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ABSTRACT

These technical memoranda (ARL-TM-73-11 and ARL-TM-73-12)
describe two analyses of ACODAC data tapes. The first
memorendum contains the initial or preliminary analysis of

an ACODAC performed at ARL. Data generated by four types of
sources--ambient noise, cw source, vibroseis source, and

shot (explosive) source--were analyzed. The second memorandum
describes the analysis performed and results obtained at

ARL in support of the Test Director for the Blake Test to
evaluate ACODAC system self-noise effects on system per-
formance.
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I. ARL PRELIMINARY DATA ANALYSIS FROM ACODAC SYSTEM
(ARL+T™-T3-11)

A. Introduction

The duplicate data tape from the ACODAC System used during the
Church Gabhre Exercise was received at Applied Research Laboratories
(ARL), The University of Texas at Austin, early oz 11 June 1973. A
preliminary analysis was conducted to demonstrate ARL's capabilities to
nandle data analysis of this type. The analysis was constrained by
limited time, inability to read time code information and amplifier gain
changes, and no log or.record of the content of the data tape.

After exanining the tape, the decision was made to isolate and
snalyze four different data segeents containing ambient noise, continuous
vave (ow) sources, shots, and the vibroseis source. Time permitted only
the analysis of data from hydrophone number 3.

B. Pla}{!_mck System and Procedures

Pigures 1 and 2 are bloak disgrams of the ARL computer snd data
seducticn facility.

Since ne log was previded with che dats tape, it was necessusry to
search the tape to locate four differant types of data for snalysis.
The analog dats was played back st & speedup of 80:1 Lo locate different
data segsente for sralysis. Simultaneous visusl observations of the
cutput of hydrophones & and 3, with an sudio presentation of the out-
put of hyirophone 3, enablea thc operator to lLocate the data segments.

(24
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A Spectral Dynamics analyzer (500 line) was then used to examine the
spectral characteristics of these data segments to identify ambient

nuise, cw sources, shots, and vibroseis source.

These data segments were passed turough a 10 4o 300 Hz (real time)
filter to prevent aliasing and to eliminate extraneous low frequency
playback system noise outside the frequency band of interest. The data
were digitized at a 600 Hz (real time) rate in 8192 sample blocks and
stored on digital tape. The 600 Hz sync signal for the A/D converter
was obtained from the 12th harmonlic of the 50 Hz carrier on the time
code channel, thus eliminating wow and flutter induced by the recording/
playback processes.

Additional data were processed via the Spectral Dynamics analyzer.
The spectral lines computed by the analyzer were output to the digital
computer and stored on digital tape.

The location in time, relative to the start of the data tave, of
the data segments analyzed are approxiwate since no tape log was avail-
able. The estimated times were taken from the reel tur» count of the

playback recorder, which is not & linear system,

C. Ambient Noise

Figures 3, 4, and 5 are relative power spectra of three consecutive
s=gments of ambient noise data with no amplifier guain changes observed
visjually. 7These dats segments occurred toward the end of the first
rocording dey. The data ware digitized using the phase locked 600 Hz
signal, spectra were computed with n FFT using a Hauning window, and
the gpectra were averaged to produce stable spectral estimates. Each
apeetrum covers & data block of 13.7 sec (819Z samples). The frequency
resolution is 0.07 Hz. Each graph represents an average of 50 conse u-

tive zoectra or a real time interval of 1l.4 min. The general spectra

—— e e s cmaar oot SRR S
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shape remains consistent throughout the analysis sequence. The spectral
linas between 25 and T5 Hz indicate the presence of a ship in the area.
Flgure 3, the beginning of the analysis sequence, shows a spectral
increase of approximately 4 dB in the frequency range of 100 to 125 Hz.

Figure 6 is a time varying power spectra of a diftferent data
segment of ambient nolse occurring near the end of the first recording
day. The relative power spectra were computed by the Spectral Dynamics
enalyzer with a resoluticn of 0.75 Hz. The display shows the frequency
markers from the analyzer for reference, the frequency spectra computed
for the calibration signal vrecorded on the ACODAC tape, and the spectra
of the ambient noise. Bach time trace represenis an average of four
pover spectra computed with a 2 sec data block. 'The lack of low frequency
lines indicates no shipping present.

D. Calibration

Figure 7 is a spectrsl analysis of one of the calibration signals
occurring every 6 h on the ACODAC recording system. This data segmont
occurred approximately 1 1/3 days into the recording. The dats were
digitized at a GOO Hz rate in 8197 samplesisequence for 13 seguences or
in data blocks of 13.7 sec. The fregquency resolutien ie D.OT Ho. The
total length of the dats sequences i5 4.2 min., A spectrum iz computed
for each sequence, and the zequenced (18) are wversged to sohievs atable
estimates. The calibrstion signal appearcd Lo be periorsing itg propee
function.

E. Vibroseis

Figure § is s display of the tlme varylng relstive linear power
spectra of a sequence of vibroseis data oocurring spproxisately 9 days
from start of recording. The relative power spectre were cowpuled with
a Spectral Dynanics reel time smalyzer that produces 90 sportral lines

-

with 0.75 Kz resoluwtion, Bach spectru is corputed for a ¢ sec dala

8
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block. The analyzer is set to average four consecutive spectra,
representing the analysis of 8 sec of data, and output to the digital
camputer. These spectra were again averaged to represent power spectra
for L0 sec data blocks. The display is linear power versus frequency
versus relative time, Frequency markers from the analyzer are displayed
for reference. Figure § is a similar display, but with log power.

F. ow 8Sources

A data segment, containing an apparent cw source of 90 Hz, was
analyzed. The data segment occurred 2 1/2 days into the recording period.
Two different types of analysis were performed: high resolution spectral
analysis and adaptive spectral estimation to determine the spectral
content of the data segment.

1. Spectral Analysis

High resolution power spectra of a cw source in the ambient
noise background is shown in Fig. 10, The spectra are computed with an
FFT algorittm and averaged in blocks of 50 (1l.4 min). The frequency
resolution is 0.07 Hz.

Spectral lines between 10 and 75 Hz indicate the presence of
shipping. The line at 90.7 Hz i5 assumed to be the cw source. The
side lobe structure of the spectral line indicates an amplitude modulation.

Three consecutive sets of data were analyzed in the same
wanner to observe 1f the lines vere present over a longer time interval.

Figures 11, 12, and 13 show how the lines vary over a 33 min data block.

Time varying pover spectra of the ambient noise plus cow signal
are shoun in Fig. lk. The spectra are computed via an FFT using a

12
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Gaussian window with 30 equivalent degrees of freedom., No ensemble
averaging is used. The basic frequency resolution is 0.29 Hz. Each
line is an ¥PT on the first 2048 points from every 3rd sequence on
digital tape 1604. The cw tone at 90.7 Hz is evident and it is changing
in emplitude with time.

2. Adaptive Spectra Estimation

Figure 10 shows definite spectral lines. In an effort to
check on the stability of these lines, a modification of the maximum
entropy method (MEM) of computing spectra was used on the first 41
records of digital tape 1604, The basic program forms an autocovariance
matrix, inverts it, and solves for the roots of & polynomial, which
indicate resonance frequencies in the data. The primary advantage of
the method is that it allows the use of a small amount of data to obtain
a high resolution spectrum or the resonance frequencies in the case of
this modified version. The amplitude of spectral lines is ignored by
the program, but they mey be found later.

Figure 15 shows the results of a time versus frequency display.
The program is commanded to search for 14 roots; and up to 14 asterisks,
which represent the frequencies found at that time, are displayed on each
lina. The 90 Hz line is strong and consistent; the other lines appear
to fade in and out. The method is dependent upon signal-to-noise ratio
(5/N), and as the signal fades the lines will appear to shift frequency.
The conclusion iz that the lines are present on the average, anil they
fade in and out in magnitude,

G. Validation of Data

A useful meazure of the changing statistics of noise data is to
test for homogeneity. That is, if two datu sets have the same proba-
bility density, then they are howmogeneous. In this case, a long digital
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tape subdivided into records of 8192 samples each was examined. This
data segment occurred 2 1/2 days into.the tape and contains ambient noise
plus a cw signal. The 10th record was chosen as a reference and was
compared to each of the other 138 records. One hundred samples were
obtained from each record by picking every 10th sample from the first
1000 samples. The Kolmogorov-Smirnov (K-S) statistic was computed for
each comparison and the result is ghown in Fig., 16, The conclusion is
that after a ? h span of time the statistics change sufficiently for

the K-S test to cousistently reject the hypothesis that the data are
homogeneous. After 4t h the data are again homogeneous with respect

to the 10th record. This test should be repeated using different records
as references for a complete analysis.

This brief analysis shows that for this enviromnmental situation it
would not be appropriate to average for more than a 2 h span of time

to obtain a statistically reliable estimate of power spectra.

H. Digitization and Analysis of Shot Data

To obtain a suitable data base that would facllitate a preliminary
investigation of the shot signuls, a total of 36 waveforms from explosive
sourcaes were digitized. These data were approximately 5 1/2 days into the
tape and were generated with a "2.shot" explosion sequence. Each
received signal, from hydrophone 3, was gated in time by choosing an
appropriate time delay following the first shot in each pair, The sample
rate was the phase locked 600 Hz. Figure 17 shows computer plots of the
first five echoes of the 36-echo sequence. The location of the shot
signals are evident although only every 30th sample is plotted here, The
reason for choosing a 40 sec window to select the data was to overcome
instability of the triggering method. More detailed plots of the data
are shown in Fig., 18. Here every Sth sample has been plotted.

21




Kolmogoroy - Smirnoy

Statistic

Test for Homogeneity
On cw Signal + Noise

Ad 1 ranA | o= 53

(WYY AL AN VTV R

oY

v A .
}
1

1.25 2.5 3.75 5
Time - Hrs

FIGURE 16
TEST FOR HOMOGENEITY
AMBIENT NOISE + cw SOURCE

ARL-UT
AS-74-1057

GEE
10-14-74

22



2 o LR AU SAS IR E SRR GO SR S (0 TR E R R o B g 3

A general structure of the shot data is shown in Fig. 19 where three
consecutive signals from the begianing of the data set (of 36 shots) and
twvo consecutive signals from the end of the data set are plotted. The
first three signals are similar in structure as are the last two signals.
However, a structural differenca, with respect to the number and arrival
times of multipath signals, do#s exist between the set of the three :
earlier shots and the set of fwo later shots. This is to be expected z
since the geometry of the shot experiment changed over the duration of ‘
the measurements, and accordngly, the multipath structure would alsc change.
Within a few consecutive shcts, however, the multipath structure appears
to be relatively stable.

Figure 20 provides a compariscn for the waveforms of the primary
arrivals of two (No. 1 and 5) shot signals. The two wvaveforms are very
similer ir shape, particularly with respect to the location and smplitudes
of some of the larger praks. Some differences btetween these two waveforms
can be discerned, and these could be attributed to either differences in
the generstion of the shots or changes in the propagstion enviromsent.

To obtain a preliminary estimate of the required sample rate on the
shot data, 2 signal was plotted with various sample rates. It was con-
cluded that at leas’ 600 Hz is necessary and very likely sufficient for
the preservation of the information in the signal waveforws., Figure 21
illustrates the effect of reducing the sawple rate on o typical signsl.
Misleading result: will be obfained with a 300 H:z sample rate since much
of the waveform structure is lost whon the sample rate s changoed from

600 Hz to 300 M.

Using Fig. 22 one can compare the shot-to-shot consistency of the
second arrivals. The consistency here does not appear to he a4s high as
vnat of the primary arrival (see Fig. 20). Alse, the second arrivals
are more spread in tiwe, which indicates that this perticular multipath
component introduces a8 time soear into the acoustic propagation.
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I. Intensity Spectrum of Shot Data

A very limited attempt was made to estimate the intensity spectrum
of the received shot data. A sample spectrum (2,34 Hz resolution) of
the first arrival of the fourth shot is shown in Fig. 25. Generally,
the spectrum decays from its maximum near zero frequency to a minimum
at 300 Hz, the extent of the receiver filters, This estimate has many
fluctuastions present, some of which are undoubtedly due to statistical
inaccuracies in the estimate. Time permitting, the estimate would be
improved by several techniquss such as averaging several spectra or using
appropriate smoothing functions,

Before proceeding with the computation of the spectra, however, the
shot data should be more accurately described with respect to its
deterministic or random structure. If the shot data were entirely determi-
ristic and repeated consistently over the duration of the experiment, then
al' of the spectral information could, in principle, be obtained from one
sexmp’e function. However, the shot data do appear to have random com-
ponants nd parti-ularly so in the 2nd, 3rd, 4th, etc., arrivals. When
this is the rase then eppropriate ensemble techniques must be employed
! to obtain a statistically reasonable estimate of the intensity spectra of
the data, This t.chnique should be used carefully, however, since the
"time" spectrum of the shot dato may change during the course of an
experiment dus to a change in the experimental geometry and propagetion

conditions, In this vase, &» ensewhle spectra could be misleading since
it would be derived from data tha. were éssentially inhomogeneous. Thig
problem can only be solved sfter s preliminary investigation of the sta-
tistical properties of the received shot data.

J. Estimstion of Signal-to-Hoise Ratile

One of the vore important guantities i3 the 878 of any given set ¥
shot date. In this snalysis the S/U of o typica. signel woe estizated
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according to two definitions of 8/ and several averaging times used in
the estimation of the noise background. The problem is illustrated in
Fig. 24, 1In thir case the signal is relatively easy to locate, 2 sifua-
tion that likely will not always occur. The spoch of the zignal is

noted as well as a particular window used for the estimate of the noise
pover or intensity., The two 5/N's estimated are computed using the peak
of the signal and the average energy of the signal (see Fig. 25). The
stability of the estimate should improve as the averaging time of the
noise estimate improves. This is illustrated very clearly in Fig. 25
vhere it can be sean that the S/K estimate approaches 8 stable vslue when
an averaging time of 0.5 sec or greater is used, To determine useful

3/N velues, analysis of the effect of averaging time should be performed to
cbtain higher confidence ir the results &s well as & savings in processing
time.
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II. ANALYSIS OF THE BLAKE TEST ACODAC DATA
(ARL-TM-T3-12)

A, Blake Test Analysis

1. Introduction

The Blake Test was conducted at sea in a deep water environment
for the purpose of evaluating the ACODAC system self-noise effects on
system performance. Data tapes from the Woods Hole Oceanographic Institute
(WHOI) and the University of Miam’ (UM) ACODAC systems were duplicated
and furnished to ARL for analysis in support of the Test Director (UM).

The UM array parted early into the test leaving only hydrophone channel 6
recording daca.

2. Data Reduction Procedures

Data reduction was accomplished using the hardware/software
systems currently in operation at ARL,. These systems are d2scribed in
Section I (ARL-TM-73-11). The variances on these basic procedures are
outlined in this report with the description of each type of analysis

performed.

3. Analysis Constraints

The data analysis was somewhat constrained by the nature of the
test, which included a tight time schedule for the completion of the
analysis. The data tapes were received at ARL on 20 June 1973 and the
results were presented at a meeting with the Test Director at WHOI on
25 June 1973. SN




Other constraints that slowed the analysis were the lack of a
time code reader and test event log, The ACODAC tapes were edited and

this analysis with other analyses, the time code was digitized by
quadrature sampling and decoded with the digital computer. The ACODAC

amplifier gains were read with the same procedure.

4k, Data Tape Quality

The duplicate ACODAC analog tapes were examined for "quality"
prior to the analysis. The signal levels on the Blake Test tapes were
compared to the Church Gabbro tape previously analyzed (Section I).
Table I gives the signal level on the tape, using identical playback
electronics, for the Church Gabbro, Blake WHOI, and Blake UM tapes. The
peak calibration signals for the Blake Test tapes were 10 to 20 dB below
comparable signal levels on the Church Gabbro tape. The ARL playback
system noise, using blank tape in the recorder, is also given in Table I.

TABLE I
SIGNAL LEVEL CHECK FOR
THE ACODAC TAPES
Signal Levels (dB re 1 Vrms)

Playback#®

Hydrophone gystem Church WHOI UM
Channel noise Gabbro  (Blaske)  Blake

1 =49 =11 =21 -

2 =l5 -9 -2l -

3 -9 -11 -33 -

4 =47 -10 -27 -

5 L7 -15 i3 -

6 -47 -9 -29 -43

¥Playback system noise was determined by using blank tape.

36<
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B. ACODAC Csalibration Analysis

1. Purpose

The analysis time period for the Blake Test data did not permit
an extensive study of the stability of the ACODAC system calibration. To
establish a "quality check" on the data for each hydrophone to be analyzed,
the calibration signal recorded immediately prior to the ambient noise
data was examined. This calibration occurred between the 50 and 100 mile

shot sequences.

2, Data Reduction Procedures

The time compressed (L40:1) analog data was bandpass filtered
(10 to 300 Hz) and digitized. The A/D converter was synced to the 12th
harmonic (600 Hz) of the 50 Hz carrier of the time code to reduce tape
recorder inaccuracies. The spectra were computed with a FFT algorithm to
a resolution of 0,073 Hz. The data block for the FFT is 13.65 sec. A
Hanning window was applied to each spectrum for smoothing. The spectra
shown in Figs. 1 through 7 represent an ensemble average of 2.3 min. The
spectra have been corrected for the playback amplifier gain but not for
the ACODAC amplifier gain. Table II is an explanation of the labels

for the spectra.

3. Spectral Analysir

Table III is a summary of the peak and noiee spectral levels
of the calibration signal for the WHOI and UM arrays. For the WHOI array,
hydrophone channels 1, 2, and 4 show & consistent peak signal-to-noise
ratio (S/N) of at least 50 dB at 50 Hz. Hydrophone channels 3, 5, and
6 of the WHOI array indicate a lower dynamic runge. For all hydrophone
channels the 200 Hz callbration signal 1z approximately 10 dB lower than
the 50 Hz calibration signal. All of the channels contain harmonics of

the calibration signals of significant levels.
37«
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TABLE II

L CALIBRATION SPECTRA LABELS
LABEL EXPLABATION
SYSTEM 5 WHOI Array
4 UN Array
DAY
HOUR Time Code
' MIX
CHANNEL Hydrophone nuxber
(top hydrophone = 1)
AMFGAIN ACODAC Amplifier Gein as Decoded
SCALE Playback Axplifier Cain
SANPH Sampling rate, iz
FREQR Frequency rasolutiaon, iz
i SOTH Snoothing vindov

«1 = Hanning vindow
L3333 v 1/3 octave Dilter

BLKTING Date black lepgth, s¢c
AVGTINE Ensoshlie averaging tise, zis.
o
Gu”




TABLE III
CALIBPATION SPECTRAL LEVELS IN¥ DECIBELS

WHOI Array
Hydrophorne

Humbher Bois= (10-300 30 180 125 150 208 250
1 -38 @7 ~21 -18 -21 +5 ~22
2 -~38 17 -36 «18 -18 *1 -3k
3 =42 +5 «15 28 -3 -2 ~30
L -39 +1 -13 23 -22 +3 -32
5 -&2 -7 -24 -39 -7 -1& -31
& -3 +l -G -32 ~12 -9 -20

¥ Arvay
& -LG -7 3% =42 -2 ~2G -32

46«




Hydrophone channel § of the UM array showed a peak &/N of
33 dB at SO Hz. The 200 Hz cal eignal is 13 dB below the level of the

50 Hz cal signal.

The droadaning of the cal spectral lines at 50 and 200 Hz may
have been causad by feed over of the celibration signal intc the time
cods track thereoy causing the A/D sync signal to vary.

C. Amblent Roise »Anal;sis

1. Data Analyzed

The data chosen for the ambient noise analysis were recorded bhetween
the 50 and 100 mile shnt sequence. The decoded time code read day 3,
bour 0, ninutes 8 to L6 for the WHOI arvey and dsy 2, hour O, miunutes 9
to 46 for the N array.

2. PBata Reduyction Proucedures

The analog dsta on the ACODAC taspes were time covspressad
(&3:1) :n playbsck, bandpass filtered (10 to 300 He), asmplified, end
digitized. The AfD converter word is 1l bits plus sign and was s)ymced
Lo the 12th hareonic (600 Hzj of the S0 B: carrier of the tize <ode to
mintcize recond/reproduce errcra., The spectra were computed with a
FFT algoritim with o resolution of 2.073 2. Bach data block analyzed
was 15.65 gec. A Hasning winiow was wied for smoothing. The spectra
vere enasshble averaged Por 1.4 min. lach spectra is corregted for the
playtack aeplifier gain wwt not for the MODAC systes gals. Tekle IV i3
an <& . mation of the labels Tor the spectis.
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TABLE IV

CALIBRATION SPECTRA LABELS

LABEL EXP ION
SYSTEM 5 WHOI Array

4 UM Array
DAY
HOUR Time Code
MIN
CHANNEL Hydrophone number

(top hydrophone = 1)
AMPGAIN ACODAC Amplifier Gain as Decoded
SCALE Playbe~k Amplifier Gain
SAMPR Sarpling rate, Hz
FREQR Frequency resolution, Hz
SMOOTH Smoothing window

-l = Hanning window
.3333 = 1/3 cctave fiiter

| BLKTIME Data block length, sec

; AVGTIME Fnsemble averaging time, min.
|
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3. Spectra

Figures 8 through 15 give the ambient noise spectra for 11.l4 min
of data as a function of depth. The spectral lines at frequencies less
than 50 Hz are assumed to be due to ship traffic. Table V gives the
relative spectral levels for the peak near 50 Hz and the system noise,
both record and playback, at 300 Hz. These spectral levels and the
differances betwsen the 50 and 300 Hz levels indicate the errors resulting
from the improper operation of the different hydrophone channels of the
ACODAC systems ancd the analog tape duplication.

D. Struming Analysis

1. Puzgose

The Blake Test was conducted to evaluate the self-noise or
struming effects on the performance degradation of different hydrophone
array configurations. The WHOI array is the taut array type, and the UM
array is the compliant array type. The UM array parted very early in the
test; therefore the only data presented is for the WHOI or taut array
configuration. Spectra of ambient noise data for the frequency range of
0 to 6.25 Hz were used to illurtrate the effects of strumming. The data
segment was recorded beginning at time code day 3, hour O, winute 8.

2. Data Reduction Procedures

The analog ACODAC tape was time compressed (320:1) in playback,
bandpass filtered (1 Hz to 100 Hz), and amplified. 7This analog signal
was input to a Spectral Dynamics SD301C Real Time Analyzer (RTA), which
output 500 spectral lines with a frequency resolution of 0.19 Hz into the
CDC 3200 digital computer. The ensemble averager of the RTA was used to
average the spectra for 64 sec. The reduction procedure consisted of
first digitizing the frequency markers from the RTA for reference, and

then digitizing the spectra of a data segment for each hydrophone channel.
49<
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