octave). It was found that when equivalent

integration times are used the incoherent summation gave the best

comparison to the analog system (within 0.1 dB) for data segmentation

from 27.2 to 0.85 sec blocks. The variance from the analog system

using the coherent summation shovied a maximum deviation of 1.4 dB with

0.85 sec data blocks. Using 6.8 sec data blocks (A"L/UT bystem*,, the

variance for the coherent sum was 0.01 to 0.5 dB. It is apparent that

on a shot-to-shot basis the difference between all three techLques

are data Independent.

C2
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(U) The comparison of the total energy calculations for the 700

shots for the coherent and incoherent summation techniques show that

;A the ensemble mean of the difference between the two techniques is

0.1 dB or less, with an rns difference, that varied with frequencyF~ band and integration time, of less than 1.0 dB.

* I (U) 8. For the shot data from the SQUARE DFAL Exercise, the shot

duration is on the order of 10 sec. Using a 6,8 sec data segment, a

comIarison between the coherent and incoherent techniques showed a

mean of 0.02 dB and a rms vatlue of 0.25 63.

S(U) 9. For the CHURCH ANCOBR Exercise, the majority of the shot

durations fit into one data segment or FFT.

S(U) 10. The choice that a shot processor makes on the two digital

processing segmentation techniques is based on the hardware/software

configuration of the prccessing system, length of data segments, shot

duration, available funds and, of course, the accuracy required in the

energy calcitlation relative to other sources of system error. Fbr a

software FFT i-nnlementation, for example, the computation economy

(depending on the shot duratiom1) favors the coherent summation by a

factor of two or three. For a hardware FFT, this savings is not

present.

1(u) 1. A comparison of the AR•/ shot processing system with systems

at other facilities show the following results on a set of shot& (70)

from the SQUARE DEAL Exercise. The comparisons are fo pIropagation

lose in a 50 Hz 1/5'.octave frequency band.

PROCESSOR MEAN DICrRENCE STi. DEV.

ARJL Digital/ARL Analog 0.01 0.51
ARL January/AL June 0.02 o.14

SARL/WIIOI -0.99 1.45
ARL/NUSC -o.47 0.51
ARL/WECO 1.20 1.20

C3
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(U) WHOI - Woods Hole Oceanographic Inistitution
INUSC - Naval Undersea Systems Center

WECO -Western Electric Co.

(U) Analysis of the total ACODAC measurement accuracy is the subject

of~ Ref. 3, which accounts for all errors occurring from the explosive

sources to the final digital processing of the SUS data. Thus, the

error analysis of Ref. 1 is included in the study of Ref. 3. As an

example the error estimates for the ACODAC system inclu.-e those

associated with the hydrophone and preamplifier, the transmission

cables the data amplifier, the tape recorder, and the calibration

system. The conclusion reached in this study is that for SUS measure-

ments an uncertainty of ±2.48 d.B to ±2.60 dB can be ex-pected in the
propagation loss estimationi, principally because of uncertainty in

the SUS source levels.

References:

1) "Qualtity Control Analysis of S70S Processing from ACODAC Dstta"
S, K. Mitchell and T. D). Plemons, Applied Research Laboratories
Technical Yleuiorandum No. 73-42 (ARL-Th-73-J42)) 20 December 1973.

2)'Weinstein, M. S., and Ellis, G.,$ "SUS Signal Da ta ocsi ()

Fi~nal Report on investigations Conducted Under the Diagnostic Plan
fo CHURCH ANCHOR and SQUA--H DZEAL Shot Data" (u), April i4l 1975,I ~Underwater Systems. (X)NFIDENVIAL

")"Analysis of ACODAC tMeasiurement Accuracyr," BK Dyammics, Inc.,,
TR_3186, Rockville., Maryland, Manrh 197".
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