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"PREFACE

This technical memorandum was prepared under NUSC Project No.
A63490, Underwater Data Buoy System, Principal Investigator, P. C.
King (Code 3353). Funding was provided by the ASW Environmental
Acoustic Support Project (AEAS) Naval Ocean Research and Development
Activity, Code 520, C. E. Stuart, Program Manager.

The successful deployment, operation, and recovery of the SEACAL
system would not have been possible without the diligent efforts of
several individuals and organizations. We would like to thank Mr. Ken
Dial (NORDA), Capt. Richie Lambert and the crew of the R/V ERLINE, Mr.
Thomas Beaudoin (Code 3353), Mr. Ralph Austin (Code 3353), Mr. Steven
Cox (Code 3353), Mr. Richard Noble (Code 3353), Ms. Sherri Herskovitz
(3341), Ms. Christine Perry (3341), the personnel of the NUSC Tudor

Hill Laboratory and Messrs. Jim Carnell and Nelson Messier of A&T Tech
Services.
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1. A new multi-hydrophone digital buoy system with onboard FFT
processing has been developed at NUSC. This system, called SEACAL,
underwent initial at-sea engineering tests during Sept '83 as a part
of the BERMEX '83 sea trials. The SEACAL buoy was subsurface moored
in a deep water location near Bermuda. Over 75 hours of processed
data were acquired, including both ambient noise and CW tow data.
Encl (1) presents a quick look of the acoustic results.

2. SEACAL performance during BERMEX '83 has demonstrated the advanced
capabilities offered by this new generation data acquisition system.
It is significant to note that the rough draft of Encl (1) was
completed and ready for the NORDA BERMEX '83 representative less than
36 hours after buoy recovery. Further data will be presented in the
paper "Initial sea test results of a multi-hydrophone digital buoy
system with in-situ FFT processing capabilities" on 11 November 1983
at the 106th Meeting of the Acoustical Society of America.
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"PREFACE

This technical memorandum was prepared under NUSC Project No.
A63490, Underwater Data Buoy System, Principal Investigator, P. C.
King {Code 3353). Funding was provided by the ASW Environmental
Acoustic Support Project (AEAS) Naval Ocean Research and Development
Activity, Code 520, C. E. Stuart, Program Manager.

The successful deployment, operation, and recovery of the SEACAL
system would not have been possible without the diligent efforts of
several individuals and organizations. We would like to thank Mr. Ken
Dial (NORDA), Capt. Richie Lambert and the crew of the R/V ERLINE, Mr.
Thomas Beaudoin (Code 3353), Mr. Ralph Austin (Code 3353), Mr. Steven
Cox (Code 3353), Mr. Richard Noble (Code 3353), Ms. Sherri Herskovitz
{3341), Ms. Christine Perry (3341), the personnel of the NUSC Tudor
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ABSTRACT

A new multi-hydrophone digital buoy system with onboard FFT
processing has been developed at NUSC. Acoustic data from each of
eight hydrophones is digitized and real time Fast Fourier Transformed
by the buoy's micro-processor. Complex and ensemble averaged spectral
results are then written onto a high density digital cartridge tape.
An instantaneous dynamic range of at least 72 dB is available over the
frequency band 4-350 Hz. The first open ocean test of the system
occurred in September 1983 at a deep water location near Bermuda as a
part of the BERMEX '83 sea trials. The system performed nearly
flawlessly and was recovered intact. Over 75 hours of acoustic data
were acquired, including both ambient noise and CW tow measurements.

This technical memorandum presents a quick look review of the acoustic
results of the sea test.
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INTRODUCTION

The first open ocean test of the SEACAL autonomous digital buoy
system was conducted during the period of 8-11 September 83 as a part
of BERMEX '83 (ref 1). The system was deployed at 1335Z on 8
September 83 in deep water near the Bermuda Isltands, and was recovered
completely intact. at 2000Z on 11 September 83. The system performed
nearly flawlessly and over 75 hours of acoustic data were acquired.
A1l eight hydrophones operated successfully. This technical
memorandum presents the acoustic results obtained from a review of the
data on 12 September 83,

BACKGROUND

The SEACAL buoy system as configured during BERMEX '83 consists of
a vertical array of eight hydrophones and a data acquisition/digital
processing package. The array is configured with a geometric spatial
taper over the band 150-300 Hz and has an acoustic aperture of 25.4 m.
Data from each of the eight hydrophones is digitized and Fast Fourier
Transformed. The distance between frequency bin centers is 2.0 Hz.
Data is acquired over the band 4-350 Hz. Spectra are computed for all
eight hydrophones at a rate of 1.2 spectra per minute for each
hydrophone. Ensemble averaged power spectra are written to a digital
tape cartridge every 7.8 minutes and represent a 6.8 minute period of
averaging. Also, for post-processing beamforming, complex spectra are
written once each 7.8 minutes. One block of data consists of the
ensemble summed power spectra for each of the 8 hydrophaones over the
6.8 min period, plus one set of complex spectra for each hydrophone.
After successful recovery of the SEACAL buoy, the cassette containing
the processed data is removed for post-processing on a Hewlett-
Packard-85 desktop computer. The system has been calibrated
end-to-end so that ensemble averaged results are displayed in dB ref
uPa/Hz /2, with the system normalized to a CW tone observed with 1 Hz

resolution. In addition to acoustic data, depth and inclination
sensors were employed.

SCENARIO

The system was deployed at 32°15'N, 65°22'W. This location is
27.7 nmi west of Gibbs Hill Lighthouse, Bermuda. The water depth is
approximately 4600 m. The buoy system was subsurface moored such that
the array was 2030 m above the sea floor. During part of BERMEX '83,
CW signals were recorded. The CW source was an HX-90 transducer in a
tow body. Two frequencies were projected: 148 Hz at 166 dB ref 1 uPa
@1lm and 290 Hz at 180 dB uPa @1m. The source depth was nominally 91lm.
Two tows were conducted: (1) over the SEACAL system, and (2) closing
from approximately 58 nmi west of the buoy.

DATA EXAMINED FOR QUICK LOOK

Only ensemble averaged spectra from individual hydrophones have
been reviewed so far. Three sets have been examined: (1) CW tow over
the system, (2) CW tow closing from 58 nmi, and (3) ambient noise.
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About 75 individual hydrophone spectra have been plotted and listed to
obtain a quantitative flavor of the data. This represents only about
1% of the total data acquired.

CW TOW OVER THE SEACAL SYSTEM

From 1901Z to 2026Z on 9 September 83 the HX-90 was towed in the
vicinity of the array. Figure 1 presents the ship track for the
portion of the tow most directly over the array. Figure 2 presents
the ensemble averaged spectrum over the period 2000.58Z to 2007.37Z.
Table A (Page 12) presents the tabulated listing of this spectrum.

The two tones at 148Hz and 290Hz can be clearly observed. The
additional tonal at 250Hz is believed to be associated with the R/V
ERLINE which was towing the source (ref 2). Spectra from the other
hydrophones were similar. To examine variations from hydrophone to
hydrophone, spectral levels of the two tonals were each plotted for
all eight hydrophones. Figure 3a shows the results for the 148Hz tone
during the 1953.16Z to 1959.57Z time period, while Figure 3b shows the
results at 290Hz for the same time period. Figure 4a presents the
received levels of the 148Hz during the next time period of 2000.587Z
to 2007.37Z, and figure 4b presents the results at 290Hz for that time
period. For the 2008.38Z to 2015.16Z time period, Figure 5a shows the
results at 148Hz while Figure 5b shows the results at 290Hz. Figures
3a, 4a, and 5a have been combined in Figure 6a to show the results at
148 Hz for the 22 minute period when the source was nominally over the
SEACAL array. Similarly, Figure 6b presents the composite results for
290 Hz. Several observations can be made: (a) during any given 6.8
min average, the maximum variation across the hydrophones is less than
5dB, (b) there is less variation over time in the 290Hz data than in
the 148Hz data, and (c) based on eyeball estimates, there is about an
18dB difference between the 290Hz and 148Hz results. All eight
hydrophones appear to be operating properly.

CW TOW FROM 58 nmi WEST OF THE SEACAL SYSTEM

This tow commenced at 0240Z on 10 September 83 and finished at
14257 the same day. The tow track is shown in figure 7. For the
first 11 hours the R/V ERLINE towed radially toward the array at a
nominal speed of 5 knots. Figure 8 presents ensembled averaged
spectra of hydrophone #1 for the period 0230.45Z to 0237.32Z,
immediately prior to the start of the tow. No tones can be observed
at either 148Hz or 290Hz. At 0240Z the source was turned on at a
range of approximately 58 nmi from the SEACAL system. Figure 9 shows
the spectrum of hydrophone #1 for the time period 0238.35Z to
0245.237Z. Note the 290Hz tone now apparent with about a 22dB SNR.
Figure 10 shows spectra from each of the eight hydrophones for the
next time period of 0246.26Z to 0253.17Z. Fluctuations of about 5dB
are observed for the 290Hz tone. Also, the 148 Hz tone can be more
readily observed. Between 10-100 Hz all the hydrophones exhibit
nearly identical spectra. This could be due to distant shipping.

The 148Hz tone is only intermittently observed until the source
range decreases to about 40 nmi. Figure 11 shows the results for
hydrophone #1 during the period 0642.02 to 0648.54Z, representing an

8
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estimated average range of 39 nmi. Both tones can be easily observed
above the background. There is a 15.4 dB difference between the
received levels of the two tones. A point to note is the asymmetry of
the spectral values immediately adjacent to the two source tones.
Given the 2Hz bin separation and Hanning weighting, the spectral
values immediately adjacent to the tones would be symmetric if the
tones were exactly on bin centers. Interpolation shows that the
received frequencies are in fact slightly higher than 148Hz and 290Hz.
Since the source is being towed toward the SEACAL, an upwards Doppler
shift is to be expected. At a tow speed of 5 knots, a shift of .5 Hz
would be predicted for the 290Hz tone, i.e., the received frequency
would be 290.5Hz. Figure 12 shows results for hydrophones at an
estimated range of 10 nmi, both tones are again observable. No
explanation is currently available for the large ambient noise between
10 and 20Hz. Figure 13 presents hydrophone #1 for the period 1336.222Z
to 1343.00Z, the estimated source range being less than 1 nmi.

Between the two source tonals, note the emergence of the 250Hz Tump
associated with the R/V ERLINE. Not surprising, this figure is very
similar to Figure 1, when the source was nominally over the array.

Spectra of hydrophone #1 were plotted for 26 of 90 time periods
available during this CW tow. By converting the times to ranges and
reading the received level at 290Hz from the tabular listing provided
with each plot, a graph of the received level of the 290Hz tone as a
function of range was derived and is shown in Figure 14. Although it
is tempting to convert this plot to propagation loss by subtracting
received level from source level, further precise verification of the
actual source levels used is required,

AMBIENT NOISE

A major design goal of acoustic data acquisition systems is that
their system noise floor be well below the ambient noise levels
expected in a quiet type area. Recall that ambient noise was measured
just prior to the commencement of the CW tow from 58 nmi west of the
SEACAL system. Figure 15 shows this same result (solid 1ine) compared
with system noise measured prior to deployment of the system. System
noise is measured by shorting the analog system input. Except for a
few tonals, systems noise is in general 15dB or more below the ambient
noise measured for this example. Figure 16 shows this case compared
with archival measurements of Perrone (ref 3). Note that results are
with respect to a 2.9Hz band. His results are the mean of measure-
ments from a receiver located 4.4 km below the ocean surface when the
wind speed is 0-2.5 knots. Recall that the 8 SEACAL hydrophones were
deployed over a 25 m vertical aperture. Figure 17 shows the spectra
of each of the hydrophones for the same time period as the previous
figure. In the 10-100 Hz region the spectra between the 8 hydrophones
are structurally very similar, while above 100 Hz the spectra become
more independent of each other. A maximum variation on the order of
5dB between the ambient levels of the hydrophones is observed for
frequencies above 150 Hz. Figure 18 presents a second measurement of
ambient noise. This measurement was acquired earlier than the
previous figure, during the perijod of 0631.43Z to 0638.267
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on 9 September 83. Again, hydrophone #1 is presented but results are
similar for the other phones. The solid line represents the
measurement results while the R symbol represents the same archival
comparison used in Figure 16,

CONCLUSIONS

The SEACAL system successfully acquired and FFT processed over 75
hours of acoustic data. All eight hydrophones functioned correctly.
System noise was well below measured ambient noise. A 290 Hz CW tone
at a nominal level of 180 dB ref 1 uPa@lm was detected continuously
over a 58 nmi tow. A 148 hz tone with a nominal level of 166 dB ref
luPa®lm was continuously detected out to 40 nmi, and then }
intermittently detected out to 58 nmi. When the R/V ERLINE was
positioned near SEACAL, spectral energy centered at 250 Hz was
observed. The SEACAL system was recovered intact. Only 1% of the
data has been examined so far, and only ensemble averaged hydrophone
power spectra were reviewed. The quantity and quality of the data
warrant further analysis.

REFERENCES

1. Ocean Programs Management Office, "Exercise Plan for BERMEX '83,"
NORDA AEAS Report No. 180, Aug 1983 (UNCLASSIFIED).

2. M. Ricciuti, personal communication.

3. A. J. Perrone, "Summary of a One-Year Ambient Noise Measurement
Program off Bermuda," NUSC TR 4979, 1 April 1976 (UNCLASSIFIED).
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