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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 3'353).  Funding was provided by the ASW Environmental 
Acoustic Support Project (AEAS) Naval Ocean Research and Development 
Activity, Code 520, C. E. Stuart, Program Manager. 
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Buoy Acoustic Performance During BERMEX '83:  Quick Look 
Report, NUSC TM 83114-5, 14 Sept 1983 

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. 
End (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 End (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 3363), Ms. Sherri Herskovitz 
(3341), Ms. Christine Perry (3341), the personnel of the NUSC Tudor 
Hill Laboratory and Messrs. Jim Carnell and Nelson Messier of AST Tech 
Services. 
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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. 

3/4 
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INTRODUCTION 

part 

The first open ocean test of the SEAGAL autonomous digital buoy 
system was conducted during the period of 8-11 September 83 as a 
of BERMEX '83 (ref 1).  The system was deployed at 1335Z on 8 
September 83 in deep water near the Bermuda Islands, 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. 
All eight hydrophones operated successfully.  This technical 
memorandum presents the acoustic results obtained from a review of the 
data on 12 September 83. 
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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 
?lm and 290 Hz at 180 dB uPa Olm.  The source depth was nominally 91m. 
Two tows were conducted: (1) over the SEAGAL 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) GW 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 SEAGAL SYSTEM 

From 
vi ci ni ty 
portion o 
the ensem 
Table A { 
The two t 
addi ti ona 
ERLINE wh 
hydrophon 
hydrophon 
all eight 
during th 
results a 
recei ved 
to 2007.3 
peri od. 
results a 
3a, 4a , a 
148 Hz fo 
SEAGAL ar 
290 Hz. 
min avera 
5dB, (b) 
the 148Hz 
18dB diff 
hydrophon 

1901Z to 
of the ar 
f the tow 
ble avera 
Page 12) 
ones at 1 
1 tonal a 
i ch was t 
es were s 
e, spectr 
hydropho 

e 1953.16 
t 290Hz f 
1evels of 
7Z, and f 
For the 2 
t 148Hz w 
nd 5a hav 
r the 22 
ray. Sim 
Several o 
ge , the m 
there is 
data , an 

erence be 
es appear 

2026Z 0 
ray.  F 
most d 
ged spe 
present 
48Hz an 
t 250Hz 
owing t 
imi1ar. 
al 1 eve 
nes. Fi 
Z to 19 
or the 
the 14 

i gure 4 
008.38Z 
hile Fi 
e been 
minute 
i 1 arly, 
bservat 
aximum 
less va 
d (c) b 
tween t 
to be 

n 9 Sep 
igure 1 
1rectly 
ctrum 0 
s the t 
d 290Hz 

i s bel 
he sour 

To ex 
1 s of t 
gure 3a 
59.57Z 
same ti 
8Hz dur 
b prese 
to 201 

gure 5b 
combi ne 
period 
Figure 

ions ca 
vari ati 
ri ati on 
ased on 
he 290H 
operati 

tember 83 
presents 
over the 
ver the p 
abulated 
can be c 

ieved to 
ce (ref 2 
ami ne var 
he two to 
shows th 

time peri 
me period 
i ng the n 
nts the r 
5.16Z tim 
shows th 

d in Fi gu 
when the 
6b prese 

n be made 
on across 
over tim 
eyebal1 

z and 148 
ng proper 

the HX- 
the Shi 
array, 
eriod 20 
listing 
1 earl y o 
be assoc 
). Spec 
i ati ons 
nals wer 
e result 
od, whi 1 

Fi gur 
ext time 
esults a 
e period 
e result 
re 6a to 
source w 
nts the 
: (a) du 
the hyd 

e i n the 
estimate 
Hz resul 

ly. 

90 was t 
p track 
Figure 

00.58Z t 
of this 
bserved. 
iated wi 
tra from 
from hyd 
e each p 
s for th 
e Figure 
e 4a pre 
peri od 

t 290Hz 
, Figure 
s at 290 
show th 

as nomi n 
composi t 
ring any 
rophones 
290Hz d 

s , there 
ts.  All 

owed in t 
for the 
2 present 
0 2007.37 
spectrum. 

The 
th the R/ 
the othe 

rophone t 
lotted fo 
e 148Hz t 
3b shows 

sents the 
of 2000.5 
for that 
5a shows 

Hz. Fi gu 
e results 
ally over 
e results 
given 6. 
is less 

ata than 
i s about 
eight 

he 

s 
Z. 

V 
r 
0 
r 
one 
the 

8Z 
time 
the 

res 
at 
the 
for 

8 
than 
i n 
an 

CW TOW FROM  58 nmi WEST OF THE SEAGAL SYSTEM 

This tow commenced at 0240Z on 10 September 83 and finished at 
1425Z 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 SEAGAL system.  Figure 9 shows 
the spectrum of hydrophone #1 for the time period 0238.35Z to 
0245.23Z.  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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Spectra of hydrophone #1 were plotted for 25 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 
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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 0 symbol represents the same archival 
comparison used in Figure 15. 

CONCLUSIONS 
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ustic data.  All eight hydrophones functioned correctly, 
was well below measured ambient noise.  A 290 Hz CW tone 
level of 180 dB ref 1 uPaiaim was detected continuously 

i tow.  A 148 hz tone with a nominal level of 166 dB ref 
continuously detected out to 40 nmi , and then    i 
ly detected out to 58 nmi.  When the R/V ERLINE was 
ear SEACAL, spectral energy centered at 250 Hz was 
he SEACAL system was recovered intact.  Only 1% of the 
n examined so far, and only ensemble averaged hydrophone 
a were reviewed.  The quantity and quality of the data 
her analysi s. 
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