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Part I

FORWARD

• A carefully developed body of knowledge concerning estimation in

sonar detection and classification has been developed and made available to

Naval Ships Syntc~nn Co~unnnd in previous reports. In section 1 ~e &ununarize

definit ions of measurc~ent space , feature space , decision space , and the
.

decision rule , and we comment on the genernli~ ed k nearest neighbor decision

rul e, nonparametric feature selection , clu!;ter niapp ing , and the Bayes solution.

Then, in Chapter II, we introduce the new approach to pattern recognition

which provides for in ser t ing problem knowledge into the decision making pro-

cess. This approach , a l thoug h not so new in “idea ” is very new in “act ion ” .

We discuss nn n H t w n r map ~~In~~s we have discovered which can be used to  inser t

a priori proh~ c~ kt~owl~ d è~ ’. We show how f e a t ur e s  can he designed f i rst  f~ r

submarine t a r~ eta and then for spec i f i c  k inds  of non~ uh:nar ine t a rg e t s .  ~~

using_a tot ) lcn (no\~’1cd ~e 1 p~~!e eco~~~t i Qn c1n t n~~~~~ln~

no training r .nmples~~ the trMnin~ r.rnr~j es then add ice crernn to the p ie .

Section IV provides an in t roduc t ion  to performance results after pro-

cessing Rogers data.

I Theoretical Foundat ion

A. Int rod uctIon

Appropriate definitions , notation, and operations have been fairly veil

established for computerised detection and c l a s s i f i ca t ion.  In this section ye

~
rovLc1e a tutoria . and indicat e whore improveme:~~s can bo n ide.

Measuren’~nt or Observation Space

Measurements of a sonar echo or sequence of sonar echoes provide co~ponentc

of a vector ~ ~x 1, x2~...,x1j called the observation vector. Theco r • ~~ ure1 ’~ u t N

are s~ade on the audio wavefori~, video sc~ n wavefor m , along with  acsociatcd

~~~~~~~ -.
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• measurement s of target range R , true bearing 0 , n rid target track aspect $.

• Feature Spaco~

The process of obtaining features from the observation vector c involves

• inserting problem knowledge. Features important for detecting a submarine are 4
different from features important for detecting a nonsubmarine . For exampl e, a

nonsubmarine target may consist of multiple target s in range , bearing sc~an, or

both ; features which measure these properties are thus important for detecting

nonsub~arincs. On the other hand , an estimate ’ ta rget len~,th is an 5rnportant

feature for detecting submarine targets. It is ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~ eful in detecting on~~t~~~~of target ar~ not a~nu~J~Q~nce in ~~~~~~~~~~~~~~~~~~~~~

of tar~et.

Decision Spac~.

Simply, the decision space consists of M classes with corresponding a

priori probabilities P., 1 = l,2,...,M. We may consider the decisi on space

one dimensional with M p3ints.

The Uni qu e Decisio~iJhj

Loosely speaking, the uni que decision rule is a Bayes , minimum conditional

risk rule where the density fç~~i) and a priori class probability P~ are calculated

for all M classes. It is necessary to learn f (x( i)  using both proW.c j~~~led~go

and t raining vectors 
~~~~
, 

~
4,..., x~ for this 1th class . The density f(xl i )  ~~

characterized by a set of Parameters ,~~ where b~ is related to the featu~~.s for
ththe i class.

B. j~he Mew Pra~~ptic Approach to Pattern Recogn iS~~~
We at Purdue University have made several contributions to pattern recognition

including:

The Generalized K—Neprest~~ ~h b o r D c ~j sion R~~e,. published in Information and

Control

Ijo~~Pprametr1c Fcature_Selection , published in IEEE Transactions on Informatien

Theory • : 4
-A ~~~
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Clus~~r ~appj~~ with Experimental Comnut~ r Ora~hics , p~bllshed in IEEE

t transacticns on Computers .

Bayes Solutions to Pattern Recomition, published in IEEE transactions

on Information Theory.

how, however, we are working o~ a more advanced approach to pattern recogniti~ i

which provides for inserting problem knowledge along with training sa;r.ples into

the automation process. Subsequent sections will describe the proceedure.

• II The New Proceedure

The approach is to use problem knowledge to transform observation vectors

from class i to a lower dimensional space where the features are uncorrelated.

A nonlinear transformation must be constructed for each class; this nonlinear

transfor~nation may be thought of as resulting ultimately in a nonlinear

matched filter which can be updated using training samples. The proceedure is

best described in terms of the following operations used to construct the nonlinear

transf or~ation
’s.

• Within Subset

This operation selects measurements x , x , x from the 5th sonar ping
~1 ~2 

8L
to which nonlinear operations are applied. These measurements are in the 5th

vector

Between Siib~et

This operation selects measurements fr3nl each of a sequence of V pings

~~~~~~~
, ,• • . ,

~~, 
to which nonlinear operations are applied. One such nonlinear

operation is the “Starlight” type operation.

~ i~gion 1

This operation selectlohs a region of the observation space 
~L 

Any points

in this region are processed with a sequence of operat ions specialized to samples
• 

• restricted to this region.

p ~-., - — — —
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~ l~nea ’  or ~1o:~li~h n r  func t. i on of n~ i : ‘c:’ nt~ s~1ccLe d by opcr~tio~s

“within subset” or “between subset” gives r1~;c to a new feature . The following

is a list of nonlinear functions which may or may not be directly used in 4
sonar problemo:

rati o

sum

weight ed sum

blanking

quadratic

• ring

product

subgroup

More specialized n~~1iric’r ~r relations }dpo h avu been foun d from sona r problem

• knowledge and ar~ descri~~’; I rr ’xt~.

!~ca~urcn~’~i t  vectors 
~~ 

z2’• • .~~~ 
are ta1~’:n for v succcrsivc plugs ~•i t h

~~~~~~~ 
Er~ 

NP
rg 

~r’ ~r’ 
er , Nr]~ r l ,2,...,v ( i )

where is an estimate of target length , Er of ta rget echo energy , 1P of

noise energy, 
~r 

of aspect angle, Rr of target range, 0r of target bearing,

and Nr of number of target highlights. ‘~flie~. the same class of target is ~ctive

• for all v echos, the sequence vector of measurements

~~l ’ ~2 ’ ’ .~v~ 
(2)

is constructed . If there are L entries in x then there are Lv entries in

and they can ’t be uncorrolatcd . We know that target length t is a fixed

parameter and it is reasonable to use the sum operation,
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• r~l

where 0r Er l~~ r is an estimate of signal/noise r at io  for the rth echo.
• 

. The target reflectively is a reasonable feature cha ractL’ri zing sub::.ariIL~.’

targets. An estimator for target reflectivity a is signal/noise ratio noziralized
Vfor range ,

* ~~ r

~ 
( ~tW~1~ (~ )2 r~]. - (}~~ (~)
~~no~.se, v

*

L NP
r

r i

whore

• R = 1

The nu:~~:r of highlights i ; anz ’~h~ r r~a~ u:~:.I l e  fea tur e charact .cri~ ln~
submarine targets . Since the Tiu~~’er of hl gJili~Th3 ~ in a sub~~tr.~n~ echo d L ~~~;

on t he su~i~ tr iuv a~i ;eet  a:i~l~• , an estirv.tt .or for the nu ::ber of )~~~hlight~s i~
V

N~~~~~~~~~N Cos~~ (6)

where N
r is a measurement of the num~cr of pea1~u in the rth echo and 

~r 
is an

estimate of target aspect angle on the rth echo.

Because suh—target .n can have certain A ’~nge rates and rate 01’ change of

aspect angle, two other reasonable features are

v—i• i—.. ~~ _ _ _

~~t. / (v—i) ~ t, 
~~ 

tr

and
* *• * • v—l

(&t\~ . _ l V !rJ1~~~ r
~8t/ (v—lI) L t.~~1— t

• £ r

- • - --- ~- -—~~~.- - -- - -.—- • • - - -~~~~~~~~ --~~~~ - • ~~~~~~~~ ---~~~~
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where tr~j~ ~r ~~ 
t~~• tIne betveen pings.

• Features t, ~, N , 

~~ 
and (~~) are signi fi cant fea tu res for det ect ing

submarine targets. To achi eve a spherical densi ty ,  ~:e will n~ cd the folloldrLg

o.~timatcs of variar~~ s of thesc features for sub targets:

— variance (~) for sub—tarr’cts
• ~ variance (~) for sub—targets

variance (N) for sub—targets

• ~~~~~ variance (~~) for sub—targets
*

vari ance (~~) for sub—targets

~~~ fl~s~~ JL~2pz 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
• Because the nu~~1er of high Ug ht s is not any par~icu) ar fi •X~~ value for n~ ry

• types of nonoubs , a r~~~erable additional feature for no:~~ut~; is th~ average c~n~ig:

• in numbe r of highli ghts ,

v—i

(&~
) 

(v—i ) ~~~~~~ 
N )  (10)

Some nonsubs produce multiple targets in range . Therefore a reasonable

feature is the number of detected targcts in rz~n~ c , TR , an est imate for which is,

V

(Ta) .1
~~~ (Tft) (ii)

id t.h (TR) r the number of targets in range on th c rth echo return .

In like manner , the number of targets in bearing TO , is a reasonable

• featur~ for certain kinds of nonsubs where a reasonable estimate is

V
• ( ia) 

~~~~~~~~ ~
“
~~r 

(12)

_ _ 
• Li
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with (T !t) r ~~ u.. ’.~~x’ of tar~~t.s in l ’cnil~~ on ti ’e rth echo r t t t ’r i i .

For cert~ in n , th e  echo lc~.~~t h  :‘ .~y chau: ’ :‘~eh t !mt a reiso:’.h.i c

feature is

v—i

lçFl— ç l  (13 )

where is th .~ ~~tI~ L I  echo length for the rth ech o.

The f e a t u r L  :.~~vci  ~‘ical ly selected for n~~~ uhs thu s art ’ ~~~ ( TR ) , ( 1e) ,

and (t ~~) .

~~~~~~~~~~~~~ i J ~~L~

The vector of C0 n~• d  f tu~~~; for subs anl nonsubs is thu s

y (L , a, N , (~~), (~~), ( A N ) ,  (‘f~~) , ( T O ) ,  Ae) (14)

where the on~~; in t .h1 • first s-•~ me~t . of th  lmr Li t i on  are the s feature ~

(denc t c~ ~y )  ar I then in the sceon :. ~~~~~ an. ’ the non~t~b fea tures (d ~‘~~ t .ed

y ). ‘1h~s n ’ . : re~.tnre vector has f’e:~ .ur ~ s (in v ) s •. ‘e.~aily d ~~~~~ for

de tectin~ no n— h -z~rinc’ tar~cts. !~ ‘caune there und ou 1~t. .lv are correla t ior ’s b~’t~n ~n

- • 
1 ; andy , it is not wi se to usc~~ as the feature vector un1ess a priori

knowledge about these correlat :ieas is int releced. I\zt dif ferent ly , v would
~ ns

contribute nuiscancc features when try ing to detect. a s u t : nr i n e .  in t he followin g

secti on it is sho~i~ how a very elementary form of correiat~ e:i can he ir ~se rtcd by

using conditional donsit.y functions.

II.

• The features in ~ (15) ray not have spherical statistics. First of all ,

I and a are correk.tod for nor~- ubs. We know thaL for nonsu~’s, both £ and ~
can he larger than values for subs or bot h can be smaller than valuce’ for subs .

This suggests using the new feature

I •  —__

f~~~j 2  .~ ( ) 2

for nor.subs. This feature might also be satisfactory for subs . Too large or

too s rafl values would signify a sub.

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -• • - - . • • • -—----
~ 
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The features (Ta) an~ (Te ) can be used to ‘~adapt ” the construction i f

certain new features as follows:

1 • • *

If (Tit ) > 1

• or , then observ e the chz~ngc in (a) arnong the several

(Te ) > 1 targets. A si~~uificant change indicates a nonsubznarine

target .

*

It ( T R ) > l  * *, then observ e the pair Ce, ~
) pair for change. Significa~it( i e ) > i

difference of this pair from sub—values indicates a non—

submarine target . Also, the average value of .t over

these ta rget s can be used .

Another new feature for nonsubs is

*

• -4-
(AN )

because , for nonsubs , we expect (&i) to be inc reased if the target length estimator

L increases.

F. ._ Introducing Correi~ tion Using Q~~ jt ional D~nsi~y_Functions

Let s index the sub—class and ns index the nonsub class. The class

conditional densities of~~ can be written,

P~~s~~Xns t 5) = p(.,~r5J s ,,~~5) p(~~~~s)
(15)

p(~~ns) iKz~
, y~ 5 Ins) = p(~ 9~~~5,ns) p(~~ 5~ns)

Let d(2 ~ i mean that the decision rule using feature vector y decides
$ —s

cJ ass i and similar) y for d(~~ 5). Then the Bayes framework for dirnensionality

reduction suggests the following approximations:

p~~~s) ~ {~~~s I~ ’ d~~~5) = s), d~~~3) = (16a)
• ‘P~~q I5~ d(y~5) ns) , d(y~5) ns

t
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p(,~ fn s)  {~c 3 I~~~.�~5
) ~~~, ~‘~Zns~ (16b) j

s) , d( ) =

We see f r~:.. (16a) how the non—sub features y~~ contribute in a sii:.r~J.c way to

detecting a s’.:h::aninc . Eq. ‘s (16 ) suggest the Block diagram shown in Figure 1

where aU the nonlinear a priori knowledge has been used to construct the

decision rule.

Because nonlinear functions have been used to desi gn y~ and y~5 we suspect

that t :n~ statistics of the class c~ nJitiona1 densities on the right haridside (16)

are spherical and uninodal . Thus we repr n~ nt these densities with Gaussian

functions . Define the :r~ran vectors,

E[,~j s, d(~~~ ) =

rn E~~ ~
s
’ 

d(v ) ns]
~~ss ,ris ~—‘e ~~flS

(17)

~ns,ns,ns 
EL~,5Ins~ d(~ .) — ns]

E(v ins , d(,~ 
) nsl-ns,ns,s ~-ns &

Likewise, define the corresponding diagonal covariance matrices ~ ,
~ sss ~~,ns

, , and ~ . Then,for example,
~~~~~~

( I  d(~~) 
= s) = ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (is)

(2n) 2I;~~I~

• where 5 is the dimensionality of y8 and esti ated mean vectors and covar~ ance •

watrices are indicated .

This new approach to pattern recognition is quite viable because we are

learning more about sonar every day. We propose to continue its development with

the objective of improving performance.

1- i

~~~~~~~~
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Ill  ~~~~~ T~~ce

The ~~~~ a~ e c u n  ~n t l y  b :ing used is fro ~’ ftc Rn~ crs r1~ ta B r z e  o~i~ a ’n - ’ ! fr o~

ARt , A u s t in , Texas , 6/ 2 l/ 1~iiO. This dat a  is reco~d d  in Fi ~~ v e 2 . ~~ 1’~~ Reel

inclusion corresp onds to the corr~ spo ’iI th y tape at  Purdue . S~ :~~ of th~ ~~ asurcn~ nt s ,

speed , cless , aspect , and number of piti~s, arc included in th is  t ab le .

A f t e r  using this  Rogers data , we expect to process Sarsfeld data ~rhcre range s

are bet ween 2 ,000 yards  and 10,000 yards wJ th 5O:~~~’ as far  as 40 ,000 yard s (subs

onl y). For r. •ehr , the r :: i r~ xn ran~~ is 7 ,000 yar~~i.  All  the Sars~ cld data  is

2 n.s. , ROT , c•~. ; t r a ch ~ are r :o~ t ly  st r ai~ h t  line but se: - : are ci rc1 :~ ;~~~,.

Another source of data is W it ek  d at a  involving ra1:~;es oet of 20,000 y a r d s .

This data involves very large sequencics f o r  t h e se~::e t a r t t (200-300 pings), for

both submarines and nonsubmarinos. The ~ i t c k  d i t o  cons is t e  of close to 45 ree ls

of good data  - more than for Sa r s fe l d .

iv. Perfor aance  U s t n e  flc~c~:rs D~-~t a

We have been v er k i rg  wi th  t~v I~’ger s d~~~~t -  bane cx t r a c t 5 ng fo at u ~n ’n ~ron srbs

and fcatt !r e~ for non~ubs. }~~ch of th~ wor k involves f i n ~, peaks and f l a t  p laceS

in the sonar r e tu rn .  Also , th~ target ’s travel is f i t t e d  with a po ’y : :5ai  to get

an est i i ;ntc of t rack  aspect .  Features ex trac t ed  f o r  subs are NP un~~er of pe aks

NF = number of f l a t  places , e echo e f f e c t i v e  length , ER 3/2 (echo energy) (!~engc )

3/2 , and minimum distance between the largest peak and its n ear est  peak. A con~-

puter print out of these features for sub echocs+Snd nonsub echo es +are shown in

Figures 3a and 3h. In Figure 3c , track aspeel ang les for the sub targets arc sho’.m.

In figure 4a and Figure 4b is shown the actual con~’utcr outpu t disp lay of the f i r st

two sub echoes with peaks on the echo i~icrked and with the above mentioned features

dib~ laye d . In Figures 4c and ~d we see computer output disp le~3 for the f irs t  two

nonsub echoes . Figure 4e shows the tracking ships track and tim target track , while

Figure 4f is a blow-up of the target track.

+ Sub echoes are denoted IOF and nonsub echoes ION in these figures.

-- 
_ _
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V. ~~~~~~~~~~~~~~~~~~~~~~~~ Calculat j~p~. 
4 -

k. Tnt~~~&’~jon

Given N sequential waveforms C v~j(t)}~~1 ~~ 
, from M corresponding band—

pass stochastic processes (v~)~ 1 obtained from M respective channels, it is

desired to compute the i? poss.Lblo
+ 
samplc-ensemble-cross—c~~ariance functions

defined as follows:

~~~(t1,t2) = 
~~~ ~~

Vam(t
1

) - 

~m
(ti)][vn(t2

) - ~~(t 2)] (1)

where V(tk) denotes the sample mean for m
th channel:

~m
(tk) ~ ~~vsfl (t k ) ~ l,2,...,M (2)

In a digital approach a discretized representation of the waveform

k l,2,...,L will be available. If the stochastic sampling theorem

is utilized, then the function K~~(t1,t2) is obtainable from signals v~~(t)

• sampled at a frequcnce U less than the Nyquest frequency , f~ 2(1~ ~ 
W/2); f

is the sampling frequency, f0 is the bandpass center frequency, and W is the

low—pass bandwidth of the ctochastic processes ~
(i) 

~
(2) (containing waveforws

and x~~(t) respectively) in the Rice representation of ~~~~~~ i.e.,

v~~(t) x~~~(t) cos w0t — x~~~(t.) sin w t

(3)
v E ~ 

(1)
E 
(1) (2) 

E 
(2)

sj j~ 
X~~ 

~~ 
~ X~~ 

•

~
•
~~

If f0 >> ~I, it nay be practically impossible to sample at the resulting

frequency f5. Moreover, one is often interested in computing only the envelope I -

of Z~~(t3, t2) in which case sampling at 1~ m a y  be inefficient. An alternat.e

method for computing this envelope denot ed ~t(E~~(t1,t2)) or more briefly

e,~~(t ,t ).

+There a:o ~!(m+l) / 2 distinct cro~s—corre1atj on functions.

: - ~~~~~: 

~~~~~~~ ~~

U
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• is to quadrature sample the low pass funetto~ . x1~
(r )~ y~3

(t) at their

Nyquist freqt~cncy of W/2 hz. (inc may then ccrapvte the 4?? low—pass covariance

functions o~~(t1, ti
) :

N
a
~~
(t
~
, ~j) = ~~ ~ Cx~ (t j ) — x~(t~)J ~x~~(t~) —

k 1, 2; L 1, 2; n 1, 2, . . . ,  M; m 1, 2, ...,  M (4)

It is well—known that  for jointly stationary stochastfc procc~.ses

that e~~(t1, t2 ) may be determined from the 4 low—pass functions

a~~(t1, t2); k 1, 2 ,; t 1, 2. Specifically:

• ~~~(t1, t2) o~~(t2- t1, 0) ‘ = 1, 2; K 1, 2

c~~(t2— t1, o) = o~~(t7- t~, 0); a~~(t 2— t1, 0) — o~~ (t2— t1, 0)

e~~ (t 1, t2 ) ~~o~~(t 2 t1,o)3
2+ [a~~ (t 2

_ 
~1, ~)~

2 ‘ (
~

)

Unfortunately, joint stationarity is a condition seldom met in many problems ,

e.g. Sonar.

B. Procedure

It is desired to sample a bandpass stochastic process at the lowest possible

frequency which allows reconstruction , one such techniqu e is Quadrature sampling.

We may represent the sample bandpass function x(t), bandwith W as:

x(t) x~(t) cos w0t — x0(t) sin

$

IL1 —5 ~~~~~~~~~~~~~~~~~~~~~~~~~ • ••- 7:— - • ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
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whero x1(t ) and x0(t) are lowpasm; :;t .ochtstie proccs~;cn of which t.he ~~~~.e nt .

frequency is W/2 . Thus ~~ may apply th e st•~ L :h ant i C ~•~m:~p li i~~ th t  orL m to the

• low~~ss processen and need sample x~ (t ) and x0 (t ) at W hz . t~ach. The emivu1t p ’~

~4 ’ x(t ) is given by:

~(x(t ) )  Jx~ (t) ~ x~(t)

x (t )
Tho i~”~e i~ given by ~(x(t)) Tan~~[;1y.] I~y c hoosiri~ the u::plir~ frequency

to be a submultiple of ~ f 8 ~ ~1, w~ may obta:t n the sample:; of Xi (t )  by

simply sampling x(t ) at frequency f 5. By taking another r :u p:le , cxact~y 93
0

after we tak e each sample of x1 (t), we obtain the  na~np li~ for x ( t) .  Thus \:e

• 
• 

see that it is nece~;:n~ry to know u’ and to generate one net of •ip )v:~ at F
a o w

hz and another sot delayed by 
7~~ 

radius. Given a nyne~e ~5~•n~t :~on si~ n :t1

• cos t n t , it is desired to genorat . ’ a set. of :n~r~i ii:g pn~ses at a fre ’cpmeney
• (V (P

f 8 ~~~~ N is an int ’r ;er and another set del ayed by t d 7~ 
radius .  In tb.

• case of interest 18 KUz , N 18. Then f 5 I fl~ and we may adequat ely

sample a signal with a 1 KU z bandwidth . The deiny betw~.cn s i i~:ials  wUl  be

td = X mooc . ~ msec .

L
In the orI gir.~l process, these samples were generated e rroneously by

sampling at 4 KHz and discarding the and 4th samples of every four thus

obtained.

_ _ _ _

_ _  
_ _ _ _ _ _
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• C. DesciJ r~t Ion of Reverb C or r elot ton Pro ceBs

Fou r cLves 1, 44, 47, 48 w •~ie  qUadratUre t ’~ple~! at 1 }
~~~:‘•, sta rLi ’i~ at .

2 sec . after the zero t ime pulse to obtain 64 iii phase and 64 quad rature

• samples for each stave. A total of l~O such sets of samples (4 x ]~~) :- 720

in phase vectors and 723 quadrature vectors ) we obtain and s~ ored an )

1130 ~~g~ietic Disk .

The correlation coefficient fuflctions we computed for four di fferont

subsets of the )~~) vectors (II 1—60 , /1 60—121 , #121—1(X) , and ,~
‘ l—18 )) ~n ord~•r

• to oxarint ’  the nonstationarit y of th~ process. For each such c:mn ’ • h1~’, the

66 possible distinct corre).ation coefficient s were ccr puted an fofloi-,e . For

each pair of the four staves , there are two in phase v•~~i two cinad rature vectors.

For each of t h e n u  fou r vectors , the means were co~ putc i  an~ then cub~ ractcd out .

The fou r 64 x 64 covarianec matr ices were then co~ p u t e~~. These were then co~i.—

bined usin-~ the relation derived earlier to oht cm the samp led envelope of

the cross covariance ftniction for that pa ir  of staves The correla—

tion coefficient t:~atrix p~~ was then comput.ed using thu  relation:

rrvi . _ _ _  _ _ _

• Pjj

D. Exp er imenta l  Stave Correla t ion s

We were asked by Nava l Ships System Command to investigate correl ation s

among inu l t istave data . The proce dure for numbering staves is shown in i tg ure 5.

Echos or pin gs were from 3 different modes. The p ing numbers and cor respond -

• tag modes are shown below :

Pi ng # Pu lse Width (at 71~ ips)

• 
• 1 - 48 60 m . sec. e .w.

49-100 Chatterbox (#w pu lses , each~~ l0 in. sec .)

101-180 Mixed c .w.  (4 short followe d by tuo 60 m . Sec .)

I

~~~~~ -‘ - • • -~~~~~~-•-~~~~~~~~
•—

~~~~~~~
~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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• ‘ 1  I~~ _ )

• Signals for Lhc vari ous staves were re cori ed on 14 channel tape as ill u s trat e c

in Figure 5. A general block diagram of the procedure is she- -ni in Figu r e 7.

A sequence of pictures shown in Figure 8 show the reverberation correlat ions a-

• cross staves for several configuration . A sequence of such pictures are in the

procession of Nave l Shi ps System Conrnand .
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Part II

FORWARD (Next 90 Days )

We are processing more of the Rogers data so as to report more per-

fonnance results. We will derive features for the nonsubmarine target

such as sea weed where there are multip le echoes in either range , bearing ,

or both range and bearing . We are inserting a priori knowled ge concerning

existence of two major peaks for subs and peak signal power/average noise.

Sometime soon we must begin to give attention to “false targets ” and video -;
scan data to achieve a more accurate estimate of target bearing . This

estimate of target bearing is important when estimating target spaced

and tar get length .

i

— ~~~~~~~~ 
- ~~~~~~~~~~~~~~~~~~~ • • - - - - • ________
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• - 3/2
Cl - - s  Ping £ NP NF tt ER

lOP 1 222 9 6 13 0.439534l8i~ 10

10? 2 183 8 3 16 0. l7846935 J ~ 10
• IOF 3 185 10 2 14 0.24297031E 10

lOP 4 189 12 0 14 O . 23733~~)4E 10

lOP 5 177 8 2 13 O.37908367E 10

IOF 6 161 7 2 15 O.16971312E 10

10? 7 163 5 4 17 O .21764265E 10

IOF 8 224 10 6 17 O.3372061lE 10

1OF 9 209 13 2 13 0.24744596E 10

/ IOF 10 153 5 6 16 O.l&144578g 10

IOF ii 176 7 5 18 O.15854041E 10

/ lOP 12 189 8 1 11 0.390&4043E 10

IOF 13 221 14 5 15 0.36873088E 10

) 1OF 14 164 4 7 16 0.15878937E 10

Figure 3a IOF 15 146 7 5 12 0.71061847E 10

Subs 10F 16 166 9 0 14 0. 20330437E 10

10F 17 103 5 1 21 0.2 049284~ E 10

1OF 18 156 7 1 16 0. 28 1373 95E 10 -
•

IO F 19 142 5 2 14 O. 192279 06E 10

1OF 20 213 10 4 12 O. 6448l34 lE 10

10? 21 203 Il 6 13 0.5 l928535E 10

10? 22 169 8 4 16 0 .30139898E 10

IOF 23 268 13 1 14 O .6537 1965E 10

/ IOF 24 217 12 0 14 0.5055364 1E 10

IOF 25 218 10 2 10 O.43095306E 10

ICV 26 152 7 3 10 O. 23599979E 10
- • 

i~ F 27 143 7 2 13 0.20427865E 10
• 1 101’ 28 189 7 5 15 0.2537949 lE 10

I IOF 29 208 11 2 15 0.29854699E 10

lOP ~0 177 6 6 22 0.26129~17E 10• J ~0F 31 199 9 5 14 0.23576181E 10

10? 32 201 12 0 13 0.43703255E 10

j tOP 33 174 9 3 15 0.24018805E 10

I IOF 34 213 9 6 14 0.46613770E 10

10? 35 199 8 2 18 0.16345891E 10

IOF 36 192 7 5 16 0.26328768E 10

10? 37 193 10 5 12 0.34851179E 10



- 
-

~

IOF 38 326 11 17 13 0.4466649 1E 10

ION 1 450 25 10 8 O .19924640E 09

ION 2 263 4 16 28 O .93l87635E 09

ION 3 146 4 4 16 O.90724~+03E 09 - -

iON 4 182 4 10 14 O.94710118E 09

ION 5 351 8 25 14 O.95191552E 09

ION 6 341 8 20 15 O.87393958E 09

Figure 3b - • ION 7 230 8 12 12 O.91324620E 09
Subs ION 8 197 7 7 13 O.887836 16E 09

ION 9 243 8 11 16 0.994 87104E 09
iON 10 213 8 5 17 O.10935014E 10

iON 11 283 10 9 15 O .10429 190E 10

iON 12 253 11 2 12 O.11193592E 10

ION 13 348 11 16 23 O.91403609E 09

ION 14 435 16 14 12 O.99097190E 09

• ,-



,Ir- 
-- 

~~~~~
--. .-— ~ 

- •  - _ _
~~~~~~~~~~~ ;

__ -i
— .—.——*.- - -• - •

~~~~
•
~~~~ 

• - .~~. •_••• ~~ •~ — ~~~~~~~ - ~~~~~~~
-“ 

~
•
~

• •
~~~~~~

•—•~~
••• •

~~~~ 
- 

~
• •

~~~~

)
Ping Num ber Aspect An~,le (Track) - 

4

1 115 Li

2 114

3 113

4 112

5 112

6 110

7 110

8 110

9 109

10 109

11 110

12 110

13 106

1.4 106

15 106

16 106

17 105

18 104

19 103

20 102

21. 102 -•

22 102

23 100

24 100

25 100

26 98
27 98
28 98
29 97
30 96
31 96
32 93
33 94 H
34 94
35 94

36 92
37 91
38 90 •:

Figure 3c: Trac k Aspect for Subs
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Figure 4a: Sub Echo , Features , and Marked Peak s
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Figure 4b: Sub 8cho
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Figure 4c: Nonsub Echo
r
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Figure 4d: Nonsub Echo
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There are ~I(m+1)/2 distinct cro~s—corre1at~on functions . 
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Figure 4e: Top shows Tracking Ship Track While Bottom Shows
Tar get Track

I

Figure 4f: Enlarged View of Target Track Shown in Figure 4e.
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- R ELATIVE SThVE WCATI0;~S

SHIP’S HEADING

T
STAVE NUMF3ERZ

1 
2

47 
3

1 2 ~~~~~~~~~~ ~~

45 ~ e 5 
4~~~~

’.

44 / ~

/7
7 9 RECOflDEFL CHANNEL N~’I- :Bi:~~

63 11

13 
10

Figure 5 : STAVE lAYOu T FOR TAPE 1/ RVB—1
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to 17.95 K !IZ 
- 

- 
• flandwidth 500 HZ

— I . 
~ - 1~ 

— 
- 

—

~ i~nnei ~
j
~,nai

1 Direct Stave /1].

2 Direct Stave //2

3 Direct Stave //4~
4 Direct Stave #3
5 Direct Stave #47
6 Direct Stave 1/4
7 Direct Stave 1146
8 Direct Stave i/5

9 Direct Stave 1/ 65
10 Direct Stave ,76
3.1 Dir ect stave ,;‘~4
12 FM 12.95 K !IZ reference
3-3 Direct Stave ///13
3.4 FM 1 sec pui~ e; start s

when bc:t~:i is dead ahead
— 

Recorded C 7~ ips.
Set footage counter to zero C first trace of audio on st aVe channels;

then

0—438 1—4 8 Single ping C~?, Long pulse (60 m.scc)
456—93 8 49—100 Chattcrbo: ( 10 closely spaced pings)

953—1505 101—178 13 burst of 4 long, two short CW

- - 

Figure 6: MULTI—STAVE REVERIt~IRATION DATA
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Figure 7: I1EVEIU3 CO LP~T~~ -

a • 4 4
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