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ABSTRACT

A nominally 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 thi rd 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
inte rvals. 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 HAV E A GOOD ANALYTICAL MODEL FOR THE LINEAR CORRELATOR
OUT PUT , EITHER FOR NOISE INTERVALS OR FOR TARG ETS.

An analytical model of the linear correlator , especially for nontarget inte rvals , is
absolutely essential for detection studies , since it provide s 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 variou s types or sources of reverberation background.

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

Considering the side lobes 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: feature s incidentl y, which appear both within and outside the 10-second
interyal 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 STANDA RD DEVIATION ARE STRONG LY 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 variou s runs are somewhat cluste red
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 Larget echoes have been processed ,
the value of this ratio is markedly different. -

THE STANDARDIZED FORM S 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 thi s 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

INTRODUCTION

Computer-Aided Detection is the long range objective of the work described in this

report . The intent is to study methods and develop techniques to assist the sonar oper-

ator to m ake 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 .

This report describes work toward the development of a single ping thresholding tech-

nique . Figu re 1, illustrating the many aspects of the overall Computer-Aided Detection

problem , indicates where this work fits .

PROBLEM \~~~ 1 ~~~~~~ USE MANY
THE OPERATOR CANNOT ~ 

—..~~~ OPERATORS

LA R HIM REDU~
’E DATA ~~ IMPROVE DISPLAY

.1. QU
DEFINE~EXTENT ~~~~~~ ~~~ l O O P
OF PROØLEM THRESI~OLDING \ OL

•HOW MUCH CAN N SYSTEM RESOL.UT)ON
AN OPERATOR DO’ I

• HOW MUCH SHOULD I MULTIPLE PING
AN OPERATOR 00? +

.WHAT FUN1 IONS SHOULD GREATEST-OF ~~~~~~~~~~ —

SOLUTION OBJECTIVES
• RELIASLE e ECONOMICAL OPERATION • SHORT TINE TO DETECTION

• PARAMETERS SUITED 10 MEDIUM • DETECTION AT LOW S/N

• OPERATOR (.5) DOING BEST WOR K • ACCU RATE 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

based upon the concept that the compute r can conside r (according to its design) the many
outputs of signal processors relevant to a specific volume of sonar coverage and generate

a sin gle output for the operator , whi ch migh t represent , for example the probability of a
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 thi s approach as a way to combine

the many doppler outputs of a single processor . This di agram 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 qu antity of data to be displayed .
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MEASUREMENT —

LINEAR i

CORRELATOR 
MEASUREMENT

MEASUREMENT 0 
_________

HAR D N
— LIMITED ~ —

~~~ DISPLAY
CORRELATOR MEASUREMENT L

MEASUREMENT

ENERGY 1

DETECTOR MEASUREMENT

‘ COMBINER USES DETECTION FUNCTION TO CALCULATt ’
SINGLE NUMBER FROM ( N I  +N2+N3) DATA INPUTS

Figure 2. System Block Diagram

We believe that , by cleve rly 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 dat a , and
2. With mathematical function s, to describe the statistical distribution of that dat a - -

and computed parameters (cliscriminants) derived from that data for the two cases
of wi th and withou t 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
1R~~ K OF TARG ET USS WILKIN SON

SUSMARINE ~~~~~~~~~~~~~ - -

~
t IIET~~j

SHIP’S POSITION AT 
- -

START OF EXPER~~ENT

Figu re 3. Plot of Experiment j  i
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During these runs the AN/SQS-26 was operated in the bottom bounce mode to allow coded
transmission , but , at 00 depression angle to take advantage of the surface duct propagation
mode . Figu re 4 shows schematically an excerpt from the ping sequence, typically linear
FM and Psuedo—Rand om 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.

TRANSMITTED VOLUME
PING REVERBERATION 25 SEC

ri~”I~

I I ¶
PRFM I FM PRFN
PING J 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.

The first two runs were separated by only two days; they were made In the same - 
-

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 obviou s diffe rence 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 thi s model were m ade 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.
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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 .

8 9 10 II 12 13 4 IS 16 ii IS ID 20 21

- REEL 6 
______ _______-

~~~~~~~~~ -~~~~ -

_ _  _ _  

-~~~~~~~~

-.~~~~~~~ — 
—.-

~~~~~~~~
--

_ 
I

e 9 I O  II 2 L3~~~~~~~~~~~~~ I5 IS FT 

REEL 9  

2~ 1!
SECONDS AFTER TRANSMIT

Figure 6. ComposIte Reels 6 and 9
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RAY PATH PLOTS
DISPLAY RANG E — SECONDS

5 10 5 20 25

OSSERVED [SURFACE DUCT

REEL 6 
~~~~~~ET_________ ~~E~~~J

[SURFACE DUCT
L TARGET

REEL 9 f~ii~~~i~~
[
~ 9

TARGET 
~

[

BACI($CATTER ~~~~
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

RE TURN S VIA ~~~~ —~~~~~~ — ~~~~~~~~~ ~~~~~~~~~~~~~~~ — .~ URFAC~
SIDE LOBES 

______ 

20~ 
- 

- - - _~~~~~~~~~~~ _ _ J~~~~~~0~ 

5 10 IS 20 
- 

25
DISPLAY RANGE — SECONDS

SCHEMATIC PLOT OF ARRIVAL TIMES

R A N G E  ON SURFACE — KILO YARDS
10 IS 20

SURFACE

~~~~~~~~~~~~~~ ~~~N\~ 
/

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
signi ficant 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 into place 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.

.1
6 CONFIDENTIAL 

~~~~~ - - ~~-~~ - -  - - ----~~~
. -~ _ _ _ _ _ _



- -—- — 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~~~~~~~~- - - -

CONFIDENTIAL

Figu re 9 illustrates the computer simulation of the linear corre lator. An AC corrclator

is sim ulated , having its outpu t at the frequency of the sum of its inputs ; the shift of this

trcqucncy f rom its nominal value is doppler .

SINIw t)

OUTPUTNod ~~~~~
• 

+ 
PULSE DOPPLER BANK

- 

- SA
~I~~

E
IN~O?) 

Z~Cos~(I.Io,IPROO~I 

INP1LL~~/

~~~~M11~~ £ . -‘ — LLAA~~1AL ~LLL~A L~

INPUT SIGNAL SAMPLES - -

~~ OS SEC -.4 
CORRELATOR OUTPUT WAVEFORMS
AT VARIOUS DOPPLER
FREQUENCIES

REFERENCE SAMPLES

i i i l i
CORRELATON OUTPUT

FIgure 9. Computer Simulated Correlator

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

intervals were selected to not include target returns.

POWER PLOT I
—

~~ i.6 $EC I•—
1.5 SECOND INTERVAL

PROCESSED WITH SIMULATED ANALOG C0RRELATOR

~~ ~~~~~~~~~~~~ - ~~~ ~~~~~~~ ALIA.._ ~~~~~~~~~~~~~~ ~_ 1lJ

CORRELATOR OUTPUT
CALCULATED EACH MIWSECOND

AUTOCORRELATION STATISTICS POWER
PLOTS (SIX SUBINTERVALS ) SPECTRAL

K •MEAN 
DENSITY

• STANDARD DEVIATION
• - • STD MEASURE OF

____________ 
SKEWNESS S(w)

- - 
•KURTOSIS

r f

: Figure 10. PrelIminary Processing
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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 16.0 TO 1.5  SECONDS AFTER TRANSMIT
NO/SE REGION

r ~~~~~ ~~~~~~~~~ ~ àL £ 1IL~~ A~ .. A& .L4jp~

2 ia... ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~-~~l~~-~~AA à~A1LAJIJ

3 ~~~A. ~~~~~ ...~~~~~~
._ 

~~~~~~~~~~~~~ ...A A- -A .-~~- ~~~~~~~ A.

I I
4 -.~~ AA .. ~~~~~~~~~~~ - ~~~~AL ~~~~~~ ~~~~~~~~~~~

I I

~~~ 
M~~~~

I I I I
6 ~~~~~~~ ~~A.~~~~~~ A L l M A A M ~~ A~~~

7-  - L~~~~~. ~~~~~~~~~~~ - ~~~~~~~~~~ L~~~~i~~~ ~~~~~~~~~~~~~~~~~~~~~~~

8 ~~~~~~ ~~~~ ~~~~~~~
- 

~~~~~ t r -

9 ~~~~~~~~~ A - ~~~~~~ .6_L.A -1~
-- ~~~~~~~~~~~~~~~

~r- ~~~~~~~ ~~~ 
. .

~~~~~~ ~~~

16.0 16.5 17.0 17.5
TIME AFTER TRANSM IT (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 unti l 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 .

I_ C _____________________________________________
z N-T - —

AUTO N-T E(A n~
A ) . ( A n+r _A

N~ T

~ 0_ B ~~ — CORRELATION -
FUNCTION E (A ~-A ) 2

0€ — _____

~~

____

~~

_

~ 

n-I 
— _______— - -

F 1 CURVE FOR EACH
1.5 SECOND NOISE INTERVA L 

8
I- .—,,.-

~~.-- 
.._.

~~~O2 - -  - - -

- -

_ 0
~~O 10 20 30 40 50

TIM E SEPARATION , T (MILLISECONDS )

FIgure 12. Autocorrelation Plots 
. .~~
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Plots of the mean and standard deviation, Figure 13, for both the entire interval and
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.

-• • VALUES CALCULATED FOR S VALUES CALCULATED
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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.

The next step was to process , calculating every tenth sample (as shown in
Figure 14), 1.5-second intervals 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 Histogram s

The shape of the histogram of the 150 amplitude samples from one interval can be
assoc i ated wi th power plot characteristics. The histograms with the highest m ode and
shortest high end tai l are from fe atu reless regions. Wheneve r peaks on the power plot
are included , the middle becomes lowe r and the high end tail longer. This association
has encouraged us to seek the physical signi ficance of the fe atures 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 . For a given
mean , this ratio is higher for intervals containing target returns.
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Figure 17. Skewness vs. Ku rtosis
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This plot of the ratio of standardized forms of the third and fourth moments is much
like Fi gure 16, both in appearance and effect.

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

It was lo~own , for example, that the algebra of the correlator showed that the output
is Ray leigh distributed when the input is noise. What was not realized for quite a while ,
was that the outpu t also varies with input power or amplitude; Figure 18 illustrates this
effect .

CORRELAT OR
OUTPUT 

~~. .~ -ah ~~~~~~~~~~ ~~~~~~~~~~~~~~~~ .Li i.~~ ... ~~~~301 Hz
5 20

POWER ~~~~ ~~~~~~ _ ~~~~~~ — — -
Pl.OT

• I 1 1 1 1 1 1  I I -

4 5 6 7 8 9 20 21 22 23
TIME AFTER TRANSM IT ISECONDS )

CORPELATOR
OUTPUT ~~~~~~~~~~~~~~~~~~~~~~~ ... ,~~ .., A1.&.. —~~~~~~-. ~~~~~~~~~~~~~295 Hz —

5 20

BOTTOM BOUNCE RETURN
LASEL (3) 78

CORRELATOR Pt.OT 5 s lO~ FULL SCALE PING 3
REEL 5

POWER PLOT 1.9 ~ 10 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 signifi cantly with each other and significantly
w ith 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 refe rence. It is perhaps appropriate to question
the advantage that might be gained by having these data measured separately as , for
examp le , 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 outpu t to which outputs for signals are added. Multipath
requires that the signal ambiguity surface be added m any times and the resultant outpu t
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 situ ation to model in a general fashion .

ZElO XPIUI PIDT F80w A~II6UITY sm~aa
THIS -. 

~~~~~ _1____,._._.I1 3-DIMENSIONAL
_____ _____ 

CO~RELATO~ OUTPUT MODEL
P1.44 I’ ‘~~~~~“~ — ‘—I

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.

4
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A. MEDIUM CHARACTERISTICS

Several medium characteristics h av been investigated because they have a strong
influence on both the noise and target sign al return s. The bcttom characte ristics are
particularly important since much of the returned energy which interferes with the target
retu rn is apparently bounced off the bottom , even when the target return itself comes
through the surface duct. Inform ation 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 fathomete r readings taken in area Alpha on the same
days that the Reel 6 and Reel 9 data were taken.
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Figu re 20. Fathometer Readings
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Figure 21 shows the ship’s tracks during the times when the fathometer readings were
• t aken. 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 PLOT S

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). In calculating 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

fr.1
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do not show up in the dat a from either of these two reels . There is some indicat ion of
coinciding bumps but it appears that these are better correlated on a “time after transmit”
basis alone . Figure 6 shows essentially the same dat a, but the lines connecting simulta-
neous points on the two tracks are laid cut 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 dat a were digitized are limited , the beam former raw data were photographed
from the scope face display for several pings on Reel 9 to show data outside the digiti zed
intervals . An example of the beamformer output is shown in Figu re 25.

In addition to the time location of these bumps , their amplitude characteristics are
• valu able 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 interv als and the correlator output are still of
particular interest. Power plot outputs for Reel 6 dat a are shown in Figure 26 . The full
scale values for all the pings are the same ; this clips the target signals but shows the
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
details of producing these maps are described in a later part of this report . Featu res
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
reverberat ion interval.
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Figure 25. Typical Beamformer Output
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Figu re 26. Power Plots. Reel 6 , Full Scale Fixed

CONFIDENTIAL 23

~~~---~-•-• - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~--~-~~- —I •
~~~~

— —---- .~ ,•I-~~~~—~--U~_.~ •-- --- •’•. .-,- ---- ~~~~~ .~



~~~ 1~~~~~ - - • • •-~~ -- -—- ----- - -• - - - • -•-•-- -~•-- —_~‘ ———.-I- --~~~—-~~~- 

I

CONFIDENTIAL

0 
~~ 

-—
~~

w) U. -

4 ‘1

• —
~~

-

ivl l !~

I

1:1 

~:

‘ 

1

1 

/ 
I
l
~~~ II ~~~ 

‘

~~

~~ 
~~~~ ‘ I ’  I •~ i , —

— ~t .11 ,~ “, • ,

~ 
_ _../

/

/ 

I

, 

“ 

—~~~~~ , — a)

I 

~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ :— 
I •

~~~~~~~~~~~~~~~~~~ 

(‘H
’

~ A~~N3~~ o3~Z

(Z H) A3N3fl O3~~d

CONFIDENTIAL 25



CONFIDENTIAL

*3141
TINE—. TIME

12.7 13.1 15.5 15.9I I I I
~~285 • — -

~~~~~ ~~~~~~~~~~~ 285 -
~~~~~

‘ — ‘~
; ‘T~ 

‘

~~~~~~~~~~~~~~~~~~~ !~u 295 
~~~~~~~~~~~~~~~~~~~~~~~~~ z z ~~~ - - -- -z r~~~-~~~~-~~~_~~~ I .:L.. • ‘.~~~~- - - - — . - r .r

~ 305 — ~~ - . A : ~~ : 
305 •-.- - -- •

~ a
UJ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -“ -

315 -. r - -= .JP - 
315 -—  - ‘ -- - -

DUCT
I I I I ,/TARGET ECHO

REEL 6 I I I I
I I

PING 67 — —

PING 69 — -  
— —

I I I ~I I ‘ I ‘ I ‘ I12 13 14 15 I 16 17 18 19 20 21I I TIME AFT ER TRANSMIT (SECONDS)

• 
~~285 

~~2S5 -
~~~~~ -~~~~~~~~

I: i f r ~~~ 315 - -
~~~~~~

-
~~~~~

-
~~~~~~~~~~~

- -
~~~~~ ~~3l5J __ .1_ •= --

I 1 1 I
12.6 13.0 15.5 15.9

TIN E— ~ TIM E—.

Figure 28. Grey Maps of Corre lator Output Surface for Times of Reve rberation
Peaks (Reel 6, Pings 67 and 69)

LI
26 CONFIDENTIAL

__ _ __ _ _ _ __ _ _  iii



-- • • •
~~

-- ---- .

CONFIDENTIAL

0.i

0”

4 rnII ~D

Z
2 I I

I.- I I  c’J
4
0

a-o c’.I
ri 2
IZ1/i• ’ 0 ~~ o

LII —

H
I- U
I 414

0 2

U)

0 € U u i
~~~~~~~~~~ 

I
4 Z 5~~~~~~~~~~5 ~~~ 

.

2
4 ILl ~ ~~~~~~~~~ o --

U) ~.,
I— ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2U) w — — o

~~~~4 ) 4 )  0 4) 0 1 ~~~4) 4 ) 4 )
III 

~~~~~~~~~~~~~~ ~~~ .2 .~~

0 ~-~~-~ilIL. Fl — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~o — —  4 ) 4 ) 0 0 I ~~~ o~~~~~~o ~~~~

>. .~~~~~.0 ~~~~~ C) 0 0 ~ U)

0 ~~~~~~~~~~~~~~~~~~~ ~ILl ~~~~~ — 5 — ~~~~~4) 
~~~~~~~~~~~~~~~~~~~~~~o .g .g ~ .g ~ ~ ~~~~~~ ~~~ ~~~ILl 

____________________________________________________ 
4) 4) ,j_ ~ .Q ~~ —

0 4) 4) 4) ~~ 0 
~~ 

8)

ILl 4 ) 4 )  i. 4) s~ ~~ O c~~ô ~
I ~ E °~° °~~~ I-,

~~~
. 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~
~ ~ -, 5 .0 ~ .0 ~ .0 0
U) U) U) U) U) 0 ~~~~o .~~ .~ -~ -~~ .~ ~ 0 0 0Iii ,~~~~l r ~4 r l~~~~~4 r ~~~~ o 0 0

8)

0

CONFIDENTIAL 27

- .  ~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~.• • • •  • • _ _



P.- 
~~~

-. -- ----—•.-• • - . ---,- 

CONFIDENTIAL

If the physical sou rces of these bumps can be found, it may be helpful in character-
i zing the “noi se” the~- represent. Some results of an initial attempt to predict the time
i ntervals of sidelobe bottom backscatter and surface reflection s (bounced off the bottom)
are shown in Figure 29. The simplify ing assumptions of a level bottom , approximately
straig ht line propagation , and sidelobe s as shown in Figu re 30 are indicated in the sketch

shown in Figu re 7. These same interv al s are shown in the fourth row of shaded areas in
Figure 24 for compari son with the actu al 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 th rough the 60° sidelobe. The rapid gai n dropoff on the scope display used
for the beam former raw dat a output in thi s time region would make it difficult to determine
a bump in this interval : this is indicated by the j agged line cutoff of the shaded region
ending at 11.5 seconds in Figu re 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 display s 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 simplification s assumed , a disc repancy
thi s large would not he surprising.

43 (43
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Figu re 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 fou r 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 (“dept h sounder return”) would be
expected (about 6. 8 seconds from a 5. 6-kyd depth). it 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 figu re 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 .
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Figure 31. Estimated Surface Duct Propagation

CONFIDENTIAL 29

— • ~~~~~~~• • - • - ~~~~~~~~~— —— •~~—— —•~~~ •~—~~ — • •~ • — — —••—•— . • —— ,-~~~~-— • — .  -~ ———- I  • • - • — ~~~~~~~~~~~~~~~~~~~~~~~~



- - • - -.--I- ~~~~~. - • • ,- ~- • • -~~~~~-~~~~~~~ - -

CONFIDENTIAL

This leaves unexplained the bump in the 13. 5-second region which is consistently
strong in all three of the real dat a 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 Figu re 30) ; this is on a steep part of the sidelobe which may explain
the short time extent of the bump.
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More data will have to be considered before these tentative explanations of the energy
concentrations can be confi rmed. 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 corre lator
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 dat a obtained from the U . S. N avy 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 sonar data were taken. No BT data for greater
depths were available for the area at that time , so the sound velocity used for greater depths
were obtained from a representative curve for this are a (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 reflection s 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. OBJECTIV E

The fol lowing 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 inte rvals from
both surface duct and bottom bounce transmissions. The conclusions and properties dis-
cu ssed apply only to these data; extrapolation to other environmental condition s 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
mat rix 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 retu rn , 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 Ito 10 , but its behavior thereafter was erratic , diffe ring
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 approxim ately uncorrelated (if not independent) toworkwith , 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 dat a on the dat a 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.

CONFIDENTIAL 35

-• -~~~~~ •—~~~-—-- —I I--.••-—-—. -.-~ • I---—- ~~~ .~ ~~~~~~~~~~~~~~~~~~~~~ I—-.- ._ ~~~~~~~~~~~~~~~~~~~~ —~-.I’ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



‘~~~~r ’  - • - .—...,-•.- — • • • •- • --- r. ’r ,- .,.. • —~ c~~~ -—- -- .—.-. ~~~~~~ -. . _~~~~~~~~~~
,

CONFIDENTIAL

greater than 10 that the absolute value of the serial correlation was greate r than 0 . 30.
• Examination of the dat a also revealed that the returns were not stationary within the 1. 5-

second interval. The serial correlation s for a given lag varied radically from one segment
of the interval to another; these are shown in Table 1. The underlined entire s indicate
those intervals for which there were large differences in the autocorrelation function within
a single ping.

The va riability of the mean and standard deviation within and between pings was illus-
t rated in Figure 13. Statistical analysis indicated that , for some of the pirigs , there was a
significant difference between both the within ping means and standard deviations and the
between ping means and standard devi ations . 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.

Subsequent ly, the serial correlation mat rix for the bottom bounce pings was obtained .
The cor relation 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 dat a , 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 (\ I~~ ) .
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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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 .

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/~ equals 0.52 , we plot the line

S.D . = 0.52 mean

In our earlier report the relationship of the mean to the standard devi ation 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 com puted 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.S23 mean *

and the equation of the free hand fit was

S. D. = 0.42 9 me an+ 10 . 95

The diffe rence 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
dat a 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 (al l numbers have been divided by 10~). 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 diffe rentiate interval s with
targets from target-free intervals.

The above result indicates that the mean and standard deviation are highly correlated:
that is , for no-target interval s , the highe r the output level the larger the spread of the
values. This result applies to both surface duct and bottom bounce returns. In fact , the
loca tion alon g the line was more a function of the day of the recording than it was the mode
of transmission . Pings 1 to 34 (16 . 0 to 17.5 seconds) which represented one day ’s record-
ings , we re 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 sam e 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 distril~ition . The
values of

= 
3/2 = standard measure of skewness

[E (x1 - x) 2 ]

* 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 jare fixed as was done above. L..
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were generally less than 1. 0, although several exceptions were noted. There was no

apparent difference in the values for the surface duct and bottom bounce transmissions.
The values of

— 4n ~ (x. - x)
b2 = 2 = standard measure of kurtosis

[
~ (x. 

- 
2 -

~

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 and b2 which is illustrated in the plot of Figure 36. The estimate of the
relationship based on the free-hand fit of the line is

= 0. 368 b2 — 0 . 5 6 8

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

~Ji~j = 0.288 b2 — 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 ~~~ The average value of and b2 was 0 .69 and 3.28
compared to the Rayleigh values for oo/~~

j  
and 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 fu rther investigations.

The theoretical values of ooJ~j and 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 prob ability plot . In most cases where extreme
values of and b2 were obtained , it was due to one very high value.
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D. ANALYSIS OF HISTOGRAMS

Histogram s 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 dat a were t aken 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
t ail 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 Inte rval -- 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 M aximum

These plots are more diffuse (flatter) than those in the second 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 —h and tail. These distributions generally
have high values of due to the long right-hand tail . See pings 29 to 32 (16.0 to 17.5
seconds) in Figure 37. Ther ’ 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 uppe r tail drops rapidly so that
most of the observation s are below 200 , 000 . If the relat ive 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.

CONFIDENTIAL 47 

. 4 — — --.. .4- ----- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~~ 
--.

—~~~~~~~ - .- ‘-~~~~~~- —-—— - - - .

CONFIDENTIAL

0 2 0 0 7p ~~~~~-p .~~~~29 ...&. 
:-
:~— — — — PINS 30

0 6 - ....—....... P. SI G 3 
-

0 000 2000 3000 4000
4 5 - 6 0  SEC

— PINS ~ - 1
~ 0 6 -  - . - — — — PING 46 _________________________ - . -

2 ‘IG 4 7

0 000 200 0 3000 4000
1 20 — 1 3 5  SEC

- -

0 . - —— - . — PING 50 ~~.— — - —
4

- —.- PING 59 ~~~~~~~ —

—0 . • PING 60 .__
~ — ._oilif_. .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 00.0 2000 3000 400~~
12 0—135 SEC

PlOdS 29 
~~~~~~~~~~

— — — PING 3O ._4_d&_2 0 3 6 ’- - - - .4—. -- — —- .
~~~

_

-~~~--..— PINS 33 _________ —

•— ~~~~ PlN5 32 
~~~~~ _ .~_A____._. _ /

15 175 S(C I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

0 0 1000 200 0 3000 4000
16 1 7 5  SEC 507t p752 N0108EO Of 241015 .77 17~~ ~1S7 IOI?IOPIL— Oct 00(0 TOE NOMPI 0 7’ 420 7716711. INTE0VALS

Figure 37 Histogram s of Correlator Output Samples 
-

48 CONFIDENTIAL

Ii 
— ,— ,—~-.-~—-- -,~ - , ~~~~~~~~~~~~~~~~~~~~~~~~~~~ . _ _.~~~~__~~~~s ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~ ~~~~~~~~~~~~~~



—5- --,,,. ,.-~-- -~~. . ~~~~~~~~~~~~~~~~~~~ — . . - ~~~~~~~~~~~~~~~~~~~~~~~~~~

CONFIDENTIAL

SECTION IV

STATISTICAL MODELING OF CORRELATOR OUTPUT

A. GEN ERAL DISCUSSION

One of the major objectives of the study of the correlator output was to determine
.7 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 seri al correlat ion 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 earlie r , the serial correlation function behaved erraticall y; thus
the sample values are neither independent nor uncorrelated . Hopefully, fo r 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 evalu ate the samples. If the sample si ze is large and
the correlation smal l , 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 in formation in the sample) and
the plotting points will not be radicall y affected by the correlation . In addition , only every
fifth value will be plotted (except for the lowest 5 and highest 10) so that smal l irregularities
due to the corre lation 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 usefu l 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 prob ability 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 I
in using the Weibull distribution for lifetime models , it is not usefu l in this case , since
we are interested in getting a model which is adequ ate for describing the hig h values of

cor relator output. In order to overcom e thi s problem , Raylei gh probability paper was
used to examine the reason ableness of using a Rayleig h model.

Before proceeding with thi s discussion , it is.thiportant to hote the following. In
using the techniqu e 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 c ame from several diffe rent distributions; thus , the fact that a given model is reasonable
to describe a given sample is neithe r sufficient nor conclusive evidence that the sample
came f rom the hypothesized model. In fact in the real world there is no such thing as a
Rayleigh dist ribution , this is just an idealized model which is usefu l for approximating
certai n 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 adequatel y linear or not . Thus , the categorization of the plots
in this report is somewhat arbitrary . If the Rayleigh model was appropri ate , 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 uppe r tail would have a higher va riation about this
line than the values in the remainder of the distribution ; the refore , in assessing the linear-
itv of these points a straight line was drawn by han d , based on the lower 50 to 60 percent
of the plotted observations . If this line adequ ately represented the ent i re set of dat a, then
the Rayleigh model was assu med to be adequ ate . (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 alway s possible to find a better
representat ion of a set of data by using m odels with more parameters; however , in this
case such models cannot be related to the physical phenomena being observed as is possible
with the Ray leigh. Since the Ray leigh model will be shown to be inadequate for more than
50 percent of the intervals , another model -- the Johnson distribution -- will be fitted
to the data and compared to the R ayleigh fit .

B. SU RFACE DUCT MODE , PINGS 1 TO 34

Pings 1 to 30 , 14.5 to 16. 0 seconds , zero doppler
Pings i t o  6 , 16 . 0 to 17.5 seconds , ze ro doppler

A total of 36 samples from the first set of surface duct returns (all same day) were
plotted on Ray leigh pape r . Fourteen , or 39 percent , of the pings could be adequately

- ‘ described by a Rayleigh dist ribution , 16 did not appear to be Ray leigh , and six were ciassi-
fied as marginal .

The pings for which the Ray leigh was an adequate model were:

14 . 5 to 16 . 0 -- ping numbe r 1. 5, 8, 9, 10 , 12 , 13. 20 , 22 , 24

16. 0 to 17. 5 -- ping numbe r 2 , 4 , 5, 6
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Ping 9 had one ext reme value which was much too high but the rem aining points plotted in
a straight line. The range of and b2 values for these pings (with the except ion of ping 9 ,
whose and b2 values were infla ted by the one high observat ion) was 0 . 36 to 0 . 90 and
2 .69 to 4 . 08. The values for a Ray leigh are 0.63 and 3.26 .

The 16 pings for which the Rayleigh was not an adequ ate 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: 14.5 to 16. 0 -- ping number 14, 19 , 26

16. 0 to 17.5 -- ping number 1, 3

The range of \-~~ and b2 values for the high group was 0 .86 to 1.47 and 3. 45 to
6 . 0 . In fac t , all but two of the b2 values were above 4. 0; thus , this group of samples have
longer tails and are more skewed than the Rayleigh group. The theoretical Ray leigh values -
for \-7E

~ and b2 are outside the range of values of this group. The range of 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 distribution s are less skewed and have lower tails than the
Rayleigh . The six marginaif 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 inte rvals 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
he approxim ately Rayleigh and others were not . It was reasoned that if the correlator
output is represented as

z1 = j x~ + y~ I = 1, 2 , . ..,  150

then if the x1 and y1 are independent ly normally distributed with zero means and the same
va riance , then z. should be Rayleigh . Likewise , if the z. ’s are independent (or approxi-
matel y so) the plotted results should lie in a straight line . In order to investigate these
properties, a selection of pings was m ade from the above and the following was done .

CONFIDENTIAL 51

— - 7-



. . -
~ 

- - .—— - -----~—-• — - -  -- - - ~~~--— - -~~~ - --— ‘— - - - - -  -

CONFIDENTIAL

1. The ping interval was divided into three samples of 50 each and the mean of
each component (x and ‘) for each sample was obt ained; 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 . Thisiscalledthe overalltest.

.
7 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 rem aining factor which will be investigated
is the differences in the serial correlation for adequ ate and inadequ ate pings .

C. SURFACE DUCT MODE , PINGS 35 TO 77

Pings 36 to 72 (even only), 9.0 to 10. 5 seconds

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 inadequ ate and two
were marginal . Ping numbers 36 , 42 , 44 , 54 , 70 , and 72 could reasonably described by
Ray leigh models , although ping 36 had two high values. The 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 adequ ate model.

Ping numbers 38 , 46 , 56 , 58 , and 60 had values which were relatively higher
than could be expected from a Rayleigh model . The and b2 values ranged from 0. 73
to 0.89 and 2.82 to 4 .73. Again we note a difference in the and b2 from the Rayleigh

class above . It was noted in addition that no values of .ofEj were above 1. 0 and only three
valu es of b2 were above 4 . 0 for pings 36 to 72 including the odd numbered ones. Thus , it
would appear that for this time inte rval , 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 “.ii~j and b2 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 m arginal 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)

. . . Interval Combined OverallPing Classification Check Interval Test

1 Adequate 1-W (10~ ) ATP W (10%)
2 Marginal 2-W (lOtX ) ATP ATP

3 In adequate ATP ATP ATP
4 Marginal 1-W (10%) ATP ATP
5 Adequate ATP ATP ATP
6 Inadequate ATP ATP ATP

7 Inadequ ate 1-W (1~ ) ATP

8 Adequ ate ATP ATP ATP

~ 
Adequate 1-W (1%), R ~~ W 10~(1 large value) 1—W (5%) i r)  ( .- ( )

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 ‘ ~2’ W (5~ )R (l ’c-)

16 Inadequate ATP ATP

17 Inadequate ATP R (1~~) AT P
7 (_

~18 Inadequate ATP ATP ~t (10%)
19 Inadequate ATP ATP ATP
25 Inadequate ATP R (1~-) ATP

26 Inadequate ATP ATP W (10%)

27 Inadequ ate 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 falls between 0.40 and

0. 80 and b9 falls between 2 . 50 and 3. 50. The error in using such a criteria would have

to be fu rther 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 R ayleigh model , although ping 92 had one extremely high value. The values of

and b~2 , with the exception of those of ping 92 , ranged f rom 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 value s 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 \-i~ 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 \-
~~~~ and b2 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 plot s 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 Ray leigh model . (Ping 181 had one very high value.) The values
of~sfi~~ 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 ‘-.iEj 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-
fled inadequ ate low. Their ..fEj and b2 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
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 VARIABI LITY

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 ~./Ej 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 vari ation within a ping as
between pings for the same time interval on the same day . A further demonstrat ion 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 
7

(13.5 to 22.5) which included several target returns. These results are given in Table 3. J
The variation in the means and standard deviations are directly traceable to the occurrence
of the target signal . Likewise , the variation s in 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

_____  _ _ _ _ _ _ _ _  
Ti me 

_ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

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

0. 746 0. 60 1.47 0.393 0.556

b9 3.50 2. 65 6 .14 2.37 3.00

x ’s 1.87 1.85 1. 64 1. 95 1.90
Classifi cation Marginal Adequate Inadequ ate Inadequate Adequate

Ping 4

x 126.70 107.10 74 . 50 84.60 113.10
s 61. 10 77.40 41.00 41.80 67.70

0.44 1.90 0 .74 0.43 1. 17

b2 2.71 7.31 3 .19 2.93 4.46

x Is 2. 07 1.38 1.82 2.02 1.67

Classification Marginal Inadequ ate Marginal Adequ ate 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

2.50 1.35 0 .72 0. 54 0 .83

b2 15.57 5.76 3. 41 3.04 3.44

~/s 1.61 1.56 1.83 1.86 1.72

- - Classificat ion Adequate Inadequ ate Adequ ate Adequ ate Inadequate
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TABLE 3 (concluded)

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 67.70 66.70 76.90 52.40

0.436 0.645 0.662 0.533 0.878 0.273

b2 2.60 3.39 3.23 2.64 3.41 2.53

1.96 1.97 2.01 1.72 1.67 2.03

Classification Adequate Adequate - Adequate Adequate Inadequate Marginal

Ping 78(3011

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

~~~ 0.65 0. 944 1.801 2.221 0.708 0.479

b2 
3.18 3.59 11.04 15.45 2.97 2.66

x7s 1.88 1.70 1.76 1.64 1.78 1.92

Classification Adequate Inadequate Inadequate Adequate Adequate Adequate
(1 high value)

_ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  J I
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standard deviat ion , ~J~j and b2 appear to be systematically higher for the 301 channel . The
di fference 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 TH E ADEQUA CY OF THE RAYLEIGH MODEL

A study was m ade 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 Ray leigh probability plots. Pings were
classified as adequ ate (A) , marginal (1~-l), in adequate low (TNL) (high values were too small
for a R ayleigh model) , or inadequ ate 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 an alysis 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 inadequ ate odd values were not included in the above
analysis. Note that the average for the A group was olose 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 surfac e
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 fluctuation s. 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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TABLE 4

THE RATIO OF STANDARD DEVI ATION TO MEAN FOR VARIOUS CATEGORIZATIONS
OF 1.5-SECOND INTERVAL S FOR SURFACE DUCT AND BOTTOM BOUNCE PINGS

—- 
Surface Duct

Standard Deviation/Mean

Adequate Marginal Inadequate Inadequate

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

0.52 0

0.52 5

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

d I Inadequate Inadequate InadequateA equate Margina

0.540 0.505 0.532 0.517 0.580

0.503 0.523 0 . 498 0.547 0.470

0.549 0.453 0. 535 0 . 603 0.429

0. 590 0 .602 0 .512 0.585 0 . 648

0. 573 0. 583 0.460

0. 514 0 .616 0 .513
0. 518 0 . 498

0.527
0. 535
0.628

0 .551
0.487

0. 534

0.486

0. 531

0 . 538

0. 555
0. 542
0. 502

0.497
0. 514
0.528 

_____ _____ _____ _____

Mean 0 . 534 0. 547 0 .507 0. 563 0.532
Variance 0 . 00112 0. 00405 0. 00064 0. 00149 --

* 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- 1
i ze the pings into one of three classes: adequ ate , inadequ ate high , or inadequate low , based

on the ratio of the standard deviat ion to the mean. The value of such a classification scheme
for bottom bounce pings is questionable

H. DOPPLER CHANNEL INVESTIGATION

One of the question s studied in this project was : How does the correlator outpu t vary in
the diff erent 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
t ransmit 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 , ~IEj , b2, and a Rayleigh plot were obtained. In addition the
pair-wise corre lation between doppler channels for each ping was computed.

Both the average correlator output and the standard deviation of the correlator output
were significantly diffe rent for the five doppler channels . The probability that the observed
diffe rence was due to chance was less than 0. 0001. The results for the average and standard
de~’ia tion 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;
howeve r , 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 t o 49 . 9 -- as the frequency decreased to 280 , while the mean decreased 16 . 9 percent
f rom 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 qu antities decrease monotonical ly 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 (‘.f~~~~) and ku rtosis (b2 ) (the third and fou rth
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

CORR ELATOR OUTPUT AS A FUNCTION OF DOPPLER CHANNEL

Mean s and Standard s Deviat ions~Pings 7 to 17 , 14.5 to 16. 0 Seconds

Doppler Channel Mean s*

Ping 280 290 300 310 320 Mean

7 90 . 0 102 . 8 100 . 1 98 .6 83.8 95.06

7- 8 89 .6 104.3 99 .3 101.7 86 .7 96 .32
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

11 98.0 112 .6 104. 5 96. 9 84. 9 99 .38
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 98.3 109 .7 111.3 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 44 .5
8 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
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
14 43.3 43 .2 47.2 40 .9 40 .9
15 46.8 4 7.1 56.7 40 .8 45 .2
16 43.8 43.4 53.3 44.5 42.3
17 57.5 58.7 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

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

Pings 7 to 17 , 14 . 5 to 16 . 0 Seconds

Doppler Channel ~.fEj 
______ __________

Piflg 280 290 300 310 320 Mean

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

9 0 . 931 1. 132 1. 672 
- 

1. 007 1.269 1.202
10 0 . 337 0 .416 0 .697 0.923 0. 462 0 . 567

11 0 .375 0.200 0 . 661 0 .616 0 .817 0 .512
12 0 . 717 0 . 598 0 . 646 0 .225 0 .375 0.512
13 0 .515 0 . 644 0 . 831 0 . 518 0 . 372 0.576
14 0 . 339 0 . 380 0 . 389 0 .451 0 . 557 0 . 423

15 0 .528 0 .440 1.234 0 .276 0.544 0 . 604

16 0 . 929 0 .892 0 . 859 0.703 0 .665 0.810
17 0 . 947 0 .663 1. 174 0. 800 0 . 480 0 .813

Mean 0 . 606 0 . 598 0.880 0 . 594 0.644

Doppler Channel b2

7 3. 01 2 . 39 5. 02 2 .79  3.42

8 3. 10 3.14 2.69 3.15 3.86

9 3 . 95 4 . 82 8. 92 4 .52 5.74
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

RATING OF RAYLEIGH PLOTS OF CORRELATOR OUTPUT
AS A FUNCTION OF DOPPLER CH ANNEL

Pings 7 to l7 , 14.5 to 16. O Seconds

Doppler Channel Rating

Ping 280 29OJ
~ 

300 310 320 Total A’ s
- 

- 
7 NA NA NA A NA 1

8 A NA A N A A 3

H 9 NA NA A A NA 2

10 NA NA A NA NA 1

11 NA NA A A A 3

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

17 NA A NA NA A 2

Total A’s 3 4 6 5 5

- .

A = A d e q u ate ~~

NA = Not Adequate
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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 ‘~J~~~ valu e -- 0. 880 -- compared to 0 . 611 for the other
fou r channels. This diffe rence was significant at a five percent level test ; i . e . ,  there was

less than five percent chance that the diffe rences observed were due to chance . Likewise ,

the highest average b9 value occurred in the zero doppler channel -- 4. 26 -- compared to
an average of 3. 16 for the other four channels. Agai n , we note as indicated earlier that the

N b 1 and b., values are highly correlated; thus , one concl udes that there is an indication that
the correlator output is more skewed and has a higher ku rtosis (fourth moment) measure .
These higher measurements are apparentl y due to the occurrence of more extreme value s
(relatively furthe r away from the mean in terms of standard units) in the 300 Hz channel.

I t should be noted that the theoretical values for a Ray leigh distribution of the standardized
thi rd and fourth central moments are 0 . 63 and 3.26 , respectively, which are close to the
average values of the fou r doppler channels excluding the 300 Hz channel .

The Rayleigh plots for each of the 11 pings and five channels were examined and arbi-
tra rilv classified as adequ ate or inadequ ate. These ratings are given in Table 7. The
adequate classification , A, contains all those plot s for which the writer felt that the plotted
points fell close enou gh to a straight line to consider the Rayleigh as an adequ ate m odel.

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 adequ ate does not imp ly tha t the Ray leigh
represents the “actual” distribution .

The results in Table 7 are not clear-cut nor may even be meaningful . Every ping had

at least one doppler channel for which the correlator output could be modeled by the Rayleigh

distribution , but no ping had as many as fou r channels where it was adequate . This would
indicate that the distribution of the correlator outpu t is not stable from channel to channel
or that the Ray leigh 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 diffe rent than zero (all values over 0 . 159 for

five percent test) the highest coefficient was 0 .22 ; hence , any correlati on which does exist

is relatively small. Thus , a high correlator output in one channel does not cause either a
high or low outpu t in the other channels. This is , of cou rse , li mited to regi ons with no

target return as defined above .
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TABLE 8

DOPPLER CHANN E L CORR E LATION

Channel Coefficient of Correlation

Ping 280—300 280—320 300-320 290—300 290—310 300-310

7 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
family was investigated. Initial investigation indicated that the Johnson SB f amily would be
appropriate since the plot of “Ji~~~, b2 in Figure 36 could correspond to members of the
family. An initial study of 1. 5-second intervals from seven surface duct pings was m ade

comparing the SB and Rayleigh approximations. In fitting the SB curve, it was assumed that
the minimum possible value was zero and a three-parameter model was used. The SB model
was chosen so that the sample dat a 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 qu antiles from the sample with those estimated from the SB and Ray leigh distributions.
The percentages corresponding to the quantiles are shown at the top of the table ; thus , the
column he.-din g 0 . 925 gives the 92. 5 percentage point of the distribution . An examinat ion 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

- - 

cxtreme values and , thu s, if the re 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 dist ri-
bution with the Ray leigh distribution for pings 7 to 16. The Johnson SB distribution , in its
general form , can be defined by

z y + o i n( ~~~~~~~y)  
E ~~ y~~~~E + X

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 e and A define the range
of the variable . In the two-parameter fit used below , e was assumed to be zero and ~ to be
i06 ; thus , only the parameters y and ó were allowed to vary. These parameters were esti-
mated by matching percentage points . A one—parameter Rayleigh defined by

2
f(y ) = 2Ay e~~~’ 0 ~ y 5

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 with E 0 and A = io6 does

not provide an adequate model for the data. No doubt bette r fits can be obtained if A is not

fixed: i . e . ,  a three-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 question s 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 fe lt 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 correlat ions will have an even greater effect in distorting thi s

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 classif y 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 previou s two inadequate categories. The result s are shown in Tables 11
and 12.

An attempt was made to relate the above classifications as shown in Table 13. The

return s are divided into 0. 5-second inte rvals and the probability plot classificat ion is shown

above the intervals. The classificat ions 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 m any high
spikes, or too high a spike, or not enough high spikes as compared to the intervals classi-.

fied as Ray leigh. There are large diffe rence3 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 k,1E~ and b2 values (-0. 1 ai~ 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)
___________ 

Category Category Category Category Category

11.5-12.0 A - 2 h i g h values A A
12. 0-12.5 A - lh i gh value A A
12.5—13.0 A INL INH

13. 0—13. 5 A INH INH

H 13.5-14. 0 M INO INH INO A
14. 0-14.5 INO 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 IN1-!
16.0-16.5 INH INO A INL INU

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 INTl INH

13.5-14.5 INO A- 2 o d d  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
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TABLE 13

INTERVAL C LASS! FICATION

PING 3 PING 4 PING 5
0.5 1.0 1.5 0.5 1.0 L5 0.5 1.0 1.5

A A t12— — A — A —  I
A M A N A 1 A

A I I  I I
1 3—  — A —  I —~ I —

A 
- 

1

— N A i  1 I 1 I

~~~14— — I - A A
I ‘ A  - A

o
w — — ~~~~—U, IA A~~ A

~~~1 5—  — I I — A
I I~~ A~~ N A A

z I ~_~~~
_ — —4 - — -

I I i  - I N

~ 1 6 —  — I —f  
—

~ I A —

I I~~ : A
I’-
4 

7 — -—  
-

w A t~~ A , A~~~~~~ I I A

!17—  — I — A r  — A
A A :  - N

I A - A !

18— — I - —~ I 
- 

—~ I
A • I i  ‘ N ‘ I f

- — —  A — —  
- I I

A I
19— — — — - 

— ~~~~~~~~~ —
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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

to use. 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
inadequ ate 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

2 2z. = x. +y . j = 1, 2 , .  . .150

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

thtributed. Likewise , if x. - arid y. . are from the i ping and x.~1 . and y.÷1 - are from
1,)  1 ,J  1 ‘3 1 ‘3the next ping in time , then ~~~ = x~~1~~ and ~~~ = y~~ 

- y1÷1~ are both norm al , zero mean
random variates and

= -
~
-

I
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is still Ray leigh (although its parameter will have changed) . On the other hand if x. = x. + a.7) 7) 7)
and v. = v. + b. , where x. and v . are norm al zero mean variates , and a. and b. are constants- J  - J  7) J - J  7)
then

T 2  2
Z~ = ) f x~ 4- y~

- - . .th .this not Raylei gh. h owever , if for the 1 and i 4 1 pings

~ x . = x. - + a. - x. - - a. = x. - - x. . and
7) i , j  j  i+1 ,J 3 1,3 i+ 1, j

= y~~ + b~ - y~÷1~ 
- b~ = Y j j  - 

~;+1,~
then

= ~
/ _~x~ ±

~vi11 be Ray leigh .

The effe ct of the subtraction is the eliminati on of constant peaks in the correlator output.

This subt raction was done for the following pings: 6—7 , 14—15 , 15-16 , 16—17 , 17-18,
1’~-19 , 25 -26 , and 26-27. The plots of five of these eight “new ” pings indicated that the
Ray leigh was a reasonable model. Previously, all the individual pings were classified as
inadequa te. It is interesting to note that fou r out of the five new pings which were classified
as adequ ate arose from the subtraction of an inadequate high ping from an inadequ ate low .
Also , all of the new inadequate pings came from the difference of two inadequ ate 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 actual ly occurring. Also , the correlation
between successive pings should be determined.

M. IN P U T - OUTPU T 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 ver~’ 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 unreason able that , especially
in the absence of any target enc rgy , the correlator outpu t would be a function of input
amplitude -- it is a linear correlator. 

- -
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If this is the case , some measu re 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 correlati on between samples taken at the same time fr om two different
doppler channels. A measure or statistic of the correlator outpu t 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 (see) Coefficient Data Used

1.5 0.93 6

1. 0 0 .52 9

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 signifi cant , 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 m di-
vidu al samples) was done using data from plngs 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 —

Figu re 40) , The 1.5-second intervals do not show this correlation very dramatically, but
- 

~- s ~ appear obvi ous in the three-second 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 samples , 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 featu res 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 disproportion ately high correlator outputs
and, hence, distort the output distributions. We have observed output spikes which are
much higher than usually occur during noise times , and speculate that they may result from
some coherent bottom scattered (reflected) energy arriv ing 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

S separate more important output samples fr om those of less importance. As it is now, the
output amplitude is a function of both:

1. The amount of correlation with the refe rence , and
2. The input power level .

Such a system could be implemented in a variety of ways, such as a clipper correlator

S and an energy detector or , instead of a clipper correlator, a normalized linear correlator.
The re 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 ~~~ 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 , cova ri ance , and possibly distributional
S form .

2. The variability within a ping is as high as between 1. 5-second intervals of pings
t aken 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 ‘-.fii~~ and b2.
5. Approximately 40 percent of the 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 .

7. 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. GENERA L

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 illu strations 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
data tape.

S The old ping number is the number assigned to the ping during the original
experiment.

Target Raflge

This is the time of arrival of the echo as repre sented 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
frequencie s result from closing range .

Peak Correlator Output 
.4

Typically, It is the largest amplitude correlator outpu t sample we
found in the area. The area was a relatively short time Interv al , 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. A spect .4

- .4 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 varie s
either way from a beam aspect . It is not suppo sed to suggest the how
and stern aspects are similar ; the y do not appear to be.

Power Plot Target Peak Output

The output of the 0. 5-second integrator at a peak which appears,
.4 

from looking at several pings , to be the target echo .

B. TA RGE T PEAKS IN THE POWE R PLOTS

The energy detector output plots , or power plots , for the data which have been
.4 digitized are presented in Appendix A. The first two figures illustrate the two surface duct

.4 
sequences that have been studied. In both of these records the targets are quite obvious,
In the Reel 6 (Figure A-i) sequence the target is obvious in all but a few pings by its very size.

.4 In the Reel 9 (Figure A-2) sequence , although the target gets 1ost 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 identif y the target , to be able to see a string of pings . The several .4 .4
bu mbs in many of the Reel 9 plot s would be difficult to interpret with reliability without
refe rence to at least several of the neighboring plots.

It was observed earlier , and it is obviou s from F igure 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 abou t the same amplitude as the Reel 9
targets. We do not kn9.i~ 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 scale s 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 abou t the target data was; “How well does it
correlate with our measure of aspect?” In order to find out, a number was invented for

.4 

- this measure of aspect: E . 0. aspect; is the number of degrees off end-on. Thus , a
beam target is 900 (a large number) and a bow target is 00 (a small number) . 

.4
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This give s 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 martrnt, however , we want to see how things look on the
basis of this fai rly simple concept of aspect.

Calculations showed no significant correlations between the power plot targe t peaks
and E . 0. 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 . 0. 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 dat a 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 happen but 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 thi s same feature , but it does.

It just has to be that our measure of - aspect is in erro~~-’

Our interest in the effect of aspect is sparked by the experiences of those who
lose targe ts wheneve r they change from beam aspect. They, of course , are using the
correlator outputs .

For the Reel B data we have calculated the correlation between the power plot peaks
.4 

and the correlator outpu t 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 independe nt gaussian distribu tions .)  Figu re 45 is a
plot of the correlato r output target peaks versu s the power plot target peaks.

The calculated correlation between the correlator output peaks and E . 0. aspect was
small , and we did not pursue a slid version. We ough t 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 2~ , some observations about targets in the correlator

.4 

1 - output and some samples are shown. The se are simple plots of the outpu t of one doppler
“- — -- .,. filter with time .
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Although the se plots are good and usefu l when the signal-to-background ratio is high ,
it is somewhat difficult to figu re out what is going on when it is not. Problems can be
due to noise (or reverberation) background , multipath due to propagation, or multiple
echoe s due to target extent.

Figure 46 illustrates these difficu ltie s. Observe that the peaks marked 1, 2 , and
3 are each located at a diffe rent output frequency. It is possible that only the highest
peak , shown as 2 , should be used to detect the target, but then ~t would seem that
add itiona l echo pulses could provide usefu l information. it is a fu nction of how they

- 
- were caused or what the y 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 outpu t 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 orde r 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 highligh t which causes the echo peak move s 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 orde r to get a better look at the correlator outpu t plane , we have moved
toward contour map-like presentations. Figures 48, 49 , and 50 show some of these
plots .
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CONTO(JR LINES HAVE BEEN 2 0594E 06 I. 7652 E 06
DRAWN IN THE AREA OF THE 5 17652E 06 I. 471OE 06
OUTPUT PEAK. I4 7 1 0 E  06 I. 1768 E 06

3 I. 1768 E 06 8.8259 E 06
8.8259E OS 5.8839 E 05

I 5.8839E 05 2.9420 E 05
2.9420E 05 0.

FIgure 48. S f t  Contour Map , PIng 6 , Reel 6
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• Correlator Output Surface , Ping 6, Reel 6, Figure 48

Thi s 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 highe r than most of the correlator outputs in the noise region . It is
interesting that there are so many outputs which exceed this high leve l.

Some contour lines are drawn to show how they would look. They are well -
behaved and smooth because corre lator outputs are calculated five times per
resolution increment in both range and frequency direction .
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—~I 
}I— O.OI SEC

• COR RELATOR 11111

OUTPUT 
~~~~~ 

2 Hz
RESOLUTION 11113

11111

SIFT CONTOUR MAP MAXIMUM VALUE IN PLOT IS I.89E 06

THE NUMBERS PLOTTED SYM BOL FROM TO
IN EACH REGION ARE 9 ABOVE 9.0000E 05
THE ARRAY AMPLITUDES 90000E 05 8.0000E OS
TRUNCATED TO HUNDRED 7 8.0000E 05 T.0000E 05
THOUSANDS. ONLY ODD 7.0000E 05 6.0000 E 05
NUM9ERS ARE PLOTTED. 5 6.0000E OS 5.0000 E 05

5.0000E 05 4.0000E 05

3.0000E 05 2.0000 E 05
2.0000E 05 1.0000 E 05

I I.0000 EO S T S I 2 5 E  03

Figu re 49. Sift Contour Map . Ping 45 , Reel 6
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Correlator Outpu t Surface, Ping 45 , Reel 6, Figure 49

This is a strong looking echo on the power plot but confusing on the
correlator outr*lt plots. The submarine is closing and the aspect is probably
bow-quarte r .

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 1s.

This kind of clipping is not too seriou s because values that high are quite
rare .

Drawing contour line s 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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OUTPUT 
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RESOLUTION

SIFT CONTOUR MAP MAXIMUM VALU E IN PLOT IS l.72E06

THESE NUMBERS ARE HUNDRED
THOUSANDS UKE THELAST ONE. THE S Y M B O L  FROM TO
DIFFERENCE IS THE NUMBER 9 ABOVE 9.0000 E 05
OF CORRELATOR OUTPUTS S0000E 05 8.0000 E OS
PER RESOLUTION ELEMENT. 7 B.0000E 05 7. 0000 E 05
NINES AR E BLACKENED AND ~ OOOO E 05 6.0000 E OS
SEVENS ARE CIRCLED AND 5 6.0000E 05 5.0000 E 05
GREY. S.0000E OS 4.0000 E O5

3 4.0000EOS 3.0000 E OS
3.0000 E 05 2.0000 E 05

I 2.0000EOS 1.0000 E05
I.0000 E O5 Z8125 E03

FIgu re 50. Sift Contour Map . Ping 45, Reel 6
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• Co rrelator Ou tput Plot , Ping 45 , Reel 6, Figu re 50

• This is another look at correlator ou tpu t surface for ping 45. This

time the nu mber of calculations per resolu tion increment is reduced to two in

f requency and 2 . 5 in range . The extent of the last plot , Figure 49 , is shown
by the dashed lines.

Although the plo t is still quite usefu l , it is very difficult to make a good

looking set of contour lines.

The contour line s are importan t because the y emphasize any overall geometric

feature s 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 outpu t. Figu re 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 Figu re 47 . Only the overall appearance is the

• same , that is , because the strips are not in the model in the right orde r.
(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 arc quite well presented. I t is difficult to determine with certainty

• whether a give n ‘bull ’ s-eye” is a hole or a hill . Perhaps we can find some

• way to mark one or the othe r. A grid of numbers in the background of the plot
• shows the m agnitude 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
• duc t sequence are particularly interesting because the range to the target doe s

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 unde r relatively simple condi-
• tions. We expect them to be quite similar , one to the next.

We have sift-contou r 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 diffe rent orders
and look at the resultant picture ; for example :

ILl •
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TIME AFTER TRANSMIT (SECONDS)

Figure 51. Correlator cxttput Contour Map,
Ping 6, Reel 6
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I .0000 E 05 0.0

FIgure 52. Correlator CXitp~f Arr%y,
Ping 6 , Reel 6
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• If the six with the hi ghest peaks are stacked so that the peaks
are lined up (ve rtically), 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 throu gh and
obviously it should show best for the echoe s 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 collec tive picture , to see which of several likely peak s migh t
fit the patte rn 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 mode l of the ping sequence . We can see that

• targets from successive pings can be at the same range and
be noticablv 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 targe t highlights, etc .

D. TARGE T PEAK STATISTICS

If we are to be able to comple te the correlator model which we seek , we

~vi1l have to have some sort of a probability distribution for tar get peaks. In this

respect we have no idea yet about how similar the Reel 6 and Reel 9 data will look.
The outpu t samples from the Reel 6 data are plotted as a histogram in Figure 53.

The most seriou s impediment to progress in this area is our lack of a good
set of rules to tell what is 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 highe st one. Is it right to use more than one peak from a given ping ? How
can we identif y target peaks? For example , how many targe t peak s show on Figure 50?
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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CORRELATOR OUTPUT AMPLITUDE (MILLIONS)

Figure 53. Grey Maps of Correlator Outpu t Surface for Times of Possible
Returns Via Bottom Path

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 funct ion 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
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 opportu nity to lock at echoe s 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 pre sents
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
abou t 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 (SN R) 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 

0’

were the computer calculated correlator outpu t amplitude over intervals (windows)
of l2Oms; 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 thre shold of 180 k
correlator outpu t units. The variables considered were :

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

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 ) and the number -.

1 -
in the next lower frequency channel (N 1).
The channel spacing used is 1 Hz. (Based on the preliminary results shown,
this probably is not the best channel spacing to look for discrim inants in this 

0’

variable. )

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 pointa along one axis.
Similarly, the general natu re of pairwise Joint distributions are obvious from the
plotted sample points.
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The tendancy of N to decrease with higher X in the high X region (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 featu re that the values of N for target returns

• are spread over a narrower band than those for noise.

The values of A~ and A (Figure 56) are positively correlated for targets and also
for noise ; there is relatively little discrimination in their dependency character-
istics . Either variable alone is a good discriminant; however , A~ is a little better than
A.

— N
The A versu s 

~ 
values are plotted in Figure 57. Note that the target distri-

N +1 -1
butlon of N +N is restricted to a relatively narrower band than was the distribution

+1 -1
of N.

The distribution of A~ with the other variables is similar to that of A , for both
targets and noise , as might be expe cted from the strong correlation of A and X 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 discrim inants. Di rect evaluation of specific detection —

functions is complicated by the fact that the distributions of these variable s are strongly
affected by changes in threshold levels.
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SEC TION Vii

DISC RIMINANT CHARACTERISTIC S

A discriminant is a characteristic which can be used to help detect the diffe rence

between data which contain a target (Signal + Noise) and data which do not (Noise) . A

simplified example of the probability density distr ibution P(X1) of a measure (X1) of
such a characteristic is shown in Figu re 58 (a), (b), and (C). The density distribution

P(X2) of another discriminan t (X2) whose “S+N” and “N” distribution completely
ove rlap, even in the high SNR case (but which still contains discrimination information) ,
is shown in Figure 58 (d) , (e), and (f) . The detection thre sholds indicated in the sketch

for such variables (X 1~ 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) 1, is good enough.

Usually, however , especially in the low SNR cases , better performance is

desired. When there is additional discrim ination (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, X4)
of two variables (X3 and X4) where positive correlation exists in both the S-’-N and N
distributions is shown in Figure 59 (a). A diffe rent display (two—dimensional) of the
same distribution is shown in Figure 59 (b), where the areas inside the plane figure s

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 X4 does not disappear as fast as that

of X3, in which case the joint distribution provides an excellent discrirninant even
though the two variables are positively correlated for both S-’-N and N and neither

varfr~ le , by itself , is a good discriminant. Algebraically, this joint distribution
discriminant could be considered as the quantity (X4 - X3) whose threshold value lies

along the threshold line indicated in FIgure 59 (d); values greater than K indicate
S+N and value s less than K indicate N. The distribu tion of this quanti ty is like the one
shown in Figure 58 (a).

CONFIDENTIAL 115 

-S----- -_



— •~~~~~ --~~~~~
, ---,-

~~~~~~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - -,-. - •~- ,~ -~~

I
CONFIDENTIAL I ~

~~0

• DETECTION THRESHOLDS A3208

DETECTION
THRESHOLD

/ S+N

N 
S+N P (X

n 

~ , 
HIGH SNR 

2 
/ \ N

(a ) C d )

P(X2) ~~~ 
S+N

S+N
/ 4

I MEDIUM SNR - ...J ~ — “.1
X I X 2

( b )  (I)

P(X
1
) P(x 2

) I

,/ ‘i —
~~ (A L~

N
0’ U LOW SNR Il N

X, x 2 •

Cc ) Ct)

Figure 58. Typical Distributions of Single Vari able Discriminants
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A similar case where the joint distribution retains discrimination info rmation while
that of the individual va riable s deteriorates with poore r SNR is shown in Figu re 60; in
this case the two variables are negatively correlated for both S+N and N . Another case
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 conside red algebracally ~X 8 - X v), it would have a distribution like that shown
in Figure 58 (d). The distributions shown in the se sketches are simplified to point out
the general characteristics of discrimination information to be searched for; in the
practical case these distributions will often be multivariate, nonlinear , and much more
difficul t to recognize and use. Many of them will be multimodal , which further compli-
cate s practical use of the information. Eventually, more complicated detection funct ions ,
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 ve ry cause and
effect relationships for which we are look ing.

Generally, the se distributions will change with time ; thu s, the measure of any
distri bution depended upon as a bas is f or detection must be adaptive. Thi s 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 include s 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 .

The value of discriminants for general use will depend upon how well their behavior
can be predicted from a given practical situation and how ~vell they hold up as SNR
decreases; thu s, 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

diffe rent operating conditions and SNR levels .

‘~1

CONFIDENTIAL 117

___________________  _______________________  ____ ________________ 
.



x

a’
0

• N
0~i4

z ,_____ 
z
+

..

~~~~
- . e~~

’z

) 
_ _ _ _  

~~~~~~~~~~~~~

CONFIDENTIAL 119

_ _ _ _ _ _ _ _  

j  
•



• •
~~~~~~~ -‘~~~~ • - - •-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~~ --—-

CONFIDENTIAL

A3210

P(X 5,X 6 )

N

4 HIGH SNR

P(X 51x6)

4 LOWER SNR FOR I NDIV IDUAL

x 5

Figure 60. Joint Di stribution of Negativel y Correlated Measured Variables

120 CONFIDENTIAL

. - - ~~~~~~~~-~~~~~~ --~--~~~ _ • •~~•; • — — - •~~~~- •-~ --__ — • ~~~~~~~~~~~~~~~~~~~~~~~~ —



— -~~-~~~—-——~ 
~~
-

~~~~~~
--

~~ 
, . -- • • . .. • •• . - 

CONFI DENTIAL

P ( X 71 X 9
) A3220

-

~~~~~ 

:

~~~~~~~~~

‘ ‘
\

c:

~~~~~~~~% S+N 

HIGH SNR

P (X 7,X 8
)

• LOWER SNR

Figure 61. Joint D~str1bution of Measured Vari ables with Di fferent
- 

Types of Distribution for S + N and N

I

CONFIDENTIAL 121

•-—-- •~~~—-•~~~~ -.-— • --• -~~~~ -~~~~~
.• —~~- •~- •- — -



- .•--F.-, - -• • 1’

CONFI DENTIAL

APPENDIX A

DIGITIZED SONAR DATA , PRFM

New
- Figure Surface Duct Ping Numbers

A-]. 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-7 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 .

I
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• 

• 
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APPEND IX B

CATA LOG 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 append,tx). The
firs t three columns of the catalog contain a description of the ping , i .e . ,  the ping num ber ,
the time interval , an-i 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 Devlation)/(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 Ray leigh plot
corrected for the scaling of the paper; these numbers must be multiplied by

Columns II 5B Parameters -- these columns give , respectively, the estimates of ~ and
and 12: x for the two-parameter SB 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 yarious summary statistics . The following information is contained in
each column.

Column 1: Ping number.

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.
A lso , a composite interval of 50 observations comprised of every third
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observa tion from the entire interval was analyzed. This column identifies to
which of the sets of data the entries refer.

Column 3: y -- the mean of the y component of z = ,Jx2 
+ y2 where z is the correlator

output.

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

Column 5: W
Y 

-- 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 , respec tively. Low values
nonnormality .

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

Colum n 7: V -- the variance of the y component .

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

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

Column 10: t - - the value of the t statistic for the x component.
x

Column ii: r -- the coefficient of correlation between x and y.xy
Column 12: The value of the F statistic -- a test for equality of variances of the x and y

components .

1. Catalog of Pings

The section consists of four listings:

Table B-i. Surface Duct , 300 H z
Table B-2 . Bottom Bounce , 300 Hz
Table B-3. Pings with Intervals Smaller Than 150
Table B-4. Up and Down Doppler Channels Li

j
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TABLE B-2

BOTTOM BOUNCE , 300 Hz

1
S.D.! Ray .

Ping Time Channel Mean S.D. ~s,/i 1, b2 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
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 13.5 to 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 0.6 2 2.98 0.567
104 90. 6 45.5 0.57 3.20 0.502 A 9.69
105 77. 2 37.2 0.56 2.76 0.48 2
106 81.8 42.8 0.52 2.65 0.523 M 8.73
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_____ ___________ _______ 
TABLE B-2 (continued) 

_____ ______ ______ _______

S.D.! Ray .
Ping Time Channel Mean S - D - b2 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
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

118 98.0 59.1 0.81 3.15 0.6~3 tNH 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 0.6 1 3.24 0.540
124 118.2 63.8 0.79 3.80 0.540 A 13.56

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 2.7 2 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
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) 
_____ ______ ______

S.D ./ Ray .
Ping Ti me Channel Mean S.D. b2 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 LNL 16.11
149 107.0 55.7 0.57 2.98 0.521
150 98.7 48.9 0.54 3.21 0.495
131 118.7 60.9 0.53 3.08 0.513 INL 13.95
132 114.1 54.8 0.49 2.76 0.48 0
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 13-2 (concluded) 
_____ ______ ______

S.D.! Ray .
Ping Time Channel Mean S.D. 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 ~ 4H 12.42

173 125.0 75.2 0.84 3.50 0.602
174 108.7 61.7 1.03 5 3 0  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 tNH 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 M 15.0 —

197 73.7 42.6 0.71 3.06 0.578

198 126.2 73.4 0.95 3.82 0.58 2

199 109.5 55.2 0. 56 2.93 0.504 A 11.97
200 

____________ ________ 

104.2 58.6 0.85 3.78 0.562 
______ _______

i__ I
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TABLE B-3

PINGS ~VITH D4TERVALS SMALLER THAN 150

S.D./
Ping Time Channel Mean S.D. b 1 b2 Mean Plot

3 11.5- 12.0 300 74.4 38.9 0. 94 4.87 0. 523 A(2 High)
12 .0-12 .3 7 4 4  37.8 0.86 3 7 5  0.508 A( 1 High)

12.5—13.0 98.6 
- 

30.2 0.30 2.65 0.509 A
13.0 -13.5 91.2 49 .5 0.84 2.84 0 .543 A

13.5 -14.0 107.7 50.7 0.12 2.21 0.471 M
14.0—14 .5 70.3 36.2 0.33 1.92 0.515 INO
14 5-15.0 803 41.6 0.49 2.81 0.518 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 3.8 1 0.441 INO
16.0—16.5 75.6 39.0 0.55 2 .20 0.516 INH
165 -17.0 58.8 

- 
34.2 0.29 2 0 7  0.582 A

17 0— i 7 . 5  74.1 30 .8 0.23 2.07 0.416 A
17.5-18.0 9L3 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 0.80 2 4 4  0.548 

- 
A

11.5—12.0 300 123.1 66.1 0.64 2 5 5  0.537 A

12.0—12 .5 121.9 63.3 0.64 3.17 0 519 A
12.5—13 .0 135.0 52.2 0.04 2.37 0.387 IN L
13.0— 13.5 159.3 100.8 0 0 8  3.38 0.633 INH

13.5— 14.0 
______—- 

9L9 44.0 1.15 5.57 0 .479 INO
14.0-14.5 70.0 39.3 0.40 2.25 0.561 A
14.3-15.0 

____ - 
6 0 3  34.3 0 4 9  2.31 0 569 A

15.0— 15.5 83.4 4 3 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 4$L2 0 2 2  2 .97  0.449 INO
16.5-17.0 86.7 48.8 0.48 2.53 0 563 A
17.0— 17.5 

- - 

77.6 34.1 0 2 2  2.59 0. 439 A

17.5 -18.0 91.0 46.7 0.84 3 7 3  0.513 A
18.0-18 5 

— 
123.4 80.2 L2 6 4 .37 0 650 INH

18. 3-19.0 124.9 6 6 3  0 5 2  2.16 0 531 INO
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TABLE B-3 (continued)

S.D.!
Ping Time Channel Mean S.D. b1 b2 Mean 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 6 1  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 
— 

9 7 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 9 2 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

17.5-18.0 105.4 55.8 0.38 2.23 0.529 A - -

18.0-18.5 114 4 5 7 5  0.42 3.76 0.503 INH

18.5-19 0 8 9 9  5 0 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 4 5 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 0.46 1 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

17.0-17.5 125 9 58.0 0.50 2.60 0.461 A
17.5—18 0 145.1 6 4 3  0.06 2.2 6 0 443 INL
18.0— 18.5 110.6 61.9 0.63 2.6 6 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

2 1.0—21 .5 109.7 51.7 0.45 3.19 0.471 INO
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TABLE B-3 (continued )

Pin g Time Channel Mean s.D. b1 b2 Mean Plot

7.-~ 21 .5 -22 . 0  291 ~~ .6 46 ,6 0 .14 1.95 0.526 INL
22 .0 — 22 .5 120.2 53.8 0.06 2 .09  0 .4 4 ~ INL

78 13.5-14.0 301 82.5 45. 4 0 .55 2.60 0.550 A
14 .0-14. 5 104.3 -15.9 0.26 2.42 0.440 D L
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 0 6  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 .2 6  10.27 0.591 U~H
18 0—18.5 97.0 55.6 0.66 3 1 9  0 .573 A

- 18.5-19.0 118.6 59.6 0.01 1.88 0.503 ll’~L
- 19 0—19.5 

J__________ 
151 5 9 3 0  2. 72 14.68 0 614 A( 1 High)

19 .5—20 .0 
_________ 

89.5_- 60 .8 L21 5.89 0.61 1 A( 1 High)
20 .0-20 .5  138.2 69.3 0.50 2.42 0.501 A
20 3— 2 1 . O  

__________ ~ 155 2 77.6  0 4 8  2.31 0.5_—  A
I 21 .0 -21 5 127 .4  60.1 0 1 6  2.17 0. 472 A

2L 5-22.0  82.3 44 .6 0.76 3.12 0 .542 A
22 0—22 . 5  129 .3 58.5 0 3 7  3.03 0.452 A

3 11.5-12.5 300 74 .4 38.4 0.90 4 3 5  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 3 4 3  0 .7 7  3.03 0.501 INO

16.5—17 ~ 5 66.4 33.5 0.18 2 , 12  0 .503 INL

- 17.5-18 5 85.3 42 .2  0 .22  2 5 9  0 .493 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 L2 8 4.98 0 552 IN H
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)

SD./
Ping Time Channel Mean S.D. b

1 
b
2 

Mean Plot

14.5-15 .5 300 71.8 4 0 8  0.77 3A6 0 568 INH

15 .5—16 . 5  84.7 40.8 0.47 3.01 0.482 INO
16.5- 17.5 82.2 42.4 0.54 2.98 0.516 A

17. 3— 18.5 107.2 67.6 1.53 5.95 0.631 INH

3 I~ 11.5-12.5 300 102.4 52.7 0.33 2 .26 0.515 INL

12.5-13.5~~ - - -
~~~~~~~~~~~ 146.6 89.5 1.95 9 .28 0.611 INH

13.5—1 4 .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 6 2  3.47 0 .542 A
17, 5— 18.5  90.1 5 3 1  L09 4.78 0 .589 INH

78 13.5-1-L 5 291 85.9 42.4  0.40 2 .52 0.494 A
14.5-15.5 - 113.8 65.3 1 0 7 5  3.31 0 .574 A

15.5-16.5 108.7 50.4 0.31 2.72  0 .464 A

16.5—17 .5 
- -  

131.2 68.9 0.95 _3.83 0 .525 M
17.5-1S 5 - 127.9 65.4 0.32 2 2 6  0.511 INL

18.5-19.5 117.2 68 .9 0.48 2 6 0  0.588 A
— 

19.5-20 . 5 135 0 79.0 0.89 3.40 0.585 A

20 .5— 21 . 5  112 3 62.0 0.74 3.39 0.551 A

21 .5—22 . 5  104.4 52.7 0.20 2 .20  0 505 INL

H 78 13 5-14.5 
I 301 93.4 4 7 0  0.3d 2 .44 0.503 INL

14.5— 15.5 137.3 76.2 0 .77  3.41 0 555 A
I 15 5-~~~.5 117.3 68.6 L02 

— 
3.74 0.585 INH

16.5—1 7. 5 146.7 74.2 0 1 5  2.15 0.506 JNL
I 17.5-18.5 L 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
19.3 -20. .5 118.9 6 8 0  0 8 0  

— 
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 CHANNE LS

Power
S.D.! Plot

Ping Time Channel Mean S.D. b2 Mean Target

7 14.5 to 16.0 280 90.0 47.8 0.41 3.01 0.531

8 89.6 50.1 0.64 3.10 0.559

9 81.4 48.0 0. 93 3.95 0.590

10 
— 

125.4 64.0 0.34 2.70 0.510
11 

- - 

98.0 50.1 0.38 2.54 0.511

12 92.7 52.3 0.72 3.11 0.564

13 84.9 45.1 0.52 2.64 0.531

14 88.4 43.3 0.34 2.42 0.490

15 87.2 46.8 0.53 3.10 0.537

16 74.2 43.8 0.93 3.76 0.590

17 98.3 5 7 5  0.95 3.84 0.585
_  -- - - - ~~~~~~~~~~~~~~~~~~~~~ _  _ _

7 14.5 to 16.0 320 83.8 44.5 0.76 3.42 0.531

8 
—-_____  —- 

86.7 46.8 0.78 3.86 0.540

9 75.7 43.2 1.27 5.74 0.571

10 110.9 62.7 0.46 2.38 O.~ 65

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.Oto l7.5 280 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 9 2  0.515

5 97.9 46.8 0.68 3.65 0.478

6  99.4 51.1 0.63 3.31 0.514
7 

-- 
91. 2 50.4 1.08 4.11 0.553
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TABLE B-4

UP AND DOWN DOPPLER CHANNELS (continued)

Power
S.D.! Plot

Ping Time Channel Mean S.D. fb1 b2 Mean
_— Target

8 89.6 43.7 0.74 3.46 0.488
9 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

9 40.3 21.3 0.60 3.12 0.529 
________

10 93.6 50.6 0.81 3.69 0.541

78 13.5 to 15 291 87.8 44.9 0.44 2.60 0.511

[~~78 
___________ 

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

- 78 301 129.2 75.9 0.94 3.59 0.587 1.00

~i78 16.5 to 18 291 135.8 67.7 0.66 3.23 0.499 
________

78 301 162.6 92.4 1.80 11.04 0.568 1.00
78 18 to 19.5 291 115.0 66.7 0.53 2.64 0.58 

_______

78 301 122.4 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 
________

7 14.5to 16 310 98.6 52.4 0.49 2.79 0.531 
_______

8 101.7 52.7 0.53 3.15 0.518

9 
___________ __________ 

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 13-4

UP AND DOWN DOPPLER CHANNELS (concluded)

Power
S.D.! Plot

- - Ping Time Channel Mean S.D. b2 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

7 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 14.5to 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 0.48 1

12 92 .9 46.5 0.60 3.24 0.501
13 93.6 48.8 0.64 2.99 0.521

14 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...? 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. Statist i cal  Sumniai~y ui Ana lysis of the Sine and Cosine Components of Co,-rehttor
_________ • (Interval 14 .  5 to  16.0 seconds)

l~Int~ Ident - v x W W V V t t I”y -\ y x y x xy

1st 30 0.01 0.02 0.977 0 .977

2nd 30 — 0 05 0 0 4  0 .971 0.98 1

3rd 50 0.01 —0 .02 0 954 0 .979

Ent . lntei - . 0.41 0.40 — 0.18 0.24 0.03 1.04

Every 3i-d -0.03 0.01 0.952 0.971 0.45 0.47 —0.27  0.12 0.03 0.96

2 1st 50 -0.04 —0.02 0.981 0.955

2nd 50 0.00 0.02 0.981 0.976
3i-d 30 -0.08 —0.05 0.953 0.985

Ent . Intei- . 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

2nd 50 0.05 0.02 0 .977 0.988

3rd 30 —0 .02 0.04 0.984 0 .970

Ent . Intei- . 0.41 0.51 0.17 0 4 0  -0.03 0.80

Everv 3rd 0.06 — 0.07 0.988 0.976 0.44 0.44 0.65 -0 .80 -0.01 1.01

4 - 1st 50 -0 .05 0.05 0 .974 0.984
2nd 50 0.07 0 0 7  0.982 0 .963
3rd 50 0.03 -0.05 0.95 1 0.979
Ent . Inter .  0 3 6  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

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
- 2nd 30 0.08 -0.05 0.971 0.962

3rd 50 0.12 0.07 0.973 0.979

Ent.Inter. 0.85 0.83 1.15 0.46 0.02 1.02 i.

Every 3rd -0.06 0.01 0.977 0.961 0.74 0.83 —0.52 0.04 -0.17 0.89
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Ping Ident. y x W W V V t t r Fy x y x y x xy

7 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. lnter. 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
ii

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

[ 4  3rd 50 —0 .02 —0.12 0.971 0.976

Ent. Inter . 0.86 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 . 1 1  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

p
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Ping Ident . y x W W V V t t r Fy x y x y x xy

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.J.nter. 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 .Tnter . 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

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 reference s for many of the ideas pre sented would be

*
impractical. We have chosen not to reference 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 orde r
by an arbi trarily assigned accession number . Thi s list is also in alphabetic orde r for
authors’ last names.

The second list is a Key Word L~ 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.

IWe have made several refe rences to our earlie r report In order to avoid the
need to reproduce figure s and text contained therm .
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