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ABSTRACT

This report summarizes the tasks performed under Contract NGOO1l4-T0-A-0166,
Task 0016, during the period 1 July 1973 through 30 June 197h. Description
of the modifications to the continuous wave, ambient noise, and explosive
source processing systems is provided. The utilization of these analyses
for a "quick look" and volume data processing associated with the BLAKE
Test and the CHURCH ANCHOR and the SQUARE DEAL Exercises is described.
Other short term analyses and technical support efforts are described.
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I. INTRODUCTION

The work described in this report was performed under Contract
NOOO1L-T0-A-0166, Task 0016, during the period 1 July 1973 through
30 June 197hk. The areas of work performed were data processing system
development and modifications, environmental acoustic data processing
and analysis, exercise planning, and technical support. Specifically,
tasks in these areas were involved with the BLAKE Test and the CHURCH
ANCHOR and the SQUARE DEAL Exercises,




I1. DATA PROCESSING SYSTEMS

During this period of work, modifications were made to the explosive
source (SUS) processing system to incorporate new features and automate
the procedures to handle the large volume of data. The ambient noise/
continuous wave processing systems (AN/CW) were redesigned and combined
in the implementstion.

A, SUS Processing System

Two updates were made to the software portion of the SUS processing
system: (1) an algorithm to automatically determine signal length on

a shot-to-shot basis and (2) procedures to address the false alarm rate.

The SUS signal duration is independently determined on each data
channel (maximum of three) because varying propagation paths can exist
between the source and receiving hydrophones. An adaptive filter ba-ed
on the signel energy relative to the ambient noise energy is used to
determine the received shot signal termination. Shot epoch is determined
independently on each corresponding data channel.l Information from
each detected SUS is used to update the filter parameters for each

folloving event.

Palse alarms using the automation shot detector became & concern
during the yrocessing and analysis of the CHURCH ANCHOR 8SUS data.
Although the processing system can require coincident detection on
either two or three hydrophone data channels, a procedure to conduct
a quality assurence during the postprocessing phase was renuired. One
output. of the SUS processor is the high resolution spectra of the SUS
signal and ambient noise segment associasted with that signal over the
frequency band of 10 to 300 Hz.l These spectra are archived on digital




tupe during processing and can be used to identify the low signal-to-noise
ratio (SNR) SUS signals. A criterion was derived to establish a confidence
level on the detected SUS signal relative to the SNR. The methods will
be reported in the technical report on the SUS diagnostic work.

B. Ambient Noise/Continuous Wave Processing System

The large scale environmental acoustic exercises have generated
large volumes of ambient noise (AN) and continuous wave (cw) data. These

data are recorded by analog systems from hydrophones distributed through-

out the water colunns.

The ambient noise/continuous wave processing system (AN/CW) is
implemented with a modification of the hardware/software system that
has been utilized and updated for the studies of active sonar signal
processing. The hardware portion of the system consists of a CDC 3200
digital computer with associated peripherals, including a flexible
analog-to-digital (A/D) and digital-to-analog (D/A) interface. The
software utilized was based on the routines existing in the signal

processing software library for the CDC 3200.

AN/CW Processor Description

The AN/CW processor is a hardware/software configuration designed
to perform a narrowband analysis over a variable frequency range by
handling large volumes of data. The system is divided into five tasks:
A/D conversion, spectral estimation, band estimation, editing, and
display. Parameters such as bandwidth, frequency range and resolution,
and integration or averaging time can be readily adopted to suit different

applications.

For the A/D task, the analog data recordings are time compressed

in playback and are converted to digital format. The equipment




configuration is shown in Fig. 1.2 One hydrophone channel along with
the corresponding timing and receiving system information is digitized
on each processing run., Programmable amplifiers, controlled by the
digital computer, are used to maximize the dynemic range utilization of
the A/D converter. The sampling signal is phased locked to a reference
on the data tape or on the time code carrier to minimize errors due to
record/playback fluctuations.

Duaring one A/D pass, the computer flags any sample whose amplitude
exceeds the range of the A/D converter. The computer also determines
the peak and average amplitude of the data for each minute, This informa-
tion is used to determine the desired amplifier setting for the data in
the following minute. Time synchronization checks are maintained by
the computer throughout an A/D run.

The second task of the processor is to compute and calibrate a
narrowband spectra from contiguous time increments throughout the data
period analyzed. Currently, an 8192 point FFT is used to provide a
frequency resolution of 0.07 Hz for the frequency range cf 10 to 300 Hz.

The ambient noise spectra can be both time averaged over & selected
period and output as narrowband and/or octave band time series. Various
atatisticsl algorithms are available to furnish the information required

to perform an acousticel anslysis of the dats.

The cw analysis is achieved by using the calibrated narrovband
spectre to estimate the zignal pover in a given frequency bvand. The
specira are €irst everaged for & specified period. From these averages,
tuo types of band estimates are obtmined. ¥For each ow signal, & parrov-
band (2 Hz wide} centered about the source frequency is szearched for fte
gpectral pesk line. The pover in a narrover band (0.22 iz} centered
about this peak is then determined. Peak trucking is used to coamper -te

for any Doppler shift and variation in source frequency that might occur.
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The third task performsd by the AN/CW processor automatically edits
the reduced data for artifacts and contamination from the followiag
sources:

1. environmental effects such as biological and selsmic noise,

2. exercise effects such as conflicting sources (SUS), source
level fluctuations, gource timing, and shipping noise, and

3. receiver and recording system effec*s.

The techniques and algorithms used in the editing phase are software
implemented with the exception of some SUS detectlon accomplished during
the A/D phase. These slgorithms consist of calibretions, data guality
indicators, information from exercise operations, and adeptive f{ilte:.
for octsve and narrowband ncise estimators, peak tracking, and correc ion

o¥ receiver system artifacts.
The date display consists of graphics and tabulations specified
and required in the final anelysis performed. Figure 2 sumnarizes the

AN/CY processor.

Processor Qutputs

The following outputs of the KNi/CW processor gre available for
snslysis:

1. ambient noise specira in narrov and/or octave daads,

2. ew aigpal powver, noise power, and signal-to-noise or signal
excess estimates in perrov frequency bands, angd

3. propsgation loss (PL), noise pover estimates, aad signai-to-

noise or signal excess estimates versus range and/or time.

Sxamples of PL and signal excess {3+R'/1 in the deep ocean sre
shown in Figa. 3 and k. These plots show the PL along the same treck
for an intound source and then for wa outbound source. The Tigures
{llustrate the repestabilily of the PL 85 a Tunciion of range. Equelly

interesting is that ther shov rather large variations in 2he nolse
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A

background. Such noise variations are difficult to interpret when

viewed through a narrowband processor. ARL has found that a valuable
aid in interpretation is a time versus frequency plot of the total
available spectrum. For example, the noise increase in Fig. 3 is
identified as s moving broadband source in the three-dimensional plot
shown in Fig. 5. Another view of Fig. 5 is Fig. 6, which is a better
illustration of the quantitative rise in the noise level.

11
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III. DATA PROCESSING

The data processing of the environmental acoustic data consisted
of data quality assessments, "quick look or response" analyses, and
volume data processing of ambient noise, cw, and SUS data for the
BLAKE Test, the CHURCH ANCHOR Exercise, and the SQUARE DEAL Exercise.

A. Data Processing Planning

Applied Research Laborstories, The University of Texas at Austin
(ARL/UT) participated in the preparation of the CHURCH ANCHOR and the
SQUARE PEAL Exercise Data Analysis Plans. Procedures, requirements,
and schedules for the data processing together with the interactions
and date flow between other exercise pesrticipants were developed and
documented in a plan to achieve the exercise goals. Technical represen-
tatives from ARL/UT attended numerous meetings during this preparation
phase. The response of ARL/UT to the data processing task outlined in
these plans was vias memoranda to the mansger of the Long Range Acoustic
Propagation Project (LRAPP).

B. "Quick Look" Analyses

"Quick look" analyses were conductsd on both CHURCH ANCHOR and
SQUARE DEAL environmental acoustic data. These types of analyses were

performed to determine the suitability of the date for further processing.

These results along with the processing recommendations were furnished
40 the LRAPP mansger and the appropriate exercise technical director

via technical memoranda.

A "quick look" analysis similar to the preliminery ACODAC analysis3
vas performed in support of the chief scientist for the BLAKE test.

15
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The primary scoustic source of interest was the SUS charges (explosive
sourcea). One objective of the data analysis was to provide information
for the investigation of ACODAC cable strumming. The results of this
study were provided in an ARL technical memorandum.h

C. Volume Data Procegsing

A large volume of acoustic data wes  Tocessed for the CHURCH ANCHOR
Exercise. The data were recorded on analog tzpe from the ACODAC and
FLIP receivers. The data types included ambient noise, cw, and SUS.

The outputs of the data processing, as outlined in the CHURCH ANCHOR
Data Analysis Plan, were ambient ncise levels, propagation loss, and
signal-to-noise ratios throughout the water column. The volume of data
processed in hydrophone days (HD) and hydrophome shots (HS) was:

Sensor Noise (HD) cw (D) sus (HS)
ACODAC 17 13 21,291
FLIP — hatad l ] 935

For the SQUARE DEAL Exercise, a limited volume of SUS data was
processed for analysis for the SQUARE DEAL Exercise Synopsis Report
issued by the exercise technical director.

16




IV. ANALYSIS AND REPORTING

A. CHURCH ANCHOR Exercise

ARL/UT participated with staff members from Texas Instruments, Inc.,
(TI) in the analysis and documentation of the ambient noise and cw data.
Technical reports were issued by TI. The analysis of the SUS data was
performed by ARL/UT and will be documented in technical report form,
ARL/UT also assisted the chief scientist in the preparation of the
Invironmental Acoustic Summary Report.

B. SQUARE DEAL Exercise

A summary of the preliminary findings from the limited amount of
the processed SUS data for the SQUARE DEAL Exercise Synopsis Report was
submitted to the technieal director.

C. 8US Diagnostic Plan

ARL/UT participated in the planning of the SUS diagnostic plan
that addresses the consistency aspects of SUS data precessing within
the organizations participating in the LRAPP data processing progran.

The efforts outlined in the plan have been initiated by using a selected
date set from a SQUARE DEAL Exercise ACODAC. ARL/UT is coordinating

the data processing and will essist Underwater Systems, Inc., in the
analysis and interpretation of the regsults. A technical report will
provide the documentation for these results.

D.  High Resolution cw Study

ARL/UT participated in a LRAPP sponsored meeting concerning high

resolution cw data processing. The emphasis of the meeting was to

h~-
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coordinate the processor parameters used by the various participants

in the data analysis of the environmental acoustics collected during

the LRAPP sponsored exercises. As a result of this meeting, ARL/UT

was requested to perform a high resolution frequency enalys:s on related
data sets to determine the presence of observable sidebunds in cw signals
generated by a moving source and received at ranges of up to 200 nm

in the deep ocean. Theoretical predictions, as well s observations at
relatively short ranges, and steep grazing angles shcw that & sound wave
which is forward scattered from the ocean surface has its frequency
components smeared by surface wave motions. The results of this analysis

will be forwarded to the LRAPP manager in a technical memorandum.

E. High Resolution Travel Time Measurements of SUS Signals

During the CHURCH ANCHOR and SQUARE DEAL Exercises, the positions
of the receivers at deployment and of source ships during their runs
were determined from satellite fixes. There was some concern over the
possibility of large errors (on the order of several nautical miles) in
source-to~receiver ranges because of ineffective interpolsation along
the source track. The signal travel times are available as a byproduct
of the ARL SUS processing; these times were examined for possible dis-
crepencies between the acoustic information and the navigation dats.,
Once the pattern of the acoustic data was explained, the accuracy of
the navigation data was seen to be better than 0.1 nm. However, the
travel time measurements are interesting in themselves. They were seen
to reflect the sound veloeity structure of the medium and also to give
some indication of the variability of propagation loss to be expected.
The results of this study were provided to the LRAPP mansger in memorendum

form.

F. SUS Processing Quality Control Study

The errors associated with the enalysis of signals from explosive

sources have been analyzed and reported. The effects of analiog

18
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reproduction and subsequent digital conversion of the data on the
estimation of propagatidn loss were considered. In addition, the
techniques of spectral analysis as applied to these impulsive type
date were addressed. The work was documented in an ARL technical

memorar;dum.S

In summary, it was found that the digitizing processing can be
repeated 0. & day-to-day basis to the extént that the energy in fre-
quency bands for either shots or noise has standard deviations of
1 to 2%. The times at which the automatic SUS processor detected a
shot showed no fluctuations other than those to be expected from the
temporal resolution imposed by the sampling rate. The standard devia-
tions due to repeated processing of transmission loss for a given

frequency band is of the order of 0.1 to 0.2 4B.

19
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Ser 3210A/011/06
31 Jan 06

MEMORANDUM FOR DISTRIBUTION LIST

Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

Ref: (a) SECNAVINST 5510.36
Encl: (1) List of DECLASSIFIED LRAPP Documents

1. In accordance with reference (a), a declassification review has been conducted on a
number of classified LRAPP documents.

2. The LRAPP documents listed in enclosure (1) have been downgraded to
UNCLASSIFIED and have been approved for public release. These documents should
be remarked as follows:

Classification changed to UNCLASSIFIED by authority of the Chief of Naval
Operations (N772) letter N772A/6U875630, 20 January 2006.

DISTRIBUTION STATEMENT A: Approved for Public Release; Distribution is
unlimited.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

A F A
BRIAN LINK
By direction



Subj: DECLASSIFICATION OF LONG RANGE ACOUSTIC PROPAGATION PROJECT
(LRAPP) DOCUMENTS

DISTRIBUTION LIST:
NAVOCEANO (Code N121LC - Jaime Ratliff)
NRL Washington (Code 5596.3 — Mary Templeman)
PEO LMW Det San Diego (PMS 181)
DTIC-OCQ (Larry Downing)
ARL, U of Texas
Blue Sea Corporation (Dr.Roy Gaul)
ONR 32B (CAPT Paul Stewart)
ONR 3210A (Dr. Ellen Livingston)
APL, U of Washington
APL, Johns Hopkins University
ARL, Penn State University
MPL of Scripps Institution of Oceanography
WHOI
NAVSEA
NAVAIR
NUWC
SAIC
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