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ABSTRACT

Anominally one-year program to study single ping clustering techniques for advanced
sonars is complete. Sonar data, recorded at sea, have been processed on a digital computer
and the results studied to deduce both a model of the processor output and features of the data
that might be useful as discrimminants between noise and target output signals.

Statistics of the output of the linear correlator have been collected for various intervals
for about 200 pings, both bottom bounce and surface duct. Plots of the standard deviation
versus the mean and of the standardized forms of the third and fourth moments show extrem-
ely high correlation for nontarget intervals for both modes and for various days.

The Rayleigh model is not a suitable description of the statistics of many of the output
intervals. The statistics of these intervals appear to vary as much from one interval to the
next in one return as they vary from ping to ping.

An energy detector has been simulated and its output plots have been studied in an attempt
to establish the source of the reverberation as a function of time.
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CONCLUSIONS

WE DO NOT HAVE A GOOD ANALYTICAL MODEL FOR THE LINEAR CORRELATOR
OUTPUT, EITHER FOR NOISE INTERVALS OR FOR TARGETS.

An analytical model of the linear correlator, especially for nontarget intervals, is
absolutely essential for detection studies, since it provides the essential relationship be-
tween false alarm rate and the threshold level. It appears that a simple model of good

accuracy may not be easy to find.

We are optimistic that continued study of the character of the input to the correlator
will reveal a useful model; for example, it may be possible to satisfactorily characterize
the statistics of the correlator output when it is normalized with respect to the input ampli-

tude and for various types or sources of reverberation background.

IT APPEARS THAT THE CAUSES OF THE GROSS FEATURES OF THE RETURN SIGNAL
ARE UNDERSTOOD.

Considering the sidelobes of the beam pattern, the depth, bottom slope, and sound
speed profile, it can be calculated that the scattered returns from the surface and bottom
arrive at times which are concurrent with features of the data that are quite consistant
from ping to ping; features incidently, which appear both within and outside the 10-second
interval which has been studied.

We desire to classify the correlator input in order to determine if the output statistics

are a function of the type of input; i.e., surface, bottom, or volume reverberation or noise.
THE MEAN AND STANDARD DEVIATION ARE STRONGLY RELATED.

For the nontarget intervals studied, the mean and standard deviation are strongly
correlated. The ratio of standard deviation to mean is quite constant for all of the non-
target intervals for both surface duct and bottom bounce modes and for various time inter-
vals in many of the surface duct pings. The data for various runs are somewhat clustered
about absolute values of the mean and standard deviation which are quite different from

one another,

The value of this ratio is approximately that which it would have been were the data
to have a Rayleigh distribution.
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For those cases where data from intervals containing target echoes have been processed,
the value of this ratio is markedly different.

THE STANDARDIZED FORMS OF THE THIRD AND FOURTH MOMENTS ARE STRONGLY
RELATED.

The same comment as above applies to these statistics. The only difference is that
these are a little more abstract statistics.

In this case the Rayleigh distribution is represented by a point on the plot which lies on
or quite near the regression line through the data.
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SECTION I ‘.

3 INTRODUCTION

Computer-Aided Detection is the long range objective of the work described in this
E’ report. The intent is to study methods and develop techniques to assist the sonar oper-
| ator to make detection decisions. An objective is to find methods to use the computer to do

] clerical work for the operator; i.e., for ways to reduce, consolidate, or summarize the

data for the operator. E
This report describes work toward the development of a single ping thresholding tech- |
nique. Figure 1, illustrating the many aspects of the overall Computer-Aided Detection

problem, indicates where this work fits.

PROBLEM "% USE_MANY 1
THE OPERATOR cannoT \ OPERATORS 4
SSIMILATE ALL IMPROVE DISPLAY
DATA DisPLAYED For Him REDUCE DATA TECHNIGUES

l QUANTITY o SYMBOLOGY
DEFINE EXTENT G \: o
G

OF PROBLEM THR IN
© HOW MUCK CAN g SYSTEM RESOLUTION
AN OPERATOR DO? 3
©HOW MUCH SHOULD MULTIPLE PING 1
AN OPERATOR DO ?
© WHAT FUNTIONS SHOULD GREATEST-OF f::':slfon P:::T

AN OPERATOR DO ?

SOLUTION OBJECTIVES

© RELIABLE 8 ECONOMICAL OPERATION © SHORT TIME TO DETECTION
@ PARAMETERS SUITED TO MEDIUM ® DETECTION AT LOW S/N
© OPERATOR (S) DOING “BEST" WORK ©® ACCURATE CLASSIFICATION

® COMPUTER (S) DOING "BEST" WORK

Figure 1. Computer-Aided Detection Problem

This effort concerns development of a single ping clustering technique. This technique is

f' based upon the concept that the computer can consider (according to its design) the many
outputs of signal processors relevant to a specific volume of sonar coverage and generate

a single output for the operator, which might represent, for example the probability of a

i target within this volume.

Figure 2 is a block diagram of a computer-aided system. Although several different
processors are shown, one might just as easily think of this approach as a way to combine
the many doppler outputs of a single processor. This diagram is vague: it is not known at

this time either what processors to use or how to combine their outputs. It is desired to

illustrate the concept that:
Arithmetic processing of measuremens made on the data output of the signal
processor(s) can be used to reduce the total quantity of data to be displayed.

| CONFIDENTIAL 1
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MEASUREMENT |
4| LINEAR :
CORRELATOR | | MEASUREMENT
NI ’ ;
MEASUREMENT 0
HARD [ -
i LIMITED : 7 DISPLAY
CORRELATOR| | [MEASUREMENT N
N2 S
MEASUREMENT |
|, ENERGY :
DETECTOR MEASUREMENT .I ,
N3 |

AN
COMBINER USES DETECTION FUNCTION TO CALCULATE
SINGLE NUMBER FROM (N! +N2+N3) DATA INPUTS

Figure 2. System Block Diagram

We believe that, by cleverly selecting the data to be displayed, the operator may be
helped to make an early detection.

The objectives of this study are:

1. To analyze in depth certain recorded sonar data, and

2. With mathematical functions, to describe the statistical distribution of that data

and computed parameters (discriminants) derived from that data for the two cases
of with and without target signal.

The approach described is empirical. Actual AN/SQS-26 sonar outputs recorded at sea
aboard USS Wilkinson working with a submarine target are being used. Most of the work
centers around two experiments of December 1963. Both experiments were run as shown
in Figure 3: the submarine made an octagonal run while the ship steamed on a straight

course.

TRACK OF

TRACK OF TARGET USS WILKINSON
SUBMARINE
;’/_::’_}_,—\—h__ " ;
\ - T
\— TARGET LOCATION !
AT START OF . i
EXPERIMENT
SHIP'S POSITION AT / o
START OF EXPERIMENT
£ N
Figure 3. Plot of Experiment :
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During these runs the AN/SQS-26 was operated in the bottom bounce mode to allow coded %
transmission, but, at 0° depression angle to take advantage of the surface duct propagation 1
mode. Figure 4 shows schematically an excerpt from the ping sequence, typically linear
FM and Psuedo-Random FM (PRFM) interspersed, and shows the portion of the PRFM
pings which were digitized for this study. These data have been processed on the IBM 7094
computer and plots of the output waveforms are available to study. An energy detector and

the linear correlator have been simulated.

i TRANSMITTED VOLUME

‘ PING REVERBERATION 28 SEC ——-,
f ; /

| TARGElT

H
H
H
2|
H
H
H
H
H
H
2

FM PRFM
PING - PING PING

«@=PORTION OF RETURN DIGITIZED

Figure 4. Excerpt from Ping Sequence

Plots of the energy detector output for the 200 digitized pings are presented in '
Appendix A. | 7

The first two runs were separated by only two days; they were made in the same ﬂ
area, sound conditions were quite similar, and the weather was good on both days -- yet '
they look quite different. Some of the features of these ping sequences which have caused
particular interest are the obvious difference in general appearance, the occurence of
"bumps'' and '"'wiggles' in consecutive pings, and the existence of possible bottom bounce

target echoes.

THERE MAY BE SOME BOTTOM BOUNCE OR TRIANGULAR PATH ECHOES IN
THE REEL 6 SEQUENCE.

Figure 5 is a picture of a three-dimensional model that was made of the Reel 6
sequence. The plots for this model were made so that they all have the same full
scale value; this value was fairly low compared to the target peaks. This clips the
tops from the target peaks and enhances the smaller wiggles and bumps.

CONFIDENTIAL 3
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Figure 5. Three-Dimensional Model of Reel 6

It is obvious that the noise does not really vary greatly from one ping to the
next.

The possible bottom bounce or triangular path echoes are in the back right

corner.

THERE ARE RIDGES OR BUMPS AT ABOUT 13 AND 15 SECONDS WHICH APPEAR
IN ALMOST EVERY PING.

Figure 6 illustrates this in another way and also shows that these ridges are
quite prominent in the Reel 9 data. There seems little doubt that these ridges are
generated by surface or bottom scattered energy from the sidelobes of the pattern.

PING NUMBER

7

SECONDS AFTER TRANSMIT

Figure 6. Composite Reels 6 and 9
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DISPLAY RANGE — SECONDS
10 15 20 25
Log o,
OBSERVED SURFACE DUCT BOTTOM BOUNCE
/PEA!(S TARGET TARGET
TARGET

REEL 9 URFACE

BACKSCATTER

RETURNS VIA B
SIDE LOBES e
S 10 20 25
DISPLAY RANGE — SECONDS
SCHEMATIC PLOT OF ARRIVAL TIMES
RANGE ON SURFACE — KILO YARDS
5 |} 20

SURFACE

DEPTH

RAY PATHS FOR SIDE LOBE ANGLES

Figure 7. Ray Path Plots

Figure 7 illustrates how this might occur. Calculations based upon the data that
we have, both on the radiation pattern of the AN/SQS-26 and on the sound propagation
conditions, are able to confirm many of the ridges observed on the power plots.

THE SPREAD OF THE PEAK AMPLITUDES OF THE TARGET ECHOES IS QUITE
DIFFERENT .

The graphs of Figure 8 show the amplitudes of the target peaks from the power
plots, and also a measure of aspect which was scaled off our reconstructed plots of

the experiments.
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Figure 8. Target Amplitude and Aspect

A less obvious feature is the lack of correlation of target echo amplitude with a
measure of target aspect. This measure of aspect was selected to enhance such a
correlation, but none resulted. Considering the Reel 9 data, one observes that a more
significant correlation would occur if the data were shifted five or six pings and, indeed,
this is the case. Similarly, with a shift of five pings, the Reel 6 data display a signif-
icantly high correlation with this measure of aspect; this was not obvious, but is wel-
come. It remains to be understood why this estimate of aspect was '"wrong."

There are other loose ends which have not been cleared up. This part of the work is the
most recent. When the study was started, there was every reason to believe that answers
would fall intoplace fairly easily -- that is not what has happened.

At the start, the data were processed with the simulated linear correlator. It was only
as an aid to determine the target echo time that the power plots were generated. The power
plots have since developed into quite an important adjunct. The main purpose is still to
develop a useful model of the linear correlator output.

We had hoped to discover a relatively simple model that could be generally useful
and, at the same time, could be accurate enough to serve as a basis for detection studies.

Although investigation continues, it is not obvious that such a model does exist.

5 CONFIDENTIAL
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Figure 9 illustrates the computer simulation of the linear correlator. An AC correlator
is simulated, having its output at the frequency of the sum of its inputs; the shift of this

frequency from its nominal value is doppler.

SIN(w, 1)

SIGNAL
SAMPLES

Z(SIN;lwyt) PROD; )

OuTPUT
DOPPLER FILTER BANK

BAND PASS FILTERS

. i e ol o

INPUT SIGNAL SAMPLES
CORRELATOR OUTPUT WAVEFORMS

05 SEC e

2 - AT VARIOUS DOPPLER .‘
FREQUENCIES |

REFERENCE SAMPLES |

CORRELATOR OUTPUT

Figure 9. Computer Simulated Correlator

The first data processed as shown in Figure 10 were intervals from 10 pings. These

intervals were selected to not include target returns.

T
POWER PLOT
— Lo sec :
i
1.5 SECOND INTERVAL 1
PROCESSED WITH SIMULATED ANALOG CORRELATOR é
b _ ,A.-n.u 4
i CORRELATOR OUTPUT
| /_ CALCULATED EAci MILLISECOND ™\
' AUTOCORRELATION STATISTICS POWER
PLOTS (SIX SUBINTERVALS) SPECTRAL
oMEAN DENSITY
E(R) ¢ STANDARD DEVIATION
*STD MEASURE OF
SKEWNESS S(w)
: : - + KURTOSIS
f

Figure 10. Preliminary Processing

T

-1
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Figure 11 shows the correlator output plots for these 10 1.5-second intervals. Two character-
istics of the data are to be evaluated:
1. How often can the data be sampled and still have uncorrelated samples ?

2. Are the statistics of the data stationary?

FIRST 10 SURFACE DUCT RETURNS FROM 160 TO 175 SECONDS AFTER TRANSMIT
NOISE REGION

160 16.5 70 i7s
TIME AFTER TRANSMIT (SECONDS)

Figure 11. Correlator Output Plots

The autocorrelation plots shown in Figure 12 are for the 1.5-second intervals of
Figure 11. The correlation coefficient drops rapidly until a lag of about 10 to 15 samples
and after that varies considerably, but seldom exceeds the absolute value for a lag of 10.

It was decided to use each tenth sample and consider them as independent.

10
& : [ L Sa-dnm A
= AUTO NT E“ nA ) (Bt -Ay-7)
S os CORRELATION = m
2 , FUNCTION 18 a k)2
n=|
8 os
= | CURVE FOR EACH
p ™ 1.5 SECOND NOISE INTERVAL =
g 04 i
o~
3 e
i e ;
'
5 N
w O e SN ~:’\//K /\%_:'
Z S e i B
Rhg 10 20 30 40 50

TIME SEPARATION, T (MILLISECONDS)

Figure 12. Autocorrelation Plots “
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s Plots of the mean and standard deviation, Figure 13, for both the entire interval and
3 for six quarter-second subintervals show that there is considerable variation in these
statistics both within one interval and from ping to ping. Statistical tests show that these
: statistics are not stationary from ping to ping, and in some cases not within a single ping. i
, I
© VALUES CALCULATED FOR ® VALUES CALCULATED
; 6 ONE-QUARTER SEC. SUB-INTERVALS MEAN FOR ENTIRE 1.5
i 1o, OF 13 SECOND DATA smu;mrcz o £ (o ____SECOND INTERVAL
; 3= I T e
a | ST Lt F L |
) 70 FEEERES Db {1 lof O ot [ [1lod I {11111 E1] fof | | lol I lol ‘
4 HLEELL el (elol ool | Lol fololL | 1L fol 19%lel 11 (et { {1 Lololelel | Lot % tofel [T Lof tel 1171111
4 3l T TT ;h" L (Tl T T
i % w 0105&0103 °H‘}‘ I!O:H 1“!°O§ ‘L::} "H o%qll ]‘ ;‘[’ ‘50“0
Rt T .
4 2o A |
el I 1 Mllnim‘i UL A L
PNG ] PINGD PNG3 PING4 PNGE PNGG PNGT PING 8 PINGQ PINGIO
4 é STANDARD DEVIATION
: 801 T (77T TTTT ntaslnsenantnaensetanaanalasaanstnsacastnanas
i % ]‘ T“ T It LT U Ji?:» 1
@ sof |1 L1ILLIT] fi fELLLL el | lof 1 1 " "’ii of Jol { | |
3 LU LTl L LR R4 R |L| Pl LR e8] |
i o o L LE T Fd L LU Tl |t Motk
o 1 lof fol | 1THHL Tl Tt T ool 1 tetetel T el L LT L e
& =kt (101 ittt i N It
| ' T * SERRRNNRARY | T
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Figure 13. Noise Statistics
: As noted earlier, power density spectra have been calculated, but so far they have not
§ been interpreted.
4

The next step was to process, calculating every tenth sample (as shown in
Figure 14), 1.5-secondintervals from all of the 200 ping intervals which were digitized.
These include, in addition to the surface duct sequences already mentioned, bottom bounce
sequences from the January 1965 experiments. The next three figures summarize the
results.
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Figure 14. Production Processing
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Figure 15. Correlator Output Histograms

The shape of the histogram of the 150 amplitude samples from one interval can be
associated with power plot characteristics. The histograms with the highest mode and
shortest high end tail are from featureless regions. Whenever peaks on the power plot
are included, the middle becomes lower and the high end tail longer. This association
has encouraged us to seek the physical significance of the features of the power plots.
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Figure 16. Standard Deviation vs. Mean

The ratio of the standard deviation to the mean is quite similar for all of the data that

do not include target intervals. The various symbols shown associate with various ping

sequences, both surface duct and bottom bounce, from which the data are taken. It is quite

impressive that these statistics, from different experiments, look so similar.

mean, this ratio is higher for intervals containing target returns.
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Figure 17, Skewness vs. Kurtosis
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This plot of the ratio of standardized forms of the third and fourth moments is much

like Figure 16, both in appearance and effect.

The sample amplitudes from each interval were plotted on Rayleigh paper so than an
estimate could be made of the quality of fit to a Rayleigh distribution. About half of the
data seemed to fit well and the other half did not.

It was known, for example, that the algebra of the correlator showed that the output
is Rayleigh distributed when the input is noise. What was not realized for quite a while,

was that the output also varies with input power or amplitude; Figure 18 illustrates this

effect.
sy D BRCRINT LI TR
301 Hz “‘" S ] 3 ] 3 ' " | 3 | - | X | - | "
15 20
POWER - . . ‘ - l
PLOT
- I 3 | y 1 ' 1 3 I 3 ] i 1 ” | ’ | n |
14 5 16 7 8 9 20 2 22 23
TIME AFTER TRANSMIT (SECONDS)
CORRELATOR
OUTPUT R Ay .. e “ gl
#hHz e R T PO R ST T e R e
L. 20
BOTTOM BOUNCE RETURN
LABEL (3)=78
CORRELATOR PLOT 5x105 FULL SCALE :'E‘EGL 35
POWER PLOT 19x10 FULL SCALE JAN. 25, 1965

Figure 18. Correlator Outputs and Power Plot

It shows that two different doppler channels, even though uncorrelated on a sample by
sample basis, can show the same overall shape as the power plot. Half-second averages
of the doppler channel outputs correlate significantly with each other and significantly

with a similar half-second average of the power plot amplitude.

The output of the linear correlator is a function of the amplitude at its input, as well
as the degree of correlation with the reference. It is perhaps appropriate to question
the advantage that might be gained by having these data measured separately as, for

example, would be done by a combination clipper correlator and energy detector.

The current understanding of the output of the linear correlator is summarized in
Figure 19. There is a noise output to which outputs for signals are added. Multipath
requires that the signal ambiguity surface be added many times and the resultant output

can become very complicated. Because the output amplitude varies with the input power,
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the statistics for any interval are a function of both what is going on and how strongly it is
received. This is a difficult situation to model in a general fashion.

ZERO DOPPLER PLOT FROM AMBIGUITY SURFACE

THIS—» 3-DIMENSIONAL
> : CORRELATOR OUTPUT MODEL

CORRELATOR OUTPUT WITH NOISE AT INPUT

THIS —»

|

QU SUM OF ABOVE TWO PLOTS
EQUALS TO GET CORRELATOR OUTPUT
WITH TARGET

«— OUTPUT FOR

SUM — NOISE INPUT

1-DIMENSIONAL
CORRELATOR OUTPUT MODEL

REFERENCE
RESULTANT CORRELATOR
OUTPUT, INCLUDING BOTH
SIGNAL & NOISE,

IS SuM

Figure 19. Correlator Output Model

So far only the correlator with noise and reverberation at the input has been considered.

It is proposed to continue this study, emphasizing the bottom bounce mode and considering
target echoes. Preliminary looks at target echoes show a fairly complicated structure,
and a workable plan to collect meaningful statistics has not yet been formulated.
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SECTION 11

SONAR BACKGROUND

A. MEDIUM CHARACTERISTICS

Several medium characteristics have been investigated because they have a strong
influence on both the noise and target signal returns. The bottom characteristics are
particularly important since much of the returned energy which interferes with the target
return is apparently bounced off the bottom, even when the target return itself comes
through the surface duct. Information obtained from the U.S. Navy Underwater Sound
Laboratory indicates that in the general area of this experiment (Alpha), the bottom is

level, with three or four feet of silt over a fine sand subbottom layer. Apparently no
record has been kept for the ship or target tracks during the collection of the Reel 6 or
Reel 9 data. Figure 20 shows some fathometer readings taken in area Alpha on the same

days that the Reel 6 and Reel 9 data were taken.
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Figure 20. Fathometer Readings
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Figure 21. Ship's Track During Collection of Fathometer Data
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Figure 21 shows the ship's tracks during the times when the fathometer readings were
taken. The set of estimated contour lines sketched in Figure 20 indicates a relatively
flat bottom. The distribution of depth values indicates a general plain with low hills

on a small percentage of the area.

Currents of several knots with nearby countercurrents are believed to exist in the
general area. Wind speed during the tests was about 25 knots. While these surface
conditions were not measured in such a way that their effects can be accurately calculated,
they are extreme enough to affect the data (ship's track estimations, surface scatter, etc.)

and thus their possible effect must be considered in evaluating the results.
B. EXPERIMENT TRACK PLOTS

It would be helpful to have track plots of both the target and destroyer during the data
collecting runs for use in analyzing both the noise and target signal returns. Since ship
position records were not available, track estimates were made (for the two surface duct
runs) based on experiment planning notes and range data available from the power plots
(Appendix A). Incalculating these tracks it was assumed that the destroyer traveled straight
at four knots and that the target traveled straight sides of its track at four knots. The ideal
symmetrical octagonal course was compromised to agree with actual range data; the transi-
tion point from one leg to the next of the track was estimated from breaks in the slope of

power plot range versus time relation.
C. REPEATING BUMPS

By drawing straight lines between simultaneous (in time) points on the two tracks and
indicating bump regions from the power plot data (referencing zero time at the destroyer
track point) a representation of ping-to-ping space location of these bumps is shown, for
Reel 9, in Figure 23. Bumps are chosen in a somewhat subjective manner from the power
plots in Figure A-2. Their locations are indicated by retaining segments of the lines
connecting ship and target locations for each ping number. The bumps apparently caused
by the target are purposely omitted from the display. Since the target is relatively strong
in most of these pings it obscures noise bumps in its time region. An estimated target
track is shown in Figure 23 to indicate this explanation for the absence of bumps in the
target region. The amplitudes of the various bumps (not indicated in the figure) are shown
in Figure A-2., Where parts of two or more segments are close together, the beams from
these pings were looking at the same region of the ocean. Under some conditions bottom
irregularities in that region would show up in several pings. Such irregularities apparently
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! Figure 24. Consistent (from Ping to Ping) Reverberation Type Returns
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do not show up in the data from either of these two reels. There is some indication of

coinciding bumps but it appears that these are better correlated on a "time after transmit" 1]

basis alone. Figure 6 shows essentially the same data, but the lines connecting simulta-
f‘. neous points on the two tracks are laid out parallel to each other to show the time relation-

ship of the bumps. Correlations such as these could be caused by sidelobe returns from

medium boundaries which remain essentially the same from ping to ping (such as a level
bottom).

The shaded areas in the upper half of Figure 24 show a condensed (over many pings)
version of energy concentration as a function of time. Primarily because the time intervals
over which data were digitized are limited, the beamformer raw data were photographed ;
from the scope face display for several pings on Reel 9 to show data outside the digitized 3 1
intervals. An example of the beamformer output is shown in Figure 25. 1

In addition to the time location of these bumps, their amplitude characteristics are
valuable for their analysis. While the relative values of the signal amplitude over the
entire ping (and from ping to ping) have been distorted by the AGC processing, the power
plot characteristics over shorter time intervals and the correlator output are still of : 1
particular interest. Power plot outputs for Reel 6 data are shown in Figure 26. The full |
scale values for all the pings are the same; this clips the target signals but shows the 1 |
lower valued noise regions in a more comparable form. Correlator output was calculated
for several time intervals to help in searching for characteristics of these bump regions:
these are shown in Figures 27 and 28 for time intervals in Reel 6 ping numbers 13, 14, 67,
and 69. Power plot data are shown in the center of the figures to indicate the time regions
for which correlator output is shown. The correlator output presentation is a grey scale _: |
map of correlator output over the time and frequency extents indicated; the data reduction i 1
details of producing these maps are described in a later part of this report. Features
such as, for example, the generally parallel ridges and valleys running in a slanted
direction from high frequency-early time to lower frequency-later time areas which
appear in the four plots for the 13.2-second bump region are characteristic of this high
reverberation interval,

.
N
3

{

1 1

|
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( Figure 25. Typical Beamformer Output
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Figure 26. Power Plots, Reel 6, Full Scale Fixed )
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Figure 28. Grey Maps of Correlator Output Surface for Times of Reverberation
Peaks (Reel 6, Pings 67 and 69)
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If the physical sources of these bumps can be found, it may be helpful in character-
izing the 'moise" they represent. Some results of an initial attempt to predict the time
intervals of sidelobe bottom backscatter and surface reflections (bounced off the bottom)
are shown in Figure 29. The simplifying assumptions of a level bottom, approximately
straight line propagation, and sidelobes as shown in Figure 30 are indicated in the sketch
shown in Figure 7. These same intervals are shown in the fourth row of shaded areas in
Figure 24 for comparison with the actual data bumps. The bump in the 7.8-second time
region of the Reel 9 power plot data corresponds closely with the expected first bottom
backscatter through the 60° sidelobe. The rapid gain dropoff on the scope display used
for the beamformer raw data output in this time region would make it difficult to determine
a bump in this interval: this is indicated by the jagged line cutoff of the shaded region
ending at 11.5 seconds in Figure 24. The first bottom backscatter through the 41° sidelobe
is shown in an interval where it could at least contribute to the bump ending at 11. 7 seconds
in the beamformer output. The bump in the 15. 4-second interval which is consistent over
all three data displays coincides with the first surface backscatter (bounced off the bottom)
through the 60° sidelobe. It also lines up with the early part of the first bottom backscatter
through the 22° sidelobe. The 18.7-second region bumps appear a little too early in time
to be completely correlated with the proposed first surface reflection (bounced off the
bottom) through the 41° sidelobe, but in view of the simplifications assumed, a discrepancy

this large would not be surprising.
A3i43
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-40 -30 -20 -10 (o]

g

Figure 30. AN’SQS-26 Calculated Vertical Pattern (Zero Depression)
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The 5.5-second region bump (which is strong and consistent over all four of the Reel 9
pings for which the raw data were photographed) is unique in that it has already died out
considerably before a vertical return from the bottom (''depth sounder return') would be
expected (about 6.8 seconds from a 5.6-kyd depth). 1t may be that this 5. 5-second bump
is the first surface backscatter through the surface duct as indicated in Figure 31. The
time extents of the returns indicated in this figure are based on the length of a composite
5.5-second region return made up from the beamformer raw data output. The time
intervals of arrival of surface reflections through this proposed surface duct
are included in Figure 24. The second surface reflection corresponds closely with the
last part (at least) of the 11-second region bump in the Reel 9 beamformer output.

A3144
(o)
s F SIMPLIFIED SKETCH OF POSSIBLE RAY
> ' PATHS OF THE MAIN LOBE.
E L
1 A 1 1 "
8 25 ] 2 3 4 5 6 7 8 B 10
RANGE (kyd)
TIME INTERVALS OF ENERGY ARRIVALS FROM SURFACE
REFLECTIONS BASED ON THE ABOVE SURFACE DUCT
SKETCH
] L
0 2 4 R 01z 4 2¢ 26 28
TIME (SECONDS )
Figure 31. Estimated Surface Duct Propagation
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This leaves unexplained the bump in the 13. 5-second region which is consistently
strong in all three of the real data outputs; it is of particular interest because the target
moves through it in the Reel 9 data. Since the surface duct signal is relatively strong it
may be that this bump is the triangular path surface reflection from the second surface
reflection of the surface duct bounced off the bottom through the 60° sidelobe as sketched
in Figure 32. This would have to come through about 7° off center of the sidelobe (about

6 dB down as shown in Figure 30); this is on a steep part of the sidelobe which may explain |

the short time extent of the bump.
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Figure 32. Reverberation in the 13. 5-Second Time Region
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More data will have to be considered before these tentative explanations of the energy
concentrations can be confirmed. Particularly, the beamformer output from Reel 6 should
be considered as well as that from more pings of Reel 9. More important is the usefulness
of knowing the source of these different noise regions; comparison among the correlator

output and other amplitude data is promising.

To get a better understanding of propagation characteristics it is planned to obtain
computer calculated ray paths as functions of the velocity profile. A preliminary output of
this effort, showing a surface duct as part of a split main lobe, is shown in Figure 33. The
velocity profile used in this plot is based on BT data obtained from the U.S. Navy Underwater
Sound Laboratory. The 0 to 700 foot depth BT data were taken at 0800, 3 December 1963,
in the same general area that the experimental sonardata were taken. No BT data for greater
depths were available for the area atthattime, so the sound velocity used for greater depths
were obtained from a representative curve for this area (Figure 34). The surface duct ray
paths shown tend to support the possibility that the 5-second region noise bumps shown in

Figure 32 are actually surface reflections coming through the surface duct.
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Figure 34. Sound Speed Profile
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SECTION III

STATISTICAL ANALYSIS OF SONAR RETURNS

A. OBJECTIVE

The following section summarizes the initial efforts and results obtained from the study
of the amplitudes of correlator output samples from (essentially) target-free portions of
sonar returns. The investigation was based on the analyses of 1. 5~second intervals from
both surface duct and bottom bounce transmissions. The conclusions and properties dis-
cussed apply only to these data; extrapolation to other environmental conditions or to
target intervals is not justified.

The purpose of the first stage of the investigation was to describe as many properties
as possible of the correlator output and to attempt to model the output by a probability

distribution.
B. SERIAL CORRELATION

The first step in the analysis of the sonar returns for the surface duct mode was to
determine at what rate the correlator output should be (time) sampled so that uncorrelated
observations could be obtained. This was accomplished by computing the autocorrelation
matrix for a 1. 5-second interval for pings* 1 to 10 for a time interval starting at 16.0
seconds. In addition, in order to study the stationarity of the return, each interval was
divided into six subintervals and the autocorrelation function up to lag 50 was computed for
each segment. There are a total of 1500 numbers in the 1. 5-second interval and, hence,
a total of 250 in each subinterval. An examination of the results indicates that the serial
correlation function behaved erratically. It decreases monotonically until close to zero
as the index increased from 1 to 10, but its behavior thereafter was erratic, differing
from ping to ping, and sometimes increasing higher (in absolute value) than its value at
the index of 10. Since it was desirable to have as low a correlation as possible so that
the observations would be approximately uncorrelated (if not independent) to work with, in
the selection of a probability model, a compromise sampling rate of every tenth value was

used in the remaining study. There were only a few instances for a correlation index

* In this report, two numbering systems are used to refer to the sonar pings: (1) a number
from 1 to 200 corresponding to the sequence of the data on the data tape, and (2) a number
for the ping (and another for the reel) assigned at the time of recording. The power plots
of Appendix A display both numbers.
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greater than 10 that the absolute value of the serial correlation was greater than 0. 30.
Examination of the data also revealed that the returns were not stationary within the 1.5-
second interval. The serial correlations for a given lag varied radically from one segment |
of the interval to another; these are shown in Table 1. The underlined entires indicate
those intervals for which there were large differences in the autocorrelation function within
a single ping.

The variability of the mean and standard deviation within and between pings was illus-
trated in Figure 13. Statistical analysis indicated that, for some of the pings, there was a
significant difference between both the within ping means and standard deviations and the |
between ping means and standard deviations. This was the case for pings 7, 8, and 9. The
means and standard deviations are given at the top of Table 1. The centered values give

the overall ping values of these statistics; thus, we see for some of the pings that even a

small segment is not stationary. |

Subsequently, the serial correlation matrix for the bottom bounce pings was obtained.
The correlation function did not drop as rapidly as in the case of the surface duct mode and
behaved more erratically (see Reference 1, page 32); however, the same sampling rate was :
chosen as for the surface duct mode pings, although possibly every 15 would have been a :
somewhat better choice. The reasons for this choice were that it was felt that using the
same sampling rate for the two modes would allow for a more meaningful comparison
between the two, the desire to have a uniform procedure for handling the data, and that the

initial statistical results on bottom bounce pings using the 1 in 10 sampling rate were

similar to those from the surface duct mode.
C. SUMMARY OF DISTRIBUTIONAL PROPERITES

In order to investigate the statistical behavior of the sampled data, a computer program
was written to calculate, for each interval (the data for each interval consist of 150 correl-
ator amplitudes) the mean, standard deviation, standardized measure of skewness (\/Fl ).
and standardized measure of kurtosis, b2' In addition, histograms of the amplitudes of
the correlator output were prepared for some of the pings. Intervals to be processed were
obtained from 77 surface duct pings and 122 bottom bounce pings. The following time seg-

ments were sampled.
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E s |-0.28 0.11 0.13 009 032 017 | 0.46 0.31 053 0.11 0.2 0.15 | 0.54 0.26 037 0.35 0.22 033 ] 025 009 018 0.4 -004 019 | 0.19 0.54 0.40 -0.02
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] 12 | -0.14-0.07 -0.06 -0.2¢ 0.05 0.10 | 0.23 0.11 0.45 -0.06 0.06 0.34 0.08 0.12 0.04 003 0.23 |-0.01 0.0z -0.01 0.27 -0.14 -0.03 | 0.12 0.35 0.20 -0.04 =
3 13| -0.08-0.08 -0.07 -0.23 0.02 0.12 | 0.19 0.11 0.45 -0.06 0.03 0.31 0.08 0.10 -0.02 -0.01 0.19 | -0.04 0.06 -0.00 0.24 -0.11 -0.04 | -0.15 0.36 0.17 -0.04
et 14 [-0.05-0.09 -0.07 -0.24 -0.01 .14 ) 015 012 0.45 -0.04 0.28 008 0.10 -0.07 -0.07 0.14 | -0.07 0.09 0.02 0.21 -0.07 -0.04 0
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! 16 | -0.06-0.10 -0.05 -0.24 -0.06 0.15 | 0.11 0.16 0.44 -0.02 -0.06 -0.07 | 0.23 0.05 0.1z -0.15 -0.19 0.03 | -0.09 0.16 0.10 0.17 0.01 -0.02 0.
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TABLE 1.

SUMMARY OF
AUTOCCRRELATION FUNCTIONS
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pings 1 - 34 16.0 - 17.5 seconds
pings 1 - 34 14.5 - 16. 0 seconds
pings 35 - 61 12.0 - 13.5 seconds
pings 35 - 77 9.0 - 10. 5 seconds
pings 78 - 123 13.5 - 15. 0 seconds
pings 124 - 200 14.5 - 16. 0 seconds

The interval sampled for some of the pings included the target return. This occurred for
the following intervals: (1) pings 17 - 34; 16.0 - 17.5 seconds, and (2) pings 51 - 61; :
12.0 - 13.5 seconds. 1

These intervals are not included in the results presented here. An analysis of the
statistical data for each ping indicated the following.

The mean and the standard deviation varied from ping to ping: however, there appeared

to be a linear relation between them. Noting that for a Rayleigh Distribution the ratio of the
standard deviation to the mean is a constant: i.e., p/u equals 0.52, we plot the line

S.D. = 0.52 mean

In our earlier report the relationship of the mean to the standard deviation was obtained
from a free-hand fit, using the initial results from 61 surface duct pings, (see Reference 1,
page 51/52). In order to generalize this result to both surface duct and bottom bounce, and
to obtain a more objective fit, a least-squares linear regression line was computed for a
subset of the data, consisting of a random sample of 62 pings taken from surface duct and
bottom bounce intervals. The relationship obtained was

S.D. = 0.645 mean - 11,27

The corresponding line for a Rayleigh distribution is

S.D. = 0,523 mean*
and the equation of the free hand fit was
S.D. = 0.429 mean + 10,95

The difference between the free~hand fit and the least-squares can be in part explained
by the fact that they are not based on exactly the same data, and that the free-hand fit did

* A typographical error in the original report incorrectly stated the coefficient as 0.423.
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not include any bottom bounce pings. It is of interest to note that, if the average of the

estimated slopes and intercepts is calculated, we obtain
S.D. = 0.537 mean - 0.16

which is close to the theoretical values for a Rayleigh distribution. All three lines fit the
data quite well. If this point is pursued further, a regression analysis should be made

based on all the data. This should include confidence bounds about the regression line. *

The coefficient of correlation between the mean and standard deviation for the data used
in the least-squares regression was 0.89; i.e., 79 percent of the variation in the standard
deviation could be attributed to the variation in the mean. The average value of the mean
and standard deviation was 104.4 and 56.0 (all numbers have been divided by 103). It
was noted (Figure 35) that the points representing no signal return are closely clustered
about the plotted line and generally fall in the region (mean < 80). The majority of intervals
which contained the target did not necessarily fall near the line and most are off the scale
of the plot and hence are not shown. Thus, the ratio of the mean to the standard deviation
over a 1.5-second interval might be used as part of a scheme to differentiate intervals with

targets from target-free intervals.

The above result indicates that the mean and standard deviation are highly correlated:
that is, for no-target intervals, the higher the output level the larger the spread of the
values. This result applies to both surface duct and bottom bounce returns. In fact, the
location along the line was more a function of the day of the recording than it was the mode
of transmission. Pings 1to 34 (16.0 to 17.5 seconds) which represented one day's record-
ings, were generally grouped at the low end of the line in Figure 35 below a mean of 10.5
(after elimination of the pings with targets in the intervals) while pings 36 to 72, which were
recorded on another day, were clustered in the upper region above 100. The bottom bounce
pings (78 to 123), which were all recorded on the same day, also generally fell at the low
end of the scale, while pings 124 to 200 were at the high end.

The distribution of the correlator output was positively skewed for every interval; thus.

the distribution was asymmetrical with a long tail at the high end of the distribution. The

values of
Nn Z (%, - X) ’
\/-b_1 = 373 = standard measure of skewness
[2&x -%7]

* As a matter of fact, since both the mean and standard deviation are random variables,
appropriate techniques for such cases should be used rather than assuming that the means
are fixed as was done above.
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were generally less than 1.0, although several exceptions were noted. There was no
apparent difference in the '\/bl values for the surface duct and bottom bounce transmissions.

The values of

nZ‘.(xi -;)4

b2 o S 4 standard measure of kurtosis

which measures the relative peakedness of the distribution were generally less than 4.0,
although there were numerous exceptions. There was an apparent linear relationship
between \/E_l and b, which is illustrated in the plot of Figure 36. The estimate of the

relationship based on the free-hand fit of the line is

x/T-Tl = 0.368 b, - 0.568

The line was drawn on the basis of pings 1 to 61, however, it appears to fit the subsequently
plotted data. There does not appear to be any difference in the surface duct and bottom

bounce modes.

A least-squares regression line has been computed based on a random sample of 62

pings from the surface duct and bottom bounce modes. The relationship obtained was

~/B‘1 = 0.288 b, - 0.280

The coefficient of correlation was 0.89; i.e., 0.79 percent of the variation in b2 could be
explained by the variation in\'b;. The average value of Nb and b, was 0.69 and 3.28
compared to the Rayleigh values for «/23-1 and B, of 0.63 and 3.26.

Based on these results, one can tentatively hypothesize that the distribution of 1.5-
second intervals of target-free returns have the same properties in both modes of trans-
mission. This hypothesis must be substantiated by further investigations.

The theoretical values of \/b—l and b2 for a Rayleigh distribution are 0.63 and 3.26
which fall on the plotted line of Figure 36,

Care must be exercised in using these standardized moments for evaluation purposes,
because they are quite sensitive to one or two extreme values; thus, these statistics
should be evaluated in conjunction with a probability plot. In most cases where extreme
values of xfb_1 and b2 were obtained, it was due to one very high value.

CONFIDENTIAL 43




CONFIDENTIAL c

2.5

3/2
i [Z(Xi -5 ]
r—
2.0 i E
ﬁ;% i n Z(xi—;)a'
~s g:: 2. = {
\ (7] 4, 2 3
&3 &5 o I [2tx -02] i
t:; \:a =z L, i
LS 3
c‘. .F‘-D l&"
&0 N % 8
o
QVJ Le, w
Q’\ ~ ’ o F
g w
L, &3 S
&'~ 2 |
S -
NS g |
~ S <
A ’fg S 1o

))
ﬁ: STA

- 194 82 98
122 e

*

wor gy e %D
X

0.8 [ °o l:““ - 83
J2 ey, m::.. 2380 130 443

W0 eg T2 .l a3 a0 %46

o 3¢ “‘ :'&‘,..'ll 040 70 x“‘ ‘I

“s > - Ml 7 VALUE FOR A

dso ‘
b --:‘% 8 » RAYLEIGH DISTRIBUTION

-

0 A A A sl A i A i i i i L 1

20 25 3.0 35
b,, STANDARD

CONFIDENTIAL




[
CONFIDENTIAL CONFIDENTIAL
A2305
X35
-x)°
2] 372
x)
5-;)4
o 2
- x)z] xe
S
/ 10
x2s
140
+
Y Xis o
X, L3t
92
z . I:Q °
¢ o7 %33
E)
SYMBOL  PING TIME
b 1 - 34 16.0 - 17.5 SEC.
VALUE FOR A a 35 -61 12.0 - 13.5 SEC.
RAYLEIGH DISTRIBUTION X 7-35 14.5-16.0 SEC.
A 36 - 72 9.0-10.5 SEC,
° 78 - 123 13.5~-15.0 SEC.
+ 124 - 200 i4.5-16.0 SEC.
| L L . : i 1 L ~L — 1 1 1 1 1 1 1 l 1 1 1 1 1
35 4.0 4.5 5.0 55

b,, STANDARD MEASURE OF KURTOSIS

Figure 36. Standard Measure of Kurtosis vs.
Standard Measure of Skewness

CONFIDENTIAL CONFIDENTIAL 2, 45/46

-

e e ——




CONFIDENTIAL

D. ANALYSIS OF HISTOGRAMS

Histograms plotted for intervals from some of the earliest pings studied are shown in

Figure 37. The purpose of the histograms was to convey a general idea of the shape of

distribution from which the data were taken and to allow a visual comparison of the various |
pings and intervals within a ping. An examination of the histogram showed that the shapes |
for similar intervals from adjacent pings are similar, but the shape varies over time. An |
attempt was made to relate the shape of the histogram to characteristics of the power plots.

The plots can be categorized as follows (although there is a continuum of shapes).

1. Noise Interval ~- No Specific Feature

These plots are generally concentrated about the modal value and the right-hand i
tail drops sharply. See pings 29 to 32 (14.5 to 16. 0 seconds) in Figure 37. Values over
300,000 are very rare, with most values falling below 200, 000.

2. Noise Interval -- Includes Lesser Reverberation Maximum

These plots are not as concentrated about the modal value. See pings 45 to 48
(12.0 to 13.5 seconds) in Figure 37. The right-hand tail contains a relatively higher
percentage of values than the pings in the above category. The occurence of values over

300,000 are still not common but values over 200, 000 are quite prevalent.

3. Noise Interval -- Includes Dominant Reverberation Maximum

These plots are more diffuse (flatter) than those in the sscond category above.
See pings 57 to 60 ( 12 to 13.5 seconds) in Figure 37. There is a fair percentage of values
greater than 300, 000 and values over 200, 000 are common.

4. Interval Containing Target Echo Arrival

These plots are quite flat with a high right-hand tail. These distributions generally
have high values of \]Fi due to the long right-hand tail. See pings 29 to 32 (16.0 to 17.5
seconds) in Figure 37. There is a large percentage of values over 300, 000,

The above results suggest that for intervals of noise input, the correlator output has
an average output between 90, 000 and 100, 000, and its upper tail drops rapidly so that
most of the observations are below 200,000, If the relative reverberation level increases,
this distribution becomes more diffuse with the right-hand tail getting longer. When a
signal return is present, the distribution becomes more diffuse and the proportion of high

correlator outputs increases.
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SECTION IV

STATISTICAL MODELING OF CORRELATOR OUTPUT

A. GENERAL DISCUSSION

One of the major objectives of the study of the correlator output was to determine
if a probabilistic model could be used to describe the behavior of a target-free interval;
however, there were several difficulties which came up immediately. First (as was noted
in the studies of the serial correlation matrix, the mean, and the standard deviations) for
subdivisions of a single interval, the return was nonstationary in both mean and covariance.
Secondly, as described earlier, the serial correlation function behaved erratically; thus
the sample values are neither independent nor uncorrelated. Hopefully, for most intervals,

the serial correlation will be low.

In order to reduce the effect of any correlation between sample values, a proba-
bility plotting technique was used to evaluate the samples. If the sample size is large and
the correlation small, the effective sample size will not be too far from the actual sample
size (the effect of the correlation is to reduce the amount of information in the sample) and
the plotting points will not be radically affected by the correlation. Inaddition, only every
fifth value will be plotted (except for the lowest 5 and highest 10) so that small irregularities

due to the correlation will be less pronounced.

Initially, several common statistical models were fitted to a subset of the pings.
The models included the normal, log normal, extreme value, Weibull, and Chi-squared
distributions. The only model which appeared to be at all useful was the Weibull with an
estimated shape parameter close to 2. 0. Since the Rayleigh distribution is a special case
of the Weibull with shape parameter 2.0, it seemed to be a reasonable model to investigate
since it agreed with theoretical expectations. However, one difficulty in using the typical
Weibull probability paper to test the Rayleigh assumption is that is exagerates the lower
tail (small values) of the distribution and compresses the upper tail. While this is desirable
in using the Weibull distribution for lifetime models, it is not useful in this case, since
we are interested in getting a model which is adequate for describing the high values of
correlator output. In order to overcome this problem, Rayleigh probability paper was

used to examine the reasonableness of using a Rayleigh model.

Before proceeding with this discussion, it is.important to hote the following. In
using the technique of probability plotting or any other statistical test, we are attempting
to determine if the proposed model can be used to adequately describe the population from

which the sample was drawn. It is, of course, possible that a set of data can appear as if
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it came from several different distributions; thus, the fact that a given model is reasonable
to describe a given sample is neither sufficient nor conclusive evidence that the sample
came from the hypothesized model. In fact in the real world there is no such thing as a
Rayleigh distribution, this is just an idealized model which is useful for approximating
certain types of phenomena. Secondly, with probability plotting there is no objective way
to reject or accept a given model. An individual must subjectively make up his own mind
as to whether a given plot is adequately linear or not. Thus, the categorization of the plots
in this report is somewhat arbitrary. If the Rayleigh model was appropriate, a straight
line plot would be obtained which would appear to pass through the origin. It would be
expected that the higher values in the upper tail would have a higher variation about this
line than the values in the remainder of the distribution: therefore, in assessing the linear-
ity of these points a straight line was drawn by hand, based on the lower 50 to 60 percent

of the plotted observations. If this line adequately represented the entire set of data, then
the Rayleigh model was assumed to be adequate. (If the data fitted all but the highest value,
it was still classified as adequate.) If the data systematically departed from the straight

line then the model was classified as inadequate.

In addition, it should be remembered that it is always possible to find a better
representation of a set of data by using models with more parameters; however, in this
case such models cannot be related to the physical phenomsna being observed as is possible
with the Rayleigh. Since the Rayleigh model will be shown to be inadequate for more than
50 percent of the intervals, another model -- the Johnson SB distribution -- will be fitted

to the data and compared to the Rayleigh fit.

B. SURFACE DUCT MODE, PINGS 1 TO 34

Pings 1 to 30, 14.5 to 16. 0 seconds, zero doppler
Pings 1 to 6, 16.0to 17.5 seconds, zero doppler

A total of 36 samples from the first set of surface duct returns (all same day) were
plotted on Rayleigh paper. Fourteen, or 39 percent, of the pings could be adequately
described by a Rayleigh distribution, 16 did not appear to be Rayleigh, and six were classi-
fied as marginal.

The pings for which the Rayleigh was an adequate model were:

14.5 to 16. 0 -- ping number 1, 5, 8, 9, 10, 12, 13, 20, 22, 24
16.0 to 17.5 -- ping number 2, 4, 5, 6
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Ping 9 had one extreme value which was much too high but the remaining points plotted in
a straight line. The range of \/—b_1 and b2 values for these pings (with the exception of ping 9,
whose \/b_1 and b2 values were inflated by the one high observation) was 0.36 to 0.90 and
2.69 to 4.08. The values for a Rayleigh are 0.63 and 3.26.

The 16 pings for which the Rayleigh was not an adequate model, broken down by
whether the highest values were too high or too low were:

Too high: 14.5 to 16.0 -- ping number 3, 6, 7, 15, 16, 17, 18, 21, 25, 27, 30
Too low: 14.5to 16.0 -- ping number 14, 19, 26
16.0to 17.5 -- ping number 1, 3

Ciora e s

The range of\/—b_1 and b2 values for the high group was 0.86 to 1.47 and 3. 45 to
6.0. In fact, all but two of the bz values were above 4.0; thus, this group of samples have
longer tails and are more skewed than the Rayleigh group. The theoretical Rayleigh values
for \'b—l and b2 are outside the range of values of this group. The range of \/b_1 and b2 for
the low group was 0.20 to 0.39 and 2.24 to 2.89. Here again, the Rayleigh values do not
fall in these intervals. These distributions are less skewed and have lower tails than the
Rayleigh. The six marginal;( pings were:

14.5 to 16. 0 = ping numbers 2, 4, 11, 23, 28, 29

It should be noted that pings 1 to 6, which has two time intervals represented in
the above study, did not necessarily fall in the same category, indicating that the distri-
butional form may not be stationary within a ping. This will be investigated at greater

length below. Also, it should be noted that successive pings for the same time interval
tended to fall in the same classification.

An attempt was made to determine why, statistically, certain pings appeared to

be approximately Rayleigh and others were not. It was reasoned that if the correlator
output is represented as

2 2 fi oy
z, = xi+yi =l s

s

then if the X, and y; are independently normally distributed with zero means and the same
variance, then 2 should be Rayleigh. Likewise, if the zi‘s are independent (or approxi-
mately so) the plotted results should lie in a straight line. In order to investigate these

properties, a selection of pings was made from the above and the following was done.
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1. The ping interval was divided into three samples of 50 each and the mean of
each component (x and v) for each sample was obtained; in addition, a test
for normality (W test) was performed on the x's and y's for each segment.
This will be denoted below as the interval check.

2. The means and variances (of x and y) were computed for the entire interval.
Statistical tests were run to check if the mean of the interval for each compo-
nent was zero (t test), whether the variance of each component was the same
(F test), and whether the x's and y's were correlated. This is the combined
interval test.

3. A sample of every third observation, 50 in all, was selected from the interval.
This corresponds to a sampling rate of 1/30. The means, variances, nor-
mality, and correlation were checked as above. Thisis calledthe overall test.
The results of the above checks are given in Table 2. There were no apparent
differences between the adequate pings and other pings; thus, the factors investigated do
not account for the non-Rayleigh behavior. One remaining factor which will be investigated

is the differences in the serial correlation for adequate and inadequate pings.

C. SURFACE DUCT MODE, PINGS 35 TO 77

Pings 36 to 72 (even only), 9.0 to 10.5 seccnds

There were a total of 19 pings examined from this group. Of these, six (or 32
percent) were classified adequate Rayleigh's, 11 (or 58 percent) were inadequate and two
were marginal. Ping numbers 36, 42, 44, 54, 70, and 72 could reasonably described by
Rayleigh models, although ping 36 had two high values. The \/_5—1 and b2 values for these
pings ranged between 0. 42 to 0.65 and 2. 46 to 3.09 except for ping 36 whose values were
0.80 and 4.37. These values are somewhat lower than those for Day 1 surface duct trans-
mission, for which the Rayleigh was an adequate model.

Ping numbers 38, 46, 56, 58, and 60 had values which were relatively higher
than could be expected from a Rayleigh model. The \/Fl and b2 values ranged from 0. 73
to 0.89 and 2.82 to 4.73. Again we note a difference in the \fb_l and b2 from the Rayleigh
class above. It was noted in addition that no values of »\/b_l were above 1.0 and only three
values of b2 were above 4. 0 for pings 36 to 72 including the odd numbered ones. Thus, it
would appear that for this time interval, the pings are less skewed and do not have as many
relatively large values as for Pings 1 through 34, 14.5 to 16. 0 seconds.

Ping numbers 40, 48, 50, 62, 64, and 66 had values which were relatively smaller
than could be expected from a Rayleigh model. The \/b—l and b, values ranged between

0.22 to 0.42 and 2.24 to 2. 91, which agrees closely with the results for Pings 1 through
34. The marginal pings were 52 and 68.
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TABLE 2

RESULTS OF STATISTICAL TEST OF PING INTERVALS

Pings 1 to 19, 25 to 27, 29 to 30; 14.5 to 16. 0 Seconds
(Significant tests have been run at the five percent level

for F and R and ten percent for W and t)

: o Interval |Combined | Overall
Ping | Classification Check Frtoveat Test
1 Adequate 1-W (10%)| ATP W (10%)
2 Marginal 2-W (10%) | ATP ATP
3 Inadequate ATP ATP ATP
4 Marginal 1-W (10%) | ATP ATP
5 Adequate ATP ATP ATP
6 Inadequate ATP ATP ATP
g : W (5%),
7 Inadequate 1-W (1%) ATP F (5%)
8 Adequate ATP ATP ATP
Adequate 1-W (1%), -
e (1large value)| 1-W (5%) | & (6% | W 10%)
10 Adequate 1-W (5%) R (1%) ATP
11 Marginal 1-W (5%) ATP ATP
12 Adequate 1-W 5%) | F (5%) |ATP
13 Adequate 1-W (10%) | ATP ATP
14 Inadequate 1-W (5%) F (1%) ATP
F (5%), )
15 Inadequate ATP R (1%) W (5%)
W (5%),
16 Inadequate ATP ATP W (10%)
17 Inadequate ATP R (1%) ATP
W (109%),
18 Inadequate ATP ATP t (10%)
19 Inadequate ATP ATP ATP
25 Inadequate ATP R (1%) ATP
26 Inadequate ATP ATP W (10%)
27 Inadequate ATP ATP ATP
29 Marginal ATP ATP 2-W (5%)
30 Inadequate 1-W (5%) ATP t (10%)
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The results for the two day's surface duct pings would seem to indicate that the
Rayleigh model could possibly be used to represent the data if "/Ei falls between 0. 40 and
0.80 and b2 falls between 2.50 and 3.50. The error in using such a criteria would have

to be further investigated and perhaps a more optimum selection can be found.

D. BOTTOM BOUNCE MODE, PINGS 78 TO 122

A total of 19 bottom bounce pings were selected for study from pings 86 to 122.

Of these, a total of nine (or 47 percent) were classified as adequate, seven were inadequate,
and three were marginal.

Pings 86, 92, 94, 98. 102, 104, 110, 112, and 114 could adequately be described
by a Rayleigh model, although ping 92 had one extremely high value. The values of '\/b—l
and b,, with the exception of those of ping 92, ranged from 0.37 to 0.80 and 2.67 to 3.79,

which agrees closely with the surface duct results of Pings 1 through 34. Ping 92 had
corresponding values of 1.09 and 5.52.

Pings 96, 108, and 118 had values which were higher than would be expected from
a Rayleigh model. The \/’Io”_1 and b2 values were 0.89, 0.77, and 0,81 and 4.07, 3.32, and
3.15 respectively. These values agree with the result for the corresponding group in the

surface duct mode of Pings 36 through 76.

The highest values for pings 90, 120, and 122 were lower than would be expected
from a Rayleigh model. The \/75'1 and b, values were 0.51, 0.59, and 0.63 and 3.69, 3.31,
and 2. 62, respectively. These results did not agree with the surface duct returns. There
was also one ping -- number 100 ~-- which was erratic and could not be classed as either

too high or too low.

The marginal pings were 88, 106, and 116. There was some indication that the
overall appearance of the bottom bounce plots was somewhat different than the surface
duct plots in that many in the adequate class were on the borderline of being marginal, and
that some of the inadequate plots looked different than those in the surface duct mode.

This supposition may be investigated at a later time.
E. BOTTOM BOUNCE MODE, PINGS 124 TO 200

A total of 26 pings (every third ping) from this group was selected for study. Of
these, 14 (or 54 percent) were classified as adequate, nine (or 35 percent) were classified
as inadequate, and three (or 11 percent) were classified as marginal.
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Pings 124, 127, 130, 133, 139, 145, 157, 163, 166, 181, 187, 190, 193, and 199 were
adequately described by a Rayleigh model. (Ping 181 had one very high value.) The values
of \/b_l and b2 for these pings ranged from 0.45 to 0.82 and 2.66 to 3.81, with the exception
of ping 181, which had values of 0.91 and 4.22. These results agree closely with those
from the bottom bounce returns from the first sequence.

Pings 172 and 178 were classified inadequate high. The '\/b_l and b2 values were 1.09
and 1.20, and 4.42 and 4. 57, respectively. Pings 142, 148, 151, 160, and 175 were classi-
fied inadequate low. Their \/Fl and b, values ranged from 0.39 to 0.61 and 2.29 to 3.52.
There were two pings which were erratic and were classified as inadequate odd. Their 'ﬁ)-i
values were 0.58 and 0. 16, and b2 values were 4.41 and 2.54. The marginal pings were

169, 184, and 196.
F. WITHIN PING VARIABILITY

Four pings were selected in order to investigate how the correlator amplitude varied
within a ping: ping 4, 5, and 6 were chosen from the surface duct and ping 78 from the

bottom bounce mode.

The surface duct mode pings did not include the target return. Five 1.5-second intervals
were selected from these three pings covering 11.5 to 19.0 seconds. The statistical results
are shown in Table 3. It would appear that the »\/Fi and b2 values vary almost as much within
a ping as they do between pings for the same time interval. Likewise there is a large varia-
tion in the mean and standard deviation, in fact almost as much variation within a ping as
between pings for the same time interval on the same day. A further demonstration of the
nonstationarity within these three pings is given by the Rayleigh plots for each interval. For
ping 3, the second interval 13.0 to 14.5 and the last 17.5 to 19.0 could be adequately de-
scribed by a Rayleigh model while the other three could not. In fact, for some intervals the
extreme points were too big for a Rayleigh model and for others they were too small.

Similar results were obtained for ping 4 where one interval was adequate, three were
marginal and one was inadequate and ping 5, where three were adequate and two were
inadequate.

Ping 78 was studied in two doppler channels (291, 301) for six 1, 5-second intervals
(13.5 to 22. 5) which included several target returns. These results are given in Table 3.
The variation in the means and standard deviations are directly traceable to the occurrence
of the target signal. Likewise, the variations in \/b—l and b2 can be tied to the occurrence

of one or two high values, again probably coming from the target return. The average,
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TABLE 3

CORRELATOR STATISTICS WITHIN A SINGLE PING

Time
Ping 3 11.5-13.0 | 13.0-14.5 | 14.5-16.0 | 16.0-17.5 | 17.5-19.0
X 82.50 89.70 79.60 69.50 90. 80
s 44.20 48.40 48.40 35.70 47.80
\Ti 0.746 0.60 1.47 0.393 0.556
b, 3.50 2.65 6.14 2. 37 3.00
X/s 1.87 1.85 1.64 1.95 1.90
; Classification| Marginal Adequate Inadequate | Inadequate | Adequate
Ping 4
b X 126. 70 107.10 74.50 84. 60 113.10
! S 61.10 77.40 41.00 41.80 67.70
: \Tl 0.44 1.90 0.74 0.43 1.17
b, 2.1 7.31 3.19 2.93 4.46
x/s 2.07 1.38 1.82 2,02 1.67

Classification| Marginal Inadequate | Marginal Adequate Marginal

Ping 5
X 117.90 105. 70 109. 90 103.20 104.00
s 73. 40 67.90 60. 10 55. 50 60.50
JB; 2.50 1.35 0.72 0.54 0.83
b,, 15. 57 5.76 3.41 3. 04 3.44
x/s 1.61 1.56 1.83 1.86 1.72

Classification| Adequate Inadequate | Adequate Adequate Inadequate
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TABLE 3 (concluded)

1
Ping 78(291) | 13.5-15.0 | 15.0-16.5 | 16.5-18.0 | 18.0-19.5 | 19.5-21.0 | 21.0-22.5 !
X 87.80 117.80 135. 80 115. 00 128. 50 106.20
s 44.90 59. 80 67.170 66.70 76. 90 52. 40 5
\/bl 0.436 0.645 0.662 0.533 0.878 | 0.273
b, 2.60 3.39 3.23 2.64 3.41 2.53 ‘
1
x/s 1.96 1.97 2.01 1.72 1.67 2.03
Classification | Adequate Adequate Adequate Adequate Inadequate | Marginal
Ping 78(301) | |
X 102.90 129.20 162.60 122.30 | 131.00 113.00
s 54. 80 75.90 92.40 74.80 | 73.40 59. 00
x/F; 0.65 0.944 1.801 2.221 0.708 0.479
b, 3.18 3.59 11.04 15.45 2.97 2.66
|
X/s 1.88 1.70 1.76 1.64 | 1.78 1.92
Classification | Adequate Inadequate | Inadequate | Adequate Adequate Adequate
(1 high value)
|
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standard deviation, \ﬁ)—l and b2 appear to be systematically higher for the 301 channel. The
difference in doppler channels is investigated below. The Rayleigh distribution appeared to
be adequate for four of the six intervals from both channels, although one of the intervals in

the 301 channel had one very high value.
G. ESTIMATION OF THE ADEQUACY OF THE RAYLEIGH MODEL

A study was made to determine if the ratio of the standard deviation to the mean could
be used to indicate the adequacy of a Rayleigh model. The adequacy of the model was
determined subjectively by an examination of the Rayleigh probability plots. Pings were
classified as adequate (A), marginal (M), inadequate low (INL) (high values were too small
for a Rayleigh model), or inadequate high INH) (high values were too large for a Rayleigh

model). Surface duct and bottom bounce pings were analyzed separately.

The data which are given in Table 4 show that, for surface duct pings, the average of
the ratio of the standard deviation to the mean was lowest (0.488) for the INL category,
was 0.529 for the A category, 0.539 for the M category, and 0.577 for the INH category.
A statistical analysis showed that there was less than one out of 100 chances that this
difference was due to random fluctuations. Two inconsistent observations were dropped
from the analysis (see Table 4). The inadequate odd values were not included in the above
analysis. Note that the average for the A group was close to the theoretical Rayleigh value
of 0.523 and there was little overlap between the A, INH, and INL groups. In fact, if one
uses the range 0.50 to 0.55 for the A group, there are only two out of 22 members of this
group below this range and three above it. On the other hand only two out of 18 of the INH
group are below 0.55 and three out of 11 of the INL group above 0. 50.

The results for the bottom bounce pings are not as clear-cut as the one for surface
duct due to the significantly higher variation of the ratio within each of the categories. The
average within variance for the bottom bounce mode ratios was 0.0015 compared to 0. 00087
for surface duct. There was less than a one in 20 probability that this difference was due
to chance. The lowest average for the ratio of the standard deviation to the mean was
0.506 for the INL category; it was 0.534 for the A category, 0.547 for the M category,
and 0. 563 for the INH category. There was approximately a one in 10 chance that these
differences were due to random fluctuations. Due to the higher within-category variances,
there was no clear-cut separation of the categories as was the case for the surface duct
pings; however, the ordering of the means for the bottom bounce was the same as for the
surface duct and the magnitudes were close to each other.
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THE RATIO OF STANDARD DEVIATION TO MEAN FOR VARIOUS CATEGORIZATIONS
OF 1.5-SECOND INTERVALS FOR SURFACE DUCT AND BOTTOM BOUNCE PINGS

CONFIDENTIAL

TABLE 4

Surface Duct

Standard Deviation/Mean

Adequate | Marginal Inafgiv:,xate In;—?;gu ace
0.501 0.576 0.462 0.608
0.273* 0.536 0.514 0.642
0.539 0.482 0.723 0.582
0.494 0.550 0.523 0.606
0.622 0.599 0.499 0.570
0.547 0.557 0.482 0.601
0.538 0.504 0.508 0.594
0.561 0.542 0.483 0.555
0.525 0.494 0.477 0.581
0.572 0.557 0.452 0.526
0.522 0.529 0.463 0.601
0.490 0.491 0.576
0.548 0.558
0.510 0.557
0.507 0.560
0.500 0.577
0.538 0.572
0.505 0.519
0.517
0.520
0.525
0.526
0.528

Mean 0.529 0.539 0.488 0.577
Variance 0.00088 0.00124 0.00047 0.00089

* These points were dropped since they were '"odd" values.
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TABLE 4 (concluded)

Bottom Bounce

Standard Deviation/Mean

Adequate

Marginal

Inadequate

Inadequate

Inadequate

Low

High

Odd*

Mean
Variance

. 540
.503
549
590
573
.514
.518
. 527
.535
.628
09k
487
.534
.486
531
.538
555
. 542
.502
. 497
.514
0.528

0.534
0.00112

0.505
0.523
0.453
0.602
0.583
0.616

.532
.498
.535
512
.460
.513
.498

S TSI SIS )

0.547
0.00405

0.507
0.00064

0.517
0.547
0.603
0.585

0.563
0.00149

0.580
0.470
0.429
0.648

0.532

* This column of data was not included in the analysis.
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The above results indicate that for the surface duct pings, it may be possible to categor-
ize the pings into one of three classes: adequate, inadequate high, or inadequate low, based
on the ratio of the standard deviation to the mean. The value of such a classification scheme

for bottom bounce pings is questionable
H. DOPPLER CHANNEL INVESTIGATION

One of the questions studied in this project was: How does the correlator output vary in
the different doppler channels? The present study was limited to 11 surface duct pings,
numbers 7 to 17. Samples were selected from the interval 14.5 to 16. 0 seconds after
transmit at a sampling rate of 1 in 10 from doppler channels 280, 290, 300, 310, and 320 Hz.
Hence, a sample of 150 observations was taken from each channel for each ping. The time
period chosen was free of the main target return. For each channel from each ping, the
mean, standard deviation, \/b_l, b2, and a Rayleigh plot were obtained. In addition the

pair-wise correlation between doppler channels for each ping was computed.

Both the average correlator output and the standard deviation of the correlator output
were significantly different for the five doppler channels. The probability that the observed
difference was due to chance was less than 0.0001. The results for the average and standard
deviation shown in Table 5 are similar, since these two measures are highly correlated as
pointed out previously. The highest value of these two statistics occurred in the zero
doppler (300 Hz) channel and monotonically decreased as the cycles increased or decreased;
however, the falloff was more rapid as the cycles increased. The mean decreased 10.3
percent -- from 102.4 to 91.8 -- and the standard deviation decreased 10. 7 percent -- from
55.9 to 49.9 -- as the frequency decreased to 280, while the mean decreased 16. 9 percent
from 102.4 to 85.1, and the standard deviation 19. 0 percent from 55.9 to 45.2 as the fre-
quency increased to 320 Hz. Thus, the 300 Hz channel has a higher mean and larger
variability than the other channels, and both these quantities decrease monotonically as we
move up and down doppler. It is also noted that both the mean and standard deviation vary
from ping to ping. In addition, pings that had a high average correlator output, tended to
be high in all channels while those with a low average tended to be low in all channels. For
example, pings 10 and 17 had the highest averages in all the channels, while pings 9, 13,

14, and 16 were the lowest.

The standardized measures of skewness (\/'b_l') and kurtosis (b, ) (the third and fourth
standardized moments) are recorded in Table 6. The statistical significance of the differ-

ences noted are not as positive as in the case of the means and standard deviations. This
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TABLE 5

Means and Standards Deviations,
Pings 7 to 17, 14.5 to 16.0 Seconds

CORRELATOR OUTPUT AS A FUNCTION OF DOPPLER CHANNEL

Doppler Cﬁa—;\nel Means*

i Ping | 280 290 300 310 320 Mean

i 7 | 90.0 | 102.8 | 100.1 98.6 83.8 | 95.06

1 89.6 | 104.3 99.3 | 101.7 86.7 96. 32

i 9 | 81.4 82.4 91.4 76.9 75.7 91.56
10 |125.4 | 132.7 | 144.1 | 122.4 | 110.9 | 127.10

1 11 | 98.0 | 112.6 | 104.5 96.9 84.9 99. 38

i 12 | 92.7 92.9 | 106.8 93.9 86.8 94.62
13 | 84.9 93.6 88.1 86.5 78.9 86.40
14 | 88.4 84.5 96.1 82.3 74.2 85.10
15 | 87.2 89.9 94.4 89.7 84.8 89.20
16 | 74.2 85.4 89.7 88.5 80.5 83.66
17 | 98.3 | 100.7 | 111.8 98.4 88.7 | 101.28

Mean | 91.83 | 99.16 | 102.35 | 94.16 | 85.08 | 94.52
Doppler Channel Standard Deviation*
| 7 | 47.9 51.9 57.0 52.5 4.5
50.1 58.2 52.1 52.7 46.8

9 | 48.0 51.5 52.3 45.2 43,2

: 10 | 64.0 73.6 75.2 68.6 62.7

b 11 | 50.1 54.1 58.2 48.9 43.7

' 12 52.3 46.5 52.3 46.3 43.9

: 13 | 45.1 58.8 48.3 43.3 38.8

1 14 | 43.3 43.2 47.2 40.9 40.9

] 15 | 46.8 47.1 56.7 40.8 45.2

1 16 | 43.8 43.4 53.3 44.5 42.3

E 17 | 57.5 58.17 61.8 55.9 45.6

Mean | 59.90 | 52.45 | 55.85 | 49.05 | 45.24
* Values given have been divided by 1000,
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TABLE 6

Pings 7 to 17, 14.5 to 16,0 Seconds

i CORRELATOR OUTPUT AS A FUNCTION OF DOPPLER CHANNEL
Standardized Third and Fourth Moments

i
Doppler Channel '\/Fl
g Ping | 280 290 300 310 320 Mean
i? 7 | 0.405 | 0.492 | 1.159 | 0.489 | 0.763 | 0.662
’ 8 | 0.642 | 0.718 | 0.363 | 0.525 | 0.776 | 0.605
i 9 | 0.931 | 1.182 | 1.672 | 1.007 | 1.269 | 1.202
Ef 10 | 0.337 | 0.416 | 0.697 | 0.923 | 0.462 | 0.567
i 11 | 0.375 | 0.200 | 0.661 | 0.616 | 0.817 | 0.512
é; 12 | 0.717 | 0.598 | o0.646 | 0.225 | 0.375 | 0.512
f 13 | 0.515 | 0.644 | o0.831 | 0.518 | 0.372 | o0.576
é; 14 | 0.339 | 0.380 | 0.389 | 0.451 | 0.557 | 0.423
2 15 | 0.528 | 0.440 | 1.234 | 0.276 | 0.544 | 0.604
? 16 | 0.929 | 0.802 | 0.859 | 0.703 | o0.665 | 0.810
i 17 | 0.947 | 0.663 | 1.174 | 0.800 | 0.480 | 0.813
4 Mean | 0.606 | 0.598 | 0.880 | 0.594 | 0.644
Doppler Channel b2

. 7 F a0 2.39 5. 02 2.79 3.42
[ 3.10 3.14 2.69 3.15 3.86

9 | 3.95 4.82 8. 92 4.52 5.74
E 10 | 2.70 2.40 3. 09 4.16 2.38
| 11 | 2.54 2.43 3.23 2.68 3.68

12 | 3.11 3.24 3.49 2.83 2.86

13 | 2.64 2.99 3. 96 2.89 2. 56
| 14 | 2.42 2.58 2.89 2.23 2.90

15 | 3.10 2.48 4.95 2.58 3.07

16 | 3.76 4.16 3.45 2.92 3.61
, 17 | 3.84 3.03 5.16 3.48 2.64

Mean | 3.11 3. 06 4.26 3.11 3. 34
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‘ TABLE 7
f RATING OF RAYLEIGH PLOTS OF CORRELATOR OUTPUT
3 AS A FUNCTION OF DOPPLER CHANNEL

Pings 7 to 17, 14.5 to 16. 0 Seconds

7 Doppler Channel Rating

Ping 280 | 290 | 300 | 310 | 320 | Total A's

1 7 NA | NA| NA | A | NA 1

£ A NA [ A NA | A 3 ]
{ 9 NA| NA|[ A | A | NA 2 g
10 NA| NA| A | NA| NaA 1

11 NA | NA | A A A 3 1
| 12 NA | A A NA | NA 2

! 13 A |'NA | A A NA 3

14 NA| NA| NA | NA | A 1

! 15 A A NA | NA | A 3

| 16 NA| A | NA | A | NA 2

4 17 NA| A | NA | NA| A 2

Total A's| 3 4 6 5 5

H

>
it

Adequate

NA = Not Adequate

i
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is in part due to the much higher variances for these statistics. The zero doppler channel
(300 Hz) had the highest average \fﬁ—l value -~ 0,880 -- compared to 0.611 for the other
four channels. This difference was significant at a five percent level test; i.e., there was
less than five percent chance that the differences observed were due to chance. Likewise,
the highest average b, value occurred in the zero doppler channel -- 4.26 -- compared to
an average of 3.16 fo; the other four channels. Again, we note as indicated earlier that the
N‘T)_l and bz values are highly correlated; thus, one concludes that there is an indication that
the correlator output is more skewed and has a higher kurtosis (fourth moment) measure.
These higher measurements are apparently due to the occurrence of more extreme values
(relatively further away from the mean in terms of standard units) in the 300 Hz channel.

It should be noted that the theoretical values for a Rayleigh distribution of the standardized
third and fourth central moments are 0.63 and 3.26, respectively, which are close to the

average values of the four doppler channels excluding the 300 Hz channel.

The Rayleigh plots for each of the 11 pings and five channels were examined and arbi-
trarily classified as adequate or inadequate. These ratings are given in Table 7. The
adequate classification, A, contains all those plots for which the writer felt that the plotted
points fell close enough to a straight line to consider the Rayleigh as an adequate model.
All other plots were assigned to the inadequate or NA class. It should be understood that
the fact that a given sample was classified as adequate does not imply that the Rayleigh

represents the ""actual’ distribution.

The results in Table 7 are not clear-cut nor may even be meaningful. Every ping had
at least one donler channel for which the correlator output could be modeled by the Rayleigh
distribution, but no ping had as many as four channels where it was adequate. This would
indicate that the distribution of the correlator output is not stable from channel to channel

or that the Rayleigh is a poor model or both.

Another factor investigated in this study was the correlation between the correlator
output in pairs of doppler channels. These results are given in Table 8. While some of
the correlation coefficients are significantly different than zero (all values over 0.159 for
five percent test) the highest coefficient was 0.22; hence, any correlation which does exist
is relatively small. Thus, a high correlator output in one channel does not cause either a
high or low output in the other channels. This is, of course, limited to regions with no

target return as defined above.
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TABLE 8

DOPPLER CHANNEL CORRELATION

Channel Coefficient of Correlation

Ping | 280-300 | 280-320 | 300-320 | 290-300 | 290-310 [ 300-310
0.05 0.05 0.16 0.02 -0.05 -0.123
8 0.07 0.11 -0.01 0.129 == -0.02
9 0.01 0 0.158 0.133 0.10 0.12
10 0.07 0.18 -0, 04 0.167 -0.005 0.10
11 -0. 07 -0.01 0.05 -0.01 0.03 -0.02
12 0.02 0.04 -0. 04 0.03 -0.14 0.09
13 0.13 0.03 0.146 0.127 -0.112 0.171
14 -0. 04 0.04 -0. 02 0.05 0.01 0.01
15 0.10 -0.03 0. 06 0.06 -0.184 -0.03
16 0.15 -0.02 -0. 06 0.09 0.172 0.02
17 0.22 0.11 0.11 0.08 0.08 0.10
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J. COMPARISON OF MODELS

In an attempt to find a more flexible model to use instead of the Rayleigh, the Johnson SB

family was investigated. Initial investigation indicated that the Johnson SB family would be

appropriate since the plot of \'b,, b2 in Figure 36 could correspond to members of the SB

family. An initial study of 1. 5-second intervals from seven surface duct pings was made

comparing the SB and Rayleigh approximations. In fitting the S_ curve, it was assumed that

B
the minimum possible value was zero and a three-parameter model was used. The SB model
was chosen so that the sample data and Johnson SB approximation had the same 5, 50, and

95 percent points. The maximum likelihood estimator of the Rayleigh model parameter was

used.

The results of this study are shown in Table 9, which gives a comparison of the esti-

mated quantiles from the sample with those estimated from the SB and Rayleigh distributions.

The percentages corresponding to the quantiles are shown at the top of the table; thus, the

column heuding 0. 925 gives the 92. 5 percentage point of the distribution. An examination of
the results indicates that the Rayleigh model does not fit the data. This is in part due to the
method of estimating the parameter. The maximum likelihood estimator is very sensitive to
extreme values and, thus, if there is one large value in the data, it will give a too high esti-

mate of the parameter, resulting in a poor fit.

A second comparison was made, this time using a two-parameter Johnson SB distri-

bution with the Rayleigh distribution for pings 7 to 16. The Johnson S, distribution, in its

B
general form, can be defined by

- €
Z=7'+Mn<?¥_}:—_y> e Sy<e +

where z is a standard normal variate and y is the Johnson SB variate. The greek symbols
represent the fourth parameters of the distribution. The parameters ¢ and A define the range
of the variable. In the two-parameter fit used below, ¢ was assumed to be zero and A to be
106; thus, only the parameters y and 6 were allowed to vary. These parameters were esti-

mated by matching percentage points. A one-parameter Rayleigh defined by

-Az
f(y) = 2y e y 0SySw

was used in the comparison. The parameter A was estimated from the slope of the line

drawn to the plotted points on Rayleigh probability paper.
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The resulting fits for the interval 14.5 to 16.0 seconds for pings 7 to 16 is shown in
Table 10. The results indicate that the Rayleigh model fit the data for those pings which
were classified adequate (9, 10, 12, and 13) with the exception of ping 8. The Johnson SB

curve provided a poor fit for all pings except number 7.

These results indicate that the two-parameter Johnson SB withe = 0 and A = 106 does
not provide an adequate model for the data. No doubt better fits can be obtained if A is not
fixed; i.e., athree-parameter SB model is used. The Rayleigh model will be adequate for
those ping intervals which were classified adequate. A large improvement in fit was ob-
tained by estimating the Rayleigh parameter from the probability plot rather than the method

of maximum estimation.
K. INVESTIGATION OF INTERVALS LESS THAN 1.5 SECONDS

One of the questions noted in an earlier discussion was: What should be the size of
the sampling interval? Previously all ping intervals studied were 1.5 seconds; however, it
was felt that due to the nonstationarity of the return, a smaller interval would be more
reasonable a time period to work with in order to evaluate the underlying model for the
noise. Of course, if too small an interval is chosen, it will be difficult to assess what is
a good model and the serial correlations will have an even greater effect in distorting this

evaluation,

It was decided to investigate ping intervals of 0.5 and 1.0 second, using pings 3, 4, and
5 with time interval 11.5 to 19.0 seconds after transmit, and ping 78 channels 291 and 301
with time interval 13.5 to 22.5 seconds. A probability plot for each interval was prepared
and used to classify the interval as adequate (A), inadequate high (INH), inadequate low (INL),
marginal (M), and inadequate odd (INO). The latter classification covers those plots which
did not fall into the previous two inadequate categories. The results are shown in Tables 11
and 12,

An attempt was made to relate the above classifications as shown in Table 13. The
returns are divided into 0. 5-second intervals and the probability plot classification is shown
above the intervals. The classifications for 1.0- and 1. 5-second intervals are also in-
cluded. For many of the inadequate pings, it was obvious that there were too many high
spikes, or too high a spike, or not enough high spikes as compared to the intervals classi~
fied as Rayleigh. There are large differences in the intervals; for example the interval
17.5 to 18.0 seconds for ping 3 is a good deal smoother than the proceding or succeeding
intervals. In fact, the \/’B_l and b2 values (0.1 and 3. 05) indicate that a normal distribution
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TABLE 11

CLASSIFICATION OF PING INTERVALS OF DURATION 0.5 SECONDS

Time Ping 3 Ping 4 Ping 5 Ping 78(291) | Ping 78(301)

Sim— Category Category | Category Category Category
11.5-12.0 | A - 2 high values A A
12,0-12.5 | A - 1 high value A A
12.5-13.0 A INL INH
13.0-13.5 A INH INH
13.5-14.0 M INO INH INO A
14.0-14.5 INC A A INL INL
14.5-15.0 A A A A A
15.0-15.5 INH A A A A
15.5-16.0 INO INH M A INH
16.0-16.5 INH INO A INL INH
16.5-17.0 A A INO INH INL
17.0-17.5 A A M A A
17.5-18.0 INO A A INL INH
18.0-18.5 A INH INH A A
18.5-19.0 A INO A INH INL
19.0-19.5 INL A
19.5-20.0 INH A
20.0-20.5 A A
20.5-21.0 A A
21.0-21.5 INO A
21.5-22.0 INL A
22.0-22.5 INL A
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TABLE 12

CLASSIFICATION OF PING INTERVALS OF DURATION 1, 0 SECONDS

Time Ping 3 Ping 4 Ping 5 Ping 78(291) | Ping 78(301)
—_— Category Category | Category Category Category
11.5-12.5 A -2 odd A INL
12.5-13.5 A INH INH
13.5-14.5 INO A -2 odd A A INL
14.5-15.5 INH INH A A A
15.5-16.5 INO INO A A INH
16.5-17.5 INL A A M INL
17.5-18.5 INL INH INH INL INH
18.5-19.5 A INO
19.5-20.5 A A
20.5-21.5 A A
21.5-22.5 INL A
70 CONFIDENTIAL
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would be a good model for this interval. The probability plot in Figure 38 confirms this
hypothesis.

The correlator output plots for two frequencies are illustrated in Figure 39, together
with the classification of the 0.5-, 1.0-, and 1. 5-second intervals.

Based on these results, it would appear that a 0.5-second interval is a reasonable one
touse. As can be seen from Table 13, two adequate 0.5-second intervals can combine into
an inadequate one. This could be due to the nonstationarity of the return. Also, using a
0.5-second interval, it would appear that it is often possible to pinpoint the cause of the

inadequate classification from an examination of the correlator output.

L. ELIMINATION OF CONSISTENT PING-TO-PING HIGH CORRELATOR OUTPUTS

One of the suppositions put forth to explain the high percentage of inadequate Rayleigh
models, especially when consecutive pings (same time interval) were so classified, was
the occurrence of bottom return from fixed nontarget objects or sidelobes. The following
rationale was developed to investigate this phenomenon. If the returns were truly noise,

then subtracting the x and y components for the same time after transmit of

X2 + y2 { = 1.8,...150
z. = Sy = Ko s
j i )

for successive pings will not affect the distribution of zj. For instance, if x, and y. are
zero mean, independent normal variables with the same variance, then z_ is Rayleigh dis-

; , : ; th
tributed. Likewise, if xi,j and yi,j are from the i~ ping and xi+1,j i+1,

the next ping in time, then ij = xi+1,j and ij = yi,j - yi+1,j are both normal, zero mean

and y, . are from

random variates and

¥ = gfax® + AY®
. = > S 5
g %
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i is still Raylelgh (although its parameter will have changed). On the other hand if x = xJ' 4 a]
and ¥y = v] + b where xJ and y are normal zero mean variates, and 8, and b are constants
then
2,.2
e

is not Rayleigh. However, if for the ith and ith + 1 pings

1 1 1 !

ij = Xi.j + aj _Xi+1,j - aj = xi‘]. -xi+1,j and

1 1 1 1

AYy = Yy B g 578 T Vg Yy

'/Az A
K, + 2
gy

will be Rayleigh.

then

The effect of the subtraction is the elimination of constant peaks in the correlator output.

This subtraction was done for the following pings: 6-7, 14-15, 15-16, 16-17, 17-18,
18-19, 25-26, and 26-27. The plots of five of these eight '"new' pings indicated that the
Rayleigh was a reasonable model. Previously, all the individual pings were classified as
inadequate. It is interesting to note that four out of the five new pings which were classified
as adequate arose from the subtraction of an inadequate high ping from an inadequate low.
Also, all of the new inadequate pings came from the difference of two inadequate high pings.
The meaning of this result is not clear at present. Further work should be done in this area
by examining the correlator plots to see what is actually occurring. Also, the correlation

between successive pings should be determined.
M. INPUT - OUTPUT CORRELATION

Where we have been able to compare reasonably long stretches of correlator output with
the power plot for the same time, as shown in Figure 18, for example, the correlator output
appears to vary in a manner similar to the way the power plot varies. The correlator output
is a very spikey thing compared to the power plot, and one has to do some imagining to
follow a mean value in the correlator output. It does not seem unreasonable that, especially
in the absence of any target encrgy, the correlator output would be a function of input

amplitude -- it is a linear correlator.
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If this is the case, some measure of the correlator output samples from the different
doppler channels should correlat significantly. We know from the past work that there is no
significant pairwise correlation between samples taken at the same time from two different
doppler channels. A measure or statistic of the correlator output which might be more
likely to show some correlation from channel to channel is the average or mean value over
some time interval. We have numbers for the means over 1.5-, 1.0-, and 0. 5-second
intervals for two frequency outputs for ping 78. The values of correlation coefficients for

the pairwise correlation of the means for similar times for various averaging times are
shown below.

Averaging | Correlation | Number of
Time (sec) | Coefficient | Data Used

1.5 0.93
1.0 0.52
0.5 0.75 18

The few data on which the 1.5- and 1. 0-second calculations are based tends to discredit
them somewhat; however, the 0. 5-second value is probably significant, i.e., the likelihood
of measuring a value of 0. 75 or higher from sets of samples selected from independent
gaussian distributions is less than one chance in a thousand.

The rest of the question is: Do the means of the correlator outputs correlate with the
means of the power plot outputs? They do. The values are:

Correlation

Coefficient
Power Plot vs. 301 Hz Output 0.74
Power Plot vs. 291 Hz Output 0.67

It appears that, with significance, the means of the power plot and the means of these
two frequency outputs of the correlator are related (at least, for this ping).

The work which was done showing the independence of the doppler channels (for indi-
vidual samples) was done using data from pings 7 through 17. Plots of the data on hand
for ping 7 were mounted so that it could be seen if the suspected correlation was obvious

(Figure 40). The 1.5-second intervals do not show this correlation very dramatically, but
it does appear obvious in the three~recond interval,
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Because the input amplitude varies with time, especially during one ping, the correlator

output samples must be drawn from Rayleigh distributions with different means or scale
factors. When we look at the distribution of these sampies, collected over a long interval,
we are looking at the distribution of samples selected from a continuum of Rayleigh distrib-

utions. This collection is not supposed to have a Rayleigh distribution.

Prior work has established that the histograms for the same time intervals in consequ-
tive pings are quite similar. This would be the case if, for example, the power plots were
quite similar. We have already observed that the dominant features of the power plots are
quite stable from ping to ping.

As a further complication, we observe that a replica of the transmitted signal would,
if it arrived during one of these intervals, cause disproportionately high correlator outputs
and, hence, distort the output distributions. We have observed ouéput spikes which are
much higher than usually occur during noise times, and speculate that they may result from

some coherent bottom scattered (reflected) energy arriving at these times.

We would prefer, for some purposes, to have the correlator output more independent
of input amplitude. It would for example, allow simple amplitude thresholds to be used to
separate more important output samples from those of less importance. As it is now, the

output amplitude is a function of both:

1. The amount of correlation with the reference, and

2. The input power level.

Such a system could be implemented in a variety of ways, such as a clipper correlator
and an energy detector or, instead of a clipper correlator, a normalized linear correlator.
There could perhaps be some advantage to using such a dual channel and combining the
outputs using a detection function which could be formulated to take advantage of an under-

standing of the statistics of the outputs of both processors.
N. CONCLUSIONS (STATISTICAL STUDY)

The modeling of the target-free portion of the correlator amplitude has just begun. We
have been able to show that about 40 percent of the pings can be reasonably described by a
Rayleigh model, and that a rough guide to the appropriateness of the model can be obtained
from examination of the \b_, b2 values. However, we are not completely satisfied with our
determination of why the majority of plots do not follow a Rayleigh model. One of the
possible reasons might be a high serial correlation for those pings whose plots were poor,
or possibly the nonstationarity of the ping in the 1, 5-second interval. Perhaps a smaller
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interval should be used or perhaps a higher sampling rate. These questions will have to be

investigated in order to refine the present results.
The conclusions which can be drawn to date are as follows:

1. The returns are nonstationary in mean, covariance, and possibly distributional

form.

oo

The variability within a ping is as high as between 1. 5-second intervals of pings

taken in the same period of time sampled at the same time after transmit.

3. There is a strong linear relationship between the mean and the standard deviation
which appears to be invariant to day-to~day fluctuations and mode of transmission;
this property may be useful for classification of targets.

4. There is a linear relationship between '\/b—l and b, .

(9]

Approximately 40 percent ofthe intervals studied could be resonably fit by a Rayleigh
distribution.
6. The zero doppler channel appears to have higher correlator values, higher varia-
bility, and is more skewed with higher tails than the other doppler channels.
The output values in one channel are not correlated with those in the other channels.
8. The amplitudes fall off faster as the frequency increases than when it decreases for

the pings studied.
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SECTION V

TARGET ECHOES

A, GENERAL

We are particularly interested in the target echoes. It is these target echoes
which, in the long term, we want to help the operator to detect, We are not very
far along with either processing or understanding of target echo data. To some
extent, we have been waiting for success with the noise model of the correlator output
before starting a major effort on target echoes. What has been done is to look at some
of the echoes from the first two data reels to obtain an idea of the complexity of the
upcoming problem, Many of the following illustrations are presented to describe the
features that have been noticed, rather than an attempt to explain them,

The data that has been collected are summarized in Tables 14 and 15; the data {
are shown in graph form in Figures 41 and 42, The words are used as follows:

Ping Numbers

The new ping number is a consecutive sequence of numbers on our new

" o

data tape.

The old ping number is the number assigned to the ping during the original
experiment,

Target Range

This is the time of arrival of the echo as represented by the peak
correlator output,

Frequency
The frequency (to the nearest Hz) of the correlator output peak.

Nominally, the 300 Hz output channel is zero doppler and lower

frequencies result from closing range,

Peak Correlator Output

Typically, it is the largest amplitude correlator output sample we

found in the area., The area was a relatively short time interval, usually
from 0,2 to 0.4 seconds, and from 5 to 10 Hz wide. This interval was
centered about the power plot peak time.
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E.O. Aspect
This is a measure of aspect which we used. It is the number of degrees

off end-on which we measured on the track plots,

It was used to try to show that problems arise as the aspect varies
either way from a beam aspect. It is not supposed to suggest the bow

and stern aspects are similar; they do not appear to be,

Power Plot Target Peak Output

The output of the 0.5-second integrator at a peak which appears ~
from looking at several pings, to be the target echo.

B. TARGET PEAKS IN THE POWER PLOTS

The energy detector output plots, or power plots, for the data which have been
digitized are presented in Appendix A. The first two figures illustrate the two surface duct
sequences that have been studied. In both of these records the targets are quite obvious.
In the Reel 6 (Figure A-1) sequence the target is obvious in all but a few pings by its very size.
In the Reel 9 (Figure A-2) sequence, although the target gets lost in the reverberation for a
few pings in the middle, it is otherwise easy to find. One observes that it is a great help.
when attempting to identify the target, to be able to see a string of pings. The several
bumbs in many of the Reel 9 plots would be difficult to interpret with reliability without
reference to at least several of the neighboring plots.

It was observed earlier, and it is obvious from Figure 8, that the ping-to-ping
variation in target amplitude is much greater for the Reel 6 data. This is true until
toward the end where it seems to settle down to about the same amplitude as the Reel 9
targets. We do not know why it occurs this way.,

’

The way that the target peaks vary is even more interesting when the two runs are
considered together. Plots of both the Reel 6 and Reel 9 data versus ping number are
shown in Figure 43, The vertical scales are different, The ping-to-ping times are a
little different so that these plots versus time would not line up quite so well. It is

quite interesting that they are so similar.

One of the questions that was asked about the target data was; '"How well does it
correlate with our measure of aspect?" In order to find out, a number was invented for
this measure of aspect: E.O. aspect; is the number of degrees off end-on. Thus, a
beam target is 90° (a large number) and a bow target is 0° (a small number).
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This gives a set of numbers that is large when big echoes are expected, and small when
problems are expected. This does not indicate that we think that bow and stern target
echoes are the same; for the marent, however, we want to see how things look on the

basis of this fairly simple concept of aspect.

Calculations showed no significant correlations between the power plot target peaks
and E.O. aspect--this was a surprise. We knew that we were not observing the 10 or
20 dB difference that we could have believed, but it did seem like there should be some
correlation. Perhaps the experiment plots are so wrong that our measure of aspect is

no good,

Based upon the observation that the power plot target data and E,O. aspect data
for Reel 9 seemed to have the same sort of shape, but that they did not seem to go
through their minimums at the same ping we calculated correlation coefficiencies for
instances when the data were slid with respect to ping number. The results, presented
in Figure 44, show the spectacular increase in correlation coefficient as a shift of five
or six pings is approached. It looked like it should happenbut when faced with the fact
that it does, we do not know how to interpret it. We did not expect the Reel 6 data to

display this same feature, but it does.
It just has to be that our measure of aspect is in error. -

Our interest in the effect of aspect is sparked by the experiences of those who
lose targets whenever they change from beam aspect. They, of course, are using the

correlator outputs,

For the Reel 6 data we have calculated the correlation between the power plot peaks
and the correlator output peaks and find it to be about 0. 5. This is quite significant
because there are 34 samples. (It would happen less than one time in 200 experiments
if samples were selected from two independent gaussian distributions. ) Figure 45 is a

plot of the correlator output target peaks versus the power plot target peaks,

The calculated correlation between the correlator output peaks and E. O. aspect was
small, and we did not pursue a slid version, We ought to try this again when we obtain a

good measure of aspect.
C. TARGET PEAKS IN THE CORRELATOR OUTPUT

In Reference 1, pages 23 to 24, some observations about targets in the correlator
output and some samples are shown. These are simple plots of the output of one doppler
filter with time,
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Although these plots are good and useful when the signal-to-background ratio is high,
it is somewhat difficult to figure out what is going on when it is not. Problems can be
due to noise (or reverberation) background, multipath due to propagation, or multiple

echoes due to target extent.

Figure 46 illustrates these difficulties. Observe that the peaks marked 1, 2, and
3 are each located at a different output frequency. It is possible that only the highest
peak, shown as 2, should be used to detect the target, but then it would seem that
additional echo pulses could provide useful information. It is a function of how they

were caused or what they represent,

This gets us interested in finding out how to look at the echo arrivals to see if we

can piece together a plausable explanation of what is going on,

Figure 47 shows a model of the correlator output surface for Ping 6 Reel 6,
This is a particularly good return in terms of high SNR and one simple echo peak.

Other views of this model are shown in Reference 1, pages 37 through 39,

All of the pings of Reel 6 have been processed like pings 10 and 11 shown in
Figure 46, namely, for some time interval, typically about 0.2 seconds and for five
frequency channels. From these plots come the times of arrival and frequencies , for
both the Reel 6 data and for the first few pings of Reel 9, we observed that the plot was

not smooth, It appeared that the target submarine had to move in an erattic manner with

respect to the ship in order to satisfy the plot; that did not seem likely,

Another possibility is that the echo which is best in each ping is not the same one;
i.e,, the target highlight which causes the echo peak moves about on the submarine.
Either as another possibility or as a complicating factor the specific path used by the
echo return can be different from ping to ping,

In order to get a better look at the correlator output plane, we have moved
toward contour map-like presentations., Figures 48, 49, and 50 show some of these
plots,
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Correlator Qutput Surface, Ping 6, Reel 6, Figure 48

This is the first ping and it is a particularly good return. There is

one great peak in the correlator output at 19.642 seconds and 294 Hz (see Figure 47).

This sort of a contour map shows the peak very well and shows that there
are hills nearby that are 30 per cent as high (3 means in the thirties) as the peak.
One observes that far away from the peak there are no hills shown,

This plot is relative or percent amplitude, which is a littie deceptive, This
is the very highest peak that we have seen and hence, the contour intervals are
very wide (only 10 intervals are used). The contour interval is almost 300,000
which is higher than most of the correlator outputs in the noise region, It is

interesting that there are so many outputs which exceed this high level.
Some contour lines are drawn to show how they would look. They are well-

behaved and smooth because correlator outputs are calculated five times per
resolution increment in both range and frequency direction.
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Correlator Output Surface, Ping 45, Reel 6, Figure 49

This is a strong looking echo on the power plot but confusing on the

correlator output plots, The submarine is closing and the aspect is probably
bow-quarter,

It is quite clear from this type of plot that there are several high peaks.
This plot sifts the data into intervals of 100,000 and prints the odd numbers.
Only the odd numbers are printed with the hope that the blank regions will enhance
the illusion that it is some sort of contour map. Again, only 10 intervals are
used and all regions over 900,000 are filled in with 9's,

This kind of clipping is not too serious because values that high are quite
rare,

Drawing contour lines is more difficult because of the smaller contour
interval and because of the surface complication,

Having this plot shows exactly why it was difficult to interpret the

correlator output plot, and convinces us that we do not know which peak is the
target.
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Figure 50. Sift Contour Map, Ping 45, Reel 6 1 ]
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Correlator Output Plot, Ping 45, Reel 6, Figure 50 ]

This is another look at correlator output surface for ping 45. This
time the number of calculations per resolution increment is reduced to two in

frequency and 2.5 in range. The extent of the last plot, Figure 49, is shown

by the dashed lines,

Although the plot is still quite useful, it is very difficult to make a good

looking set of contour lines.

The contour lines are important because they emphasize any overall geometric
features which occur; for example, we suspect that much of the minor relief
shows a tendency to run parallel to a diagonal from lower left to upper right,
This tendency was noticed strongly in a plot of the foot hills near but not
including any peaks from this ping's data, We do not know how to interpret such

an effect, but it seems as if it would be a good one to track down,
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We have recently tested a program to make a (real) contour map of the

array of numbers that are the correlator output, Figure 51 is such a map of
the output surface for ping 6 Reel 6. This is the same surface, incidentally,
that is shown in the model of Figure 47. Only the overall appearance is the
same, that is, because the strips are not in the model in the right order,
(This is a mistake we noticed while trying to see why it didn't agree with the

contour map. )

In this map the contours are relatively clear and the overall geometric

patterns are quite well presented. It is difficuit to determine with certainty
whether a given ""bull's-eye" is a hole or a hill, Perhaps we can find some
way to mark one or the other, A grid of numbers in the background of the plot

shows the magnitude of the indicated array sample in thousands.

Figure 52 is a sift-map of the array which prints a number quantizing
the array values into hundred thousands. Presumably most questions can be
answered by referring to this array,

] The target time outputs of the first 10 or 12 pings in the second surface

: duct sequence are particularly interesting because the range to the target does
not change much from ping to ping, The ship and sub seem to be on near parallel

courses, This sequence gives us a chance to look at a set of consecutive echoes

, (no interspersed FM) to see what echoes look like under relatively simple condi-

1 tions. We expect them to be quite similar, one to the next,

We have sift-contour plots of these pings and have made simple contour
maps of each of them on transparent (acetate) sheets., Each sheet is a contour
map of an area 0,4 second (range) by 50 Hz (frequency) and shows by contour
lines the highest peak and some lower peaks,

¥ It is interesting to stack the sheets of various pings in different orders

and look at the resultant picture; for example:

" CONFIDENTIAL

P o




FREQUENCY (Hz)

CONFIDENTIAL

@3
o /“V :
- W o ‘\'"
=1 O//DJX/({///
|

)
o B
2) Jak G AR
r T T T | T T T ] T ! B 1 ] T l T ] T ] T ] T ] T ] T

(

L

>

I

l

19.17 19.21 19.25 19.29 1933 19.37 1941 1945 19.49 19.53 1957 19.61 19.65 19.69 1S

TIME AFTER TRANSMIT

CONFIDENTIAL {




CONFIDENTIAL CONFIDENTIAL

E
!.

=<
Q.‘Y_‘v—
o 9

LIS

&

Sl
=

[
19.77 19.81 19.85 19.89 19.93 19.97 20.01 2005 2009 20.3 20.17 20.21 20.25

T
19.61 1955 19.69 19.73
; TIME AFTER TRANSMIT (SECONDS)

Figure 51, Correlator Output Contour Map,
Ping 6, Reel 6

CONFIDENTIAL CONFIDENTIAL  103/104




CONFIDENTIAL

TIME AFTER TRANSMIT (SECONDS)

1947 1921 1925 1929 1933 1937 194| 1945 1949 1953 1957 196l 1965 1969 19
1 l = l ik l L l 1 l 1 l a4 l 1 l Sfi L S l . l | l 3 L JJ A

-1 00 0 Qe 0111110000 0003423310 (1¢32000000003431 011112111011100 0122002221 124000 0122101223401103553101¢33564 34210 (002320123444102

’ 00 0001110000000 3003432210  0<2:19 00244310 011111112112223330 122001220 12331001111012310111122¢211¢3210 1332111101210244213444
: ¢ 00 0001100 000 0002321210 012214000 00134310  0112222211233321. 12100122111233411100 00232 00 01€21124542003544321232100112332%
0600 0111 00 0002421110 ¥12240 00 0133310 0123332211345432112100 122111220 110 0232 121012211 1245%4302454531022210111222238
000 00 000810 0 0000 11 23201210 <1110 000012332100 0122333221234543222210 1140 111110000 02332343013343210012%322233221022121221 01232

280 —f o 00v00203100 0000 11012101210 004211000 0223231000 12223323222443212442132332112332222100001345311223211.100453144135443222112333333
010 0oV 00 000 00 01111210000 0 011321000 02221000 0111122222112321135422344444443234432222110 2431011 0¢S1 144024368644542124554323,
o1ue 0000050000 050000003101110 000 011422000 022211110 000022111110111234342443233632244333332¢343343 26440 0¢3,0744000365445542235533352123
V0 Ug0o 01000 0000000 010000 000000.21002211¢1 1221112100031012101221012331101240 11112221¢3331445543135532121 12%21 266301222343210000 O
90U 0U0D 410000000 0000031000 0 0 012:151222320011113122100121032112221133223210 (11 0211211222173333456643252.0004 004752000023221000000134
0 010 00001110000000 010 01100210 0iue.22140332331 121112210043310110232122345511121010 11 040 022 121367986211¢2. 132222223202310 1210012223
0110 00000000 004310 00002200220 0130.111 0232221 01111221001342000 11001354512334001220221002220013445652 0 U2¢1545651 13382 2455420012344
004000 000U 00000001310000001210220 V0u162n 1332320 1111222212343100010 v232124542135421333233221 242001112200113¢25a73 153310477653222254568
000110 500 0000 00050 003101210221000 Ul 0227003324332 022112222234420 12210 v000U25533577533433532332 12 133355¢ 11.048731 453 04786443545556764)
040 000 GOOO 00000 0 0101310331000 11v :114002322220012211122224420 1331 00023213876334443321110 011234563020 146%21165111465433223566653%
4 290 — 20.00000 00003110120 010 0 0211441000 € 0n 1221220 02210002211211 022100121 120 25642344444510012014421234565¢(0124277513321¢33333310133320
. 00400 01002001001000 0000111220 000 042000000121121013321 0232 00000011 0232 UC2200023444333224565444431015886¢11342 35424554334433211011013
00v00012001310011030p 0 000221221011001.111011132001101343100132000 01000 1221 U34310245432222235666553222103665323323233026763354211012235111

0 .22210111300000000000 00 010110000 0122¢1012222253100000 145420013410343233567400231 42342 034 134544887642234556763017421169731132 2321001342
122110111000 00000310 120421220010 00110 01122123211110003442 00232134371 1135410332 135530221 145545555543102355541 133120376311221 0014445641
01100121000002100011110041 12211 0210 0 0001121¢3321111112332 021122y (2200343024553246203065444431111101221V 31440 155221 1110025787652¢
00.012100214400 0004110 0022111 1210 0L0U000A0122133222222212220 0110120000 025312444224532467543454310 0000 0112¢10245422100 00112246765322,
—{ 00v01111141008110001110 11 12211 1210 L0UD 000 111222222222122210012310 0110v222311343404533577232344200000012455¢0125268511123¢1011125640 1485,
0 1221001140110001141 0 022110 1210 001111110 110011122222212442102332007112220111343113653555322232 120 23434443455457430 14542220 133 122343

1211011210 000011140 00002210 121000011101120110 00122211112453112333100122001 233423433455311233 2431135543213554568554055312320 0100220 008
01001111000 0100111110 01 0240 02210 011¢21 110010001122100002454212332100 021 22001124563344422562013323444321023342556374304531011 122232223y
006121210041000 011123 011 1210 02210 012¢210011011000011100112454200122113 00u2320 1246543333234530022133320111122€2¢2203%2024530 002534421333,
310 — 00vc0000010 011113000011 121 000110001€2¢21001100140 00001112454200 1343 1134420123563222322332 1222321110111232¢10344853013553320 1234311200

000001100000000000 0100123100042100122¢25 ¢10 0100 00 13344310012454 33332123445111221121 244354334310010022¢2¢32334301564522211000 112220
0Lg00111110 00000 02131 0110001121001€2¢10040 000000000013334320234455 44211023321 112111002565454455312342 01111002%3100232001221121232232%
00000111040 (000000003240 1211100000 12¢1131000 0 000 00000134331 145544« 42,1022221032210012455556665422344310 19300001 0 34035433210124431000
0000011914000 000000 1220 111010 00 1131.000010 00000001211013431002455334 321101221011110123565445660641034432210343 12,0232 2314654452112432 00
—| 100 00000000 0000 012210022110 00 01€1.000122 0211111233140343000134321222214121001221024%6653545542123443343102101015663111244322234554(021

-
~ ©1100011144000 010 0 0002102210120 001£200111100010 1221000232000 1100123211354324664200001234333431 01210121123443269999724751132 011220

T 00131013210110 010 00010 120 111U0.22240222110000 0110 0 133000 0111221412442136751 0031230 000200 00 00U <88256999941574 120

= — 0100111100140 0000 «00 00 0100110012130:233713433211111 011000 220010 01210y 2441 146300111000 011100 022221 13¢+365259999513652 uazxnoooxzoa,
> 0 (11300012000 000 00001000010 0122001233123322111231012100 231 110 0611110231 1332 10010 0 122011 000233330000254c3797034344212356641 123455
O 014100010 00 8000 0 03110 00 122¢1 023321332110122102321 2430021 0222121U1331021021000022002122000001111323553144525735 23212457651 13545588
2 0000000110341C0 000000 00 00 000 122¢21023%3323432111110035520013320121012343223442122132100010 110342 1234200245643,34201673031221465322233432
w 0000311002240 000 0 01000 00 012¢210123323332100010035531 0243002212 34544554212R4231 11110110133013456420132544,34353463232211321344432110
S 300 — 10 0121000140 000000000 00 61000 000011€1100233322510 002454200244102322455676410235141012210030 1223565565433452664¢14661 05863012004532320110f
(e ]

w

[+ 4

TS

« 00 000 00 01111014100 0003110 0121 13321223520012321000000 03 21v421 012¢1014554322534323432222111000€31024430036533443223453135311%

0 00000600 9122001100 01001V 0 012201332222332001222100 00111221 0110 1564321123432343200100 1343¢221100 15513676420121144322

0040000 sle1n1321 001100 0 04331 2333333442022210 0221000 13320 U110 023210003253225200 0112222321152024420 U 036753122234210 0

00v 0020000 01¢1101240 0 01110 0 0>3310<444334553113200012210 0244200110 03222111233¢3121 0233333320 01011531 123$321123346511333
320 — 00U20000 01112111220 00 01210 .11132102333344542 23300222210012 343223320012322333320123100 02332210 00002233400 1342024553134304663i

0c U50 000 001222112240 00 01210V 0111221012223334431232012222222332222333101¢222344311344200002210 (1110024443521 15552146752000134322,
0 0z 000 00422211221 00 011300 0001122111222223431122 1333444332 1013442y0253354631134420011220 03221 01324¢ 10 149520355300 0342 g
oue 00000001253102240 012110 £01122100000012321111 13555432211 3321 1344333213431 1111230010013332284>303443 0310 1100110022 133

k- 000 0010011100122101223 01210 ni221 022110 13565420122 1331 01244321236311¢$1020 110 13454339352:4841 110000 244310111134
: ~{ ¢+ 0000000 GO0 001221112221000 01221000 0121110 012221001355532002 2123100128321 24421232 021111 01222111112¢333511 133320257631102321

CONFIDENTIAL




-y
hE AFTER TRANSMIT (SECONDS)
1 i
1957 1961 1965 1969 19.73 19.77 198l 1985 1989 1993 1997 2001 2005 2009 20.3 2017 2021 2025
1 1 1 Il —d Y= == = I A 1 = : L A n l 1 l
1103953101¢33564 34210 000232012344410245665445432190111 011220001344456420002331 1119 . 000 00110 00 » 010 0110 0000000 - - - -
2310111112¢201¢3210 1392111101210244213444543454211141220 1222100034433443001433320002100000 0012220 000 041002110 0 00 00 000
232 00 014231:4542003594432123210011233234323431022222220022<100123433333201223332400011100000 01223210110 0110 1100 000000000000
121012211 1245543024545310222101112222331221 233223232,22210023322¢331000224$33¢100 01100100 000012222100000 G130 01C 000000 0000000
234301334311.0127322233221022121221 0123212200¢443222332:3230 12320013300,12234434010 011100 911001122100012u0 11400000 000000 0000000
345311223231.100453144135645222112333333333093443233333343111 121 012222321125¢32004100111p 001200000111000141U0 11000110 0000000 0000
0 2431011 0cS1 144024368644542124554323330023533344433321222 01 221001332401233200221102130 141 000000 01%100C 11p 0100 000000000000100
43343 2420 03107940003654455422333352121 122223455543321254¢ o 13300 1222111453200121111220 010 000000 0111000121 0100 00001000 (00GOO
5543135532121 12121 266301222343210000 023333345543332 1454111122101 0012111122111122222210121001440 01310041225 040000000000000 0000 iy
333456643252.0001 004752000023211000000134333445542343015542222¢10 12011 12100 ,224222222122212220 000 1€1V U0i1a 00 UQOO00OQOOOD 000D
1367986211¢20 132222223202310 12100122233444455420243124441023200111123301210001292222110123¢2221000 « 00 01110%.011n 00 0110000000+ 00 0 . . .
3445652 0 U2¢134%651 13332 245542001234455544451 121423331022202553113420122110023340000 01222221000 00000 00 vic10000 03100 6oo
'242001112200U12825873 1333104/7653222254566533320 11002321002210257631¢532112211002431 0 03¢¢122111000000 11 1215 00 000000 000 00
2 133355¢ 11.048731 453 (47864433455567642220 U10 0220007331 157794223320122100024630 0 001¢2111231000000 11¢ 011400 01100 000 000 00 j
011234563020 166%211651114654332235666531231 110 011 011342 13606%544323320022220014531 000050€¢€200241100000 00U 010 00 U100 00 0vo 0
010 00 0000 00 0 0
1 010 00 0000000000 0000 0 3
322210366552332323302674335421101223352110 111110 12900 0333202812210 0100012100 133100001131211101222121210 1300310 00 00000 00 00
1 01210121123443¢69999724751132 011220 010110 0111190 2443203430 0120 01002100 121000 0001224 0222131111300110v110 ¢ 000 0 00
ln 00 00 ¢88256999941574 120 000 0 01211300014542124421012210 010014400 0220 0 04121100422111321100120u22 ¢ (UOO 00000 00
022221 13¢+365279999513652 0121000021022222333100 « 14642:244211112210 0 01100 120 00 0122100412111111002200110000 000 000000 000 . . .
000233330000254,3797034344212356641 1234555555421011234541013310011311100 0 0110 U0L10 00000<ely 0000000200291u11 o0 000 0
0000011112555314452573 23212457851 134555555532123344530 0121 002300010 ¢ 0 3121 0003100223322100 00000000002€1110 000 000 0
1234200245693,3420167303122146532223343222212534455432451:10040010 122 000111220 422001131¢3310 0000010 1100210 00 00 0 0000 0
3456420137594,343534632322133213444321100 0013444554466421152 00 0023200112311210004220 0131¢321 00 000 00002€0U110n0 00 00 0
65545433455604,11661 05863012004532320110022112334444676433451000001221 1322221104110 0312412210 000000 010010 00 00 0 000
87642234556703011421169731132 2321001342 1321112232245532359511221111100 13432221111210 042320 011000 0 030viv 0000 00 000
5543102355241 133120576311221 0014445641 11111112112321103432234320110 00 134322212112110 11112210002000 0 01 w3l 00000 00 00
311111012210 ¢31440 155221 111002578765200 124 010 0131041 11002453101210 0u0244211122222110 3111221 11100 010u1u 0 000 0
10 0000 0112¢10245422100 00112246765322321221100 011 120 L0 2451100¢210120125211¢22222220 111121 01100 00 0i0c1y 0 00 0000 0 0
0000012455¢0125248511123¢1011125640 146533344311122112100132 1012210122111100¢211134122321 «u01210 0000000010 U140V 0 +00000 . . . . .
0 23434443455457430 14542220 133 12.343234443534432233223320125322112210231 010 0911128319u00%321 000000 010 Y110 000 00
1135543213554%68554055312320 0100220 00122222344333333234513432222111212328 ¢ 00023320000 312000000 0221 V1.1 0 00
34443210¢392396304304531011 1222322233322100122212222223102443522343212123431¢ 00012240 0C 01100 000013 L2el 000600000 00
00253442133333211110 011130 120 024321245432222343210 01221 01110 011 Leco 000000000 0
1110111232¢10344853013553320 123431120011120 000 122111120022100234442221234311100p0 02323 001210 011012¢0 0500 08000000 O
4310010022¢2¢323143015643522211000 112220  0111002332242¢1 01200042332122222522100 1233190 0032210 01013¢0 0 00 (1]
9312342 01111002+310023200122112123223210122220 23321112320 1320 0 0111021212332300 02434 » 04221000 000is31 o (1] 0
22344330 1593.0004 0 34035453¢1012443100012323 122y  12320123200140 000131311331400 02332 9 0422210 00 133% 00000 00
034432210343 21,0232 2314654452112432 00 2320 00100 0012221012¢10012221111110 Vy01144C 123310 9000222100 00 33<0 0 0 0 0o
3443343102101015463111244322¢2345540021 0220 0110 011921110 1130 0€3431000.0000 1231110023330 012222100 0 U2¢0 0 . - . - . -
32222111000¢3.024430036533443¢23453135311110 010 011000 000 12¢3 0312321001,00000 V0921 13320 00 02322110 0 1351 00
13436221100 155156764201211443222310 011000 011 23¢1 012¢2100v 00 .10 01232172820 000 1221100 veet 0 0 0
0 0112222320132024420 0 036753122234210 02232321 1221 012101¢100121111100 0 310 0£3510233¢0 00 01111110 GL2ed 00 00 0
0233333320 01011531 1238321123346511331123343101210 00111003101232100009 o ¢00 01232013320 ¢0 003112210 ©1¢0 000
02332210 00001233400 1342024553134304663210111100001220 0 0121 023320000000000 021000233201240 90 0313130 010 o 0
210 01110U24443527 155521467520001343222221110 0022211:1233¢0 012210110001232 0110 123201240 000 000110000040 000 L]
0 01221 013%4¢ 10 145560355300 0842 12221122101111101222333210 0121111111241 U010 011002€10900 00 0111000U0U0 00000 00
0010013332254>303441 0210 1100210022 133321123333330 001+222222210 1111111411221 1220 000 3¢10 00 00 00
110 13454333352:4841 110000 ¢443101111344311234443104110000011¢€210001121111112221 0310 000 31110021 010 00000
1 012223111231¢333511  1333202576311013213332112332001221003140012220 1112121012220 100 00110010 000 000 OUe 0 pOOOO0*0000 . . . . .
SYMBOL FROM TO
— —_— —
9 ABOVE 1.0000E 06
8 1.0000E 06 9.0000E OS5
7 9.0000E 05 8.0000E 05 |
6 8.0000E 05 7.0000E 05
KEY TO SYMBOLS 5 7.0000E 05 6.0000E 05
4 6.0000E 05 5.0000E 0S5
3 5.0000E 05 4.0000E O0S ]
2 4.0000E 0S5 3.0000E 05
| 3.0000E 0S5 2.0000E 0S5
o 2.0000E OS5 1.0000E 05
1.0000E 0S5 0.0
3
3
.
Figure 52. Correlator Output Array,
: 2
Ping 6, Reel 6




s

CONFIDENTIAL

If the six with the highest peaks are stacked so that the peaks
are lined up (vertically), it is quite startling that a large per-
cent of the bumps on each plot are also lined up vertically,
The places where there are no bumps also line up quite well,
It is obviously the ambiguity surface showing through and
obviously it should show best for the echoes that are largest

(but it is quite reassuring to have it work out so dramatically). :

If the others (those without the highest peaks) are compared to
this collective picture, to see which of several likely peaks might

fit the pattern best, it is obvious that one is better than others
even though peaks aren't available to cover all those of the
pattern,

If they are lined up with time and frequency correct, it is a
four-dimensional model of the ping sequence, We can see that
targets from successive pings can be at the same range and
be noticably spread in frequency. We can imagine that the
targets are groups at several discrete ranges instead of a
continuous smear or spread, If present, this effect might be

due to propagation mode switching or target highlights, etc,

D, TARGET PEAK STATISTICS

If we are to be able to complete the correlator model which we seek, we
will have to have some sort of a probability distribution for target peaks. In this
respect we have no idea yet about how similar the Reel 6 and Reel 9 data will look.
The output samples from the Reel 6 data are plotted as a histogram in Figure 53.

The most serious impediment to progress in this area is our lack of a good
set of rules to tell whatis a target; for example, the histogram of Figure 53 contains
one sample from each of the 34 pings. Even in those cases--ping 45 Reel 6, for
example~-where we are quite sure that there are several target peaks, we have used
only the highest one. Is it right to use more than one peak from a given ping? How
can we identify target peaks? For example, how many target peaks show on Figure 502

To these questions we do not yet have good answers,

But even the questions presented above are biased toward a specific approach
to obtain the target statistics, Implicit in them is that an ensemble approach is to be

used,
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\ Figure 53. Grey Maps of Correlator Output Surface for Times of Possible ! {
Returns Via Bottom Path 1

There are those who recommend that target statistics be collected from time-sampling

the target echo region of many pings.

So far, we have not tried to make a decision, The best answer is probably
a function of how the data look, what for and how the data are to be used, and how well
we understand the data. We plan to look at the echoes in more detail to see if we can

improve our understanding,

E. TARGET PEAKS VIA BOTTOM PATH

| Because they come at about the right time, some pairs of bumps following
i' the target on the power plots of some of the pings in the second half of the Reel 6
' sequence are suspect of being triangular path and bottom bounce echoes, If this is
true, it gives us an opportunity to look at echoes under fairly poor signal-to-noise :
{ (reverberation) conditions, but in the enviroment of an experiment about which we
: are trying to learn a lot,

Figure 54 illustrates the portion of the return under consideration and presents {
grey maps of the correlator output plane. These grey maps are sift contour maps which
use symbols in order of blackness to fill the amplitude intervals--blackest is highest.

An interesting feature of the maps is that they can be reduced so much and yet present
B | about all the information they contain,

One can observe a distinct diagonal pattern in most of the plots; we do not
understand the significance of this pattern,
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SECTION VI

WINDOW VECTOR STATISTICS

The statistical study of the noise provides a sound basis for establishing a threshold
on correlator output for detection based on a given false alarm rate. The high signal-
to-noise-ratio (SNR) for most of the pings studied indicates that an exercise (using
available test data) in showing detection capability, on this basis, would show a good
probability of detection but would not furnish any useful results.

A limited investigation of the target regions in several pings was made to see
if clustering type techniques look promising for detection. The basic data studied
were the computer calculated correlator output amplitude over intervals (windows)
of 120ms; a correlation index of 2 was used (i.e., a correlator output was calculated
every 2 ms). An event was considered as an output exceeding a threshold of 180 k
correlator output units, The variables considered were:

N the number of events within the 120-ms window (60 Maximum)

Ap the peak amplitude by which the threshold was exceeded by an event

A the average amplitude by which the events exceeded the threshold

N_— the number of events in the doppler channel of interest divided by the sum of
*1 the number of events in the next higher frequency channel (N +1) and the number X;
in the next lower frequency channel (N_)). o j
The channel spacing used is 1 Hz, (Based on the preliminary results shown,

this probably is not the best channel spacing to look for discriminants in this
variable, ) 1'

The data used were from target intervals from Reel 9 ping numbers 39, 42, 43, 44,
45, 46, 47, The target intervals were those with peak target outputs--not windows in
all doppler channels at the target time. Representative (of noise) windows were
chosen from adjacent regions of available data for comparison purposes. Values are
plotted for pairs of variables in Figures 55, 56, and 57, Since relatively few points
were calculated, density distributions of the individual variables are not shown
separately; they can be visualized from the spread of plotted points along one axis.
Similarly, the general nature of pairwise joint distributions are obvious from the
plotted sample points,
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The tendancy of N to decrease with higher A in the high Aregion (Figure 55) is an
example of the unexpected dependencies which this type of presentation discloses; this
particular one, however, may not be of value as a linear discriminant since it does not ..,
extend down into the low A region. Otherwise, N and A are apparently independent for -
the target data, A alone is a very good discriminant for these data. Some improvement

could be added by using the discriminating feature that the values of N for target returns

are spread over a narrower band than those for noise.

The values of Ap and A (Figure 56) are positively correlated for targets and also
for noise; there is relatively little discrimination in their dependency character-

i

istics, Either variable alone is a good discriminant; however, Ap is a little better than

A.

e N
The A versus S S values are plotted in Figure 57. Note that the target distri-
+1 -1

bution of NN is restricted to a relatively narrower band than was the distribution
+1 -1

of N.

The distribution of Ap with the other variables is similar to that of A, for both
targets and noise, as might be expected from the strong correlation of Ap and A with
each other (Figure 56).

Based on the data observed, it appears more promising to look for better discrim-
inants which will hold up in lower SNR conditions than to evaluate any specific detection
function based on the available discriminants, Direct evaluation of specific detection >
functions is complicated by the fact that the distributions of these variables are strongly

affected by changes in threshold levels,
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SECTION VII
DISCRIMINANT CHARACTERISTICS

A discriminant is a characteristic which can be used to help detect the difference
between data which contain a target (Signal + Noise) and data which do not (Noise). A
simplified example of the probability density distribution P(Xl) of a measure (Xl) of
such a characteristic is shown in Figure 58 (a), (b), and (c). The density distribution
P(XZ) of another discriminant (XZ) whose ""S+N'"' and ""N'"' distribution completely
overlap, even in the high SNR case (but which still contains discrimination information),
is shown in Figure 58 (d), (e), and (f). The detection thresholds indicated in the sketch
for such variables (X1 and X2) are particularly easy to apply and, thus, such discrim-
inants, or combinations of them, are the best to use if their performance [ probability
of detection, P(D), and probability of false alarm, P(FA)], is good enough.

Usually, however, especially in the low SNR cases, better performance is
desired. When there is additional discrimination (between S+N and N) information in
the joint distribution relationships among the measured variables, it can be used to
improve their performance. A simplified example of the joint distribution P(X3 y X 4)
of two variables (X3 and X 4) where positiv? correlation exists in both the S+N and N
distributions is shown in Figure 59 (a). A different display (two-dimensional) of the
same distribution is shown in Figure 59 (b), where the areas inside the plane figures
include some percentage (say, 95 percent) of their respective distributions; this pre-
sentation method is used to eliminate confusion in showing distributions for lower SNR
cases, Figure 59 (c) shows a case where the positive correlations between two variables
have no discrimination value when the SNR gets very low; the discrimination values
of the two individual variables deteriorate in about the same manner. Figure 59 (d)
shows a case where the discrimination value of X 4 does not disappear as fast as that
of X3 , in which case the joint distribution provides an excellent discriminant even
though the two variables are positively correlated for both S+N and N and neither
varizhle, by itself, is a good discriminant, Algebraically, this joint distribution
discriminant could be considered as the quantity (X S Xa) whose threshold value lies
along the threshold line indicated in Figure 59 (d); values greater than K indicate
S+N and values less than K indicate N. The distribution of this quantity is like the one
shown in Figure 58 (a).
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A similar case where the joint distribution retains discrimination information while
| that of the individual variables deteriorates with poorer SNR is shown in Figure 60; in

this case the two variables are negatively correlated for both S+N and N. Another case

T,

is shown in Figure 61, where the two variables are positively correlated for S+N but
uncorrelated for N, If the discriminant based on correlation in this example (Figure 61)
were considered algebracally (Xs - X7), it would have a distribution like that shown
in Figure 58 (d). The distributions shown in these sketches are simplified to point out

T T S

the general characteristics of discrimination information to be searched for; in the
: practical case these distributions will often be multivariate, nonlinear, and much more 4
E’; difficult to recognize and use, Many of them will be multimodal, which further compli-

) cates practical use of the information, Eventually, more complicated detection functions,

using n-dimensional space concepts, will probably be required to effectively combine

the information in the various discriminants. A premature attempt to use such com-
plicated techniques as a data analysis tool could, however, hide the very cause and
effect relationships for which we are looking,

Generally, these distributions will change with time; thus, the measure of any
distribution depended upon as a basis for detection must be adaptive, This requirement
is one of the reasons for studying the basic statistics of noise and the effects of time
varying parameters, Normally, the noise distribution (rather than an expected distribu-
tion of S+N) will be the basis for setting threshold levels,

The search for discriminants is based primarily on measuring characteristics
which are suspected of varying with known physical causes. A secondary method is
the analysis of data taken for the primary method in the hope of discovering unexpected
relationships. This includes the time variation of each measured quantity as well as
cross-correlation (based on time) and the previously discussed joint distributions, This
secondary method is, essentially, an attempt to discover characteristics that would have

been measured in the first place if they had been recognized as discriminants,

R TN N5 s ST D

The value of discriminants for general use will depend upon how well their behavior
can be predicted from a given practical situation and how well they hold up as SNR
decreases; thus, some discriminants found to be good from some particular set of sea
data may not be generally useful if their behavior cannot be accurately predicted for
different operating conditions and SNR levels,
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APPENDIX A

DIGITIZED SONAR DATA, PRFM

New
Figure Surface Duct Ping Numbers
A-1 Reel 6 12-3-63 34 Pings 1-34
A-2 Reel 9 12-5-63 43 Pings 35-77
Bottom Bounce

A-3 Reel 5 1-25-65 28 Pings 78-105
A-4 Reel 6 1-25-65 18 Pings 106-123
A-5 Reel 7 1-26-65 26 Pings 124-149
A-6 Reel 8 1-26-65 21 Pings 150-170
A-T7 Reel 9 1-26-65 30 Pings 171-200

These computer-generated plots (see Reference 1 for program) are like the A-scope
presentation of the sonar. The ordinate is the energy in a 0.5-second filter. The plots are
scaled so that the highest peak is full scale. Although this scaling optimizes the dynamics
of the plot, one loses a lot of feel for how conditions vary from ping to ping.
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APPENDIX B

CATALOG OF PINGS

In order to summarize the information obtained on each ping-time interval-doppler
channel combination, a catalog has been prepared (see Section 1 of this appendix). The
first three columns of the catalog contain a description of the ping, i.e., the ping number,
the time interval, an: doppler channel. The following additional information is also

included.

Column 4: Mean ~- the average value of the sampled correlator outputs for the intervals.

Column 5: S.D. -- the standard deviation.
Column 6: /_b—1 -- the standardized measure of skewness for the interval.

Column 7: b2 -- the standardized measure of kurtosis for the interval.

Column 8: (Standard Deviation)/(Mean) -- the ratio of Column 5 to Column 4.

Column 9: Plot -~ this column indicates whether a Rayleigh plot was made and into which
category it was classified. The codes used are: A - adequate, M - marginal,
INH - inadequate high, INL -~ inadequate low, and INO - inadequate odd.

Column 10: Ray. Slope -- this column gives the slope of the line drawn on the Rayleigh plot
corrected for the scaling of the paper; these numbers must be multiplied by

104.

Columns 11 S_ Parameters -- these columns give, respectively, the estimates of § and

B
and 12: A for the two-parameter Sy distributional fit.

Column 13: Power Plot Target -~ this column shows what proportion of the target return
(if known) was in the interval as indicated by the power plot.

A listing of information obtained for the x and y component of the correlator output is
contained in Section 2 of this appendix. This includes the means, variances, and correla-
tion for x and y and various summary statistics. The following information is contained in

each column.

Column 1: Ping number.

wdiip o

Column 2: Identification -- in this analysis a ping was broken into three parts, and !
statistics were gathered on each subinterval as well as the entire interval. '

Also, a composite interval of 50 observations comprised of every third
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observation from the entire interval was analyzed. This column identifies to

which of the sets of data the entries refer.

Column 3: ; -- the mean of the y component of z = sz + y2 where z is the correlator

output.

Column 4: X -- the mean of the x component.

Column 5: Wy -- the W statistic for normality for the y component. The 10, 5, and 1
percent values of W are 0.955, 0.947, and 0.930, respectively. Low values
nonnormality.

Column 6: W‘ -- the W statistic for the x component.

Column 7: Vy -- the variance of the y component.

Column 8: V‘{ -- the variance of the x component.

Column 9: ty -- the value of the student t statistic, a test for zero mean, for the y com-
ponent.

. Column 10: tx -- the value of the t statistic for the x component.
’ Column 11: rxy -- the coefficient of correlation between x and y.

Column 12: The value of the F statistic -- a test for equality of variances of the x and y

components.

i 1. Catalog of Pings

The section consists of four listings:

: Table B-1. Surface Duct, 300 Hz

?; Table B-2. Bottom Bounce, 300 Hz

i)
b Table B-3. Pings with Intervals Smaller Than 150
Table B-4. Up and Down Doppler Channels 3

f
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TABLE B-2

BOTTOM BOUNCE, 300 Hz

104
S.D./ Ray.
Ping Time Channel | Mean S.D. [v/b 1 b 9 Mean Plot Slope
78 | 14.5 to 16.0 300 |131.2 73.8 | 1.01 | 4.19 | 0.563
79 120.2 68.7| 0.73 | 3.08 | 0.572
80 97.3 55.2| 0.86 | 3.63 | 0.567 :
81 105.2 48.4| 0.24 | 2.72 | 0.460 .
82 94.0 48.4| 0.44 | 2.64 | 0,515 1
83 95.8 51.2| 0.39 | 2.55 | 0.534
84 103.9 58.7| 1.28 | 6.0 | 0.565 ’
85 91.2 47.8| 0.68 | 3.24 | 0.524
86 | 13.5to 15.0 300 74.5 36.2| 0.63 | 3.64 | 0.486 | A 7.8 ;
87 98.5 49.0| 0.57 | 3.47 | 0.497 :
88 94.3 47.6| 0.83 | 3.52 | 0,505 M 10.29
89 98.5 49.6| 0.51 | 3.69 | 0.504
90 93.3 49.6| 0.51 | 3.69 | 0.532 | INL 9.99
91 94.4 50.4| 0.54 | 2.76 | 0.534
92 91.7 48.7| 1.09 | 5.52 | 0.531 | A 10.2
93 83.3 46.6| 0.54 [ 2.50 | 0.559
94 87.8 47.2| 0.50 | 2.88 | 0.538 | A 10.2
95 94.6 43.6| 0.43 | 3.22 | 0.461
96 93.9 48.5| 0.89 | 4.07 | 0.517 | INH 10.2
97 91.0 48.8 | 0.58 | 2.77 | 0.536
98 86.5 48.0| 0.69 | 2.92 | 0.555 | A 10.11
99 86.3 43.8 | 0.57 | 3.65 | 0.508
100 90.7 52.6| 0.74 | 3.01 | 0.580 | INO 10.2
101 ” 93.4 43.3| 0.51 | 2.83 | 0.464
102 86.1 46.7| 0.80 | 3.66 | 0.542 | A 10.5
103 82.3 46.7| 0.62 | 2.98 | 0.567 :
104 90.6 45.5| 0.57 | 3.20 | 0.502 | A 9.69
105 7.2 | 37.2| 0.56 | 2.76 | 0.482 5
106 81.8 42.8| 0.52 | 2.65 | 0.523 | M 8.73 i
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TABLE B-2 (continued) 1:
10
S.D./ Ray. .
Ping Time Channel | Mean | S.D. | /b b, | Mean | Plot | Slope
107 | 14.5 to 16.0 300 74.1 38.7| 0.54 | 2.74 | 0.522
108 208.8 | 114.3| 0.77 | 3.32 | 0.547 | INH | 22.41 |
109 77.2 37.9! 0.58 | 2.78 | 0.491 |
110 76.4 38.0| 0.37 | 2.67 | 0.497 | A 7.5 1
111 93.0 44.5| 0.49 | 2.64 | 0.478
112 87.5 45.0| 0.75 | 3.85 | 0.514 | A 9.9
113 95. 2 48.6| 0.85 | 4.10 | 0.511
114 96.8 51.1 0.73 | 3.79 | 0.528 | A 11.10
115 85.4 47.9| 0.62 | 3.40 | 0.561
116 77.3 35.0| 0.58 | 3.36 | 0.453 | M 7.74
117 72.8 39.2| 0.63 | 3.36 | 0.538 s
118 98.0 59.1| 0.81| 3.15 | 0.603 | INH | 10.98
119 82.6 44.5| 1.00 | 4.04 | 0.539
120 96.5 48.1| 0.59 | 3.31| 0.498 | INL | 11.4
121 91.8 47.2| 0.61 | 3.14 | 0.514 |
122 84.9 45.4| 0.63 | 2.62 | 0.535 | INL 8.76
123 99.4 53.7| 0.61 | 3.24 | 0.540 :
124 118.2 63.8| 0.79 | 3.80 | 0.540 | A 13.56
125 119.9 64.2| 0.49 | 3.09 | 0.535
126 106.9 54.3| 0.67 | 3.49 | 0.508
127 116.0 58.3| 0.48 | 2.72] 0.503 | A 12.99
128 110.9 55.5| 0.29 | 2.22 | 0.500
129 105.7 55.3| 0.51 | 2.65 | 0.523
130 106.6 58.5| 0.72| 3.25 | 0.549 | A 12.99
131 110.6 56.4| 0.47 | 2.59 | 0.510
132 119.6 64.9| 0.79 | 3.60 | 0.543
133 101.8 60.1| 0.68 | 3.23 | 0.590 | A 12.99
134 114.2 62.2| 0.42| 2.69 | 0.545 i
135 120.8 72.6| 0.84 | 3.20 [ 0.601
136 135.7 63.8| 0.58 | 4.40 | 0.470 [ IND | 15.8
137 134.4 74.2( 0.43| 2.58 | 0.552 .- }
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TABLE B-2 (continued)

0 |

S.D./ Ray.

Ping Time Channel | Mean S.D. '\/61 b 9 Mean Plot Slope
138 14.5 to 16.0 300 124.0 62.5 0.77 | 3.42 | 0.504
139 115.5 66.2| 0.48 | 2.66 | 0.573 A 14.10
140 105.3 64.8 1.30 | 5.26 | 0.615
141 107.2 62.7 0.99 | 3.96 | 0.585
142 95.9 49.1 0.46 | 2.92 | 0,512 INL 10.50
143 105.9 50.6 0.66 | 2.94 | 0.478
144 95.1 49.8 0.69 | 3.72 | 0.524
145 112.6 57.9 0.45 | 2.79 | 0.514 A 12.45
146 111.9 60.7| 0.76 ( 3.25 | 0.542
147 111.1 57.1 0.65 | 2.93 | 0.514
148 137.3 63.1| 0.61 | 3.52 | 0.460 INL 16.11
149 107.0 55.7| 0.57 | 2.98 | 0.521
150 98.7 48.9 0.54 | 3.21 | 0.495
151 11857 60.9 0.53 | 3.08 | 0.513 INL 13.95
152 114.1 54.8 0.49 | 2.76 | 0.480
153 103.8 56.7 0.67 | 2.68 | 0.546
154 108.9 46.7 0.16 { 2.54 | 0.429 INO 10.71
155 108.6 59.3 0.54 | 2.82 | 0.546
156 104. 2 60.3| 1.25 [ 5.92 | 0.579
157 100.0 51.8 0.63 | 2.69 | 0.518 A 11.34
158 94.9 49.8 0.54 | 3.01 | 0.525
159 107.2 52.9 0.61 | 3.15 | 0.493
160 92.7 46.2| 0.47 | 2.91 | 0.498 | INL 10.5
161 108.8 54.5| 0.61 | 3.05 | 0.501
162 100.6 56.9| 0.55 | 2.52 | 0.566
163 107.8 56.8| 0.58 | 2.86 | 0.527 A 10.26
164 ; 101.6 50.9 0.54 | 2.77 | 0.501
165 122.9 70.4 0.92 | 3.97 | 0.573
166 88.4 47.3| 0.82 | 3.24 | 0.535 A 10.29
167 98.8 57.0| 0.64 | 3.03 [ 0.577
168 133.1 72.5| 0.46 | 2.64 | 0.545
169 130.9 78.8 0.97 | 4.23 | 0.602 M 15.51
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TABLE B-2 (concluded)
10t ]
S.D./ Ray.
Ping Time Channel | Mean S.D. \/t;l b2 Mean Plot Slope
170 14.5 to 16.0 300 118.1 64.4 | 0.76 | 3.62 | 0.545
171 103. 2 53.8 0.63 | 3.17 | 0.521
172 103.5 60.5 1.09 | 4.42| 0.585 INH 12.42
173 125.0 75.2 | 0.84 | 3.50| 0.602
174 108.7 61.7 1.03 | 5.30( 0.568
175 114.4 54.7 0.39 ] 2.33 | 0.478 INL 12.30
176 117.7 62.8 0.70 | 3.37| 0.534
177 119.7 64.8 0.81 | 3.81 | 0.541
178 118.3 76.6 1,20 | 4.57 | 0.648 INH 12.69
179 115.3 66.9 2,05 |10.54 | 0.580
180 118.8 70.9 1.42 | 6.52 ] 0.597
181 111.3 69.9 | 0.91 | 4.22| 0.628 A 12.96
182 118.8 64.8 0.68 | 2.89| 0.545
183 106.9 60.7 0.69 | 3.37| 0.568
184 114.1 66.5 0,93 | 4.03 | 0.583 M 14.31
185 118.2 65.9 0.97 | 4.18 | 0.558
186 114.5 68.8 1,05 | 3.78 | 0.601
187 86.1 47.4 0.70 { 3.59| 0.551 A 10.44
188 120.6 63.2 | 0,53 | 2.82| 0.524
189 111.1 54.6 | 0.82| 4.34| 0.491
190 120.8 58.8 | 0.62| 2.93| 0.487 A 10. 26
191 104.7 55.4 | 0.91| 3.57 (| 0.529
192 108.7 58.4 | 0.75 (| 3.42( 0.537
193 112.2 59.9 ] 0,73 | 3.81| 0.534 A 12.81
194 104.6 59.5 | 0.69| 2.85| 0.569
195 123.2 71.7 | 0.54| 2,99 0.582
196 121.7 75.0] 0.90}| 3.43| 0.616
197 73.7 42.6 0.71 | 3.06| 0.578
198 126.2 73.4 | 0.95] 3.82| 0.582
199 109.5 55.2 | 0.56 | 2.93| 0.504
200 104.2 58.6 | 0.85 | 3.78 | 0.562
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TABLE B-3

PINGS WITH INTERVALS SMALLER THAN 150 i

Ping Time Channel | Mean S.D. b1 b2 ls\/iele)ah/ Plot

3 11.5-12.0 300 74.4 | 38.9 | 0.94| 4.87|0.523 | A(2 High)
12.0-12.5 74.4 | 37.8 | 0.86| 3.75|0.508 | A(l High)
12.5-13.0 98.6 | 50.2 | 0.30| 2.65|0.509 A
13.0-13.5 91.2 | 49.5 | 0.84 | 2.84(0.543 A (4
13.5-14.0 107.7 | 50.7 | o0.12| 2.21|0.471 M |
14.0-14.5 70.3 | 36.2 | 0.33| 1.92]0.515 INO ;;
14.5-15.0 80.3 | 41.6 | 0.49 | 2.810.518 A §?
15.0-15.5 96.8 | 62.7 | 1.15| 4.06]0.648 INH '
15.5-16.0 61.5 | 27.1 | 0.64| 3.81]0.441 INO ‘
16.0-16.5 75.6 | 39.0 | 0.55| 2.20)0.516 INH :'
16.5-17.0 | 58.8 | 34.2 | 0.29 | 2.07]0.582 A
17.0-17.5 I 74.1 | 30.8 | 0.23| 2.07]|0.416 A
17.5-18.0 3 91.3 | 40.5 | -0.01| 3.05]|0.444 | INO
18.0-18.5 79.3 | 43.01] 0.47 | 2.45|0.542 A
18.5-19.0 101.8 | 55.8 | 0.60 | 2.44]0.548 A
11.5-12.0 300 123.1 | 66.1 | 0.64| 2.55|0.537 A
12.0-12.5 121.9 | 63.3 | 0.64| 3.170.519 A
12.5-13.0 135.0 | 52.2 | 0.04| 2.37/0.387 INL
13.0-13.5 159.3 | 100.8 | 0.08 | 3.380.633 INH
13.5-14.0 91.9 | 44.0 | 1.15| 5.57]0.479 INO
14.0-14.5 70.0 | 39.3 | 0.40 | 2.25|0.561 A
14.5-15.0 60.3 | 34.3 | 0.49 | 2.31]0.569 A
15.0-15.5 : 83.4 | 43.4 | 0.73 | 2.81]0.520 A
15.5-16.0 79.9 | 40.8 | 0.73 | 3.28[0.511 INH
16.0-16.5 89.5 | 40.2 | 0.22 | 2.970.449 INO
16.5-17.0 86.7 | 48.8 | 0.48 | 2.530.563 A
17.0-17.5 77.6 | 34.1 | 0.22 | 2.59]0.439 A
17.5-18.0 | ot.0 | 46.7 | 0.84] 3.730.513 A
18.0-18.5 123.4 | 80.2 | 1.26 | 4.37]0.650 INH
18.5-19.0 124.9 | 66.3 | 0.52 | 2.160.531 INO
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TABLE B-3 (continued)

Ping Time Channel | Mean | S.D. | b | b, 15\4';}1/ Plot
5 | 11.5-12.0 300 | 121.9 | 47.9 | 0.20 | 2.34 | 0.393 | A
12.0-12.5 82.8 | 49.9 | 0.68 | 2.59 | 0.603 | A
12.5-13.0 149.1 | 95.7 | 2.56 [11.75 | 0.642 | INH
13.0-13.5 144.2 | 82.8 | 0.95 | 4.04 | 0.574 | INH
13.5-14.0 92.7 | 50.6 | 0.78 | 2.98 | 0.546 | INH
14.0-14.5 80.3 | 46.0 | 0.61 | 2.81 | 0.573 | A
14.5-15.0 102.2 | 53.9 | 0.44 | 2.79 | 0.527 | A
15.0-15.5 129.6 | 72.2 | 0.56 | 2.55 | 0.557 | A
15.5-16.0 97.9 | 46.2 | 0.21 | 2.71 | 0.472 | M
16.0-16.5 88.0 | 50.5 | 0.79 | 3.12 | 0.574 A
16.5-17.0 92.2 | 55.5 | 1.29 | 5.74 | 0.602 | INO
17.0-17.5 131.9 | 64.5 | 0.35| 2.47 | 0.489 | A
| ¥1.5-18.0 | 1064 | 56.8 | 0.58 | 2.95 (0,599 | A
; 18.0-18.5 114.4 | 57.5 | 0.42 | 3.76 | 0.503 | INH
; 18.5-19.0 89.9 | 50.2 | 0.80 | 3.11 | 0.558 | A
'; 78 | 13.5-14.0 291 79.4 | 38.2 | 0.56 | 3.02 | 0.481 | INO
| 14.0-14.5 92.3 | 45.4 | 0.20 | 2.21 | 0.492 | INL
"! 14.5-15.0 91.6 | 49.1 | 0.42 | 2.52 | 0.536 | A
| 15.0-15.5 136.0 | 71.7 | 0.51| 2.69 | 0.527 A
15.5-16.0 108.7 | 50.1 | 0.54 | 3.09 | 0.461 | A
16.0-16.5 108.7 | 50.7 | 0.08 | 2.36 | 0.466 | INL
| 16.5-17.0 136.5 | 77.9 | 1.01 | 3.62 | 0.571 | INH
i 17.0-17.5 125.9 | 58.0 | 0.50 | 2.60 | 0.461 A
17.5-18.0 ~ |145.1 | 64.3 | 0.06 | 2.26 | 0.443 | INL
18.0-18.5 110.6 | 61.9 | 0.63 | 2.66 | 0.560 | A
| 18.5-19.0 95.8 | 55.0 | 0.68 | 2.51 | 0.574 | INH
; 19.0-19.5 138.6 | 74.6 | 0.09 | 2.49 | 0.538 | INL
19.5-20.0 95.4 | 48.3 | 1.01 | 4.17 | 0.506 | INH
| 20.0-20.5 174.6 | 83.8 | 0.35 | 2.74 | 0.480 | A
20.5-21.0 115.4 | 70.6 | 0.77 | 2.99 | 0.612 | A
21.0-21.5 109.7 | 51.7 | 0.45 | 3.19 [ 0.471 | INO
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TABLE B-3 (continued)
S.D./
Ping Time Channel Mean | S.D. b1 b2 Mean Plot
78 21.5-22.0 291 88.6 46.6 0.14 1.95 | 0.526 INL
22.0-22.5 120.2 53.8“ 0.06 2.09 | 0.448 INL
78 13.5-14.0 301 82.5 45.4 0.55 2.60 { 0.550 A
14.0-146 | 104.3 | 45.9 | 0.26 | 2.42 | 0.440 | INL
14.5-15.0 121.8 63.9 0.51 2.65 | 0.525 A
15.0-15.5 152.9 83.9 0.69 3.07 | 0.549 A
15.5-16.0 121.9 77.5 0.90 3.06 | 0.636 INH
16.0-16.5 112.6 57.9 1.04 4.42 | 0.514 INH
16.5-17.0 163.5 77.6 0.04 1.90 | 0.475 INL
17.0-17.5 130.2 66.6 0.20 2.47 | 0.512 A
17.5-18.0 194.0 [114.6 2.26 10.27 | 0.591 INH
18.0-18.5 97.0 55.6 0.66 3.19 | 0.573 A
18.5-19.0 118.6 59.6 0.01 1.88 | 0.503 INL
19.0-19.5 151.5 93.0 2.72 14.68 | 0.614 | A(1 High)
19.5-20.0 99.5 60.8 1.21 5.89 | 0.611 |A(1 High)
20.0-20.5 138.2 69.3 0.50 2.42 | 0.501 A
20.5-21.0 155.2 77.6 0.48 2.31 | 0. A
21.0-21.5 127.4 60.1 0.16 2,07 10472 A
21.5-22.0 82.3 44.6 0.76 3.12 | 0.542 A
22.0-22.5 129.3 58.5 0.37 3.03 | 0.452 A
3 11.5-12.5 300 74.4 | 38.4 0.90 4.35 | 0.516 |A (2 ODD)
12.5-13.5 99.9 50.0 0.56 2.67 | 0.501 A
13.5-14.5 89.0 47.8 0.47 2,50 | 0.537 INO
14.5-15.5 88.6 53.8 1.20 4.87 | 0.607 INH
15.5-16.5 68.5 34.3 0. 77 3.03 | 0.501 INO
16.5-17,5 66.4 33.5 0.18 2:12 1 0.506 INL
17.5-18.5 85.3 42,2 0.22 2.59 | 0.495 INL
4 11.5-12.5 300 122.5 64.8 0.64 2.84 | 0.529 A
12.5-13.5 147.2 81.2 1.28 4.98 | 0.552 INH
13.5-14.5 81.0 43.2 0.84 4.63 [ 0.533 |A (2 High)
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TABLE B-3 (continued)

Ping Time Channel | Mean | S.D. by b, 1S\/f£a}1/ Plot :
: 4 | 14.5-15.5 300 71.8 | 40.8 | 0.77 | 3.16 | 0.568 | INH
§ 15.5-16.5 84.7 | 40.8 | 0.47 | 3.01| 0.482 | INO
g 16.5-17.5 82.2 | 42.4 | 0.54 | 2.98 ]| 0.516 | A g
E 17.5-18.5 107.2 | 67.6 | 1.53| 5.85 ) 0,631 | INH ‘
| 5 | 11.512.5 300 |102.4 | 52.7 | 0.33 | 2.26| 0.515 | INL %
.i | | 12.5-13.5 ~ [146.6 | 89.5 | 1.95 | 9.28] 0.611 | Inm
1 1 13.5-14.5 86.5 | 48.8 | 0.73 | 3.03 | 0.564 A
| 14.5-15.5 115.9 | 65.2 | 0.68 | 3.04] 0.563 | A
[ 15.5-16.5 101.6 | 51.3 | 0.36 | 2.52 | 0.505 | A
16.5-17.5 102.1 | 55.3 | 0.62 | 3.47 | 0.542 | A
| 17.5-18.5 ] 90.1 [53.1 | 1.09 | 4.78] 0.5809 | INH
78 | 13.5-14.5 291 85.9 | 42.4 | 0.40 | 2.52| 0.494 | A
1 14,5-15.5 | : 113.8 | 65.3 | 0.75 | 3.31| 0.574 | A
g 15.5-16.5 | 1108.7 | 50.4 | 0.31 | 2.72| 0.464 | A
16.5-17.5 | [131.2 [ 68.9 | 0.95 | 3.83] 0.525 | M
e - 1127.9 | 65.4 | 0.32 | 2.26| 0.511 INL
18.5-19.5 1117.2 [ 68.9 | 0.48 | 2.60] 0.588 | A
19.5-56'.“5_*,:_“ 1135.0 | 79.0 | 0.89 | 3.40 0.585 A
20.5-21.5 | 112.5 | 62.0 | 0.74 | 3.39| 0.551 | A
21.5-22.5 | 104.4 | 52.7 | 0.20 | 2.20 | 0.505 | INL
78 | 13.5-14.5 301 93.4 | 47.0 | 0.37 | 2.44| 0.503 | INL
| 14.5-18.5 | 137.3 | 76.2 | 0.77 | 3.41] 0.555 | A
| 14.5-15.5
| 15.5-16.5 117.3 | 68.6 | 1.02 | 3.74 | 0.585 | INH
E 16.5-17.5 146.7 | 74.2 | 0.15 | 2.15] 0.506 | INL
17.5-18.5 145.5 |102.3 | 2.32 | 12.23 | 0.703 | INH
18.5-19.5 135.1 | 79.8 | 2.40 | 15.84 | 0.591 | INO
| 19.5-20.5 118.9 | 68.0 | 0.80 | 3.45| 0.572 | A
20.5-21.5 141.3 | 70.8 | 0.50 | 2.66 | 0.501 | A
21.5-22.5 105.8 | 57.1 | 0.65 | 3.15] 0.540 | A
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TABLE B-4

UP AND DOWN DOPPLER CHANNELS

Power
3 S.D./ Plot
' Ping Time Channel | Mean | S.D. fbl b2 Mean Target
, 14.5 to 16.0 280 90.0 | 47.8 | 0.41 3.01 0.531
i

89.6 | 50.1 | 0.64 3.10 0.559
81.4 | 48.0 ( 0.93 3.95 0.590

10 125.4 | 64.0 | 0.3¢ | 2.70 | 0.510
11 : 98.0 | 50.1 | 0.38 | 2.54 | 0.511
12 =5 92.7 | 52.3 | 0.72 | 3.11 | 0.564
13 84.9 | 45.1 | 0.52 | 2.64 | 0.531
14 o T T e A T an.a | B | ek | Gdee
15 87.2 | 46.8 | 0.53 | 3.10 | 0.537
16 74.2 | 43.8 | 0.93 | 3.76 | 0.590
17 a5 98.3 | 57.5| 0.95 | 3.84 | 0.585

14.5t016.0 | 320 | 83.8 | 44.5| 0.76 | 3.42 | 0.531

| "se.1| 468 0.78 | 3.86 | 0.540

75.7 | 43.2| 1.27 | 5.74 | 0.571

S

10 1 110.9

—t

62.7 | 0.46 | 2.38 | 0.565
11 84.9 | 43.7| 0.82 | 3.68 | 0.515
12 86.8 | 43.9| 0.38 | 2.86 | 0.506
13 78.9 | 38.8| 0.37 | 2.56 | 0.492
14 74.2 | 40.9] 0.56 | 2.90 | 0.551
15 84.8 | 45.2| 0.54 | 3.07 | 0.533
16 80.5 | 42.3| 0.67 | 3.61 | 0.525
17 88.7 | 45.6| 0.48 | 2.64 | 0.514
, 1 16.0 to 17.5 280 52.4 | 30.8| 1.06 | 4.47 | 0.588
2 % 86.7 | 47.3| 0.69 | 3.12 | 0.546
3 59.3 | 28.4| 0.41 | 2.57 | 0.479
4 75.4 | 38.8| 0.56 | 2.92 | 0.515
5 97.9 | 46.8| 0.68 | 3.65 | 0.478 1
6 99.4 | 51.1| 0.63 | 3.31 | 0.514 i
7 i 91.2| 50.4| 1.08 | 4.11 | 0.553 :
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TABLE B-4

Power
S.D./ Plot
Ping Time Channel | Mean | S.D. “/Bl b2 Mean Target
89.6 | 43.7| 0.74 | 3.46 | 0.488
42,1 | 19.6| 0.71 | 3.39 | 0.466
10 98.9 | 48.2| 0.60 | 3.00 | 0.487
1 16 to 17.5 320 51.0 | 24.3| 0.20 | 2.49 | 0.476
2 75.4 | 39.9| 0.41 | 2.64 | 0.529
3 60.4 | 28.6| 0.71] 3.78 | 0.474
4 68.8 | 35.7| 0.64 | 3.29 | 0.519
5 83.2 | 45.7| 0.72 | 3.38 | 0.549
6 83.8 | 47.0| 0.69 | 3.12 | 0.561
7 82.7 | 41.2| 0.25 | 2.35 | 0.498
8 | 84.2 | 47.8| 0.84 | 3.81 | 0.568
a | 40.3 | 21.3| 0.60 | 3.12 | 0.529
1 93.6 | 50.6| 0.81 | 3.69 | 0.541
8 | 13.5t0 15 291 87.8 | 44.9| 0.44 | 2.60 | 0,511
| 301 102.9 | 54.9| 0.65 | 3.18 | 0.536
78 15 to 16.5 291 117.8 | 59.7| 0.65 | 3.39 | 0.507
8 | 301 129.2 | 75.9| 0.94 | 3.59 | 0.587 1.00
18| 16,5 to 18 291 135.8 | 67.7| 0.66 | 3.23 | 0.499
Lo b 301 162.6 | 92.4| 1.80 |11.04 | 0.568 1.00
| 78 | 181t019.5 291 115.0 | 66.7| 0.53 | 2.64 | 0.58
{
8 301 122.4 | 74.8| 2.22 [15.45 | 0.611 1.00
78 19.5 to 21 291 128.5 | 76.9| 0.88 | 3.41 | 0.598
78 301 131.0 | 73.4| 0.71 | 2.97 | 0.560 0
| 78 21 to 22.5 291 106.2 | 52.4| 0.27 | 2.53 | 0.493
78 301 113.0 | 59.0| 0.48 | 2.66 | 0.522
14.5 to 16 310 98.6 | 52.4| 0.49 | 2.79 | 0.531
i 101.7 | 52.7| 0.53 | 3.15 0.518
76.9 | 45.2| 1.01 | 4.52 | 0.588
10 122.4 | 68.6| 0.92 | 4.16 | 0.560
11 96.9 | 48.9| 0.62 | 2.68 | 0.505
12 93.9 | 46.3| 0.23 | 2.83 | 0.493
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TABLE B-~4
UP AND DOWN DOPPLER CHANNELS (concluded)

Power
S.D./ Plot

Ping Time Channel | Mean | S.D. */Bl b 9 Mean Target
13 86.5 43.3( 0.52 | 2.89 0.501
14 82.3 40.9( 0.45 | 2.23 0.497
15 89.7 40.8 0.28 | 2.58 0.455
16 88.5 44.5 0.70 | 2.92 0.503
17 98.4 55.,9( 0.80 | 3.18 0.568
14.5 to 16 290 102.8 51.9| 0.49 | 2.39 0.505
8 104.3 58.2| 0.72 | 3.14 0.558
9 14.5 to 16 290 82.4 51.5| 1.13 | 4.82 0.625
10 132.7 73.6 0.42 | 2.40 0.555
11 112,6 54.1 0.20 | 2.43 0.481
12 92.9 46.5 0.60 | 3.24 0.501
13 Jov 93.6 48.8 0.64 | 2.99 0.521
14 i 84.5 | 43.2| 0.38 | 2.58 | 0.511
15 89.9 47.1| 0.44 | 2.48 0.524
16 85.4 43.4) 0,89 | 4.16 0.508
17 109.7 58.7| 0.66 | 3.03 0.535
*6-7 14.5 to 16 300 144.0 91.5 0.88 | 3.53 0.635
14-15 135.1 66.6 0.74 | 4.35 0.493
15-16 130.7 73.2| 1.08 | 5.11 0.560
16-17 149.6 82.8 1.21 | 5.24 0.553
17-18 167.6 | 107.3| 1.16 | 4.71 0.640
18-19 179.2 99.1| 0.49 | 2.71 0.553
25-26 186.9 92,0 0.65 | 3.01 0.492
26-27 142.4 79.5| 0.55 | 2.74 0.558

)
*May have different scaling
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2. Statistical Summary of Analysis of the Sine and Cosine Components of Correlator
Output . (Interval 14.5 to 16.0 seconds)

: ol - 1deut, v N W, W Al RS T S (3 ¥
: . o
1 |1st 50 0.01 | 0.02 |0.977 | 0.977
2nd 50 -0.05 [ 0.04 [ 0.971 0.981
3rd 50 0.01 [-0.02 | 0.954 | 0.979 ]
Ent.Inter. 0.41 | 0.40 | -0.18 | 0.24| 0.03]1.04 ]
Every 3vd | -0.03 | 0.01 | 0.952 | 0.971 | 0.45 | 0.47 [-0.27] 0.12| 0.03]0.96
RO LA : e : D e T BT
2 [ 1st 50 -0.04 [-0.02 | 0.981 0.955
' 2nd 50 0.00 | 0.02 | 0.981 | 0.976
3rd 50 -0.08 [-0.05 | 0.953 | 0.985
Ent. Inter. 0.73 | 0.72| 0.15|-0.22| -0.13| 1.02
Every 3rd | 0.09 [-0.03 | 0.966 | 0.975 | 0.71 | 0.62| 0.78 |-0.30|-0.20] 1.14
3 |1st 50 -0.01 | 0.00 | 0.986 | 0.986
| ond 50 0.05 | 0.02 | 0.977 | 0.988
3rd 50 -0.02 | 0.04 | 0.984 | 0.970
Ent. Inter. 0.41 | 0.51| 0.17| 0.40|-0.03| 0.80
| Every 3rd | 0.06 |-0.07 | 0.988 | 0.976 | 0.44 | 0.44| 0.65 [-0.80 | -0.01|1.01 ,_1
| 4 |1st 50 | -0.05| 0.05 | 0.974 | 0.984 J
| 2nd 50 0.07 | 0.07 | 0.982 | 0.963 ’
3rd 50 0.03 | -0.05 | 0.951 | 0.979
| Ent.Inter. 0.36 | 0.40| 0.30| 0.41| 0.04/0.89
'Every 3rd | -0.03 [-0.02 | 0.971 | 0.978 | 0.30 | 0.46 | -0.25 |-0.25 [ -0.17| 0.66
5 | 1st 50 0.03 | 0.07 | 0.983 | 0.982 |
2nd 50 -0.01 |-0.16 | 0.984 | 0.981 |
3rd 50 -0.09 | 0.10 | 0.978 | 0.976 ﬁ
t Ent. Inter. 0.85 | 0.80| 0.53| 0.04| 0.11]1.06 |
Every 3rd | 0.13 |-0.03 | 0.977 | 0.970 | 0.63 | 0.88| 1.12|-0.22| 0.20] 0.72 ;
6 1st 50 0.06 | 0.09 | 0.976 | 0.966 é
| “2nd 50 0.08 [-0.05 | 0.971 | 0.962 i
3rd 50 0.12| 0.07| 0.973 | 0.979 |
Ent.Inter. 0.85 | 0.83| 1.15| 0.46| 0.02|1.02 . |
| Every3rd | -0.06 | 0.01| 0.977 | 0.961 | 0.74 | 0.83 | -0.52 | 0.04 |-0.17| 0.89 ; {
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Ident. y X w w 4 v t
y x y X y
1st 50 -0.02 | 0.07 | 0.971 | 0.981
2nd 50 0.01| 0.01 | 0.979 | 0.974
3rd 50 0.00 | 0.06 | 0.908 | 0.972 ;
Ent.Inter. 0.73 | 0.66|-0.06 | 0.71| -0.03 [1.09 ‘
Every 3rd | -0.08 | 0.11 | 0.938 | 0.961 -0.69 | 1.12| 0.19 |1.62
14 | 1st 50 -0.03 | 0.06 | 0.967 | 0.971
2nd 50 0.00 |-0.08 | 0.975 | 0.973
3rd 50 0.07 {-0.02 | 0.978 | 0.947
Ent.Inter. 0.45| 0.76| 0.28 [-0.17|-0.15 |[0.60

Every 3rd| 0.13 | 0.09 | 0.975 | 0.959 | 0.48 | 0.75| 1.32|-0.73| -0.27 {0.64

15 | 1st 50 0.06 [-0.02 | 0.972 | 0.971
2nd 50 -0.09 |-0.03 | 0.976 | 0.981
3rd 50 0.03| 0.08 | 0.981 | 0.962
Ent.Inter. 0.74 | 0.55| 1.03| 0.27| -0.21 {1.33

Every 3rd | -0.04 | 0.04 | 0.979 | 0.951 | 0.66 | 0.65|-0.32 0.34| -0.19 |1.02

16 | 1st 50 0.06 [-0.01 | 0.982 | 0.968
2nd 50 -0.11| 0.02 | 0.973 | 0.969
3rd 50 -0.06 | 0.00 | 0.970 | 0.976
Ent.Inter. 0.59 | 0.55|-0.51| 0.16| 0.00 [1.07

Every 3rd | -0.11 [-0.03 | 0.935 | 0.950 | 0.45 | 0.61-1.13 |-0.26| -0.09 |0.74

17 | 1st 50 0.01 (-0.06 | 0.970 | 0.961
2nd 50 -0.03 | 0.03 [ 0.978 | 0.965
3rd 50 -0.02 |-0.12 | 0.971 | 0.976
Ent.Inter. 0.8 | 0.83|-0.35|-0.62| 0.22 |1.04

Every 3rd| 0.11|-0.02 | 0.977 | 0.973 | 0.94 | 0.64| 0.79|-0.17| 0.15|1.48

18 | 1st 50 0.08 | 0.11 | 0.972 | 0.974
2nd 50 10.09 (-0.07 | 0.973 | 0.983
3rd 50 -0.14| 0.16 | 0.964 | 0.981
Ent.Inter. 1.15| 1.38(-0.69| 0.53( 0.03 [0.83

Every 3rd | -0.15| 0.30 | 0.952 | 0.963 | 1.04 | 1.45|-1.02| 1.72| 0.01(0.72
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Ping| Ident. y X Wy W vy A t t, = F
19 |1st 50 0.02 |-0.07 | 0.968 | 0.973

2nd 50 -0.14 ] 0.11 | 0.966 | 0.967

3rd 50 0.07 |-0.09 | 0.964 | 0.967

Ent.Inter. 0.92 | 1.05 |-0.50 | 0.05| 0.08]0.88

Every 3rd |-0.01 | -0.23 | 0.978 | 0.974 | 0.91 | 0.96 [-0.09 [-1.64| 0.20]0.95

25 | 1st 50 0.09| 0.06 | 0.993 | 0.981
2nd 50 -0.07 |-0.10 | 0.978 | 0.972
3rd 50 -0.03 | 0.09 | 0.977 | 0.980
Ent.Inter. 1.03 | 1.19 |-0.20 | 0.20| -0.26 | 0.86

Every 3rd | 0.11 | -0.72 | 0.960 | 0.974 | 1.10 | 1.43 | 0.73 |-0.42| -0.18| 0.77

26 | 1st 50 0.10| 0.06 | 0.967 | 0.976
2nd 50 -0.11{-0.13 | 0.964 | 0.975
3rd 50 -0.03 | 0.08 | 0.963 | 0.970
Ent.Inter. 0.90 | 0.69 [-0.03 | 0.13| 0.02]1.29

Every 3rd | 0.04|-0.03 | 0.954 | 0.975 | 0.94 | 0.70 | 0.30 |-0.26| 0.22|1.34

27 | 1st 50 -0.01| 0.05 | 0.965 | 0.967
2nd 50 0.05|-0.05 | 0.978 | 0.980
3rd 50 0.09| 0.05 | 0.981 | 0.984
Ent.Inter. 0.70 | 0.64 |-0.25| 0.28| -0.02| 1.10

Every 3rd | 0.09| 0.00 | 0.982 | 0.978 | 0.54 | 0.60 | 0.81| 0.00( -0.03| 0.90

30 | 1st 50 0.10 | -0.13 | 0.944 | 0.980
2nd 50 0.07| 0.15 | 0.983 | 0.976
3rd 50 -0.05| 0.02 | 0.966 | 0.980
Ent. Inter. 0.70 | 0.54| 0.55| 0.32| -0.07( 1.29

Every 3rd | 0.24( 0.05 | 0.968 | 0.959 [ 0.70 | 0.60 | 1.97| 0.48| -0.01( 1.16
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APPENDIX C l
BIBLIOGRAPHY %

|

Computer-aided detection is a broad subject embracing a wide range of techniques
which have been developed in other contexts and independently, We have, during the
course of our work, made reference to many documents, books, and reports. So many,
in fact, that any attempt to cite references for many of the ideas presented would be
impractical. We have chosen not to referencel'l the reports in that way but rather to
provide an organized bibliography.

The first list is an accession number listing; that is, the items are listed in order
by an arbitrarily assigned accession number, This list is also in alphabetic order for
authors' last names.

The second list is a Key Word In Context (KWIC) list of the same documents, In
this type of list the titles are printed once for each word in the title and then arranged

in alphabetic order. A column near the center of the page is used to align the various

entries, Authors' names are included in this listing,

The idea behind the KWIC listing is that the words of the title contain subject
information and this sort of list is something like a subject catalog. The numbers to the
right are the accession numbers mentioned above, In some cases we have taken
liberties with the author's idea of the title.

We have made several references to our earlier report in order to avoid the
need to reproduce figures and text contained therin,
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