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ABSTRACT

An analysis was done of central Arctic Ocean acoustic d
to determine the temporal and spatial characteristice of
transient noise events. &Digital ambient noise data from
the FRAM IV experiment of April 1982 were searched for
ambient noise transients using a detection program. The
time series of the resulting detections were examined
visually to categorize each detection as a transient,
artifact or false alarm. The transient events wetre located
in space using time delays between signal arrival at

di fferent hydrophones. The cross shape of the FRAM 1V
horizontal array permitted location in both bearing 2anc
range. The source streangth of each event was caiculatag
using a simple dipole source model. Refraction and
scatterring of the acoustic path in the Arctic Ocean was
taken into account.

ta

ty b

The overall number of events detected, and h=snce their
interarrival times and spatial density, w~ere all afftected
by the background ambient noise level. The detection
grogram used the same threcshold signal-toc-noiszs level +for
all data tapes, so when ambient noise levels were low more
detectiaons occurred. The mean interarrival time batween
events was 100 seconds. The interarrival time fit a J
shaped gamma probability distribution. The number aof
events detected per are=a decreased with range from the
array center. Half of the events aoccurred within Z00C

meters of the array. In this area there were 0.3 events
per square kilometer per hour. The event pooulation showed
no predominant angular dependence. The strengths
zalculated using the simple dipnle model had a mean o 470

il overall and Z60 EN durirg guiet times. Stronger svarnts
nccuirred during times «with high ambisnt ncise levels.
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CHAPTER 1

INTRODUCTION

Thesis Motivation

This thesis investigates the spatial distribution,
strength and rate af occurrence af low frequency central
Arctic nolse events. During the last 30 years there has
been a growing commercial, military and academic interest
in the Arctic region.

In this relatively unexplored area there is increasing
evidence of rich mineral and petroleum rescurces. Research
into methods of locating these assets and constructing
facilities to exploit them have received much attention.
These facilities must be able to withstand the harsh Arctic
surroundings. The study of Arctic acoustics helps 1n
understanding the Arctic environment and climate. It has
been shown that there is a direct correlation between [0 to
20 Hz ambient sound pressure and environmental stresses and
momentsi10]. The ability to use acoustic noise levels as
an environmental predictor would be a useful tool in the
protection of commercial Arctic facilities.

The Arctic ocean serves as a military arena for
several submarine fleets. The underice environment makes

detection difficult, increasing the stategic role of these

-ty

i=mets. Hecause aof the sound velocity profile of the
central Arctic there is a surface duct which channels sound

for long distances. But, the underice profile scatters
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sound energy, effectively filtering out high
frequencieslil11]. The result is that ornly low frequency
signals travel far in the Arctic, and therefare the lcow
frequency range is the best for detecting adversary
submarines. The importance of understanding the low
frequency ambient noise field becomes apparent. The actual
central Arctic ambient noise level is at times much guieter
than the opern ccean, but i1t contains unpredictable
transient noise events which interfere with conventional
detection schemes. It has been hypothesized that the
background ambient noise is the summation of these
transients from throughout the Arctic basinl71. Analysis
of the spatial and temporal distribution of these
transients is a logical next step in understanding low
frequency nDise,'and improving our submarine detection
capability.

The academic challenge of the Arctic lies in the
sparzeness of field data. The Arctic cannot be casually
sampled. Even simple experiments require expensive
expeditions. The harsh environment takes its tcoll on
researchers and equipment, and reduces the amount of usable
data. Hence, the study of the Arctic is like a jigsaw
puzzle with few pieces present. The total picture remains
& =ztimulating mycsteryv.

This study analyzes data collected during the FRAM IV

experiment by Massachusetts Institute of Technaologv and

} .
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Woods Hole Oceanographic Institute personnel. The FRAM IV
ice camp was located in the Barents (Nansen) Abyssal Flain
at approximately 84° N by 159 E, as shown in Figure 1-1.
The ice was 3 meter thick multi-year pack ice. The ice
activity was low:; there was no ice ridging or lead
formation around the camp during the experiment.

The FRAM IV ice camp was set up from 25 March to 11
May 1982. This study analyres data taken between March
27th and April 22nd. The weather was mild, with
temperature ranged from ~-35° to -49 C, and wind speed from
1 to 23 knots.

The ambient noise was sensed with a large horizontal
hydrophone array which consisted of two non—uniformly
spacedbline arrays, crossing at right angles. The data

were digitally recorded on a multichannel system.
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Figure 1-1 Laocation of the FRAM IV Arctic experiment
conducted in the spring of 1982. (111
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My work in this area began long after the FRAM IV E
s | 2
i ambient noise data were collected. The first step was ;:
’ '& )
[ finding the events in the raw data. The data consisted of )
! magnetic tapes each containing 20 minutes of digitized L
r e
¥ noise levels. A program was written which searched the o
r s
e o
- ambient noise tapes for possible events. Chapter 2 'f:
)
discribes the auvtomated and manual technigques used to L.
e
y O
: accomplish this detection. k 1
!
D These events were then located in space using the ﬁ»
i )
/ difference in arrival time between hydrophones. This was N
4 s
: also done with a computer program. The program plotted the f:‘
- '.\ 1
; arrival time delays against range to a trial location, did f}
| 3
a least squares +it, and chose the location with the best {:
. A
N Y
: fit. This is covered in Chapter 3. RS
R
b o
t The peak voltages for each event were used with -~
).
: the dipolzs source model to predict peak source strenagth. if
"
L)
Trhe background ambient noise strength was also determined. -~
P"J‘
-' -
| These strength calculatiaons are found in Chapter 4. i
)
In Chapter S the distribution of event interarrival :ﬁH
time was determined. The event locations and strengths zi
! were analyzed, and a spatial density found. e
]
Chapter & summarizes the key results of this study. h:
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CHAPTER 2
DETECTION OF NOISE EVENTS

Data Collection

Twenty nine FRAM IV ambient noise tapes were searched
in order to find a population of noise events for this
study. The specific tapes were chosen from the possible 67
in order to cover the entire range of days of the FRAM IV
svperiment. However, there were sewveral davs when no
ambient noise tapes were recorded. To help fill these gaps
five reverberation tapes were also searched. These tapes
were recorded prior to the reverberation shot being fired,
or they were recorded so late in the experiment (80 minutes
aftter the shot) that reverberations were no longer precert.

The FRAM IV experiemnt used the horizontal array of
omnidirectional hydrophones pictured in Figure 2-1. The
thydrophornes were suspoended from the ice into the water to a
depth ot 92 meters below the air/ice i1nterface. The two
crossed iines of the array allowed the possibility of
localizing events in space. Although 26 hydrophones are
shown in Figure 2-1, only 24 at a time could be used to
record data. In most cases a few of the recording channels
were used for other sensors (geophones or hydrophones used
in a vertical arrav). Most of the time 1% tao 21 horizontal
arra.s a.lronhone cata gere recorded.

The FRAM IV ambient noise tapes were recorded

digitaliv. Figqure 2-2 shows a schematic of the svstem ased
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for collecting the data. The input from each hydrophone
was put through a gain ranging amplifier and a low pass 80
Hz filter. It was sampled at 250 Hz and recorded on 20
minute magnetic tapel4]. The 24 channel recorder had a 120

dB dynamic rangell2].

Event Detector Frogram

Th= event detesctor praogran was written to tave digiis=l

m

data from a FRAM IV tape and determine where in that tape
noise events occurred. The program was originally written

to take data directly from a tape drive, but subsequently

modified to take the data from a file. The framread

praogram, with a —head switch is used to read the tape into

the file. This will eliminate any headers and then read

be read into = similar file using framread and the switches

o

—~head and —fram2. The framread program was written by

s
=

5. Duckwortn, and is available to the Arctic Acoustice

P

3
! the digital data straight into a file. A FRAM I1 tape may
|
| Program at MIT.

l

N

The event detection pragrams source codes, flow chart,

L)
v W
0

.
U A
. P

and a short users guide are found in Appendix A. The event

U

detection program which reads from a file is called

5

e, J

ol

cth programs are writhten in the c procrammicg lanauajge ¢ o

i

il

he]

PR
AL

a UNIX operating svstem.

W S

! hdetect. The Jdetection program reads from a tape drive.

|

J

}

I

]

i The event detection program follows the block diagram
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of Figure 2-3. The program initialization portion defines -
variables and constants, zeros flags, and reguests user

input such as tape number, date, time and

channels (hydrophaones) to be used, as well as, the name of

input and output files. Atter this information is

requested from the user, the program no longer requires

attention.

The event detection praogram then reads in a2 file of
data, filters the data, squares each data point, and takes
the square root. The filter was a Farks—-McClellan digital
20 to 80 Hz bandpass filter. Its frequency response is
shown in Figure 2-4. The range aof this filter was chosen :
to avoid the Nyquis' frequency (125 Hz) and hydrophone
cable strum (1-20 Hz), and to be compatiblie with the analog
80 Hz low pass filter the data went through before being
racorded. The data were sgquared and then rocoted to ensure
positive pea: values for all data points.

The aext portion of the program used a threshcia
detection scheme to check each channel for possible noise
events. For a particular channel a short average of the
four most recent data points was compared to a long average ;
of 64 recent data points. If the ratio of short average to

long average was over a certain value that channel would be

o r g e

flagged fTorr a pocssible event. The time of the flag a2rnd the=
value of the sheort average were also recorded. All other

channels averages were taken similarlvy. 1+ at least S0% of 0,

. - v . . " N P S L S S S . R . ~ - s
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Figure 2-3
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Elock diagram of major modulues of the
detection program.
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Figure 2-4 Frequency response of the Farks—McClellan
digital bandpass filter used in detection.
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the channels were flagged, an event would be declared.

Then the program would shift tc the next time increment of

. -
n'- s "5

data and the process would be repeated.

LA
A

A more detailed diagram of the event detection module

A

'Is‘ "._

is seen in Figure 2-5. There are four submodules: reset

‘..215

flag, set flag, new event, and deactivate old event

...
B4
s

modules. The reset and set flag modules deal with the

4

- s

channel flags which trip when a particular channeil

>

experiences a large signal—-to-noise ratio (i.e. the RATIO

g

of short average to long average exceeds a certain level).

= R

The new event and deactivate old event modules deal with an

':
P

active event matrix which identifies active events, and

wa
7

=5

stores channel flag time and amplitude for each declared

L g

event.

The reset flag module resets the channel flasg if it

.

A >l 4

has been more than 0.3 seconds since the channel tripped.

I
.

A T
e

Spurious peaks on a channel might flag a channel

PP p—
«'as;
¥

. ..' Py

prematurely. This reset module prevents a number ao¥

« e
.

'l‘l‘

ale

{4
»
«_a

channels with spurious peaks over a long time period from

being falsely declared an event. The value of this RESET

Yy

PN

"'. AN

DELAY was determined by examining known events and noting

that about half the channels tripped within a 0.7 second

<y

period.

D
et

[T

The set fiag module cetermirecs 1¥ the short average to
long average RATIO has been exceeded and, if it has, the

module 1) checks to see 1f the channel flag is already
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Figure 2-5 Diagram
decision making.
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PLETLAET 002

! trioped, 2) checks to see 1f this detection is part o+ a

. recently declared event, and 3) adds 1tcs detecvior L
)

; infarmation ta the active event or the channei +tlag, or k'

a0

. - . - . |

discards the intormation depending on the circumstances. LTy

The short average length of 4 (= 0.016 sec! was chosen sc

that 1t matched the length of the signal (0.02 sec). This oy

praovides the maximum signal level since this 1s long enocugh

~r

th

Tase 1T

-
il

=1 an2 short encuah noi —o

m

7

|1.
h

el =il o Sian

i

with the ilower surrounding background noice level. The W

iong average length of 64 was chosen because a length ratiao Nl
) . t
of 15 to 1 had been suggested by kKellv(?] for the Large L;
f
. U‘\
. Aperture Seizmic Array (LASA). The detection and g;
1 O
W,
: localization schemes used by this large horizantal arrav zf
)
were aoirectly applicanle to the FRAM [V hvaropharna arcav F"
. d
-
g
data. The choice of detection RATIO was dore through a g
R
I-J
I.I

eries of teste. and the gelection wes mad=2 bv bal=zroilinc

)
A cetection rate anag false alarm rate. Li
wien an event is declared the i1nformaticn 1n tne N
E‘
[ channel flags is transferred to the active event matrixs, w
)
and the channel flags are cleared. Sao if a channel has a %
. {

- e - -

detection and its channel flag is not alreadv tripped, the

e,
- o}

set flag module must first see if the detection belongs to

A

a racently declared svent. If the active avent alreadv has

L2

! Pt rmEnael flacgsag. tre informaztion 1S oreniAaces on th

.
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seconrds and the new detectiom amplitude 15 greatar. Thi=
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PO A

detection of the same =signal having & higher peak velue.

means that the existing data can only be replaced by a

I+ the active event does not have that channel flagged, =he
detection information 1= entered in the active event
matrix, and the channel flag 1s not tripped. The oldest
active events are checked first, and the detection
information entered in anly one event. If all of the

Chive 2sent

wteacy bave i1ngut for tnis cnanre.

- . -

i
il

i
i

has been more than 0.02 sec since the most recent input,
the detecticn is considered potentially part of an
undeclared event, and its channel flag is tripped.

I¥f a detection is made on a channel and i1ts channet
flag 1s already tripred, the information in the channei
flag will be replaced with the new gcetecticon oniy i+ the
new detection amplitude is greater.

The new avent mocdule checks to see 14 at Icast S0 3¢

1]

the channel flags have been tripped, and 1f so, declares a
new event. The 3S0Y% mutuval occurr2nce critericn wsas used in
the LASA program with good resultsi{?1. All the channel
f+lag information is transferred to the active event matrix,
and the channel flags are reset.

The deactivate old event module was used to remove

events which were past. A set EVENT DELAY time atter an

T
U
a3

i
™
it

iy
t

=Ciar2d. 1% 15 wrioter 3 tne cutout i@l e a3-g
erased from the active event matrix. This orevents

spurious peabs from being added to a event lona past. Tha
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EVENT DELAY time of 0.5 second was chosen because
inspection of the known events revealed that most channe’s
tripped within a 0.8 second period. The RESET DELAY (O.073
sec) plus the EVENT DELAY result in this 0.8 second look
for each event.

The output of the event detection program is an output
file which contains the time each event was declared, which
channels were flagged and the time delayv and peak amplitide
for each channel. The time delays are relative to the
earliest channel flag time, so one of the channels alwavs
has a zero time delay.

The first version of the detection program was written
to take a new short average and long average at everv data
point {every 0.004 seconds). This program took 4 to S
hours to search a 20 minute data tape. A concession to

speed was made and the program changed tc compute averacga2c

W

at every fourth sample point (every 0.0146 seconds). Thi
reduced the accuracy of the time delays and the atilits ao-
the program to pick up events. The RATIO had to be lowered
in order to get the same detectiocns which were obtained
previously.

Studies to find the best signal-to-noise RATIO were

conducted several times. Development of the LASA detectien

1K
in

system had revealed that & 7 dB stajral-toc-ror1se ratiz> w
needed far 7954 detection(81]. This equates to a S to 1

ratio of signal power to noise power. Since I was worbinng

5 e L n " WoP RN e - . . -, o M AT N e e R - ar a
h“ﬂ\khﬁvvrf..m)“ Vvyuyﬂn‘anhupJ*bp,hewﬁyh}_ ,;,,fqgf¢“{{h

J
Y

e

. ¥ v
»
=

o
»

1

e w

.

[}
.
At

- v‘."?'

2,

I AP

LYY

B o

l' -l‘
.I .I

RN NP R I
h 2 I .':':r '(: LY

R
-

LRI

v" ¥ “v‘ “r "~
Y

Pl
oy

Sy

o e _a_n_@
Vﬂﬁxﬂffa

CRE L
T a W s l.

PR A7 Al

-

)

w w_»_«
PP
>

/f.,:’l 'n"

-

A

(\‘.\‘j S



4,00,
§
*

with pressure vice power I used
This RATIO engulfed me in false
done around the 2.4 level. The

4017 were run at RATIOs of 2.4,

Al o o L% Y o T T T e N VW TV TV V8

2.2 as my starting RATIO.
alarms. A quick study was
first 10 minutes of tape

2.45 and 2.48. This tape

had been wvisually examined in detail previously, so the

events were known. The results
Also shown in Table 2-1 are the

cone atier the program had been

are shown in Table 2-1.
results of a second study,

changed tc av g8 iec

il

ma

e}

il

Table 2-1 Determination of the Best RATIO

Average taken at every data point

RATID detection rate falee alarm rate
2.4 4% 25%
2.45 7S% 13%

2.48 714 8%

Average taker at every fourth data point

RATIO detection rate false alarm rate
2.3 767 467
2.28 717% 29%
2.4 S9% R4
2.5 S9% RN A
setecT1on rate = # event detecticns Co# Orf bnown 2L sSnt s
FA rate = # non-event detections / total detections
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Notice how the detection rate has decreased and the
false alarm rate i1ncreased as a result of only averaging at
every fourth data point. Averaging less frequently means
there is a smaller prabability that the data points to ke
averaged wili all lie near the peak amplitude of the
signal. The signal level is gernerally lower than that

detected when averaging every data point, and a lower

1
P

s1gnal -to~neoiss RATIO must be usec ta detect trhe me
events. Hut when the signal-to-noise RATIO is lowered thre
false alarm rate i1ncreases.

The RATIO of 2.28 was settled on. This is a
compromise which gives a detection rate which finds most
high and medium strength events. and which has a tolerable
talse alarm rate. Because the detection rate is less than
100% (71%) there were events present which coulc be =een
visuelly, but were not picked vp by the Jefrz2ctron oragr=m.
The RATIO could have been adiusted to detect ali =2vents=
ceen visuslly, but at the cocst of a multicude cf tzl==
alarms. The RATIO was kept at 2.38 and used for the
detection of all data tapes.

The final version of the hdetect program read digital
data from a framread file, detected possible events using
the less fraguent averaging cscheme, and czupplied the =ver-

3
!

r1i:2@ ~nc charn=El i ne 2elavs znd arniitudges o= o Tpot

file. Once the RATI0O had been satisfactorily set the

procram was used ta search the FRAM IV ambient nois= t
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for events, and no further program development was done.
Weaknesses in the program were subsequently discovered, but
have nct been corrected.

The biggest problem is the accuracy of the event time
{the time when S0% of the channels have been flagged). Anr
eavent time repaorted by the event detection praogram will not
exactly match that found by plotting the time series. The
times are usually within 3 =econds of each cther. 207 hav =
been off by as much as 13 seconds in one case. The time
difference between the two methods is greater at the end of
a tape, and is likely to occur after a particularly strong
event has taken place (though there were times when time
discrepancies developed without strong events oresent and
also many strong events existed which di< nct 1nduce
discrepancies). Typically, there might be ro time
difference at the f.rst part cf the tape, then zafrter =&
strong event a three second discrepancy would be sean an:
“iiis would Se consistant unt:l the end of th2 tace.
~ecause the errors did not appear randomly throughout the
tape, and because they developed i1mpulsively. I believe
that the problem lies 1n the time counter of the event
detection program becoming offset from the time of the raw
data. perhaps because of short ra2cords 1n the raw data.
B I B LT G ST s - e
time bkeep=2r 17 the e.ent oof A short recard, Coarmecting

this mav =2liTinate +te ti1me dizcrenanc. problem.
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It has already been mentioned that the accuracy of the g;
time delays deteriorated when the program was changed to E.
-
\ run more quickly. This also made the detection of the j:
| -
: event peak amplitude less likely. As a result, in order to £§
get accurate locations and source strengths, both time u?
delays and peak voltages had to be taken manually from time E;
series plots of each event. é;
The cther major problem of the event detector program mw
| is that it does not discriminate between an Arctic noise ﬁ%
| transient and an artifact such as an air gun blast or a E:
| reverberation shot. Short, strong signals are reported as ;:
E passible events., Adding this discrimination to the program EE'
| o

is the next step in improving its usefulness.

b

»
r -
.”_\ t
.:,-
P ¢
Vigual Caonfirmation o
W e
M"‘-
Visual confirmation was required for all passible 5
L 8
noise events in order to eliminate artifacts, false alarms i:'
R
~ad
and multiple detections of the same event. In addition, 1in '3:
2
~
i a few cases visual confirmation revealed twoc events where o~
®
there had only been one detection. };‘
The event detection praogram was designed to preclude fﬁ
the need for plotting a time series of each event. The s
output of the program contains time delay and voltage :;5
0
amplitude information which can be used directly in the \?ﬁ
location pragram. However, because of the decreased ;.]
accuracy of the time delay and amplitude information, and N
e
N
R

v

e

A e =
N AN NN




because of the event time discrepancy mentioned previously,
it was necessary to plot the time series of each event.

The first step of the visual confirmation is to review
the tape log for any artifacts that may have occurred
during the recording. The times are noted, and these are
compared to the event times given by the detection program.
Then a time series of the artifact was plotted to determine
which detections were associated with it. In general, an
artifact such as an air gun blast did not affect detections
for aver 20 seconds.

The visual confirmation portion of the procedure
evolved from a very limited look only at events which could
not be located with the detection program generated time
delays, to a three step plotting procedure for each event.
During the early period of this work the hdetect program
output was used directly as the input to the location
program. The location program used the time delays to
determine the event’'s location in space. Those events
which could not be located needed a closer look, and so
their time series were plotted. The plots were made of a 2
second period including the event time given by the hdetect
program. Often there was no apparent event in this time
series plot, and the detection was declared a false alarm.
When an event did plot, manual time delays were taken and
used to locate the event. These manual delays located

these events with better accuracy then the hdetect

w

L e et et

L TR N L oL N AR T Y A Ve T WY g N WA TN WY g 2
A T s A T Y5, W P SR At ) T Y 5t S T P AT T S TR

'

VRO

AT W rErEe T

«

L

IR
PR Y
y YN

»
.
»

RSO P h R,

l' =
'l‘l.‘

e s
.-l'\',.{‘:/-{-'. "'

P
e
PR Sy B ¥y o

o -

L U L I Pl
DA B

A2

s %
»

.
ot e

(9

D)

'f:"fl.l

:‘I



140 N o uwa¥ g Wy Wy V¥ ™ ORI P TR W e T T AU OOV U W RURS N o 1 - D W NN W N N

» -f

'd
-
o
-Z0- .
N
n’ !
.-‘ s
generated time delavys. It soon became apparent that the - W’:
.
test answers wculd be obtained by taking manual time delave E 4
of all events. Trying to localize the events with the fo
I.' t
()
program generated time delays was dropped from the Fni
procedure, and the first step after getting the hdetect ]
I,
o~
program ogutput became doing a 2 second time series plot of -ﬂj
xp
T
each event. _,:;,
mrter a dozen tapes had been analyzed in this marce- °
oy
-
the discovery of the event time discrepancy was made. gh‘
A
After plotting a dozen events right at the time shown by :;
&.
the program, the final two dozen event ot tape 4009 all g‘.
o
appeared to be false alarms. The quality of the tape was 5;
W
-
goad {(low background noise), sa this seemed hiaghly kk'
) Sudl V.
o ] ‘ o
SUsSplclious. A btroader search of the time around each event e
o
showed that the final two dozen events were not false e,
alarms, but were eventes with times 5 secconds differ-ent than :Q;
®
those indicated by the program, so that none of those };
5;
evertse had shown up on the 2 second time series pists. The 3:
| | o
method of visually confirming events was changed so that a At
o
waterfall plot was made around the time of each event. &I
N
This showed the exact time of the event, and helped discern tv
N
. . . . A
the pattern of time discrepancy between time series and the Y
L &
hdetect orogram. Once the pattern was found events were §}5
AN
AN
sacy to Find end false elarms cauvld be roted. T-e V:
~ 3
l-'.\
confirmed events were then pleotted with 2 second time A
®

»

sories.
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The final step of visual confirmation was simply
plotting and replotting the events to the proper gair scC
that the higher voltage amplitudes would not be cut of+f.
These peak voltages were manually taken from the time
series plots and used to determine source strength.

The final method used for visual confirmation was:

1 Check tape log for artifacts, and eliminate
those fr-om further analvsis.

2) Flot a waterfall time series around each
possible event, separate real events from false alarms, and
find true event times.

3) FPlot 2 second time series of each real evernt,
adjusting gain to keep from clipping higher voitages.

Using this technique certainly reducecd the falsa alarm
rate. A brealkdown of the detection statistics for tapes
that had bh=en erxamined by both methods is fourd ir
Takle 2-2.

Table 2-2 Detection Statistics for Two Visual
Confirmation Methods

Artifacts Events False Alarms

Orignal Method
w/ 2 sec plots

Lil+*1imate Method
vii weterfall siot

(Fercentages of detections classed 1n each cateaorw)
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T The human interpreter was a necessary tool in this

e scheme. There was not necessarily a one—-to—one

': correspondence between events and detections. There were
ﬁ: cases where a strong event would cause multiple detections, y
oN and cases where two events occurred at the same time and
TES caused only a single detection. In some cases a series of

§ detections seemed toc be an event and an echo, or perhaps
:; straf. This would be counted as a single event. ]
i; The method of determining whether a detection was a I
ii false alarm or a weak event was sometimes difficult. In

f general, if the detection program indicated a possible

? event, "something" could be seen on the watertfall plot.
Ni The detection was dismissed as a false alarm if no pattern
o for taking time delays could be seen. (Because of the )
-
EE shape of the hydrophone array there were consistent ;
:; patterns of time delays depending upon the direction to the ;
ﬁ; event.) FPresumably the false alarm rate depends upon the q
'ig training and attention of the human interpreter. ﬂ
5: Manual time delays were taken from an arbitrary
'j? reference to the crossing of the largest peak to peak
;} amplitudes, as shown in Figure 2-6. For most events this

: was clear, but for weak or complex events some i1ntuition
?2 was needed.
tz& Unltage amplitudes were taten as the maiimumn peak

:: voltage i1n the event signal. All were taken as magnitudes
ri regardless of sign.
o8

) '..':""' \\f\_’\"\-f‘-'n

[P o
'\-‘I\\\’ﬁ\\ ..f"{



5 %5

Xz

,(,:‘,

o B

3 ’1.':::-‘_'-., .’-

P

~.me delay

L
I

g
[ .
..lﬂ‘--r P AN S aadd, v ‘4_11 v e R v B A A
MERCAN LIV AKX IR ] r T Ty —v ¥ v > -
Vi h

/

ST ET

2

L]
lae

K .."-‘.,-".-'. ‘ '.. X% {.v.
~
X v _w_ =

DT

T
N

N
L
" L]
)-_ .
oY \
8 R
" )
:-l .
~o .
N .
AR
i
< Figure 2-6 Sketch showing point of measurement for event
-
._: time delays. The event 1s timed at 1ts zero crossing .
T between the largest pair of positive and negative peaks. .
! (The measurement/analysis system has a paolarity of negative -
N voltage for positive pressure.) .
N Ay
2] R
’ .
', J
fl
- t
.\
,
A
-
N e N e e N e L Nt e N e A SN A e e S e ~ L. ~ NN e S e
& - - DA
Lo CalaY < RO AL N RN A AN m.f_s.'._a‘ -s.b\J."_\"\.-s.“\"‘_..m TN, \.'C~.‘t AN AN NI AL




All tvypes of noise event signatures previously
observed by Dyerl(7] were seen in the ambient noise tapes !
evaluated. The majority of events were pops and extended
pops. There were also a few whines and straf events.
While signature types were noted i1in general, the signature

type af each individual event was not recorded.
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CHAPTER 3
LOCATION OF NOISE EVENTS

Event lLocation Program

The program used for localization was based on th=
program FAUAK by Feter Stein [131. This program places the
event at different trial locations and computes the slant
range to each hydrophone. Figure Z—1 shows the coordinate
system used for these calculaticns. These are nlotted
against the time delays and a least square fit 1s done to )

-

determine slope as shown in Figure Z-2.

NP Atk - Y At2R
NYRT - () R)Z

- -
t - (AR
v intercept = 2‘Z§ N & = B (Z=-2)

slope =

The standard dewviation of the time delawvs from t-e slcoe

line 1s #figurecq.

(/\t - arR - B <
sigma = ZX N = c

The locatiocn having the lowest standard deviation i1s the
location of the event. The inverse of the slope is the
group speed of the signai. The v intercept of the plot 1s ’

atded to the roadsearanTte time o *he maruzxl time delave ko

get the time the event actually occcurred (as opposed tc

shen 1 d re2ached the hvdrophaone arrav).
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Figure Z-1  Coordinate system used focr calculation of event
location.
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Figure 3-2
location slant range.
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-
I have assumed that the strongest peak pressure sensed ?
at the hydrophone is due to a waterborne acoustic 2
propagation path from a source located in the ice sheet.
The signal enters the water near the source and propagates 'ﬁ
directly toward the hydrophone. Dt
S
I have assumed that the signal does not bounce off the E&
ocean bottom or the ice canopy before reaching the ?ﬁ
hydrophone. Faths bouncing off the bottom would produce L;
signals with much lower energy than the direct path signal, EE'
and can be ignored. 5Signals bouncing off the ice canopy 5;%
are too energetic to ignore but, as I show subsequently, ;EE
they do not aftfect the time delay computations significantly. E{
The location program 1s based on arrival times being E:
related to slant range, R , and does not take the upward %:
refraction of the acoustic path into account. The impact ;&
this has on the results is discussed in the next section. F'
The laocation program takes as input a file of time k&
delays and wvoltage amplitudes, and outputs a file E;_
containing the best event location, sound speed, and ?:
standard deviation. It alsoc computes source strength based ;{
on the voltage amplitude inputs, the event locaticin and a Eé:
spherical spreading loss. This feature was originally ST
included so that the source stre.igth could be computed ;ﬁl
directly from the event letection program outputs. Since E;\-
o

<

o

the peak vol.ages recorded by the detection program are not

as accure.e as those done by hand, and since the

R o SRR
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transmission loss does not follow simple spherical
spreading, these computed source strengths were not used
for any part ot this study.

The FAQUAK program set up a grid of points arourd =a
specified center position. The grid consisted of a point
every 100 meters from —-S000 to +5000 meters in both the
and vy directions. This resulted in 100 % 100 test
izcatians. When the best test locaticon was foung the
interval spacing was reduced to every 10 meters, and
another 10,006 test locations were generated using the best
location of the first round as the new center. The process
was repeated with a 1 meter interval to get the final
answer. The scheme evaluated a total of 30,000 test
iocations, covered a range out to 000 meters, snd Tock
about 20 minutes to run.

I noted that s significant number of events fourd «ithk

Fll Ak were at the range limit of 5000 meters. The pragram

in

{acation was written o search a larger area faster.
fineness of the grid was decreased to 20 x 20 vice 100
160. A 1000 meter interval was added to enable the pregram
to search out to 10,000 meters. This reduced the total
number of test locations to 1600 (20 x 20 x4), and the time
to one minute. location gave answers which were vervy

viar s tuatioo .,

M

cans1=tent with FAU4K, 2wcept 1n one oarti
The wider grid size led to one problem. The location

program sometimes found the lowest standard deviation far a
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point in the quadrant directly opposite the true locatior. : y:
N
This was suggested by the sound speed being reported sc !
Q“
approximately —-1440 m/sec, as illustrated in Figure 3I-7. e
t:\
This problem was solved by modifying lIecation to make the hp
[
. . . . [
program TIinelocate. This program used the grid size and M
-t
"o
spacing of FAYAK, and centered the search so that the user 1

could designate which of the guadrants would be searched.

S

m
1

A casual loobk at the manual times delayvs of anm evert

L3

.
reveals the appropriate quadrant. This program workes well. o
l_..\
but is as slow as the original FQRYAK. It was used rarelv. :?{

As with the original FAUYAK, I began to notice that

o=,

.....,
» r v v
@
e

some events were located at the range limit of the location

“g

i
l‘!"

s s

program. This 1ed to the modification of the locat:ion

W@,

praogram to form the program ftarlocate. This program usss
the location grid size and fineness, but allows the zenter

coint Yo Be arnvy of the +ar caorners of the cricinal lzcatinon

®
grid, or at the limit range at each of the cardiral ooi1atns. N
NN
. . - - "‘.'\
Thise is shown in Figure I-4, This allowed =vents to te S
N
'I $-

located ocut to 20,000 meters.

Sy
l.l.

The location orogram source code and a briaf user s

manual are found in Appendix B. This program was written GG
N
in the ¢ programming language for the UNIX operating ;'
'h‘\-
system. This program was developed to the point cf RN
9
w=eEfaln2ss, and thoen used bto 1 icate =2voants, Mo further o
N
»

~

progran deveiopment wacs done (except the very mino~ changses

[.

ts produce frrnelocate and fTarlocate), so there ars sursly
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improvements to be made.

=

The location program is quite interactive. One

:"..'.

hydrophone with a bad time delay can change the slope and ;E
location a great deal. An event is located by eliminating 5};
bad time delays and checking the sound speed and standard "
deviation of the location. In some cases no hydrophones ia
needed to be removed, but in most cases at least one :E?
hydrophone was removed before an event was considered !“
located. The sound speed was the major indicator of ‘ﬁ;
whether an event had been located. If the sound speed was ;g

between 1380 and 1500 m/s the event was considered laocated.

it

.'_;,. v’.,?‘!,

Of course an attempt was made to get close to 1440 m/sec.
This had to be balanced with reducing the standard

deviation. A standard deviation below Q.01 seconds was

.-!'

i R
considered good. -
LAY

s : s

A table summarizing all of the events and their oo

»

location parameters is found in Appendix C. The standard e
deviations (sigma) are given in two sets of units. The S
first is the sigma calculated by the location praogram, and N
L

it is in seconds. The second sigma is a translation of e
N

v

N

that standard deviation to meters using the sound speed :ﬁ
calculated for each particular event. The standard x
L

deviations ranged from 0.0010 to 0.0327 sec, with 0.0077 s
sec being the average. The significarce of this standard ik
deviation will be discussed in the next section. S

[

. . . v N

In some cases just removing suspect time delays did j\
e
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not lead to a localization. A reexamination of the event
time series was done to see if any of the manual time
delays was incorrect. 0Often a reexamination of the time
series produced a change of 1 to 4 of the time delays.
These corrected values plus values from the other channels
would then be used to laocate the event. About 15%Z of the
events required reexamination. Most of those were
subsequently located.

Despite the above efforts, there were a few events
that could not be located within the 1380 to 1500 m/sec
sound speed limits. These events may be from propagation
paths other than the assumed direct acoustic path. Events
arriving primarily through the ice longitudinal wave ar
the ice flexural wave would have phase speeds above and
below my sound speed limits. These non—-locatable evvents
are indicated in the event location summary of Appendix C,
and they were not used for any analysis which required
accurate location.

Figure 3-5 shows the position of the events located
within a 2 km square centered on the array origin. Figure

3-6 shows the position of all events located.
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Figure 3-5 Noise events located within a 2 km sqgquare

surrounding the array origin.
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Effects of Refraction on Locatian

Fa

A sound speed profile was used to get the refractive
naths for various ranges. This was simplified by the fact
that all the hvdrophones were at a depth of 9% meters.
Assuming that only the "direct" path 1s involved means that

each horizontal range has to have a unique launch angle 1n

Ut

order to reach the hydrophone at its specific depth. Rawv

wer s 14 roch=d 1into thae la.srs -4 the sound velocits o0 L le

(S

and the horizontal range to the hvdrophone was calcula®=
The time reguired to travel the refractive path can be
calculated and compared to that of the slant range. This
time error can then be related to the error of the locat:on
program.

Figure Z-7 shows the l1nearized sound wvelodcity prot:is=
that was used. It i based on the sound velocity corcfile

reported for the eastern Arctic ocean by Chenlli]. Fia

g
1

7-3 telps to illustrate the scheme used to calculate ©=-

15

-

[sY)

y pakbe. Eguations .4, Z.5 and T.6 were used to

calculate angles, ranges, depths, and propagation t:me.
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Figure Z-7 Sound velocity profile used in predicting
refractive paths.
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Using the known depths (z)

gradients (g) of Figure -7,

(8

launch angle o

)y

and estimated speed

g
a¥aTuhe

and choosing a particular

all of the subsequent angles of

intersection of the layer interfaces (8, 83, 84) can be

found from Equation 3-4.
hydrophone at its depth
angles known,

each laysr car be determined

These are combined to get the total horizontal

propagation time.

ranges and times for each launch angle.

that which intercepts the hydrophone on the way down,

(82) can also be found.

with Eguations

The angle which intercepts the

With the

the horizontal range and propagation time for

-r

range and

It should be noted that there are two

The first path is

while

the other intercepts the hydrophone as 1t 1s refracted back

toward the surface.
propagation path was also found,
below 754 metars, resulting
meters were not reported.

i aunch

angl=,

depth and prapagation time, and this may

in a range greater than
A tabular summarv was

rorizontal range from the hwvdrophone,

The maximum depth reached by the

and those paths that went

T&CO
made o+

ma: 1num

be found 1in

Appendix D, along with more detailed tables listing 81_4,

rl_S and t1_4-

Rays connecting source and hydrophone with one

bounces from the ice were rnot cocnsidered

2+ thocge rays will ke tabter intn acCccount

The refractive propagation time was

siant range propagation time because the
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travels through faster water. The slant range propagation - :;-
ey
time was calculated by dividing the slant range by 14728.48 »
)
v
o,

N - ~
m/sec, the average sound speed between O and I meters .;
depth. The time difference between the slant range path aj

Y
and the refracted path are shown in Figure I-9 as a L
."\
I
function of horizontal range. ;ﬂ
o
. . . . R
This time difference is greater than the average NN,
o
stzndard deviation of the lacation program onlys after ..
12,000 meters, and the time difference at 20,000 meters is N
only about twice that average. The standard deviation daes i.
not reflect the time difference due to refraction because Z‘
=
. . . g
all of the hydrophone time delays are adjusted in the same v:f
S
Y
A
manner and direction. Figure 3-10 shows that sigma daoecs y:
>
: A ; = : ‘ fact L4
not grow with norizontal range. Refraction effects dco nec ses
. . ,-\.:’
influence the standard deviation greatly. Claser than o
v
17.000 meters the rance error caucsed bv other fachtors macghs fb’
) ) _ »
any error from ignoring refracticn. R
There 1s & better pcocint of focus for examining trhe o
v
n
effect of refraction, and that is the change in time delav, e
’
not the change in the propagation time itself. A point was :,
chosen at approximately 5 km from the origin of the '#
hydrophone array, and another chosen at approximately & km. e
.
The slant range propagation times and refractive s
'&f ),
LN
noccagatiorn Filees wers Zelculateds for each point. The tone c&”
' \.- .
deiay betw~een these two points was 0.6857 sec for the N
1
~efractive oath and NO.57970 sec for the slant range nat-. N
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The difference was 0.0073 (about 1%), or a deviation of
0.0037 sec for each hydrophone. Two points at
approximately 18 and 20 km were also evaluated. The

di“+ ‘vence between their time delays was 0.0182 sec (abaut
G. %), or 0.0091 sec per hydrophone. These numbers are the
same order as the total error of the location program.

The location program may compensate for some of this
error by raising the sound speed. If just the points above
were used, the sound speed would go from 1438.5 to 1453.8
at S km and to 1458.6 at 20 km. With 24 time delays being
used in the location program the effect may not be as
great.

The main source of error in the location program is
the quality of the manual time delays. When the signal-to-
noise ratio was low, picking the correct peak was often
difficult. The standard deviation will reflect the
judgement of the person picking off the time delays. The
time delays were only measured to the closesﬁ 0.9005% sec.

It is interesting to note that 0.006 seconds equates to the
width of a pencil tip on the time series plot scale.

The final question to be answered is "How do the
standard deviation and refractior, errors equate to the
range and bearing accuracy of the locatiorn program." Two
hypothetical noilse events were 1nvestigated, one at S00O0O
meters (2845, 4126) and the other at 20,000 meters

(-825%, 188%9&) The time delays for slant range propagation
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and refractive praopagation were calculated. The location

program was run for each set of time delays, and for each

set partially
+0.016 and -O.

delays.) The

slant range
S km
20 km
refraction
S km
20 km
slant range w/
S km
20 km
refraction w/
S km

20 km

Ne S

y v 8. "
o

ot

r

frer

e

contaminated with 0.0146 sec errors. (Zero,
016 were each added to one—-third of the time

results are summarized in Table 3-1.

Results of location Program Accuracy Test

A o Ap G

(m) ¢ (deg) (sec)

}-'-

2.0127

‘...\..v

0.0130

LY
.

4209 : 0.0130

20526 0.0130

The refraction contaminated by errors case 1s closest

to what was input into the [cocation program for the field

events, Thi1is table gives an estimate ot the accuracy ot

the location program as 800 m at S km, and 2000 m at 20 km.

The bearing 2couracy 15 edcellent.
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CHAPTER 4

STRENGTH OF NOISE EVENTS

Acoustic Source Model

The dipole is considered a possible source model.
Peak values for the source parameter of force, F , are
used.

The acoustic pressure due to a non-convecting compact
dicole scurce. in a nonrefracting infinite medium, 1s[E3:
sin @ 1 (9F . F

—_— ] - X+ - (4-1)
TR c@t R ?

where R = slant range.

Figure 4—-1 shaws the arientation of the presumed dipole.
The . gle ®8 1s the launch angle from the horizortal olane
down into the water.

Assuming that F mav be evpressed as a harmontic.
ha F/(at! =(JF = 27(+F . the pressure may then be expresseg

acs

H sin 8 |27T+F F (4
= — | — + - . (4-2
P 4T R c R
Solving for F gives
p, ATT R=c
F, = . 3 -T

In the far field the 27 fF term dominates the sum in
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Figure 4-1 Assumed . dipole source orientation and
definition of launch angle, B8 .
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N
g the denominator. For the lowest frequency consider=sd in
)
av this study (20 Hz), c (1449 m/sec) is 10% of ZT(fR a2t (15
A
\"';' meters and onlyv 1.1% aof ZTIfR at 1000 meters. When the c
';:: in the denominator is neglected the force can be written
x as:
n".':
/“- - .
e LDDF\}\
O Fg = —— (4-4
y sin B©
"
;q" where }\ is the waveiergzh.
W
[{
N
f,!'. The peak pressure, Py » should lead to the peak force,
L Fo . This definition of force was used as the parameter
'.;- for dipole strength. Event signatures that were recorded
v,
'\-' from a source withim 200 m of a hydrophone were not usec to
L
o calculate dipole strength, Fg + from peak pressure, p, .
:'_:' For this model the peak acoustic pressure must be
e
+ourd. T2 hwdronhone sencitivity of —-15%9 dE r= 1 volt car
A
‘e i ILLF‘a wazs used to convert wvoltage to pressurell?].
Y
b -
> 1 volt => 8% N/m~ = 89 Fa . Ld-5)
N
_'j The dicole strength formula requires wavelength. }\ .
.
o
.
o . .
i Frequency was taken from the time series plats for each 4
- 1

.I
!

a
e

event via axis crossing rate, and >\ was determined by

> drviding < (1440 m/sec) by the freauencv.
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angle for each horizontal range when the path 15 purely

refractive, but a range of launch angies when surface
reflecticn paths are included.

The final parameter in the dipole strength formula is
slant range. The answers obtained using slant range are
the strengths based on spherical spreading in a nan-—

absorptive medium, equation 4-4. Because the spherical

1

spreading assumption 1s a poor cone, refractive and surt=s s
reflective propagatiaon paths are caused by the Arctic sound
velocity profile), equation 4-4 must be modified. The
effect of refraction on spreading loss will be discussed in
the next section.

Volumetric absorption was found by using the
absorption formulas of Dyer(S]. Assuming a pH of 8.2, a
salinity of 33.5 P/00, a temperature of 0° C and a pressure
at 40 atmospheres, I calculated the total volumetric
absorption to be 1.3 « 1072 dE/km for an BO Hz signal. For
my maximum horizontal range of 20 km, the absorption wcuid
be 0.026 dEB. This is not significant, and 1 therefore did

not include a volumetric absorption correction in the

strength calculations.

Effects of Fefraction on Trancesmission Loss

Socherical spreading losg in a nonre-ract:i—a meliuvm 1%
illustrated in Figure 4-20141. The saound pressure is.

orescumed to spread radiall-w. The sound pressure sqguared
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is proportional to i1intensity, and intensity is the paower

per unit area. Since the power from a source i1s concstanrt
F = 1,47TRy < = I54TTR>" . (4-6)

The i1ntensity at the reference range of 1 meter can be
related to other intensities by
LrasdTT Ias

g = = . L=

47T R 2

Since 1 = pz/[)c , this can be expressed in terms of

transmission loss, H .

+)

Pr ~
H=-10 log ——— = 10 log R = 20 log R .

Orat

-
|
o1

in dB re the distance reference, taken as 1 m.

Tre spreading scheme for a refractive medium is shown
in Figure 4-3Z021. This is based on rav theaory which
assumes that acoustic energy does not cross the ravs, with
energy contained between two ravs being conserved. The
intensityv at the reference range between the two rays shown
is:

F F

= = _ _ . (3-9)
2T Reoas A RZlE 27Tcos B8 ZXU

At a horicontal distance + meters from the sagurce, the

intencs1ty 15:
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Figure 4-2 Spreading loss in refraction. (From Clay and
Medwin[21) '
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In terms of pressure, I. = prz/f)l‘:l’ and I, ¢ = Prgs™ DDCD.
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Equation 4-15 assumes a unigue refractive path between
source and hydrophone. In the Arctic there may be other
paths due to the non—specular scattering of rays off the
ice canopy. Figure 4-4 i1llustrates how rays normally
trapped in a surtace duct, may be deflected down to a
hydrophone. The minimum vertexing angle calculated from
the linearized sound velocity profile of Chapter I was
D.054 radians. For a rav to stay 1n a surface duct akbove
the hydrophorie it must be reflected from a slope of less
than 0.032 radians or about 2°. It is reasonable to assume
that the ice canapy lacks local levelness to this order, so
that non—-specular rays must be accounted for.

The rays which rebound from the ice canopy experience
some loss. The attenuation for the FRAM [V experiment has
been reported at 0.1 dB/km at 80 H=C[111]. This attentuation

may be converted to a loss per bocunce.

b
B = 0.1 dB/km = (4-16)

where b
X

loss per bounce, and
cycle distance.

i

The cycle distance depends on the launch angle and the
sound speed gradient. For a launch angle of 0.032 radiancs

L

2nd the assum=d scound velocitv profile of Chanter

T

cycle distance is 3.7 km. Therefore, the loss per bounce

15 about 0.4 dR. This loss is low enough that =2ven a ray
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Figure 4-4 Specular and non-specular reflections frcm the
ice/water interface.
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which has bounced several times may contribute a
significant amount of energy at the hvydrophone. The nan-
specular rays cannot be ignored. PBounce loss at
frequencies less than 80 Hz are even smaller, since the
data show a roughly linear depeédence on freguency.

To account for the non—-specular rays the spreading
loss is calculated using the ray averaging techniquelS1.
The: pressure from a particular ray at & given depth and

horizontal range, assuming a dipole source model, is

AT sin"8; 4g dr

“(r,z) = —_—
P ? r|tan 81| dr X/2

(4-17)

dr
The term = represents the probability that a ray bundl=

will cross a certain depth, as shawn in Figure 4-5. For &

single linear sound speed gradient the cvcle distance can

be written as

X = sin 8_ = 2r_ sin B_ X 2r.8, 4-181

where re is the radius of

curvature, to a good approximation constant
for all small angle rays in a linear sound
speed gradient.

Applying equation 4-18B to equation 4-17, and using the

gmall arngls approximation. gives

A= e, dB,

re r ]81[

-~

pelr,z) . (4—-19)
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Figure 4-5 Frobability of a ray bundle crossing a certain
depth at a given horizontal range.
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W In order tao average the contributions of the paossible f
K
rays, this pressure is i1ntegrated over all possible angles

4
) for a given receiver depth, and then averaged over depth
)
b !
ﬂ~ down to the hydrophone at z .. ‘
a4
NG o By

¥, 2y = 271 d Yo d8 (4 :
- ~({r = —_— rd -20) ¥
P Fre Zg Te, ] T o :
.".'.'- 0 Bm -
. where 8, is the maximum launch
ol angle of a ray that will hit the hvdrophone h
" 9 b
) at a given range, and B_ is the minimum ’
N launch angle. ’
N, 4
ot The angle 8, is a function of 8, and =z

2 :
0l :
*-2 z = r_ [cos B, - cos 8,1 . (4-21)

." I

o Using the small angle approximation for cosine leads to
" .
h:\ b
:_? [
T _
N r3—"2"70 .
-~ 4
A '-: :
. ” Substituting this into equation 4-20 and evaluatima the .
+ ~‘J - .
RS
.'—,‘ . . °
'y 4 integral over angle gives -
" o
4 -‘- 7
. a 2 A - 2z 2 2z _
’. pc(r) = 8, - — - B, - — dz . (4-23)
- p
o " e %o c e :
ra O ’
¥
':\ ) 2z .
s B," = — for all z so the second term within the intecral 3
" B .
-~ rc At
w . N . - .
v is always zera. Evaluating the first term cver dentin g1 ves ‘4
x an expressian for pressure in terms of r and 8. 3
v R
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- L A3/2
2r) = A 8 < 8 < il (4-24a)
prirl) = - v v T - -=
ST ‘D t"C

This expression can be used to find the source strength.

- = -0 :
A< = p< e = G(rip® . (4-25)
e I /=

o

"
o
L
|
@
N
(

c

The spreading function, G, 1s presented as a functiomn cf r
alone since 8,, depends on r. For each r there is a unigue

0] and therefore, a unigue G. The spreading function was

v
calculated for horizontal ranges from Z00 m to 20,000 m,
and tablulated in Appendix D. The spreading function i1s
shown in a log-log plot in Figure 4-46. For comparicscn the
equivalent spherical spreading for a dipole source is alsa
shown. From this one can see that source strengths
calculated using the spherical spreadimg law lead to an

unrealistic cdependence on range.

In order to get 8, and rc @ linear sound soeea

gradient of 0.054 sec !

was chosen. This gradient gives
the same B, at r = 3 km as the multiple step orofile used
in Chapter 3I. Three kilometers was chosen since 1t was the
median horizontal range for the noise events.

The spreading loss function and measured oeak nrescure

magaritudes were used to Celculate dinoles strenath.

Fa = 2AA = 2Apg/6() - (4-26)
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and refractive spreading
T
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as a function of horizontal range.
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For a parti-ular event rthe scirce strength was

calculated from 2act b dr e and Yhen the average taken
as the sour e <t ar teoe . L N The standard
deviat Jn withito @ v e bt e e o 0t 1TS of the mean
val 1., Gan e .. ’ : e : YRR IATR A C li1sts the
mean meas.ar ed e : : « 0 e meann dipole strength,
alang ~1th e et rene salues for each

o
‘é_l'?()!f [STEEE SN & PRI ¥ [

[ was 1t ar@cr .y P s vt anvironmental

loading might ha.e nad i tre tempor al, spati1al and
strength stati1 =zt 5. it has heen 3k own by Mabris oand
Dyer {19 tnat low trequend 1 20 Hz bang) ambiant nolse
rms pressure, averaged nuver a long time, correlatecs well
wilth environment al strecses arnd noment s, Since [ had
ampilient nol se precsiire tor most of the peri1od of whes FRAM
IV exceriment, and since [ had ervironmental stiresses snd
moments available for only a part of the time, [ chose to
use the 20-80 Hz long-time—average rms pressure as my
environmental i1ndicator.

The 10 to 20 Hz band ambient nolse pressure was
converted to 20 to 80 H:z band pressure in the followinag

Mmamrer . Fioguwre 4-7 shows tha twvpical spectrum for cenwr

a

Arctic pack itce noise. The portion of the spectrum between

10 and 100 Hz can be approximated by a straight line.
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Figure 4-7 Composite central Arctic ambient noise spectrum
observed during the FREAM IV experiment. (From Dver{é&l)
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log S =AT([1log f1 + E , (4-272 4

where & = slope = —1.7277 Pa</Hz=< .
L) U
B = intercept = —-1.0909 Pa</H:z ’ (
or 1
J
s = 10840 | (4-28) 3
The band ime pressure relates to the =spectral level owv: ;
‘]

- -
P rms,b = j.S df . (4-29) A
b
I have assumed that as the sound pressure level changes )
from time to time the intercept B changes. but the slope 3
remains the same. By substituting equation 4-28 into 4-29, :
and using the known 10 to 20 Hz ambient noise band, B can f
be written in termes of the bnown pressure. b
P rms, 10-20
B = lag — . (4-=0 .
k- P
where B
2R + 1) _ (4A + 1) ]
Ky = = 0.1020 Hz . -
A+ 1 5
3
The ambient noise rms pressure for the 20 tc 830 Hz band mav d
3
now be found. N
N
80

P rms.T0-80 = f 1oBef g | (4-710
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finally,

Prms,20-80
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LR

Ay

Prms,20-80

e,

Thus the band from 20 to 80 Hz is wvirtually identical to

the one from 10 to 20 Hz in rms pressure, for long-time-

PR PR
o,

PN

averages, and in turn, 1s an acceptable surrogate for

environmental forcing (applied stresses and memernts). Tka

20 to 80 Hz band ambient noise rms pressure for each cf +*he

.

b "-' e

tapes i1nvestigated is found 1n Table 4-1.
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R Table 4-1 20 to B8O Hz Eand Ambient Noise rms Fressure

Tape # Date Recorded Prms.20-80
.2
(Fa?

m
o 3001 3-27-82 Not Available
e 2001 3-29-82 Not Available
bR
e 2009 I-30-82 0.022
o 3001 3-31-82 0.019
4007 4-01-87 0.044
) 3005 4-01-82 0,075
§f3 4007 4-1-87 0,022
'y 4009 4-02-82 0.010

o 4011 T 4-02-82 0.010
N 3013 4-03-82 0.013
) 2023 4-08-82 0.037
N 4015 4-09-82 0.040 .

e
'} 3047 4-13-82 0.010
s 3016 4-15-82 0.017
. 4019 4-15-82 0.016 '
¥ ¢ 4021 4-19-82 0,017
9 4023 4-19-82 0.011 :
Ce 4024 4-19-82 a.011 j
o
2: 4027 4-20-82 0.012
: 40129 4-20-82 O,.012
) 4071 4-20-82 DL12
) :: 4033 4-20-82 0.012
n“.-

e 4040 4-21-82 0,074
o 4047 4-21-82 0.114
heY 4049 4-21-82 0.140
4051 4-21-82 Q.140

.
~3

~ 4053 4-22-82 0. 080

o 4055 4-22-82 0.082

oy 4057 4-22-82 0.05T

- 4059 4-22-82 0.065

5 4061 4-22-32 0.074

by 4063 4-22-82 0.023 \
. 4755 4-22-92 oL DT

".: 4o 4-22-82 Vie 1D g
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CHAPTER 5 ]
&
ANALYSIS OF NOISE EVENTS %ﬁ
1Y t
Detection Analysis >
g
Y
A total of 34 tapes was examined, for a total time of :’ﬁ
662 minutes. (For a few of these tapes the entire 20 )
minutes was not used.) ~
There was a total of 499 detections of events flagged 7
[ ]
on at least S50% of the hydrophone channels. 0Of these, 139 ;ﬂ.
were man—made artifacts, and 125 were false alarms , Er‘
Lol
(detections which were so weak that no pattern for taking Ri
®
time delays could be discerned). There were 199 unique e
-_'.. 3
events, and 36 multiple dtections of thase events. GStated }ﬁ‘
I* 4
. %
in another way, of the detections which were not artifacts, el
L
65.3% were strong enough to support analysis and 34.7% were -ﬁf
too weak to reasonably analyze, and hence labeled false :i“
alarms. R
o
Al
Since the detection process depends on signal-to-noise g;
\"'.
ratio, the level of background ambient noise shaould affect :;]
o
the event detection rate. Figure 35-1 shows normalized :f‘
ambient noise pressure, number of false alarms per tape, ﬁ;
o
and number of unique events per tape for each tape E}:
examined. There iIs some trend for more events being Tound i?
when the ambient pressure is low, and more talse alarms é:
e
declared when the ambient pressure 15 high. Q:
: "
This is mare clearly seen in Figure 5-2, which shows ;
> ot
the average number of false alarms and unique events found :3\
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Figure S-2 Average number of false alarms and unigue
events per data tape for four ranges of ambient noise
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per tape in each of four background noise pressure ranges.
The 0.01-0.02 Fa range used 15 tapes to compute its
average, the 0.02-0.03 Pa range 4 tapes, the 0.03-0.04 Pa
range S tapes, and the over 0.04 Pa range 8 tapes. Two
tapes were recorded during the first few days of the FRAM
IV experiemnt, before the 10-20 Hz band ambient noise
recordings were started.

A breakdown of detections for each tape is found in

Appendix C.

Temporal Analysis

The interarrival time between events ranged from 1 to
1064 seconds. Each event time was taken to the nearest
second, and no events were taken as having the same event
time. If two events happened in the same second, one was
judged to be earlier, and the twoc events were given event
times one second apart. The interarrival time for a
particular event was measured from the previous event,
except for the first event of a tape, which was measured
from the start of the tape.

The interarrival times were divided into bins of 20
seconds. The first bin ("0") contained events which had
interarrival times from O to 19 seconds, the second bin
from 20 to 29 seconds, and so on. The number of events per
bin is presented 1n Table S-1 and shown graphically in

Figure 35-3. A complete listing of interarrival times far

@ Rp i % n P p %At e a e s e A e tne e .y n s .
AV T A A LA e T A T T YA L 7 L

> o »

B A o O, Y W T P o T T P
RIS L ARG AR LA AN AN S5 SN, 1A ASAEYAS G Gt AL 0 A

-v&:.l g W ,",' S

LULT SO

T "."-ln"- D
NI B I A

P

AL AN

P AR ]

™



LA A T R 2 S N S L N R A AR R AR AR AR Jle o el ang o P A2
r WAV NV . N A N R R R N N L TV Y I T R WS W S e A

LIRS A
LAY 20

hq

‘l

2??.
Pl P

?

$ %S

e
’ E,_; ’

70

Lol

P

WTe

P

60 -

PR
ph S5,

@

30 -

e
I

R IR
-";".

h)

e
[ AK }

40

\

o

%

[

30 1

Number ©of Events
Y NS

.
>
'4‘r"

o
»

s
»

20 4

PN
<

o

Ly
e

v 4

‘.'t‘- L
S A A

2
51

‘v

0 AN A A AL A
13 1 I
0 20 40 60

S

4

Y

N WS

1

L Y
e

.

20 Second Bin (0=0-19s, 1=20-39s, etc)

.l-'
.

P Ve
.'-'ll(f\ '_'.

~

A=

NS

Figure S-Z Number of events found per interarrival time !_
bin. Tan
Y

o

Nyt

3

0

\. .
o

NS

)
»

~
)
(&

AN A AN C AR AL T L T LT LT VLS
“ AN SR O R RS SN AL ACAC AR




each event is found in Appendix C.

l1.66 times the mean.

Bin Events
0 &7
1 36
2 19
3 15
4 12
S 7
6 4
7 3
8 &
9 1

10 3
11 4
12 2
13 1
14 3
15 2
14 (o]
17 (o]
18 0
19 0
20 1
21 0
22 Q
23 2
24 1
235 1
246 1
27 2
28 1
29 1
3 0

rw'-h"n"_”lj‘ =R 2% L N A L A 0 L2 A A R AR R AR RSN IO A4 A LA AT SRC AR A A A AN AT A EAR A AL AA SA R LY bh 6 02 SA'S,

The mean of the

deviation ((J) 166 seconds. In terms of bins,

Bin

31
32
33
34
35

36
37
38
39
40

a1
a2
43
44
a5

a6
a7
a8
49
50

S1
52
53
S4
35

S6
57
58
59

interarrival .times (AL) is 100 seconds, and the standard
the mean is

S and the standard deviation 8. The standard deviation is

Table 5-1 Number of Events per Interarrival Time Bin

Events
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Three different probability density functions were
investigated to find an appraopriate fit for Figure S-Z.
They were 1) a half—-gaussian distribution, 2) an
exponential distribution and 3) a J shaped distribution.

The half-gaussian probability density function is(3]:

2 2
-ty Z
- t</2t

p(t) = —— e . (5-1)

The general equations for mean, mean square value and
variance (CTZ) can be used to solve for the unkown

constant, tc:

Co
i =[t p(t) dt . : (S-2)
o .
(@)
mean square value =j-t2 p(t) dt . (5-3)
o
CO
02=[(t—ﬂ)2p(t) dt . (S-4)
0
= mean square value - ALZ -

Substituting equation 5-1 into equations 5-2, S-3 and 5-4

leads to the follaowing relations:

=V321l£ i mean square value = t 2 (S-S
o 2 v (a] b

-2
(]2=[_] toc 3 G =o0.7561 .
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This value for t_ was used in equation 5-1, and the
probability density function integrated over appropriate
limits to get the number of events in each 20 secaond bin.
The result is plotted against the experimental distribution
in Figure S5-4.

The second distribution (the exponential) belongs to
the family of gamma distribution functions [151]:

1 a —t/tg
p = t e - (5-6)

HDCY*'I I\(x + 1)

when (Y = 0, this becomes the exponential probability
density function

1 -t/tg
p = . e . (S-7)

Again using equations 5-2, 5-3 and S5-4 leads to:

M o=t ;7 mean sqgquare value = ZLL2 . (5-8)

O-2=/l2 ; G=/l .

The exponential probability density function was integrated
over the bins, and the results are shown in Figure 5-5.

Another demonstration of the fit of the exponential

probabilty distribution is shown in Figure 5-6. Taking the
natural log of the function should lead to a straight line

when plotted against time or bin number. The straight line
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in Figure S-6 is a plot of the natural log of the points
calculated using the exponential probability density
function. The experimental points seem to curve rather
than lie on a straight line.

The last distribution (J shaped) is also a gamma
distribution. The J shaped distributions are characterized

by (X < 0 . I chose a fairly common distribution with

o = —0.5 . The probability dencity function is:
1 -1/2 -—t/tg
p(t) = t e ’ (S5-9)
tDTr

t, = Eﬁl H mean square value = yy ' (S—10)

This distribution is plotted against the experimental
values in Figure 3-7. The natural log of both calculated
and experimental points are plotted against bin number in
Figure S5-8. This distribution ceems to fit the
experimental points best of all. The J shaped praobabiltyv
density function goes to infinity at zero, but it is
integrable.

A Chi square goodness of fit test was done on all

three distributions. The results are summarized in Table
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, S5-2. Also presented in Table S-2 are the ratios of
o standard deviation to mean. K
n\
Table 5-2 Comparison of Distribution Functions ;
¢
il
i Chi square CT/AL
: Experimental - 1.686 N
i N
o Hal f-gaussian 127.17 0.76 N
< b(
Exponential 45.69 1.00
d ~
N J shaped 10.65 1.41 "y
~
w, i
) v
. »
- For a distribution to pass a goodness of fit test it o
;: must have a Chi square less than a prescribed limit. The i
" ,
\: limit for my test (9 degress of freedom, (Y = 0.005) was ;
’-
'
‘ 23.60161. Only the J shaped distribution passed the Chi
" square test. It also has (U /[l closest to the N
' L%
" experimental values. In summary, the interarrival data :
v, -
3 reasonably fit a J shaped distribution given by: ™
.
5 1 -1/2 —t/2LL N
4, p(t) = ———— ¢ e . (5—-11) .
) V2T -
. Since event detection rate depended on ambient noise -
' level, interarrival time between events should also shaw o
environmental dependence. Table 5.3 gives average and >
.
': standard deviation of the interarrival time for different .
Y
3 ambient noise pressure levels. "
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Table S-3 Background Noise Level Dependence of
Interarrival Time

Ambient Noise Interarrival Time
rms pressure
(20-80 Hz) mean standard deviation

(Pa) (sec) (sec)

0.01-0.02 67 129

0.02-0.03 190 153

0.03-0.04 147 1473

over 0.04 183 318

The tapes having a background noise level of 0.01 to 0.02

Pa have a significantly shorter interarrival time than

AT
2

tapes in the other three pressure groups. As with

i

r
‘r

detection rate, the interarrival time does dépend on

ambient noise level.
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Spatial Analysis

After removing nonlocatable events and events located

P VA RS
:"-‘-‘

-11

s

outside a horizontal range of 20,000 meters, 164 events

N
) "

remained. These were grouped by horizontal range into 422

LAy

annuli of equal area as shown in Figure 5-9. Each annulus

Ve
Sl @

[y

is a 30 square km ring centered at the array origin. The

’
L

first annulus ("0") went from O to 3090 meters, the second

s
P

from T090 to 4370 meters, and so on.

9‘ 'l \ 'l .l .I

Table S5-4 shows the rnumber of events per annulus and

S,

Figure 5-10 shows this distribution graphically.
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Table 5-4 Number of Events per Annulus

Annulus Events Annulus vents
(8] 21 21 Q
1 19 22 (8]
2 4 23 1
3 3 24 0
4 2 25 0
S 4 26 1
& 4 27 9]
7 3 =28 9]
8 1 29 @]
9 < 0 )
10 2 1 i

11 = 32 O
12 4q 33 1
13 1 = Q
14 1 38 i
15 4 36 Q
16 (0] 37 1
17 0 3 1
18 1 A 0O
19 . 0 40 0
20 0 41 1

The average number of events per annulus is 3.93 and the

standard deviation is 14.15 events. Figqure S—-10 shows that

the number of events fTound Is highly Jdependent on therr
rarnge trom the arrav. In the center annulus there were
over 20 times the mean number of events.

The dependence on range is not a surprise, since

spreading (and possibly scattering and other losses) wy

reduce the strength of weal transients down to the ambient

rclise level. For this reascn, the centsr amnalus 1

in

e T2zt otadic s or of -

E= 1 D

P

Secoatl s 1wl o eLe-tv capzo-

i1

thi3 ring there were ?1 events rer T0 sguare :1lanetars

667 minutes of ahcervatinr ar apnrovimate] 2.7 event:
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square kilometer per hour.

The average number of events per annulus and the
number of events per sgquare kilometer per hour should
depend on background naoise level. The average number of
events per annulus was found for each ambient noise rms
pressure range, and adjusted to reflect the number of
events in a &62 minute period. The results are seen in

-~

Table 5-C. The number of events per sguare killometsr cseir

(=

hour for the center annulus are alsao shown in Table S$S-S5.

Table S-S5 Average Number of Events per Annulus
for 4 Ambient Naise Levels

Ambient Noise Events Minutes Ad justed # Eventé

rms pressure per of tape Events per per km*

{20-80 Hz) SGnnulus Examined Annulus per hr
0.01-0.02 Fa 2.60 287.5 5.98 0.452
0.02-0.07 Fa 0.2%9 77 . O DGO
LT -0 04 FAa 0. 45 100 2.99 CLo1aa
over 0.04 Fa . T6 157.5 1.90 DTS
Entire

Fopulation 3.9% 662 .97 0.275

The average number ot events per annulus and the
number of events per square kirlometer per hour baoth revlect
the oftect of s13nal-to-nor:-e ratr» on the detect:ion
Sl me,

The entire paopulation of events was 1nvecsticated +or

(=g

argular dependence. Figures S-11 and 5-17 show the ni:mber
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Figure S-12

gives the number of events,

sector measuwred from the northern
ring represents 10 events.

Number of events per

T0° sector.
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of events found per 3Z0° sector. In the polar diagram
(Figure S5-12) the radius shows the number of events. The
angles are measured from the northern leg of the array.
Figure 5—-13 is a polar plot showing the number af events
per 109 sector. There was no predominant angular direction
found. Haowever, some preference can be seen for bearings

of 3320° and 190° from the northern leg of the array.

Strength Analysis

The mean hydrophone peak pressure magnitude faor each
event fell within a fairly narrow band of values. The mean
peak pressures ranged from 1.32 to 0.16 Pa, with an average
of 0.36 Pa and a standard deviation of 0.20 Pa. Figure S-14
shaws the mean hydrophone peak pressure values for all
events located between 100 m and 20,000 m plotted againrst
range from the array origin.

The different symbols shown in Figure S5S—-14 represent
events during each of the four ambient pressure categories.
The events with a higher mean hydrophone peak pressure have
a tendency to occur during higher ambient noise levels.
This can be seen in Table 5-46, where the maximum, minimum,
average and standard deviation of the mean hydrophone peak
pressur=2 values are given for each of the four ambient

malse levelis.
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Figure S-12 Number of events per 109 gector. Radius
gives the number of events, while angle indicates the
sector measured from the northern leg of the arrav.
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Table S-& Mean Hydrophone Feak Fressure
far 4 Ambient Noise Levels

Ambient Noise Mean Hydrophone Peak Pressure
rms pressure (Pa)

{20-80 Hz) max min average std dev
0.01-0.02 Fa 1.32 0.16 0.31 Q.17
0.02-0.02 Fa 0.56 0.25 0.36 Q.09
0.0%-0.04 Fa 0.85 Q.23 0.4% Q.15
cver 0.04 Fa .28 0.16 Q.49 .4
Entire

Fopulation .52 0.16 0.36 0. 20

Source strength (F,) was found for the events which

had hvydraophone locations between 00 m and 20,000 m from
the event.

The dipole strengths ranged from X3 kN to 4.9 MN,
with an average of 4321 kN and a standard deviation of 552
kN, The distribution of strengths for the 151 events
evaluated is shown in Figure 5-13 and in Table 5-7.

Figure S5-16 shows the dipole strength for all events
plotted against horizontal range from the array origin.
Again, It can be seen that the stronger events occur when

the ambient pressure level is high. Table S-8 agives the

strength values for the differernt ambiont noilse levelc.
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Table 5-7 Strength Distribution for a Population of Events

Lo,

>

R S ]

- &

F # of Events

8
8
S
4
S
2
S
3
2
3
1
1
1
2

Table 5-8 Dipole Strength versus Ambient Noise Levels

Ambient Noise Dipole Strength (Fo)
rms pressure (kN
(20-8B0 Hz) 1 average

0.01-0.02 Pa 3 259

PR PR

..l ..l-"l ‘. l"

0.02-0.03 Fa 649

0.03-0.04 Pa 643

over 0.04 Pa 3 860
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Most of the events evaluated for strength occurred
during the lowest ambient noise levels. Figure 3-17 shows
the strength of events that occurred when the ambient noise
was 0.01 to 0.02 Fa. The log of the dipole strength is
plotted against the log of the horizontal range from the
center of the array. The points scatter more so to the
upper left rather than lower right, because distance itself
filters out wexak events. A weak signal from far awawv wcuid
not reach the hydrophone array with enough amplitude to be
distinguished from the background noise. And events
located farther away would tend to be strong events.
However, events located close to the array should have the
entire range of source strength levels. This would produce
a wedged shaped plot of weaker events close to thé array.
Indeed, Figure S5-17 shows a general scattering with pertaps
a wedge of weaker events near the array origin.

Monetheless the trend shown in Figure S-17 suggests
that the ray average model used to estimate refractive-
surface reflective spreading may need to be replaced with a
more refined model. For example, horizontal ranges less
than about 1000 m mav include too small a loss, and
therefore lead to too small a strength, because the

reflective cortributions mav not be as large as imputed.

N

uch a criticism 1s =surparted by the rot:ion that for 2

(

given slaope, € , reflective rays and hence rav averaging

cccurs only bevornd a critical horizontal range.
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The foregoing speculation suggests that the average
dipole strength for the lowest ambient noise case is best

found from the events farther from the array, and is

Fg ™ 1095 N > 320 kN (5-12)

with a much smaller standard deviation than in Table 5-8.
Fresumably corresponding adjustments could be made far the
higher ambient noise cases, but the FRAM IV data set
contains too few events at higher ambient noise to plot as
in Figure 5-17.

The strength analysis is a somewhat ambivalent one
because of spreading model uncertainty, and because data on
ice slopes are not available. But the dipole picture of an
event likely has some validity, and at least rough
estimates of its strength have been extracted from the

data.
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CHAPTER 6 ’ =
SUMMARY AND THOUGHTS ;:
gﬁ
S
o
Through the use of a detection program, visual ™)
confirmation and a location program, a population oi 199 g
..
l‘.-‘.
Arctic noise transients was gathered. There are four malior S
o
results. N
8" a)
- _ , : [
First, more events are found when the ambizrnt or2ss = T
¥, )
. . - i
is low, and more false alarms when the ambient precssure 1s A
o
high. The interarrival time and the average number o+ ﬁﬁ
. . A 4
events per unit area also depend on ambient noise level. NS
- ...;\ o
Since more events are found when the ambient noise is low, v‘j
..:_\ '
the interarrival time decreases, and the spatial density o~
e
increases. o
u:;'i y
Second, the interarrival times were fit to several at
of
.
o
. Cq s . . . . . . . (A
poscsibie praobability distr-ibutions. The interarrival time e
L4
- - - - . - - w X
distribution best fits a J shaped gamma distribution. The gﬁ
o
mean interarrival time is 100 seconds. };.
Third, the number of events per unit area 1s highly e
L4
dependent on range, since distance filters cut weak D
e

Y
(Y

transients. The event density in the annulus closest to

¥ )

»
.
.

o .
s
Zaat

the center of the array was 0.3 events per sguare kilometer

N LSS
<

’

A ]

cer hour over all observations and 9.2 eventlz per sauare :ﬁ.
' :'.-

- . : - e

Lilometsr Ler hiowr for guiet times., here 1= mo .
. :-".n
predaominant angular dependence to the spatial distribatiaon .“
b

53f events. o
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Last, the mean dipole strength for the observed events
is 470 kN overall and 26D kN during low ambient noise
levels. Stronger events occcurred during high ambient noise
levels. A refinement of the spreading loss model used to
calculate these values may lead to values which are

slightly higher.

Ariaivz13 of A-chtic accustic events 1s far from
complete. Several areas for improvement have been
mentioned earlier in the thesis. The detection program
needs to be made maore robust to eliminate the event time
error. A scheme for ignoring artifacts should be included.
The location program wastes time looking in the wrang
direction, although the bearing accuracy o2f the program :is
very gaood. The algorithm should be changed to quicklv find

the right bearing, and then search in a sector.

1t

The type of each event, whether it was a pcop or
whine, wes not recorded. Collecting this 1nformaticn snd

correlating it with interarrival time and rance still needs

to be done.
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APPENDIX A

User ‘s Guide for the hdetect Frogram -

Figure A-1: Flow Chart of the hdetect Frogram -}-

Source Code for the hdetect Frogram
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USER'S GUIDE FOR THE hdetect PROGRAM

The purpose of the hdetect program is to detect
ambient noise transients amidst the background ambient
noise recorded on a FRAM data tape. This is done by
comparing the short average of data points to the long
average of points on a single channel in order to flag a
possible detection, and then waiting until SOY of the
channels are flagged to declare an actual detection.

The input for the hdetect program is a framread autput
file without headers. A FRAM data tape is read into the
file by the command

framread -—-head <RETURN::
The praogram will ask for the input device (tape drive
designation), the output file, and the number of data

[g
)

segments to skip and to read. Each segment raprecents
seconds of data on 24 channels. The framread program reads
a first segment which contains no data records, sc you
should specify skipping one more segment than you would
normally calculate. FfFor example, reading the entire first
half of a 20 minute FRAM IV tape would require the response
of

1 160 <TRETURN
to the guestion of "enter #<skip, #H=eamentsz:".

Once this input file has been created the haodetec?

program can be used. The program is started with the
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T i

N xSy
Al
-

command

hdetect <RETURN
The program will ask for the FRAM tape number, the Julian
date of the tape, and the start time of the tape in hours,
minutes and seconds. The program will then ask you to
select the channels you wish to use. In most cases the
FRAM data tapes did not have ambient noise hydrophones tied
1into all channels, and the specific channel that a
hydrophone was recorded on changed throughout the
experiment. Which channels were in use and for whicﬁ

hydrophaones can be found in the experiment logs. The

»
..
:.F
+F
v

program assumes that the channel number is equal to the

hydrophone number, but allows you to rthange this by

Nl

inputting the channel number and the proper hydrophone

“»
* Sl

number, or "Q" if the channel is not in use. For example,

if channel = was not used, and channel 7 was used for

hydrophone 21, the input would be

SOIWER GG
L]

3,0 < RETURN
7,21 <RETURN>
0,0 <RETURN>

The "0,0" ends the changes to the channel selection. You
must now hit any key to continue the program.

You will be asked to enter the input device (the input
framread file), the number of skips and segments, and the
name of the output file. The output file does not have to
exist before the program is started. It will be created by

the program. The number of skips and segments are those

oA
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that you would calculate using 3.8 secaonds per segment.
For example, to proces the entire first half of a 20 minute
FRAM IV tape the number of skips and segments would be
0,160 <RETURN?>
This is all of the input required by the user. The
program proceeds from this point without user interaction.
The autput of the hdetect praogram is a file containing
a list of detections in the following format:
tapenumber Juliandate hour minute seconds
0 eventnumber eventtime
channel hydrophone timedelay amplitude

channel hydrophone timedelay amplitude
channel hydrophone timedelay amplitude

channel hydrophone timedelay amplitude
0 eventnumber eventtime
channel hydrophone timedelay amplitude

channel hydrophone timedelay amplitude
0 eventnumber eventtime

-1
The "0" at the start of a line indicates a new event
detection, and the "-~1" at the start of a line indicates an
end of file. Each channel that was flagged for a
particular event is listed with its hydrophone number,
timedelay from the earliest channel signal arrival, and its
peak voltage amplitude. This ocutfile can be used as the

input file for the location programs without modification.
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/* startdoc o
hdetect.c haty
A
program to read whoi-segy format data tapes from the fram IV program. :}.
[ ]
usage: -
hdetect e
program is interactive. .
by Mary Townsend-Manning Y
enddoc
*/

tinclude <stdio.h>

#include <math.h>

#define NCHAN 25

#define RECLN 950 /* number of samples per trace (4 bytes per sample)*/
¢define OBYTES 3800 /* number of bytes per record output */
#define ZERO 0

#define LONGFILTLN 64 /* length of long average filter */
#define FLN 64

tdefine MAXEVENTS 4

tdefine RESET_DELAY 0.3

#define RATIO 2.38

fdefine SIG_DELAY 0.02

#define THRESHOLD 0.5

#define EVENT_DELAY 0.5

#define END -1

double vconv(x,y,n)
register flcat *x, *y;
register int n;

register double sum = 0.;

if(n > 0)
{
do {
um += T4 ¥ Ky——;
} while(-=n > 0);
}
return {sum) ;

main ()

o
‘.,
®
-~ -
[

.
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float 1_ave[NCHAN], sh_ave, timeofflag{NCHAN]:
float aﬁpofflag[NCHAN], firsttime, timedelay (NCHAN];
float chaneventtime [MAXEVENTS] (NCHAN];
- float chaneventamp (MAXEVENTS] [NCHAN], eventime [MAXEVENTS]:
int £lag[NCHAN):
int num_active_events;
int m, n;
int event_£lag{MAXEVENTS] [NCHAN], flag_sum, number_ of_events;
int event_number (MAXEVENTS];
int nchan = 0;
int chan[NCHAN], k,
int channel, data,
char answer:
float h{FLNl, longfilt [LONGFILTLN];
int nskip,nseg ;
char oddobuf [NCHAN) [OBYTES],evenobuf {(NCHAN] (OBYTES];
int count,error;
char fname[80),iname(80];
FILE *iptr, *ptr, *fp, *fopen();
float timeseries [NCHAN] (RECLN+2*FLN];
float time = 0.;

j, i, vid, date, hour, min, sec, 1l:

toggle;

num_active_events = 0;

for (im1:;i<25;i++) {

chan(i)=(i):

flag(i]j= 0 ;

for (m=1;m<MAXEVENTS ; m++)
event_flagim} (i} = 0:
chaneventtime[m] [i] = O;
chaneventamp [m] [i] 0:

{

1
}

/* Program initialization from keyboard */

fprintf (stderr, "Program Initialization\n");
fprintf (stderr, "enter FRAM tape #\n"):;
f£scanf (scdin, "%d", &tid);

fprintf (stderr, "enter Julian date\n"):
fscanf (stdin, "%d", &date);

fprintf (stderr, "enter time - HR,MN,3C\n"):
fscanf (stdin, "%d, %d, ¥d", Ehour, &min, s§sec) ;

fprintf (stderr, "default values for channels and phones\n"):
fprintf (stderr, "are channel # = phone #.\n"):;

fprintf (stderr, "enter channel, phone to change.\n"):;
fprintf (stderr, "enter ’QJ’ for phone, to eliminate a channel
fprintf (stderr, "enter ‘0,0’ to quit.\n"):

fscanf (stdin, "%d, 84", &3j,6k) ;

An") s

while (j != 0 && j < 25) {

chan(j] = k:
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fscanf (stdin, "%d, $d",&3, &k} ;
i

fprintf (stderr, "FRAM TAPE %d
fprintf (stderr, "
for(i=l;i<13;i++)
fprintf (stderr,"CH %d PH &d CH %4 PH sd\n",
i,chan(i],i+12,chan[i+12]}};

Julian Date: %d\n",tid,date);
Time: %d:%d:%d\n", hour,min, sec) ;

/* Check to make sure inputs are correct -- Change if necessary */

£scanf (stdin, "%c", &answer):
fprintf (stderr, "Hit any key and RETURN,
fscanf (stdin, "%c", sanswer);

when ready.");,

for(i=1; i<NCHAN;i++) {
if(chan{i] !'= 0) nchan++;

}

fprintf (stderr, "enter input device: ");
scanf ("%3",iname);

if((iptr = fopen(iname, "r")) == NULL)

{
fprintf (stderr,"can’t open %s\n”,iname);

exit(l);
3

)
forintf (stderr, "enter #skip, #segments: \n");
fprintf (stderr, "values of 0 and 320 will read entire tape\n");

scanf ("%d, %d", &nskip, &nseq) ;

/* load bandwidth filter */

1f((fp=fopen ("PMfloat","r")) == NULL) | .
printf ("cannot open bandwidth filter file\n"); ~
exit(0); :,
! N

. ..

for(imQ; 1i<64;i++) >
fscanf (fp,"%£",&h[i)) R
fclose (fp); e
»
’ ¥
. N -
/* load averaging filter */ :
Iy
]
‘ for (i=0; i<LONGFILTLN; i++) .
longfilt[i) = 1.0/ (float)LONGFILTLN: .\*'
L}
/* Open output file */ ;J:
.?,

(% L
L4

a5

»
17
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fprintf (stderr, "enter ocut-£file: ") b
scanf ("%¥s", fname) ; !
if((ptr = fopen(fname, "w")) == NULL) .‘
( 1
fprintf (stderr, “can’t open %s\n",fname); §
exit (1): y

}

fprintf (ptr,"%d ¥d %d ¥d ¥d\n", tid, date, hour, min, sec):
time = time + 3.8 * (nskip-1) :

/* enter first recoxd */

:
j

if (nskip%2 =~ 1) {
for(j=1;J<NCHAN;j++) {
fread(sevenobuf (j] (0], sizeof(float), RECLN, iptr):
}
toggle = 1;
}
else {
for(j=1; J<NCHAN; j++) {
fread(&oddobuf (j]} (0], sizeof(float), RECLN, iptr):
}
toggle = 0/
}

/* ENTERING RECORD READING MODULE */
time = time + 0.504;

/* fprintf (stdexr,"using buffer size %d bytes\n",sizeof(buf}); */
for(i=1; i < nseg; i++)
{
/* fprint€ (stderr, "time ~ ¥£\n", time);
fprintf (stderr, "processing record %d\n", nskip+i); */

/* read next record into appropriate buffer */

if (toggle == 1){
for(j~1;3<NCHAN;j++) |
fread(&oddobuf (31 (0}, sizeof(float), RECLN, iptr);
}
toggle = 0;
)

. else |
!{; for(j=1; JXNCHAN; j++} {
t“: fread(&evenobuf{j] (0], sizeof (float), RECLN, iptr):

- }

:: toggle = 1:
. }
» -
] /* filter and square data */
)
o
l":
"
I~.
Y
)
.
1"
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if (toggle == 1) (
for (j=1: j<NCHAN; j++) {
if (chan(3j] != 0) {

sq_filt(&oddobuf[j][0],&evenobu£{j][0],h,

&timeseries(3j) {0]);
1_ave(j] = vconv(&longfilt(0],&timeseries(j] (2*(FLN-1)],

LONGFILTLN) ;

}

}
else {
for (j=1;j<NCHAN; j++) {
if(chan(jl != 0) {
sq_filt(&evenobuf[j][Ol,soddobuf[j][O],h,

stimeseries (3] (0])
1_ave(j]l = vconv (&longfilc (0], &timeseries ()] (2*(FLN-1)],

LONGFILTLN) ;

/* ENTERING EVENT DETECTION MODULE */
for(k=0;k<RECLN;k += 4) {

for (l=1;1<NCHAN:l++) {

if (chan(l] '= 0) {
1_ave(l] = (63.0*1 ave(l] + timeseries(1l]{2*(FLN-1]+k]})/64.0;

sh_ave = (timeseries[l)([2*(FLN-1)+k] +
timeseries{l] [2* (FLN-1)+k-1] + timeseries(l] [2*(FLN-1)+k-2] +
timeseries{l) (2*(FLN-1)+k-3))/4.0;

/* reset old flags */

if (flag(l] == 1 && (time - timeofflag(l]) > RESET_DELAY)
flag[l] = 0

/* set flag if RATIO of signals is reached */

if ((sh_ave/l_ave{l])>=RATIO) |
if (flag(l] == 1) |
if (sh_ave > ampofflag{l]) |
timeofflag{l] = time;
ampofflag({l] = sh_ave:;

}
else |

if (num_active_events == 0) {
flagfl) = 1;
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T

timeofflag(l) = time;
ampofflag(l] = sh_ave;
}
else {
for (mwl;m<(num active_events + 1) sm++)
if (event flag[m][l] == 1) {
if ((time - chaneventtime[m] (1]})
<= SIG_DELAY) {
if (sh_ave > chaneventamp (m] {1]) {
chaneventtime{m] (1] = time;
chaneventamp (m] (1] = sh_ave;

o -

}

}
else |
flag(l] = 1:
timeofflag(l] = time:
ampofflag(l] = sh_ave:
}
}
else {

event_flag(m] (1] = 1;
chaneventtime([m] (1] = time:
chaneventamp (m] (1] = sh_ave;
m = num_active_events;

-
“w

'
[

}

'- "'

/* end of set flag module */

" 5% %
v

/* start new event module */

£lag_sum = 0;

for (l=l:1<NCHAN;l++) |
if (flag({l] == 1) flag_sum++;

}
if (((float)flag_sum/(float)nchan) >= THRESHCLD) {
num_active_events++;
event;me[num active_events] = time:
number_of_ events++;
event numbe:[num active_events] = number of events;

ol

for (l=1;l<NCHAN;l++) |
event_flag[num_ active_ events] (1] = £flag{l]:
chaneventtlme[num active_events][l] = timeofflag(l]
chaneventamp [num_active events][l) = ampofflag(l};
flag(l] =~ 0;
timeofflag{l] = 0;
ampofflag(l] = 0:

2704
' s .
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}

/* end of new event module */

/* start of deactivate old event module */

/*

/=

«/

fprintf

}
}

if (num_active_events > 0 && (time - eventime([l)) > EVENT_DELAY)
fprintf (ptr,"%d %d %£\n",2ERQ,

event_number[l),eventime[l]):
(stderr,"%d $f\n",event_number(l],eventime(l]); */

find time delays by finding earliest channel event
time, and subtracting that from the other channel
times

firsttime = 10000.0;

for (l=l; L<KNCHAN;1l++) {

if(chan[l) '= 0 && event_flag[l][l] != 0 &&
chaneventtime(1l][l) < firsttime)
firsttime = chaneventtime({l][l);
}
for (l=1; L<NCHAN; l++) {
if (chan(l] != 0 §& event_flag({l](l) != 0) (

timedelay{l) = ((chaneventtime(l]([l]) - firsttime):
fprintf(ptz,"%d 8d %f %f\n”,1l,chan{l],
timedelay(l], chaneventamp{l]}(l]):

print to file to indicate end of event */

for (l=1;l<num_active_events;l++) {
for (m=1l; m<NCHAN:m++) {
event_ flag(l](m] = event_flag(l+l](m];
chaneventtime{l] {m] = chaneventzime[l+1)[m],
chaneventamp[l] (m] = craneventamp{l+l]{m]:
}
eventime (l] = eventime(l+1l];
event_ number(l] = event_number[l+l];
}
num_active_events~-;
}

time += 0,004*4.0;

/* EXIT MODULE */

'

—y

~
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/* fprintf(stderr,"processing record %d\n", nskip+nseg).; */
if(toggle == 1) |
for(j=1;J<NCHAN; j++) |{
if{chan(j] '= 0) {

for (k=0;k<OBYTES: k++)
oddobuf{j} (k] = 0;

sq_filt (¢evenobuf([j] (0], soddobuf(j] (0],h,&timeseries(j] (0]);

1_ave(j] = vconv{klongfilt|[0],étimeseries{3][2*(FLN-1)]),
LONGFILTLN) ;

]
}
}
else |
for(3ml; J<NCHAN; j»+) {
if{chan(j] '= 0) {
for (k=0; k<OBYTES. k++)
evenobuf[j) (k] = -0:
sq_filt (soddobuf (3] (0], cevenobuf (3]} (0], h,&timeseries (3] (0]}
l_ave(j] = vconv(&longfilt(0),étimeseries{j] [2*(FLN-1)",
LONGFILTLN) ;

for (k=0; k< (RECLN=-2* (FLN-1)) ; k+=4) {
for(lel;l<NCHAN; l++) {
£ {(chan{l} '= Q) ¢
i_ave(l] = (63.0%1 ave(l] + timeseries{l] [I*(FLN-1)-< 1 £3
sh_ave = (timeser:es[l}[2*(FLN-1)+k] +
timeseries(l] (2* (FLN-1)+k-1] + timeseries(l] [2* (FLN=-1)+x~2) =
timeseries[l] (2% (FLN-1)+k=3))/4.9;

/* reset old flags */

1f (flag{l] == 1 4& (time - timeofflag 1’ > FLIIT Tl

flagll] = 0,

/* set flag .f RATIC of signals :s reacned *

if ((sh_ave/l ave(l])>=RATIO) |
1f (flag({l] == 1) (
1f (sh_ave > ampofflag!/l]) |
timeofflag(l] = t.me:
ampofflag{l] = sh_ave;

1f {num_active_events == 0)
flagl] = 1,
~:mescfflagil] =~ %:me:
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ampofflag(l] = sh_ave:
}

else |
for (m=l:;m<(num_active_events + 1) ;m++) {

if (event_flag(m] (1] == 1) {
if ((time ~ chaneventtime(m]{1l})
<= SIG_DELAY) !
if (sh_ave > chaneventamp(m]{1]){
chaneventtime(m] (1] = time;
chaneventamp (m] (1] = sh_ave;
I
1
else |
flagfl) = 1;
timeofflag(l] = time:
ampofflag(l] = sh_ave;
}
}
else {

event_flag(m] (1] = 1:
chaneventtime (m]j (l] = time;
chaneventamp (m] (1] = sh_ave:
m = num_active_events;

i
/* end of set flag module */
/* start new event module */
flag_sum = 0;

for (1=1;1<NCHAN;1++) {

1£ (flag(l] == 1) flag_sum++;
}
if {(((float)flag sum/(float)nchan) >= THRESHOLD) ({

num_active_events++;

eventime {num_active_events] = time;

number _of_events++;
event number (num_active_events] = number_ of_events;

for (l=1;l<NCHAN;l++) {
event_flag(num_active_events) (1] = flag(l],

chaneventtime [num_active events](l] = timeofflag(il:

chaneventamp(num_active_events) [l) = ampofflag{l]:
£lag(l] = O;

timeofflag{l] = 0;

ampofflag(l] = 0;
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}
/* end of new event module */
/* start of deactivate old event module */
if (num_active_events > 0 &§& (time - eventime(l}) > EVENT_DELAY)
fprintf (ptr,"%d 8d S$f\n", ZERO,

event_number(l],eventime(l)):
/* fprintf (stderr,”%d %f\n",event_number(l]l,eventime(l]); */

/* find time delays by finding earliest channel event
time, and subtracting that from the other channel
times

*/

firsttime = 10000.0;

for(l=1; 1<KNCHAN; l++) |
if(chan{l) != 0 && event_flag{l]{l]) !'= C &&
chaneventtime{l][l] < firsttime)
firsttime = chaneventtime(1l](1l]:

)

fortl=);l1<NCHAN;1l++) {
1f{chan(l] != 0 && event_flag(l]} (il '= 0) !
timedelay({l] = ((chaneventtime(l]({l]) - firstt.me):
fprintfiptz,”%d %d Nf 3¥f\n",1l,chan{l],
timedelay{l), chaneventamp{l](1l]):

{

LA

bt R AT e T

(NS

/* print to file to indicate end of event ./ )
~
for (l=1;l<num_active_events;l++) | N
for (m=1; m<NCHAN:m++) | :
event_flag(l)(m]) = event_£flag{l+l]{m]: -
chaneventtime{l) (m] = chaneventtime(l+l] 'm]; N
chaneventamp(l] (m} = chaneventamp([l+1l] (m]: e
) .
eventime(l] = eventime{l+l); l
evant_ number{l] = event_number(l+l]; n:
} N
num_active_events-~; .
} )
.:,
time += 0.004%4.0; T
) e
/* print out all events */ ! .
1f{num_active_events > 0) | oy
":\
SAaS
I
BN
.
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for(k=1;k<(num_active_events + 1);k++) |
fprintf (ptr,"%d %d %£f\n"”, ZERO,
event_number (k] ,eventime(k]);

/* fprintf (stderr,"%d %£\n",event_number(k],eventime(k]}); =*/

/* find time delays by finding earliest channel event
time, and subtracting that from the other channel
times

*/

firsttime = 10000.0;

for(l=1;1<NCHAN; l++) (
if(chan(l] != 0 && event_flag(k]{l] != 0 &&
chaneventtime (k] {1] < firsttime)
firsttime » chaneventtime (k] (1l];

}

for (l=1; 1<NCHAN;1l++) ({
if(chan(l) != 0 && event_flag(k]){1l] != 0) {
timedelay(l] = ((chaneventtime(k](1l]) - firsttime):
fprintf(ptr,”td %d &£ $f\n",},chan(l),
timedelay(l], chaneventamp(kx)(l)):

}

}
/* final summary to sczeen */

fprintf (ptz, "%4", END):
fclose(ptr)

«

fclose(iptz)
exit(0) o
D
N
I :,
-
N
[}
sq_filt(first,second, filter,output) W
/* £ilters and squares two data arzays */ ity
s
e
i
float first(RECLN], second(RECLN], filter(FLN]; .
N
>

float output [RECLN+2*FLN]};
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/* put zeros in first (FLN -1) places of output */

int j, i:
float transition([2*FLN];
float sum;

for (i=0; i<FLN=-1;1i++)
output {i] = 0.0

/* put in first data */

for (i=FLN-1;i<RECLN; i++) {
sum = vconv(&filter(0),&first{i],FLN)/
output [i] = sgrt(sum * sum)’
}

/* put in transition from first to second data */

for (j=0; j<FLN-1;j++) |
transition(j] = £irst [RECLN~(FLN-1)+j];
transition(j+FLN-1] = second(3j]:

}

for (i=0;i<FLN=-1;i++){

sum = veonv(&filter(0),&transition{i+FLN-1],FLN};
output (1+RECLN] = sqgrt(sum * sum);
}

/* put in second data */

for (i=FLN-1;i<2*FLN;i++) (
sum = vconv(sfilter(0],&second{i],FLN);
output [RECLN+i] = sgrt(sum * sum);

}

Source code for the hdetect pragram.
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USER'S GUIDE FOR THE location, farlocate,
and finelacate PROGRAMS
The purpose of the location programs is to find the

spatial location of an event from the time delays between

signal arrival at different hydrophones. The program

assumes a test location and computes the slant range to the
individual hydrophones. The slant ranges are plotted
against the experimer.tal time delays and a least squares
fit is done. The test lacation with the best least squares
fit 1s considered the location of the event.

The input to the location programs is the output file
of the detection program. Manual time delays may be
substituted for the program generated time delavs in this
file, but this editting must be done before the location
program 1s invoked.

This location program i1s very user i1nteractive. The
user starts the location program with the command

location <RETURN>

FER N,

The program asks for the input and output file names. It

then reads the input file and asks whether the user would

R LIS

like to locate the first event. This allows the user to
skip down to the event of interest. The program then
allows the user to adjust which hydrophone time delavs will
ne used i1n the location process. This 18 very hand, tor
removing questignable time delays, in aorder to get a better

lzcation zolantion. With the hvdrophone charnels rhozen.
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the program proceeds with the actual location algori=zhm.
In the finelzoate and rfarlocate programs the user 1s asked

to specify which quadrant or direction is to be searched.

The location program tries test locations in a large

W] AN SEAY TN g

grid, and when the "best" location i1s found, then searches

a smaller grid arocund this "best" location. The location >
and tarlocate programs have 4 levels of arids and the -
R}
finelocate program has = levels. Intermedi ate ancwercs are i:
Y
displayed for each level. &.
The intermediate and final answers display the x and v .
P
coordinates of the best location, the standard deviation of -
.
the least squares fit (sigma), the group speed (which br
L7
- ‘I
should be zrcund 1440 m/s). and the v intercept of the time :
delay /7 slant range plot. After the final answer the user T,
is asted whether or not he would like to remove outlwving t
oTTLo TS, If =Zhis oohtion 13 sel2cted the program ramoves
. ) ) .-_: )
Fuedropheones with a deviation from the least squares 1+ o+ “.
more than 7 times the standard deviation, and the groun o~
sp2ed and the standard deviation are recalculated and o
displayed. =
The user is then asked if he would like to lacate the e
S
event with different hydrophones, and if so returns the L
1.5‘
as2r to o the start of the charnel selecticon process. Tha -2
0t
. ‘ e
GZEr Te.s Segesat tnis fogcation schieme as ANy T10hes &= ~
Ya
necessary for a particular event. Cnce the user 1s i
; "

cartvasied with o the oo tion answer, and Adeslines o lo-ate
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W the event with different phones, the program calculates the y
T, event strangth based on the amplitudes in the irput file, y
' b
~i the location of the event and spherical spreading losces. /
« The location parameters and the strength are then written
i by
. to an outfile.
‘.‘- [
:Q At this point the user 1s given the option to exit the
LY -
43
; program or locate the next event in the input file. The
BY . . :
? location process continues until the user exits or until 4
1,
v
N the last event in a file is located. o
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/* location.c

program to locate the spatial position of an event based on
time delays taken from "detection”.

Source strength is also computed.

*/

#include <stdio.h>
#include <math.h>

#define PHONES 31

#define LEVEL 4

#define FINENESS 20

tdefine DEPTH 91.0

#define SENSITIVITY 0.0000000122202

main ()

{

float amp(PHONES], phonex(PHONE3], phoney(PHONES):

float timedelay(PHONES], r{PHONES], bestrange [PHONES]:
float sumtime, sumr, sumrsq, sumtimer, slope, yintr:

float sigma, bestsigma, bestslope, bestyintr;

float bestamp, N, source(PHONES], sumsource:

float xgs, ygs, xcntr, ycntr, a, b, bestx, besty:

float level, gridsize, xfineness, yfineness, time, gpspeed:

int i, j, tape, date, hour, min, sec, event, flag:

int phone, num, 1, n, m, Dbestflag;

int phoneflag{PHONES);

int eventselect, rerun, change, answer, bye, quadrant;

char iname({80), oname(80):

FILE *ptr, open{), *locpt?, *optr::

/* PROGRAM INITIALIZATION */

bye = 0;

fprintf(stderr, "input £ile = \n"):
scanf ("%s", iname);
fprintf (stderr, "output £ile = \n");
scanf ("Ys", oname);

L

open files +/

PAARY
S
»

Y

A

if((ptr = fopen(iname, "z")] == NULL) ({
fprintf(stdecr,"can’t open %s3\n", iname):;
exit (1)

%)

Source code for the frarlocate program
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if ((optr = fopen(ocname, "w"))
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== NULL) {

fprintf (stderr,"can’t open %s\n", oname);

exit (1)
}

if({locptr = fopen(" array loc"™

"r")) == NULL)

{

fprintf (stderr,"can’t open array loc file\n™):

exit (1)
}

/* read hydrophone locations into array */

for (i=1; i<PHONES: i++) {

fscanf (locptr, "%d %£f %f",&phone,

}

/* read input file header */
fscanf (ptzr, "%d %d %d %d %d",
/* read event header */

fscanf (ptr, "%d ", &flag):
while(bye '= -1) {
eventselect = 0;

while (eventselect != 1) ({

if(flag < 0)
exit (0)

for {i=1; i<PHONES; i++)
phoneflag(i] = 0;
}

&tape, &date, &hour,

fscanf (ptr, "%d %f", &event, &itime);

for(i=1; i<PHONES; i++) {
fscanf (ptr,"%d",&flag):

if (flag > 0) (

f£scanf (ptr, "%d", &j);

phoneflag(3] = 1;
fscanf (ptr, "%f %£f”,
}
else {
i = PHONES;
}
}

stimedelay(jl, &amp{jl});

fprintf(stderr,"event = %d, time = %f\n",

&phonex{i],

sphoney (i]);

event,

Scurce code for the farlocate program
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fprintf(stderr, "Do you wish to locate this event? (1 = yes)\n");

scanf ("%d", &eventselect):;
}

/* channel selection */

rerun = 1;

while (rerun == 1)
change = 1;
while (change == 1)

{

fprintf (stderx, " phone delay \n");
for(i=1; i<PHONES; i++) {
if (phoneflag{i] != 0) {
$d $£ \n",i,timedelay(i

fprintf (stderr, "
}
}

fprintf (stderr,"Do you wish %o change status?
scanf ("%d", &change);
if (change == 1) {

(1 = yes)\n");

fprintf(stderr, "change status by typing phone#\n");
fprintf (stderr, "type -1 to quit\n");
scanf ("%d",&3):

(3 t= =1) {
(phoneflag!j] '= 0)
phoneflag{3] = 0:

while

. &
is

}

else {
phoneflag(j] = 1;

i

scanf ("%d", &3j):

/* locate event */
num = 0;
sumtime = 0.0;

{
{

iv+)
l= Q)

for (i=l; i<PHONES:
if (phoneflag{i]
num++;
sumcime += timedelayl(i);
}

M a"h ard e Lt o v
LWl SR gt oty .VV'\V‘&"‘V" L 28 a

1)

}
fprintf (stderr, "select quadrant to search (1=NE, 2=NW, 3=SW, 4=SE\n"):
fprintf(stderr, "5=N, 6=5, 7=, 8=W)\n");
scanf ("%d", squadrant);
1f (quadrant == 1) |
-
Source code far the farlocate proaram
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xentr = 10000.0:
yentr = 10000.0;

}

else if (quadrant == 2) |
xentr = -10000.0;
ycntr = 10000.0;

}

else if (quadrant == 3y |
xcntr ~ -10000.0;
ycntr = -10000.0;

}

else if (quadrant == 4) |
xentr = 10000.0;
ycntr = -10000.0:

}

else if (quadrant == 9) {
xcntx = 0.0/
yentr = 10000.0;

}
else if (guadrant == 6) {
xener = 0.0:
yentr = ~10000.0;
}
else if (quadrant == 7 {
xcner = 10000.0;
yentr = 0.0;
}
else if (quadrant == 8] {
xcntr = -10000.0;
yengr = 0.07
}

else |
xcntr = 0.0/
yentr = 0.0:
}

pestflag = 0;

for (1=0; l<LEVEL; 1++) |
level = LEVEL-1-1;
gridsize = pow (10.0, level)’

for (m=0; mM<FINENESS; m++) |
yfineness = m - (FINENESS/2);
ygs = ycntr + yfineness * gridsize;

for (n=0; n<FINENESS; n++) {

xfineness = n - (FINENESS/2):
xgs = xcntr + xfineness * gridsize;
sumr = 0.0;
sumrasq = 0.0/
sumtimer = 0.0;
for (i=1; i<PHONES; i++) |

if (phoneflag(i] te Q) {

a = xgs-phonex[i);

Source ccde for the farlocate program
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b = ygs-phoney{i]’
r[i] = sqrt(pow(a,2.0) + pow(b,2.0) + pow (DEPTH,2.0))
sumr += r(i]:

sumrsg += pow(r(il,2.0);

sumtimer += (r(i) * t ‘medelay(il);

N = num;

slope = ((N * sumcimer) - (sumr * sumtime))/
((N * sumrsq) - pow{sumzr,2.0)):

yintr = (sumtime - (slope * sumr)) /N;

sigma = 0.0;
for(iml; i<PHONES; i++)

if (phoneflag(i) 'w 0) {

sigma += pow((timedelay[i]-yxnt:-(slope * r(1i])),2.0)¢

}

}
sigma = sqrt (sigma/N);

if (bestflag == 0) |
bestx = xgs;
besty = ygs’
bestsigma = sigma;
bestslope = slope:
pestyintr = yintzI;
for (i=1; i<PHONES; i++) {
if (phoneflag !'= 0)
bestrange{i]l = rf{il:
}
}
bestflag = 1:
i

else |
if (sigma < bestsigma) |

bestx ™ Xgs:

besty = ygs’

pestsigma = sigma;

bestslope = slope;

bestyintr = yintz;

for (i=1; i<PHONES; i++) |
if (phoneflag != 0) |

pestrange(i] = r{il);

Source code for the ftarlocate program
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a0

Y

<

a5

gpspeed = 1.0/bestslope:

5,

fprintf (stderr, "bestx = %f, besty = %f, sigma = %f\n",
bestx, besty, bestsigma);

fprintf (stderr, "group velocity = %f\n", gpspeed):

fprintf(stderr,"y intercept = 3%f\n"”, bestyintr);

xcntr = bestx;

ycntr = besty;

! &
Ny
fprintf (stderr, "Do you wish to remove outlying points? (l=yes)\n"): Ny
scanf ("%d", §answer) ; L
if (answer == 1) .¥:
num = 0; ,?f
sumr =0.; NG
sumtime = 0.; »
sumrsg = Q.; .-

sumtimer = 0.;

for (i=1; i<PHONES: i++) {
if (phoneflag(i] '= 0) |{

e .
R R

B
A T
LI Y

if (sqrt(pow((timedelay{i)-bestyintr-(bestslope*bestrange(i])}, -~
2.0)) < 2.5*bestsigma) e
UM+
sumt:.me += timedelay(i]: ? <
sumr += bestrange(i): SN
sumrsq += bestrange{i] *bestrange(i]; o
sumcimer += bestrange(i]*timedelay(i); o
} -
s A
else | o,
forintf(stdery, "outlyin hone # %d\na",i): N
| fprintiiscderz, "outlying phon a", iy v
1 ' .
‘ L 4 v
) N
N = num: #:
bestslope = ((N*sumcimer)~(sumr*sumtime})/ “a
{ (N*sumrsq) - (sumr*sumzr) ) ; RN
bestyintr = (sumtime-{(bestslope*sumr))/N; A
gpspeed ~ 1.0/bestslope; O\
fprintf (stderrz, "bestx = %f, besty = %f, sigma = %f\n", ; *

bestx, besty, bestsigma):

fprantf(stderr, "group velocity = %£f\n", gpspeed); S
fprintf(stderr, "y intercept = %f\n", bestyintr): -:,
} :\.:
-‘.
fprintf (stderr, RS
"Do you wish to relocate with different phones? (l=yes)\n"): o

scanf ("%d", &rerun);

Source code for the rarlocate program
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/* finding source amplitude */

for(i=1; i<PHONES; i++) |

if (phoneflag[i) !'= 0) {
scurce(i] = (amp(i)/SENSITIVITY) * bestrange(i]:’

sumsource += sourcef{i];

}

}
bestamp = sumsource/N;

fprintf({optr,”%d %d V£ %f $f ¥£\n", evenr, date, time,

bestx, besty, beszamp):
fporintf(optr, "% %f %£\n", bestsigma, gpspeed, bestyintr):;

fprintf (stderr,"Do you wish to exit? (-1 = exit)\n");
scanf ("%d", sbye): {:

}

fclose (ptr):
fclose(optr)
fclose{locptr)

AR

exit (0);
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Saurce code for the farlocate program

"’" k P I
n. .-' LR RN .. - 4'_ R e e
RIS A o g NN T e N N N L e e S e e e
it - “‘ PV A APPSR L A RO '."_".~\ o _-“g":-“_- S




an L e N W W W e T TR PP R A L e B L RO LR W R RS e i NS, ‘il 10 - e b’ pre g e DA R M D

-144-

APPENDIX C

Table C-1:

Event Location Summary

Table C-2:

Tape Summary

Taple C-3 Event

Interarrival Time Summary

Table €C-4: Event Strength Summary
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APPENDIX D

Table D-1: Angles, Ranges and Times for Refractive

Fropagation Faths

Tabie D-2: Spreading Loss Function, G(r)
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Table D-1 Angles, Ranges and Times for Retractive Propagation Paths
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o (See Figure 3-8)
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Table D-2 Spreading Loss Function, &ir) f )
Theta zero Theta 1 z Rl k2 6(R{)  BiRZ) 10 log 10 log i*‘
B(RI)  G(R2) o
M
Theta zero 1s the surface launch angle. ; v
Theta | is the angle of the refractive path at the hvdrophone depth (93a) ‘iz‘
7 is the maxisus depth of the refractive path. :}'
Bt is the horizontal range to the hydrophone intersected on the downward swing {}:
R2 is the horizontal range to the hydrophone intersected on the upward swing -
G(R) is the spreading loss function, -
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