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} depth was approximately 4000 m. The measurement system consisted of a broadband

omnidirectional hydrophone, suspended to a depth of 91 m from a sonobuoy located
in a lead. Under the influence of arctic currents, the pack ice was slowly
moving. This movement caused rifting and cracking of ice, which occurred, at
times, throughout the experiments 3nd represented a structured acoustic noise
source. Both impulsive and burst noise were identified in the data and were
prohably created by tensile cracks and rubbing ice masses.

In order to better understand the statistical properties of under~-ice
ambient noise, the skew, kurtosis, and cumulative distribution function (cdf)
of ithe data were estimated. In the time domain, the statistics were estimated
in 100, 350, and 2500 Hz bands. At times, the statistical estimates in all bands
deviated from Gaussian noise significantly, and were consistent with previously
reported results of experiments made within the Canadian Arctic Archipelago.
The estimated energy cdf of FRAM II data predicted detection thresholds 3 to
10 dB higher than what would be expected from purely Gaussian phenomena. Spec-
trum levels and spectrograms were also measured. The spectrograms depicted
dynamic frequency components that appear, from aural information that sounded
like squeaks, to be correlated with ice dynamics. Comparisons of broadband
spertrum level estimates at different times indicate non~stationary frequency
domain components that also appear to be correlated with ice dynamics.

Since it was known that burst noise durations of arctic under-ice noise
have been measured to last from 0.1 to 1/3 second, statistical estimates of
frequency domain components were measured. These frequency domain statistical
measurements represent new techniques for estimated environmental noise
phenomena. The complex skew, kurtosis, and cdf were measured in 1, 2, 6, and
10 Hz resolution cells at the output of a discrete Fourier transform with
processing times from 2 to 14 minutes. These new findings indicate the
existence of strong non-Gaussian noise in the frequency domain.
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Fram 11 Single Channel Ambient Noise Statistics

Introduction

This presentation discusses the results of a statistical data analysis study of
under-ice ambient noise. The data were obtained from a multi-institutional Arctic
Ocean experiment conducted in the spring of 1980.

The author’s motivations for analyzing under-ice ambient noise were due to his
interest in non-Gaussian noise processing techniques and to the published ex-
perimental results of A. R. Milne and others in which they concluded that under-ice

; ambient noise in the time domain was at times impulsive and highly non-Gaussian.
In the course of our analyses, we repeated Milne’s experimental measurements
(albeit with different bandwidths) and deduced similar conclusions on the non-
Gaussian nature in the time domain of under-ice ambient noise. By statistically
examining the discrete frequency components, we found that they were also non-
Gaussian due to ice dynamics. These new findings indicate the existence of strong
non-Gaussian noise in the frequency domain.
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TD 6583

Slide 1

The specific data that have been analyzed were recorded on 23-24 April 1980 at
location 86 ° N latitude, 25° W longitude by scientists from MIT, WOI, NUSC, and
from other institutions in the United States znd Canada. The group conducting the
experiments were camped on pack ice that was slowly moving under the influence of
arctic currents, wind, and neighboring floes.

The data collected by A. R. Milne and others were obtained in the Canadian
Archipeligo region under stationary shore fast ice. In this region, the mechanism for
impulsive and non-Gaussian noise is due to tensile stresses caused by rapid
reduction in air temperatures. Noise from the pack ice, on the other hand, is due to
the friction between interacting and colliding ice floes in addition to tensile stresses.
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Slide 2

The camp site, as shown in this slide (from an MIT cruise repo.t), was plagued
by rifts and ice crack openings while the scientific experiments were being con-
ducted.

The data of this presentation are from a sonobuoy located in a lead near the
large low frequency array. An omnidirectional hydrophone was suspended from the
sonobuoy to a depth of 91 m below the ice. The original recording bandwidth was
from 10 Hz to § kHz. However, our recording bandwidth only extended from 10 to
2.5 kHz. The water depth, which is an important parameter for predicting
propagation conditions, was approximately 4000 m in this location.

TD 6583




WAY123dS HIMOd ‘
(NO11070S34/2ZH) ADNINDIES 037vIS
215 Bhh weg 02g gs2 261 82! w9 0
o O 0 St S Y 0'c8-

[ [
' L)
+ *
' 0°08-
¢ ’
' .
0°GL-
0 oL-
0°'69-
0°09-

0°66-

{7780

0°056-

0 ' Gh-

0 0h-

ZH/ "0S L10A

0-Gg-

0°0g-~

ISION JUIIquIY I[-Japu() AIBUOCHER)S-UON

TD 6583




TD 6583

Slide 3

After digitizing the data at a 10-kHz rate, we compared its spectrum for 2 time
periods. The top curve represents the average spectrum using 100 consecutive 1024
point FFT estimates, which is equivalent to about 10 seconds of data. The same
procedure was utilized for the bottom curve except that the estimates were made 3
minutes later. The horizontal scale is given in terms of the normalized frequency.
Multiply by 10 to convert to approximate frequency.
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Slide 4 3

The first four statistical moments, in the time domair, of the data are given
here. They were estimated in 1024 sample blocks, which we identify as records in
each of the four figures on the horizontal axes. Since the sampling rate was 10 kHz,
each record represents about 0.1 second of time. The total 6006 records, therefore,
represent 10 minutes of data.

The graph on the top left shows that the mean of the data is not zero. This bias
was due to the carrier frequency of the tape recorder being slightly misaligned. In
subsequent processing we subtracted out this bias.

The next graph on the bottom left shows the variance of the data. Note the
large variability of the variance over time. In order to assess which frequencies were
dominating the variance in the full band, we process the data in smaller frequency
bandwidths. These bands were from 100-200 Hz, 200-300 Hz, 300-400 Hz, 400-750
Hz, 750-1100 Hz, and 1100-1450 Hz. The 300-400 Hz band will be shown in a later
slide. We found that the higher frequency bands (i.e., 750-1100 Hz and 1100-1450
Hz) were responsible for variability in the variance.

The top right graph represents the estimated skew. It is defined as the third
central moment divided by the cube of the standard deviation. The skew measures
the symmetry of the data compared with a Gaussian distribution. For a Gaussian
process the skew is zero, within confidence bounds determined by the number of
samples used in the estimate. We can see from this grarh that some records deviate
from the Gaussian assumption based on the skew by a large factor.

The last graph on the bottom right shows the kurtosis. It is defined as the
fourth central moment divided by the square of the variance. The kurtosis measures
the peakedness of the data compared with a Gaussian distribution. For a Gaussian
process, the kurtosis is 3, within a confidence bound determined by the number of
samples used in the estimate. As shown here, many records deviate from the
Gaussian assumption based on the kurtosis.

In the next slide, we will show the estimated cumulative distribution function of
the data for two cases. The first, 300 records (approximately 300,000 samples) was
utilized for our estimate for case one, and the second, a 300 record length, starting
at about the 1800th record, was used.
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Slide §

The estimated time domain energy distribution is shown here. Each sample was
first squared and then the cumulative distribution function (¢cdf) was estimated for
the 300 records, which represents a time interval of about 30 seconds. The vertical
axis is plotted as the logarithm of the excedance probability. The squared data are
normalized by dividing the output by the input variance, and then, as shown, the
horizontal axis is plotted as the logarithm of the normalized output.

The solid curve represents the cdf of a known Gaussian noise source that was
digitized and processed exactly as the data. The circles are analytical calculations
for the energy cdf assuming a Gaussian input. The curves b and c represent the data
for th. tirst and second 300 records, respectively. The significance of these plots can
be appreciated by a simple example.

Suppose we want to set a threshold in an energy detector so that the false alarm
rate is 0.0001. From the graph, we would have to set the threshold 3-4 dB higher for
curve b, and 9-10 dB higher for curve ¢, compared with what the threshold would be
set at for purely Gaussian noise.
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Slide 6

To understand the frequency domain aspects of the under-ice ambient noise,
we processed the data spectrum in a frequency-time format. The vertical axis
represents time. The total time in this graph is about 2.5 minutes. The horizontal
axis is frequency extended out to 2 kHz. We processed the data spectrum with a
resolution of 2 Hz.

From the slide, we can see large but dynamic tonals in the data occurring over
this time interval. These events sounded like squeaks and appear to be due to ice
dynamics.

‘o
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Slide 7

An important aspect of our study of under-ice ambient noise was an evaluation
of the statistics in the frequency domain. Usually, the statistics of acoustic noise in
the frequency domain are assumed Gaussian. As we shall show, this is not
necessarily the case in the Arctic. These results are new and are presented here
apparently for the first time.

For the full band case with a sampling rate of 10 kHz and utilizing a 1024 point
FFT, we obtained an average power spectrum with a 10 Hz resolution for 1000
consecutive FFT’s. The total time for the estimate was 1.7 minutes. For the 1000
consecutive FFT outputs, we estimated the skew and kurtosis for each bin for both
the real and imaginary parts. These results are shown in the slide. The top curve
represents the average power spectrum and the middle and lower curves represent
the corresponding estimates of the skew and kurtosis. Only the real part is shown.
Similar, but not identical, results were obtained for the imaginary part. We can see
that over a wide bandwidth, many bins deviate from the Gaussian assumption based
on the skew and kurtosis. However, the results are more dramatic for the kurtosis
estimates. Note that the lower frequencies (i.e., below approximately 300 Hz)
‘ appear to be Gaussian. Data at cther time periods show low frequency components
3 also deviating from the Gaussian assumption based on the skew and kurtosis.

15
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Slide 8

For the 1000 consecutive FFT outputs, we estimated the amplitude cdf over a
relative flat portion of the band for both the real and imaginary parts. The total
estimates over 1.7 minutes consisted of approximately 200,000 bins for each part.

The slide indicates the results of the amplitude cdf estimates for the real and
imaginary parts. The ve:iics! axis represents the logarithm of the excedance
probability. We have normalized each amplitude by dividing by its corresponding
standard deviation as shown on the horizontal axis. Also shown on each graph
(indicated by the di2s*:ed curve) is the result for a Gaussian noise source that has
been processed in exactly the same manner as the data. The results clearly show the
significant deviatior: :.« :ae tests from the Gaussian distribution in the frequency
domain. The duts should be considered representative of the class of non-Gaussian
distribution encountered in the Arctic. We have also processed other data in 6 Hz
and 2 Hz resolutica with similar results. The results for the 2 Hz case will be
presented late: in tne discussion.

17
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Slide 9

Another data set of approximately 45 minutes in duration was analyzed by
listening to its aural character, while visually observing its frequency-time spectrum.
The slide shows a 12.8 se.ond portion. At about 2 kHz, we clearly observe a
dynamic tonal that sounded like a squeak. To the left, we notice a heavy lightened
area that probably corresponds with ice rubbing since this sound was aurally
detected in the background at the same time.

19
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Slide 10

As we mentioned previously, a 300-400 Hz band was statistically analyzed. The
slide shows the time domain energy distribution for this band. The axes are as we
previously described them. For this case, we sampled at a 2 kHz rate. The total data
segment for the distribution in the slide is 14.5 minutes. We estimated the energy
distribution in approximately 2.4-minute intervals, giving 6 estimates in total.
Shown in the graph are the energy distributions that deviated (in the tail behavior)
least and most from the Gaussian distribution. These curves are indicated on the
slide as “*Min’’* and ‘‘Max,”’ respectively. The curve marked ‘‘Gaussian’’ represents
the case for Gaussian noise at the input to the square-law device.
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Slide 11

We estimated the mean, variance, skew, and kurtosis at the output of the 300-
400 Hz band. The sampling rate was 2 kHz so each 1024 sample record represents
0.512 second. The rotal data time interval was, therefore, approximately 14.5
minutes. The mean and skew are now zero for practically the whole data length.
Note that the variance is diminished from the full band case, which is to be ex-
pected; however, its variability is small. As we mentioned previously, the variability
for the most part was caused by energy from the higher frequency bands. On the
other hand, we obtained the significant result that many of the records deviated
from the Gaussian assumption based on the kurtosis.
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Slide 12

The data at the output of the 300-400 Hz band were sampled at a 2-kHz rate
and FFT'd using a 1024 point FFT. This procedure gave a resolution of 2 Hz. A
total of 750 consecutive FFT's were processed for an overall time interval of 6.25
minutes. The averaged power spectrum for the 750 consecutive FFT’s is shown on
the top graph of the slide. We also estimated the skew and kurtosis for both the real
and imaginary parts over the full 750 consecutive FFT’s. Only the real parts are
shown in the figures. Similar, but not identical, results were obtained for the
imaginary parts for both the skew and kurtosis.

Note the 60-Hz tonal in the power spectrum, which is due to an electrical
ground loop. The corresponding kurtosis (indicated in the bottom graph by a dip in
the plot at 60 Hz) is about 1.8. The next dips at higher frequencies are due to har-
monics of the 60 Hz ground loop. These dips are much less pronounced (ap-
proximately 2.6 and 2.2, respectively) compared with the 60 Hz dip indicating that
kurtosis is signal-to-noise ratio dependent. In the 300-400 Hz band, which is clearly
seen in the top graph, we find that for many bins both skew and kurtosis deviated
from the Gaussian assumption.




Ao/A x0/X
cl ol 8 9 14 Z 0- cl oL 8 9 14 c ]
T T T T T ] — T T T 7 T
»-0L y-0t ]
ﬁoO— m n-cw ml
Q ©
+ T
0L 0t ) i
< x L
1-0t

Areuibew

Z 00:1£:€2
zH (00v-00€) ANVE
(08/c2/v) ereQ

NOILNBIY1SIA 3aNLINdWY :NIVWOA AON3IND3HL

TD 6583




ant ———— m

Slide 13

For a small portion of the band, as shown in the previous slide, we estimated
the amplitude cdf using the 750 consecutive FFT outputs for both the real and
imaginary parts. The end points of the band segment, which extended for 36 bins,
was within 1 dB. The total number of bin samples for both the real and imaginary
parts, used in the amplitude cdf estimates, were 27,000. The graphs of the real and
imaginary amplitude cdf estimates show significant deviation in the tails, compared
with the Gaussian amplitude cdf estimates indicated by the dashed curves.

TD 6583

27

[ P

1




TD 6583

Summary

¢ Under ice ambient noise in the time domain is, at times, impulsive and
highly non-Gaussian.

* Nonstationary variance estimates measured in the full band appear to be
due to the energy in the high frequency bands.

* The estimated energy cdt of FRAM I|i data in the time domain predicted
detection threshoids at the .0001 level of 3-10 dB higher than what would be
expected for purely Gaussian phenomena.

e Complex skew, kurtosis, and cdf estimates indicate existence of strong
non-Gaussian noise in the frequency domain.
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Slide 14

In summary, we have shown that under-ice ambient noise in the time domain is .
at times impulsive and highly non-Gaussian. This finding is consistent with the t
work of Milne and others.

The non-stationary variance estimates, measured in the full 2,500 Hz band,
appear to be due to the high frequency ice dynamics.

The estimated energy cdf of FRAM II data in the time domain for the full band
predicted detection thresholds at the 0.0001 level of 3 to 10 dB higher than whai
would be expected for purely Gaussian phenomena.

These new findings, based on the complex skew, kurtosis, and cdf estimates,
indicate the existence of strong non-Gaussian noise in the frequency domain.
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