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I. Project Serial No. SF ll~~llOO, Task 8i0~

A. AN/SQS-2~ SME-F~4E Playback Program
~~~~~ Jeffress)

(u-~euü~ Data collection in the clue evaluation study is now completed.

T’.io subjects were used to evaluate four clues (echo strength, onset,
duration, and multiplicity) as submarine/nonsubmarine classifiers.

Each of the clues was rated separately in both the visual and the

auditory modalities on a 10-point rating scale. For each clue/

modality combination, each subject made rating responses to each of

15 successive pings on each of 62 se~~ents of taped sonar training
material. Approximately 50% of the targets used were submarines,
the remainder being nonsubmarine targets.

(U-Pe r) As originally planned, the data were used to obtain ROC curves

for the several clue/modality combinations used. Preliminary results

indicate that all the clues except onset or rise-time yield better-

than-chance classification. The clues will be examined for

independence by finding the correlation coefficients between the

responses on a se~~nent-by-se~ nent basis.

Monaural and Binaural Electrical Models of Auditory Detection
(P. I. Williams and L. A. Jeffress)

(u-~e~et— This study will be used as the basis for a doctoral dissertation.

The research has been completed and is being prepared for clearance as

a dissertation and for publication.
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(This page io UNCLASSIFIED. ~~~~~~~~~~~~~~

Computer Simulation of Auditory Detect ion
CA. n. Gaston and L. A. Jeffress)

This study is being prepared for clearance as a doctoral

dissertation and for publication.

B. Naval Ship System s Command Sonar Display Advisory Panel

(C. L. Wood)

(u— ~~~ ) Dr. C. L. Wood has replaced Dr. L. A. Jeffress on the Sonar

Display Panel. The Panel has planned its next meeting in Raleigh,

North Carolina, on 16 April 1969.
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II. Project Serial No. SF 11121100, Task 8212

A. Echo Recognition
(K. J. Diercks )

1. Space-Time Echo Analysis

I,,,
In Quarterly Progress Report No. l~ under Contract

N0002 1~.-68-C-lll7 (U) (1 October - 51 December 1968), a different

technique for processing LFN STARLITE data was described. Spatial
samples of the echoes from a line target were compressed by cross-

correlating each with a stored replica of the transmitted signal.

Echo compression recovered the range resolution which was sacrificed

by using a long F~ transmission. The Fourier spectrum of each com-

pressed echo was computed and the spectra of paired samples were

crosscorrelated to determine the frequency shift between them . This

shift was then used in the STARLITE equations to estimate target

aspect.

2/
The results of this compressed echo processing of data

recorded for the ARL Single Line Target were presented in a correla-

tion track plot, which is repeated here as Fig. 1. The aspect

dependence of the frequency shift measurement is evidenced by the

track that is generated by the peaks of the complex crosscorrelation

functions. The solid curve identifies the theoretical frequency

shift value for each aspect (for the parameter values shown). Also

apparent in this figure are several false tracks generated by the

side lobes of the correlation functions. (The existence of a

track-- false or true-- indicates a line-like target; however, a false

track yields incorrect estimates of target aspect and, perhaps,

di recti~,n . )
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A first attempt at side lobe suppression by

amplitude-thresholding each plotted correlation function was reported

in QPR No. ~ under Contract N00021~-68-C-ll17 (U). ~The results showed

that, whereas the side lobe tracks could be eliminated by amplitude-

thresholding, many of the true correlation peaks were also lost,

especially at the lower aspect values (near beam), thus degrading the

true track.

(U-E~~&~ Subsequently, during this reporting period, further attempts

to achieve side lobe suppression by signal weighting, or by different

processing, were performed. The Hamming weighting function, given by

27tt . - -w(t,a) = a + (1-a) cos

was used. The parameter T is the signal length; a is a constant

which describes the functional “pedestal”. Diagrammatically, this is

w ( t )

I 
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( iJ-~~~~ T The function, and the theoretical side lobe suppression which may be

achieved for specified parameter values, is described in a paper by

C. L. Temes, Side-Lobe Suppression in a Range-Channel Pulse

Compression Radar,” (IRE Transactions on Military Electron ics,
April 1962).

Implementation of the compressed echo processing technique,

and the weighting applied, is diagrammed below :

~~~~ LE 1 ~H ~~~~LH—~~~~
LATIONH ~~~F~RM1

I
T RANS MIT _

~
__LETEJ_~~~~

_.__ 
~CORRELA TION ~~~~~ 

DISPLAY

ECHO W EIGHTIN G L...... ~..2.., J CROSS- FOURIER 1
SAMPLE 2 1 F ~JNCTION [ ~~~~]

CORREL A T !
~~J [ TRANS F9~~ J

I

Three weighting cases were implemented: Case 1, echo signals cnly;

Case 2, transmit signal only; Case 3, echo and transmit signals. The

side lobe suppression achieved by weighting the echo signals only

(Case 1) of the data for Fig. 1 is illustrated in Fig. 2. The format

and the parameter values of Fig. 2 are the same as fcr Fig. 1. There

are no significant differences between the displays cf Figs. 1 and 2.

It is felt h-~t. the reasons for this are that the ech. signal is not

confined t an isolated range channel, as the theory r~-q-cire ~c , and

6-
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that th e ~~~ } i~ - signal hac airead- been wei~ ht~-d by the temo~,rai

response of the target (the tw~- cause- s are interrelated).

If
~A) The results of Case 2 weighting (transmit signal ur y) for

these same data are illustrated in Fig. 2. There is some suppression

of the distal side lobes, but there is also a degradatic.n in the true

track at the lower aspect values due to loss of correlat ion peaks

along this track. The centrally located side lobe track pr e dominates
in this aspect region (this also occurred at the higher amplitude

thresholds reported in QPR No. ~ under Contract NO.)O2~4-6D-C-lll7 (U)).

LI
(
~ The results of Case 3 weighting (echo and transmit signals)

are illustrated in Fig. II.. There is no significant difference between

these results and those of Fig. 3; but this was not unexpected since
weight ing the echo signals alone had little effect upon the results.

(
~ Hence , it is concluded that Hamming weighting c-f the

transmit signal yields improved side lobe supDressicn but, fir these

data, with a degradat~ n ir~ the true track at the lower aciect (r.c-ar

beam). However, other data need be similarly pr~ cessed f~r a ~L re

complete evaluatTo c-f the  improvements and degradati~~r~c r e su ± t i I~g

frca weighting.

It was t°~~t that the  basis -. f th. hi~ h -: ~e ~es — - i- ~eoceD

in Fi~-. 1 lay in the : hase spectra ~r~o Ludec in the rr.rlex

crosscorrelation ~-er1i r~sei ti y i etd  the  ut~~ct J~~~ loy . Th~i c  basis

was omitted by comout ing  the power spectrur~ of each ocni~ ressed echo

and then crosscorrelat ing the envelopes Ti the ~- ..wer czectra . The

results of this processing, for the data Ti FTj-. ~, are chown in

Fig. 5. No signal weighting was applied. The e~ rlier perceived side

lobes are not apparent in th i s  f igure, and ti nt. they are ~o t :-ui~pcrts

the assumption that their basis ic in the phase snectro . ALo., the

collect ion of correlat ion peaks in th e lower center c t ’ the display n~

iong r recooblen a well defined track. i;wEv~ r, the true track is

8
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e r r t - c ti v e ly  l. it i~. r oc:ect . o i u e c  less thor. c ~~~ (fb~ lOtte!

reoult is c- r i  io~ ent wit h — ther  rocuito - cr. L ~el by ipace—t ~~!C

e:~veL r e  : 0 -.~~~ c ing .  ) other  iota neec to be 1ariy or ~esseu iN. r

a c c - c t -  ~-~ m r .Let* € v - i l  cit I ei th is  t e chn  i t u e .

~~~~~~~ l~~r t h F - r  ~r - - e c t  i got i ric of s ign a l  wt -L~u . ’, n~ and o~ roe

orocessing wi l l  be rx-rrt  coed during the next quarter ci log data

- btaiT ned r ’ r , the ARL cc.del . f  the USS SKI PJACK ( 03f l 0c15).

~~~~~~~ Because of a backlog of reports in the T er i i r ,~ cal Ren~ r tr

o-f! ’ ice , DRL Technical Memorandum No. 6o-o5, “Digital c c i s s ir~g i t o

a STARLITE Experiment wi th  Scaled AN/sQQ-2 .~ ( PAIR) Paranietero ” (ij ) ,

b ;  T. G. Goldsberry and K. J. Diercks , will  n -it be iccu ed  un t i l  next

quarter -

2 .  Ac astir Model Studies

(U 
~~~~~~~~~~~~ 

Rec0rding Ti data fr~ni the SKIPJACK tradel began during this

rep- .~r t i ng  ~e r iod .  Transducer element s i cr  scaling 5 kHz frequency

we”e not received u n t i l  31 March , that all measurements recorded

to date were performed at scaled 11 kHz . For these data the target

is located at scaled 3 ky-i range and scaled 285 ft depth. The ron ar

is at scaled ~~ ft depth. Projecting and receiving beamwidths are

10 deg (-3 dB) .  A test  hy d r c rh - ne is located at target range 10 deg

off  target bearing.  A second test hydrophone is located “ cver the bcw ” .

Use of two test hydrophones permits determination of signal multi paths

by phase comparison of the near and far signals.

(u-.~~~ A two sensor sonar configurat ion, wi th  the t ransmit ter  and

one cf the receivers colocated , was used. Both tone burst Cr LFM

tr - inorLc : i cn s  are generated. The t ransmiss ion rate is one per degree

cf acr~ rt change . The range of t in e  burst signal durations , T , was

1 acer : t . - L i )  msec , scaled , in multiples of 2 t imes the shc. —tes t

-J uc O. a , p i-ci  in t E r m e d i a t E - - i e r a t i c na l  s r iar values - Simulated ASPECT

12
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(This u - c ii UNCLASSIFIED. ) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(u— ~:-u~ ) is us~-J ~~. r T 5 asec; :j burst ui 1~ ~u1seo ciouri-i ri g at a rate of

101°’sec is a tranurrissiun. i’w L1F~ signal durations have been

r i-c oded: scaled 160 acer  and scaled 500 msec .  The F~4 bandwidths ,

are L~55 Hs , F~l..) Hz , and 1220 Hz , scaled , which y ield a minimum

t icie bandwidth (B~) product of 73 and a rnaximuc. product Ti 910. Split

h~ uset p t ransmiss ions--an ~1s~ up signal followed after  a short

duration by an FM down signal- -are included.

(U-F0UO) Measurements were recorded for 370 deg of target aspect

change for most signal forms; the target was turned around a vertical

axi s normal to its long dimension at a rate of 1 deg/sec . Measur e-

ments  were also recorded for all pulse lengths and W = 910 Hz , as

selected aspect values wi th  the target not turning.

(u-Fouo) Ten data or timing signals were recorded: electrical

driving signal (stored repl ica) ,  hi gh gain and low gain levels for

each receiver channel , far test hydrophone , near test hydrophone ,

zero time pulse , target isF iat:L n gate , and reference  frequency

signals. Five data tapes were recorded before it was discovered

that the recr-rder heads were incorrectly aligned and only four signals

were being satisfactorily recorded : stored replica, one high gain

receiver channel, target isolation gate, and a referen-e signal.

These tapes are being used by the Systems Analysis Section of Signal

Physics for monostatic signal analyses, but they are of no use for

space-time echo analysis.

(U-Folio ) While the preceding recorder misalignment was being corrected

and t.he recorder recalibrated, four turning-target STARLITE runs were

recorded at one gain level only, using a 7-channel machine . Two

s irg . c pulse and two split housetop transmission runs each were

rec- r-ded. These data are being processed--some program modifications

are required--and the results will be included in the orogress reTort

for the ne;-:t quarter.

13
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(u ~~~~~~~~ U1R ~ , two , or three data signals icr each transmissi n are

simultaneously displayed on an oscilloscope during recording, and

this display is recorded on 35mm film . Selected examples from the

r hr-tugrarllic record that illustrate the kind and quality of data

being recorded are shown in Figs. 6 through 9.

(u-~~~~ Polar r iots r I O the angular dependence c-f the relative target

strengths of the SKIPJACK model were r b ta ined from f ilm records.  Two

360 deg turn ing  runs at scaled 11 kHz were plotted. For these run s

the target was at scaled 550 ft depth , with the sonar at scaled

300 ft depth . Scaled 2 moec and 30 msec tone burst t ransmiss ions  were

used. For the shi-rt transmission the peak value only c--f tlie echo we:

plotted. These results are displayed in Fig. 10. This is a ccmpcsite

of measurements from two resolutions of the target, the first recorded

at a reference gain and the second recorded at a lower gain to cbtairc

a valid reading of the echo levels near beam aspect . F- r the longer

transmission the peak and average values of the echoes were plotted

(a subjective estimate of “average ” was used). These results are

displayed in Figs. 11 and 12. Figure 11 shows the angular dependence

of peak relative target strength; Fig. 12, c-f average relative target

strength.

(
~

) Ordnance Research Laboratory ( ORL), Pennsylvania State

Univers i ty ,  presented patterns of the angular dependence of target

strength of the parent SKIPJACK (SSN 585) in their reports of sub-

:,iarine target strengths.* Two of their patterns obtained with a

3)  msec transmission are reproduced as the solid curves of Figs. 13

and lL~. The ORL frequency was 20.5 k}Iz . The target was -it 55 ft de:th,
with the sonar at 30 ft depth. The solid curve of Fig. 13 ~h r w ~ the

angular dependence of ORL’ s peak target strength measurements;

~J 0 . O r - L i .  “ Submarine Target Ot rengt i , ” (U ) ,  Partn I-X , Ordnancc
Research Laboratory , P r :  r c:/ i -r a r . i a  State Unive r s i ty , Tcchnicai It  a : -

0 .11611_OS through 204.i.~h1i~~i1 ( April - December 196d); Port Tt;
033 .INTI }~,J AC?I ( ssN 585). (co~~IDENT IAL )
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p .  10 , or the ) av --:p~- trir-gec :tra:ngtt :- .easurec.--ri t :. The ~RL
we r e rec- rOod at 3 to 10 deg aspect L r Lervad:  ari d hor~ce ,

slow little 0 the f ine  structur e ui~ the ARL pattern: (F igs .  11 urI (j

1’. -- oc :-ore the mudel data wi th  the ORL data an attempt was made to

1. t. the rro -iPri ‘ s r - iative target strength: at oi1e same aspect values

rt’.-d by dPI. These recults are sh .wt . by the connected point: cf

FO g:. 13 and 10. It is evident that the angular de cendence of the

t i g t r t s t rengths  of the SKIPJACK ( SSN 585 ) and the  ARL 00 dcl cf it

ore s iu lar- .

(~~~~
) Fran: the results  compared in Figs. 13 arid 1~ it i s

c:cicluded that the angular dependence of the scattering str--r1gt . of

the  ARL mc,del of the SKI PJACK is r eor eser it a t ive  of fu l l -sca le

::eoiorements.

During the next -luart - r 3-:ens r -:ata at s T a l e d  5 kHz wi ll

be collected cur the SKIPJACK a i~-~ and i : oo~ . r :. . i tz. or- : :.- -

as :iaV be c~ n:otv ’-d and “sicco- -:si’ull’- ” a:del- ~. ~~~~- 
•
~~

- - -IL 
-

- ~~~~ 1

hr to implement the tran:rii::i -. -p: : - - - r ~ so

s/s 515 and to cc l l eot  and analy ze  a 1—1 i- to ii r to -

measurement:.  The measurement:  -a1rea r e r f .~ ~-o - .I~~e: 11

and lost an account of r e cr r d er  ni saligarit-ot , at 11 0--- - 

S ta t i s t ics  of samples of the model data will b€- ?.::: aol c m r a r e d

wi th  s imi lar  s ta t i s t ics  of samples of sea coLa f r.u:.  to ~RL t a r e

l ibrary to arrive at a quanti ta t ive ev-oluat i -. :0 the rr. de1 data.

Subsequent ly, a catalog of recorded model dat-a w i ll be issued.

• ‘, ‘
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B. uper it Lens Analys is Section
(P .  i-i . Goodnow )

1. Introduction

(U-~~ During the report period the following work has been

accomplished:

a. the DHDD report has been submitted to the Technical

Report s Off ice  for publication,

b. the R0~ERS sea trip tapes have been reviewed for use

in the construction of a new operator classification performance

test,

c. preliminary feasibility study has been done for an

expanded video B-scan presentation for the AN/SQS-23 sonar,

d. aid has been provided to the Electroacoustics Division

for work determining the extent and pattern of intradome ref lect ions

in the PJtT/SQS-23 sonar dome ,

e. the review of data photographs for the SME-to-EME

dubbing quality ver i f ica t ion  program has been started,

:. a rough draft of the Operator Classification Aids

Guideline report has been largely completed ,

g. The Operator Classification Aids Testing program for

estimating the classif icat ion contribution of TUlIP , MITE C, MONOPP LER ,
and ASPECT has started,

l~. The provision of data tapes to FASWS has been

discont inued unt i l  further notice.

2. DHDD Report

(u- ?~~~ The f inal  draft of the DIWD report was submitted to the

Technical Reports Off ice  on 20 January 10165; the f inal  modif ica t ions

of drawing : and figures were completed during February. The report

wil l  he issued as API Technical Report No. 69-1 ( ARL-TR-69-l),

25
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c rn ri~ i~i m~~tr~
( U - ~~~~~~- enti~~i’- l , “A Iitb1 - r t t r T ’  Invest iga t ion  ui the Raytheon Digital High

L~ - 0 L : i t i - .-n Display ( DLmD) ” (u) , 22 January l5b~~, by Robert K. Goodnow .

It i~ oxoecte c  that th is rE- . rt will be released in April.

3. Review of dIP ROG ERS tapes

(i i- -?~~T~ ’- The dat-a true: r ecorded dur ing the September-October 1968
sea t r i p  on br ori the USS ROGERS (DD 876 ) have been reviewed for use
as ::urce material icr c~ nstruc tion ~- f a new operator classification

perf.  racince test. From th is  f i rs t  examination it appears that new

a e r a t o r  test :  can be constructed for both sonar and ASPECT. The

lisnit ing f ac tor  for test construct ion is the number of nonsubmarine
events h this data base.

It is expected that final examination of the selected events

an d assembly of the test will take place during the next quarter . The

tru ant of time available in the Playback Facility for th is work will

be the factrr that determines the completion date for test constructi-~n.

Video B-Scan

A port ion of the time during the quarter was devoted t c

conducting a feasibil i ty study of an expanded disp lay of the sonar
video signals. By expanding a small pcrticn of tho video sweer

sp~ r-al on an auxiliary display, greater range res .lut h..n of the

scanned target echoes can be provided to the operator. Bearing

resolution is still limited by the combination .f scanner-beamwidth

and scanning speed.

This ::tT d:~’ was begun as a study of the sampl ing of the sonar

ech--.. by the video scanner, with a comparison made between th e y )  dec

scanner  signals an-:1 the  audio ..;c--ar ir :er  signal. The audio scanner is

at echoes fr om a bearing contino : usly, while the v ideo  scanner srur~
ecl~~~-~ f r -a. a .articular bearing every 6 2/3 msec. P .r  the fi’e:juer icy

26
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of tla- -cL-nor , this ;rwa liap rate is rather t a r  below th e-  ra te

establi:hed by 3liur ri ~ ::, Nyquist  et al. , as being necessary for

~xtract1-o n of all informat i on from a signal, or lor  preservation of

a :ipn-i.t. The idea behin d the  study was that the informat ion of

interest  in the sonar signal is echo envelope amplitude, so that

slow sampling by the v ideo scanner might be adequate for preserving

the envelope in format ion .  It was found that the video scanner

sampling is ~ot to- c bad , but that since no pred ict ion can be made ,
a priori , of the echo envelr-pe , f a s t e r  sampling would be bet ter .

(,~~
) A laboratory oscilloscope was set up to give a B-scan

presentat ion uf the video signals, sweep ing vertically as driven by

an externally generated linear slow sawtooth voltage ( t r iggered by

the “target gate” pulse of the sonar). The video signals were added

to the slow sawtooth to give horizontal scan lines showing vertical

deflection generated by the video signals used to brighten the sonar

PPI display. Horizontal sweep of the scope was triggered by the
“ship ’ s stern ” cursor pulses of the sonar. A block diagram is given

i n  Fig. 15.

The major classification limitation of the sonar PPI

display presently in use is the loss of range defini t ion caused by

overlap of the video scan lines on the face of the CRT. Overlap is

as hi gh as 98~ for the ~-i-O ,000 yd range scale, with a minimum of 38~
for the lowest range scale, 1000 yd. This overlap causes blurring

together of the range samples taken by the scanner , resulting in loss

of range interval information on the display. This loss can be

recovered by expand ing a small part of the range sweep, as is done by

the aisp lay used f r  the sampling study; this display removes the

“display lim it ing ” of the sonar PPI, and presents to the operator all

‘~f the range discriain’~it iori capability of the sonar. This t~rpe of

disrclay sl iT ild be useful a: a c lass i f i ca t ion  display.
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T E K T R O N I X  561
OSCILLOSCOP E

AN/SQS -23 V IDEO SIGNAL

(A ~~B( EXT 
TR ~~~

AN/SQS-23 STERN CURSOR 
I

r~ WE E P
RA M P
G E N E R A T O R
(SAWTOOTH)

AN/S QS-23 TARGET GAT E PULSE 

D
~

W TOOTH

NOTE:
AN/SQS-23 STERN IS USED TO TRIGGER FAST HORIZON TAL
SWEEP. AN/SQS-23 TARGET GATE PULSE DRIVES SWEEP RAMP
GENERATOR , GIVING SLOW SAWTOOTH THAT DRIVES VIDEO
SIGNALS UP SCOPE FACE. SCOPE TIME CIRCUITS ARE USED
TO SELECT ~BEAR ING GATE” FOR DISPLAY.

FIG URE 15
BLOCK DIAGRAM , E— B—S (EXPANDED B-SCAN ) DISPLAY

ARL - UT
AS .69.790
RKG - RFO
8 - 1 - 6 9
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øanF iL.u1uI1w ,~
1/(
~ Ievei aJ. al~utograriis of t ) i  is di: lay are given in Fig. 16.

A -Ii solay suitably combining the video B-scan and the audio A-scan

will rr .vide- to an rIeratol’ -all of the inf.-rmation that th i s  sonar

can extract fr ~-m a target echo without  addit ional  signal p r o c ess in g .

It is planned to assemble a combined display later this  year and test

it for classification contribution.

5. Dome Reflect ion Study

(t:-P~ti~j~~ Mr. ~~vid A. Smith of the Electroacoustics Div i s ion  of ARL

was uro v ided  wi th  tapes that show the e f fec t s  of acoustic ref lect ion

within the AN/SQP-23 scnar dome . Mr. Smith is the orig inator of the

Nearfield Bearing and Accuracy Calibrat ion System (NEFBRACS) concept ,

and is concerned with the acoustic properties of the AN/SQS-23 sonar

dome .

~~~~~~~~~~~ Acoustic ref lec t ions  are evident in several tapes that were

recorded on board the USS SARSFIELD (DD 837), and can also be seen on

some of the tapes from TJSS WITEK (DD 81~8) and USS ROGERS (DD 876 ) .
Tape loops were fabricated by dubbing ping sequences from several c-f

the SARSFIELD tapes from the SME to- the PME, then cut t ing out selected

ping cycles and splicing these ir~t... loops. The leo ps were then run

using the tape b o a  adapter that was fabricated for the Playback

Facility last year . The transmission type selected for this study

was ASPECT transmission , be --iu :e of the multi ple target echoes (and

mult iple dome r e f l ec t ions ) ,  making it easier to- get ref lect ion pattern

measurements quickly. One 0f  the measured reflection patterns is shown

in Fig. 17. The direct target lobe is :h~wn at the to p of the page,

with  ship ’ s head ind ica ted  by the a r r ow drawn t- . lower left . Relative

bearing to the target is °
. A rra 0r re f lec ted  Lhe is shown

ab - .ut 5
0 to the left of sh i r  ‘ s - -s; this  is ref lec t ion  f rom the

f c y ~~urd a .  r t s ide  r n’-z f. a’ ui. the sonar dome . It can be seen from

the plot that this r-~ flc- ,Tct i-.n is L -ni y .5 dB below the m a i n  target

l0be.
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UNCLASSIFIED

- tL ’ : - ~~~ar ’- :  0 tli~- .0 nO: - -i- cc -  a l o .  ~~iv ,- -1:’: to h~ gh 1ev- u

r e f l ec t ions, the b a : i I  - ti -s t1 1’- .~ - i t e -  I’; : Iat -c i- i -s Lo-i :±g the :. t- xt

rn a~ er re L i e~~ t L - i’S. ~~~ Lar ’g ’ - t r oa st .  b - : lL se t0 abe-tr i O t i . : shi p 00r

these r e f l e o rt L o s  to c’ large , w I t )  a sl ig h t l y ard of b o -ror -. ca t

g i v i n g  r i s e  t- th  - g - : i t  b a i l l e -  r o f i e r - t i . n s .

6. Dubbing Qual i t - ’  b - r i  i i  cat i on

~~~~~~~~~ FiLm viewer: Oo -r  ruc e- in the iub h in r -  quabit ;,- verifbcriti

w~~rk have been p r L cu ~- O-d . The orocedure f o r  th is  w o r k  h -as bee-n  esta:-

lished , and data sheets are be ng draw n o r - . This  work wi l l  - coed

on a l w  p r i s -r i t~- basis unti l  co~~ leted .

7. Operator C lassi f i ca t i . :. At - i s Gaidoli~.’- }u-~ rt

( ‘~~~~~~~~~ A rough draft of th i s  reno rt is 10:-gel:: or . a: letod , a l tL~~agh

much detail work remains t - . be d on e .  it i-e h: ped that th): can be

completed during April , and tha t  the  f i na l  :~ ‘aft  can be s ibc. it ted  to

the Technical Reports Offi ce  no later than 1. June l ’tu - .

-‘3. Operat-: r Classification Aid Testing Prcgrma

~~~~~~~~~~ The testing rr -gru’r. f:-r est imat ing t 1~ - class fic-at i- r.

or ritribution of several existing classi :iorri t i~ a ai i~~~ bEIP , IiiITEC,

~11PiPP LER , and ASPECT--ha.: maci ced. F0 ’n’ new r-erat .rs are being

tra ined in the use  of the A / 3 ~~~~i~~~~~~~~~. One s - c L o t  has had extensive

expe r i en ce  w i t h  several types  o f  so-nor , anoth er has had several

months exceri ease on the Al 1S~ i~~j ,  00110 t h e  tw~. r-~nn i : . ing 5~Lib ects

are naive.  The i : ox r - ’- r  L aced sur ect: v i i i be g )ve :, r s i i r nen t a ry

Or - t O n i n g  in t a r g e t  c i a s c i  f i c a t i  a , and all . — i h :- :ts w i l l  be g ive r

training in use f  the or - ~.t:g s . .,.’- - i - ’- :  f~r - i : .  115 i.g c i - s s i fi c at i - u .

decisi  i s .
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It is ne ore - s sar ’~ to train new sub )oorts because all of the

:uh ,I€-c t s oreviously used have either left ARL or are busy on other

p r u J e - - t s .  All new si ib ,I e L t s  will first be given the OCPT to es t ao l i sh

their  base l ine  c l a s s i f i c a t i o n  performance.  It is expected that this

tes t ing  wil l  commence early in April  and the classification aid

t es t ing  program will s t a r t  so-On thereafter .

9 Provision of Data to Other Facilities

(u~~~~~ -- The provision of data tapes to Fleet A.SW School, San Diego,

has been discontinued until  further notice.  The majori ty of the ARL

tapes were made with un -TRANrned sonars, and FASWS concluded that the

pre-TRPlvI 2 msec short pulse information was unsuitable for  use in the

generation of t ra ining tapes. It was felt that the amount of medium

pulse length data on the tapes (roughly ha l f )  did not just i fy the

cost and risk of shipping the data tapes to San Diego.

(u-~e~~~ The provision of data to Dunlap and Associates for their

work in generating training programs for Fleet sonar operators has

continued in 1969. Dunlap plans to visit ARL in April to test their

new concept for target strength determination against the OCFI’ targets;

the continued studies of these data have made their use in this

project feasible . Results of th is  work will be reported shortly there-

after in a letter, and in the next Quarterly Progress Report .

C. AN/SQS-23 Operator Detection Studies
(K. W . Harvel)

(u-~~~&~- In cooperation with WS-386, Naval Ship Systems Command , we have

a-erformed certain detection tests  using the A1~/SQS-23 Playback F a c i l i t y

at ARL. The following descri ption I-recent : the results obtained in

our first attempt to measure operator capability with the AN/SQS-23.

The Al/~ Q3-i~ sonar has been in the Fleet since 1958. A

considerable amount of data has been ga the red  concerning i ts  f l ee t  use
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(
~ as a s u b ma r i n e  s c i s s o r , a i S  01 ‘ or ’ — 1 —:- .- - i t  ( :- ri) or ’n - - J ’ l~ ’. o -  o

aga ins t  range h~~Ve 1~ ‘ :. - ‘ i t - u .s. - : O : L ~~.L k U .  Oio.1 - .i t a f t e r

(Fi g. 18 and Rei ’ . 1) - ‘L’1o- -
~ F ~~-i o rves L: o - l us t -  s r iar c:. - tr ac’o-r - i s t i cs ,

environmer :ta l o r L : l J r  t - ad - c a  or :- ‘ a - . 1:0 . :~ - o~
- - t n o - -: - - 0511’ the

de t ec t ions  the  op € - r a r .  or - ri-  ~ke: :1 uld be lot ‘-:-ro l i e d  U oh ’ -  .o }a r oc t er —

i s t i c s  of the s0nar :10 r~v i  or roe - : . 1. a,c :s . ~ -~-r l i m i t -on

~èr :Lrn:aiior€ - , a n -I  -ac t o r t -  1 -  - - - -
~~ ~~ 

less ski  ii, : r-: tO~ :.g, and attentive—

ness  t~~ the dote~ t La . to :,-:. T~ ci i ai  r a te  t h i s  huccan elcxce:~t as muc h

as possible , oICI’000 : t  a- . ~gn’ - to c ake “ a l te red ” thu’echc -ld , udgmeat:

of synthetic targets .  i.’his threi  1- 1 , called Mir :ico usa Detectable Level

(~~~L ) ,  has the advant ,ge f elim i n at i ng  o o - e r a i u r v -sr i abo li ty  due t-

skill, training, or o t t - i t O  iv er :es s  in searching for targets 00r thc- F-h

calcula t ions , but it h-a s the -di st inct disadvantage of  b e in g

a r t i f ic ia l  a t o o k  that  i t  c o o  a-eli not measur e: the  orac- - i j tt ~~~~:-t i

canabi l i ty of th e  : : : a n — r o a o r : . i n e  . ; : . t e - r : . . I: ie~ d, several t e s t s  have

sloew :: that there is I o t  0 sir :. : I- - r e I 0 t i~~- s :i :  p L e tween  a lor te - :  an:

otalerted F-sN as a f u i . ct - i o : .  ~ f r a r e - c  ( o- - . 2 ) .  Ia f : l b o ws  a c - a

data that one o f  the s a L e : :. - ‘- - r r s w i t i  t h e - e r o t i c  r. o f  the-

AN/ SQs—25 is the extremel;: l an c e :  sign a l  o r - roes :  at s hor t  range :- needed

t’-or -de t e c t i o n .  The r o s a i. r tr  tO ,;  rol-.:tive: i : s e ns i t iv i tv  is riot

clear . It may be hy~- . tnes iseo 1 t I c : . :

1) the small size of ech-~es near the center of the scope is

the cause-— e-r ’c- ra tc - r :  may r . a ’  I icy’- t h at  ar tyt h i  :.g that  small c- ac-s

be a submar ine ;

2) the centor ~-f the  sc: r e  is cc a t t ~- red wi th  bright backgruic .i

wh i c h  e f fec t ive ly  masks t t e  t -:tr ’ge- I, which. l a s  s imi l a r  s ir e  and

or i gh t n e . ; s ;

5) ae rat -~rs ia- :-, never io OK in the center of t i e  cc . . r e , :‘e’tO. : rig

tha.t t a rge t . :  Ih- ..uid 0’- .Iet e-c t - - r i  t ort h~- r ’  C It ;  a: . - :

~
.)  r e n a L -ors mar , n .. t -~ i:ust the receive:’ gail co: t r .. t l i r .’og h

each r i at- , but  o c e - c - -  it set O r -  so-me “medios: ’ r-or.g~- . Tr. - - v old 
~~~~~~~~

s o - : ’-  or l - :so— in d e - : ec t i  , r :s be-co-o~;e t Ot  v a n - t i  - :. n ,eve-1 is large

- ver  the: ra at- e x t  - : 1  of the  i~u .  ,A~~i— . 5 .

5 ).
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~~~~~~~ The preliminary ox: C:O ’ l c .e l i t s  re~~o 1’ t ’.s; h- re cr c- on at t ecra t to

duplicate the result: ~ f t he  o -I e r : t  onal data IL the  lab-orat0r5 .don

co-r:t r -olled c o n d i t io n s , to  de ter acin e  the ca-uses a’-..r the at—sea re-cults ,

t0  a-c c0 ascend necessary changes ii: tu e  All/SQO—05 to remedy these

de f i c i enc i e s .

1. Pr acedure

(u-~~~~~ Bv use of ARL ’ s Playback Facility,  a aya-i sal  .: nar

task rn-c : be recrea ted  w i t h  the advantages o f r e -r en t i n g  the can e

si tuation for d i f f e r en t  :ub eo-t s and of  u s in g  di f fer en t  cc . cessing -..r

display techn iques .  In acc . : r : : - l i . :h in g  t I ic  l imited study intended he r e ,

we were n o t  com - r - lete1:~- able to s i m u l a t e  t t . e detecaic; task tha t  con-

fronts the operator ab -a r -J sh i : - . The olcerator at sea is often in a

convoy env ironment , or at least has a sonar disp lay on which  several

surface ship contacts may a ln ear .  These contacts  mus t  be sor ted

through and compared with radar identifications to determine what

contacts remain that m it-nt be submar ine .  ~~~ er a check with radar , a

detection may be called if the target is su f f ic i e n t l y  submarine-like

in appearance or s-~ - : r . : ;  t I is a c t i o n  indicates  that the s.nn~~ or. feels

that the target is apt t:. be a submarine ano m e r i t s  detailed attetoti ::.

An inaccurate comparison of radar and sonar ranges and bearings, or
missed preliminary classifications , may result in false dismissals and

are therefore listed as missed detections .

These features ot ’ at-sea detection L. act influence the

tests  given in the Playback Facilitl- . In thes e detect ion test s we

have assigned the ~~~~~ c- the t a s k  f  searching the di:~~1a-- in U. tt.

range and bearing ur: 1~ U. I c  tO - r a t - --: an artificial target ha-cing the

s p e c i fi c  x a . 1e r -t l e s  o the In c-ct- d signal:  a target that is Ui mas e r

l ag,  has the san e ampl i  tci- i - n .::: - ~~~ ‘ ssive ~ :g s , and cL-es i~~~~~t m ..ve

in either i- - i t-c or b ’- -or - in g  a ,:-:-oce .:siv-- I - L a g : . The oper as :.. r thu . :

kn- -v s ti-v exact ch:-:ract r a 0 0 ; -  b -ea t - c t he is sc -e l -tO n I - . 1” . r 0 ca’ t e st~
the - : rat r ’s t .1-a I.: :— ~rts --r : : i c r l i ; ’ i ’ - - d  by allowing the . r e-rat 0i- t

a JJi~~~~~L:~- -
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UNCLASSIFIED

(~~~~~~~~~~~~~~
: - -  ‘ I ’  l : i r : . .:’ - l L ’ ‘-c ’ ’ - . the baockg: we: co1 ’a i n s t  - - ; : . i : t .  a.: 15 Lu d ot e - Ct

as test 0: :-- scq~::er:t is sc -i ect~- and tOe :-c rac - c -  o i e - -~’ .~ the

- a t : ’- cO - L IS , 5 - 5  - :u tO:g fan:; ia :- with the tasa at nai ,o .  fliere-

iS ii: irsc :- ~~~ L :.  O h_ i I . t i-ic - - - - r a t . :’ i r : r : r o-ves  his :-e-rf , r :a:-o c:e raarkedi.c,’

dun r i - -  t 0--  test , :. ‘ - t v -  i. Aiti;’c (:1:1 tao-gets 0,-crc oso-J to c-c ntro 1
signal-ti -bass::- , or t t o .

(U -~~~~~~~ Signal-t .. -backbroun d is :cea:-o r’ed as 20 1~ g ~~~ at

the -. a te -u t  of the audi ~ beam U. r acier - .

The ta ck gn - :ui:cc onto f o r  t hese  tes t :  were r e-c rcr e o c~~f the

C - o l i U . r r . i a  c o a s t .  The b :ccckgr ..und r o n t a i r . , ;  a aew :-eali t a rge t s

are- separable f a r m  the in . iect ed  target by t he i r  arpareat a: t i c - n .

t -che ca- : ise , the backgroun d is uniform out to a range of ab ..ut 3800 ~~~
where the bott .rc reverber-. t ior :  begin:’, U. become the d-c ra-inaat back-

ground . Exoncoles f the r’-vc-rbe-rati. a backgroun:i are :h:wr, in l’ig. 0 —
tsr ‘hree bearings. Tr -.e initial r ow er  level is ar-nr - sxir cate i y ecual

for each of the relative i :e ;r - i : .g . : , but in the regio~n of h o t t : m  rever-

beration the e ver- level is ::Igi:lo- war -table . Ti-ste that the

reverberat i0n has  d i  I ’e- r’ - :: levels at  t i l de-r en t  bear ings .  li-s sear-lag

n0rmalisotl .:. DO ant- t :~ is 1-novidea in the system , and therefo:re

the - era t r’ must  oh- e- itn e -r  t- . t o ’- : .  a y r .  t he gain manually so

that t on g -c . . in  highly r ev er h - r r a r . t  r e g i o n s  may be identif ied or to

two . ur - the  gain to se -ro a ch 0 n tar-gets in low re—c er-aerat i a. areas.

(Fr the 5 i~~d test  the  eer-ri t . .r :  wer e ri sked to no t  make ad , us tment :

to the gaIn of the system ‘ re than twice  J a r ng a 2 0 - p i n g  s t - c e n t . )

The last trace on Fig. 1- is oh,- 0 -unt O o f  the sequence Cf trace:

shown in Fig. 20. The stnc at- act or:, r e-ar O t e-  c r 1  - a’ the  trace an r ears

as a target here ( t i h o -u g l .  it is s :ae-vhat too wide to t- to 0: c-get ), but

sn the FF1 it i .o clearly iud-r I~fftOehle no; naiL - a’ an extended U. It-c

oO ne-von -ncr- n on.

( _ _
~~~~~

_
~~~~

- Vi : I c-c—o.rTh ,’ d ’— tc - --- t i c s o  test:: v a - - g -r er ;  t - 
1. - o f t  r a t 0  :-c ; it

was felt ‘tat :5j’: nriraa r :,- ‘cask of  the re-- r-a t .r .0 a vi ie~ Las s , a-cd
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FIGURE 19
REVERBERATION FOR PPI 5 k y d DETECTION TEST

FM TRANSMISSION:  30 msec  RDT
440 Hz , 36,4 msec SLIDE TAPE No. 57 ft 176 1
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U N C L A S S I F I E D

PING 1

PING 2

Pt NO 3

FIGURE 20
REVERBER ATION REPEATABILI TY

FOR PPI 5 k y d DETECTION TEST
BEARING 080 de g
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-dl ~~~~~~~ also- that t h e  co -Ite neict aud i - :hara: - t - r of t h i c :  a n t i  i’icially i:i,;ectecn

t or t - eL  w o u l d  readily ot ’i’er aid U -  a l istener t n : i  at- to dec ide  tiacot

a suspec t t a rge t  was an - t o -t u a l  a r t i f i c ia l  target.  ~i tifici : :1  ta r t -c - to

were in jec ted  about 3 -D ~’ of the t ime ; t h e  -;ub~ es’; . -at mu::, :0 his

t ime searching the disrlay witU.u t  results .

(‘~~~~~ t~~ dub ,ieot s  t-aI-: ing . ;u cl~ tes ts  in  the lc~U.ra0.~ ry are alert and

: . ,. t i v a n e o i . Their  c .unrnents indica te  that they d~ r i o t  feel that  it

would be possible O c r  them to- imninove their  perf:rmance. Or: each

acing a typical subject may mark on the display the location of 5 ccr

suspected target s b y placing a finger over  the suspect area , then on

t h e  next em it - nay sconc e e:-:tra attention to the marked l a -ca t ion , p lus

select ing others to :r:aik. In this  manner a sub jec t  is ~acera t ing  w i t h

perhaps l’our “ false alarm s” per ping, but by placing the add i ti . r.al

(but a r t i f i c i a l )  requirement that the target appear at exactl y the

sam e l-~,c a t i o a  on successive pings , the subject is able tc reduce the

false alarm s to nearly zero before calling the target . Sub/ects

reported that they usually saw the target on three successive sings

before re- floating i t .  (This was necessary to- e l imina te  falce ‘clara:.)

2. C-aerat i ng Pr 0 -oedure

(u-~~~~’~ All subjects in these tests were familiar with the -operation

o f  the  AN/SQS-23 from pn1~ -r tests. They knew tOn:, either one or no-

targets were presented on a i-liven test  .:e~~cent . No instructions were

given with regard U: false clara.:; h - weve r , a-cast -cubj ects  rep o-rteo few

or a -colic . When a subject called a false alarm the t e s t  c-on t i  n-sc-d; wh en

he called a target , i t  was terminate l .

Table I g ives a: c .mp ’c.;ite a-ic ’. fl’ e j O  tI:: ‘c,e~ t~ which were-

a-sn . Te-st,; 2 arid 5 were id e n ti r  :~~L ‘-:xce :’t- t : at tb ,e dispIrit ’ s were
-fl 00cr - nt  an t  d i0 : ’er ’o t - I c r - s t  as we- n e - - ::e - - .i. I-lash - ~b , ’ ect -c orn :  le~ e l

Test ; I in: r e  r i  tt ing—— a r . rit : 1/2 h. - - - t~: 2 :n,o 5 we :- ’. lo nger  and

:; ob , ’-~- tc s  is ’o’o J.ly L - ra Is o - in ‘ w r-cc r . : . A l l  .c c ds’ ect s  r- t ’: r r e d
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TABLE I

Test Transmission No. of Search No. of
(Range Scale) Display Signal Type Targets Se~~aent s Sector Operators

1 5 kyd FF1 FM 16 5~
+ 180 deg 6

2 20 kyd PPI cw 7 16 500 deg 5

5 20 kyd B-scan cw 7 16 500 deg 5

i-~ 5/20 kyd 1~ B-scan cw 10 B-scan Aborted 500 deg 1
5 FF1

5 20 kyd PPI ( FBR) ow 15 Aborted 500 deg 1

~~ -. — 
—-- -—- -
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( tJ— *~~.*~ fat I t -~ e a 1 0 cr  aL- ~ Ut . fi :‘ te -  -a m i n ut e . :  o.f t e s t  i r i g .  D i  s o-ri : i m p - . r Oco c O ,

s ince  it wa:c  des i na-oh 0~ see- if watch length 1 r f luenced  Octe t I

No de ter i e-r -cot  l o O n  in detect  i ~~ii  capability wi th  fat i gue was n- . t i : : c -:’:;

rti - t i v r it  fe - r i  r emained  n igh : .

5. Result s  and Discussion

a. Test 1

(
~ The f i r s t  test was given on the 5 kyd range scale on

the AN/ SQS-2j PPI display , with the search area res t r ic ted to the

forward 180 deg sector-- tO’- smallest area searched for any of these

tests .  A 20-p ing se~~sient of tape wi th :  a relatively stable reverbera-

tion pattern was f i r s t  selected f o r  the tes t .  The sixteen items

were divided so- that there was a uniform distribution of targets with

range, with the order and the bearing of presentati on of ’ the signals

randomized. (This choice y ields a nonuniform density of targets or~
the FF1 display, and a uniform density on a B-scan . )  The 2-3 -acing

se~~aient of tape was played over 5h~ t imes during each ocoerator t e s t .

On any part icular play-through there was a 147~ chance that a target

would be present .  (The actual pattern of target inject ion was

selected as follows: TTO OTT 000 OOT OTT O~~ TOO 000 OTT TTT 000 T ,

“T” indicat ing that a target was to be present on the se~~~ent and

“0” ind ica t ing  o therwise . )  Figure 21 show: the l o c a t i o n  and sequence

of these targets .  WLen the target was to be added t0 the recorded

background on a particular pass of tape , the target was init ially

inserted sometime during the f i r st  10 pings. Once inserted, the

target was mainta ined at that exact l ac a t i- ,.-n and increased in level

by 5 dE every 5 pint -s until the end of the 20-ping tape ,ce~~ce nt .

At the  beg inn ing  of the test , targets were inserted at a si gnal- to -

reverberat ion level of 11 dB , but it wa.: ;‘ - .ul:d during the test that

several targets  would go unde tec ted  before the sequence was  c- .- m ;- 1€- t 3;

so these targets were started at the higher level 01’ 114 dE so that

levels as high as 20 dB S/B could be ne- s h e - i .  The r.uraher of time::
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LOCATION AND SEQUENCE OF TARGETS

FOR PPI 5 k y d DETECT ION T EST
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(
~ the target was act s:e’d at e a c h - - 0 the : i t - c ar — t  — t a o  t~’ c- - -cci z~~ot  -

recorded fe-r each of the o-~-e rat - a s .

The re , :ult : of th i s  f i r s t  test are summarized in

Fig. 22 by showing t h e  aven age- a’ r s ix  c-nato ncr - f the s ign al  la- -,-eI

at which each 0 the  target s was fir, :t  called. The number: .:ha-wn in

a r e rt h e s e s  i n o f i  cute th e- a Lafl -I ’  o f  0 : - - - r aL  as wIi  missed  the s ignal .

The t a rge t  ot he a r ing  - - ~ 0 , naage 2100 ,- - ci wa s Or cco iue ni t ly mia - sed  -O se

t -. i t s  ar x i m i ’~: - cc re - - t - trg-- t; t I - n t - c t at ~146° was neas’ an

area - . f 11 :0 ’ - :  se re-ven ’n- ’ - : ’at a .  f or . ’ 16 t a rge t s  m i s se d  (1i~~) ,  o n e

was m i s . r e- i -co 20 dB .1 , I 11 17 :1- , 5 c t ll~ it .

b .  I’t - s ’ .s tn - I 5

1k-- _ - ‘— -: r n  —- _ - n -  1-fl :- - ‘ h e -  :: ‘- - I-rit r t fin-i tcr ’.- ’.-L,o

a 2-0 k - n  101 n i a ; ,  ~c-ar-:n ! - .g :r; a 50:50 c — c t - a .  Th~ st t}.e

cea - ot r n - n :  a scan . -: v F - r - - ‘ 
~~ 

._ /5 ‘ hat : th ~ -o- r -ter  nra-a of  th , e  a r e v i  -

test. T1 - -- c -a n ’ s ae, 0- ‘a - - - . a— v i a  r: 0 .  ‘- r i:l~, -.a-gra ced , h~ wever ,

as can be see r ,  I :.  F 1.  ~5.  ievc - r .  ‘ n ’~~’ s  w ’.-r ’- g i - . , and . r l y t ar e -c

:-en at as too k t h e ‘ c o t .  D. - 0 - - , : ’ . a” : :: c : ; h i - t n to t } ’.- n ’-v i o c :s  (5 kacf )

deOc ct i - a. t - - .cO , ft .-r isy  :~ a ’ :’en -  c S c-- tel  at - t a t  t h e  n - e r a t o  r was free

to mar l : -u lct - . - - ‘.te galr c~s .t  a .. a: 0— cc I , :e.  AGC -o--~:ne - t ::ed an i  the

ess--r :t  i r i l l,- a r v i d e d  h i :  a AGC w i th  oht c- man-sal cc n t r0  1.

The -order -  oc ’ - e n t a t i o r n  - f the targ~:..:, by a - - c - i c i ’ , was as fol low:. :

2l~
0 , 27d ° , 115° , O1)° , -61° , 1-6 ° , ar . :I )(~9°. The so que~ e of

20- a  in g  :e~~~cc -- : .t s  co r n - a h i o n i  t arget :  were n - rese n t , is as U f lcws:

TOG OTT 000 TOO TOT T.

Backgroun d f o r  the  test is shown at ta bearings in

Figs.  2 1-n and 25 for the  scon e ~~L l i t - .  The target as ,:h cowr : in  k i t - .  /0

was measured as 17 dB 0/B; the three - per-at :  as da-t ected the targ~ t

at an ‘t -fe -r age of 16 dB. The target shown in Fi g . 25 has a 20 cit S/B

r a t  i , while th is  target wa s  iet ’-- c ted  with cur aver-age 1, dE nati

14 14
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~~~m1~~~PPq~ r~b.

0 ot- t h:~t !. tn t- r” , - , -rbe r -c it i on  a:t t o -n ’ : : :  - n Fi gs. 214 and 25 are an - / c -  
~‘Y

h i i ’ t ’ - r ’ - n n t , cr ’  ‘ s t i n g  a : i gn i r ’L ~:t ga i n  -.cniju strnent s-_ b loc:: or : the

~~~ .

( ‘  ~~~~~~~~~~~~~~ The :cscc- so ‘je n ,- v-co - t c ac -re- giver,  to- another grour  - - f
o- rO: t -  n - s  r~ a B- rca:: -cii:: Ice:,’ , and the average detection

S i(na i - t  - a - ’~~ -:g r~ no.1 rat La is sh wo in Fi g . :6. The B—scan was

an esc r , t — d -.-I i  a Tektc’ 5 ad :’: : - :- : t llosc0 r- c~- w i th  a 10 cm by 8 cm display

and a : - (  a la - sr  h~-n .  V- -n’; s i m i l a r  de tec t ion  t e r f o~~~ar~ce resulted.

Result s 00 -r the  f i r ’ : :  t h r e e t e st s  are summarized in Table II.

c. Test ~

ii

(~
) Test 14 cons is ted  of presenting one cperatc-r 14 pint -s on

a 5 kyd B scope , t h e n  1 ping on a 20 kyd PPI , a technique which -aimed

at providing the c-aerator  with less- c lutter c lose  in and approximately

the same data rate for near and far targets.  The task seriously

degraded detect ion on the 20 ky d PPI . One operator took the test and

obtained a perf-. rmance of 16.2 dB for detection S/B for the 5 kyd

display on lcD targets, while miss ing  5 out  of 5 targets on the 20 ky d

s~~~gle ~~~~~ dis c- lao - . These targets  were missed wi th  23 d,B S/B . l~ o

targets were U arid , -0-ne at 17 dB and the other at 25 d,B. Other

operators taking the test , with iricrea:in5g signal-to-background , were

usually able to f ind the targets at 2~ dB s/t. Because this p e r f o rm -

ance was so much neorer th -c , ri the result s shown in Tests 1, 2 , ar:d 5,
th is  test was not cont inued .

d.. Ta-st a

( n J _ ~~~yt) An ~~~ ~t s r  c l e - 0 c - - c t j . n. t ’- st  cor ing  t r c c - c r c - i .  ac- c Bears

Receiver (F B R ) ,  rem ved from the  J5~/ u ~SS-~s i t  scour s , wa , r  also utter . :  - e l

bri~-f 1y . FT -: wev e -r , it was :, . 0 , in ,
-
~~

‘ - no I , pca :ible  t - 0 - - -c . t ang --c . :

w i t h  Oh i s  elu ilvnent , due to i t:  l i r r r t t e - i  o - n t n ’ : t  i t - a .  -~ c0 -~ r ’ra ~ e , cco,:i the-

test was d i scon t i nued oa r . il such tim e - :1: t h e - nc c ’ - i v e  n ~‘a n , be I :.. : - - : -

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

~~~~~~~~~~~~~ 
—

~~~~~ - ~~~~~~~~~~~~~ ~~~~~ -~~~~~-~~~~~~ ~~
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(ii -_~~~~-~-+ Ate 1rih -r’ s - r ~r. c r i r - a r r i l i t ’ ,’ 01’ L~s - i::g n~, a  t - 0 s ’ : i~~ r ’. - - c .  non -k g:’ c c

o-ir t a e  :‘:I ,r a m o ’ :- ~t- rca -c ’ S cc [~3R ~
- - c ’, ‘ s O : - . - ‘ i v -  :0 a - c ’s ’ c ’: .: - -

c- vs - a t .  2 r - 1  i l - c  do ,r i n ’cb le cc’  co i _ c  c -he eac.c—: m’ ‘ : _ i ng a

h L ; n o . r - , .315:  lay - r d /  r’ coroco -uro e c- - : i h - - :  ic c- -  c ’. -

It is 3 n t c - r ~~:t i r , g  03- c or i r -or ’ - t h o r  c - c ’:’ - r , - : , , c t i -  a

- c -
- cc - ::: c- .- - - c i  a l  the per c’ rmo.:::e c -b t a i r ’.sb 1o~ a ’i’ .,cc-, a orwer  ct - so :’

i n :  an: ‘ ia- -al f’o O ’ k g r ’  cc: :. F_ n t i :~ 5 kyd d o t e - c - t i  c ,  n s a , I~ ’ it is

• at  n- en, : rsahing 0- rn- /r ise c- cI:src - :c ,c :- °r - - - , c-h e

:‘aise .1 cc:, r at e  is 6/ fal se  alacc -c-~ -el ’ s e r cn , - O .  i - 1 g03. ’ 

i e i rt  ‘a-cr: core ‘ s , .,rslcc o- -,l : . r’ t he  f Ia ’cc’: 18: leg - c e o - O c r  ‘.s L O  t I e

be c c  . .c5 ~ t a O0 ic-sac::: a-er seco-na c--er :-~c sc - . F/ cO . th e /-/  ~~:‘ , 3l-~
si/-l a - - - : , ‘or :  1 r 5 i t h  the  oO :cc:ecc :,-argec 1r, ’-e cce- l , c-ne

c c -  ~1 : ~O 0 t he  ~ ie-al o’/arago-r ca: he 2-~ . Fr .c-.

F ig .  II , r e c a - - o r u cc c , i ’a rc R — L ’ . 5, an ou tpu t  si t-a u - c - , -b oo/ga 1 u r d

c c i  - 0 6 0 3  r i - S c: c . : c .’ ’ o : : :  c- s t - c  c’al.re alar- 0 - ;  and cr c,

F ig .  -
, s e c- c -  - i c - - - : 1r5 ccr R e f .  -- , o i l : : c - f  “cc---’: an D c - r io si t-c - a l — ’ —

snl r a t i o  of — 5 riB -c-c t, ‘ h c- - - a U nt of a c - - n c t coo : ’ . ill s , an .

a -  r ot o r  ax - d e c  tO: cc- .rc -c l e a t  x - c i r , i - .r :cr I: ‘~ - r - n r ~ing 19 it p c- da d-

w i t h  the Af// SQS-/5 than  ‘on l o r e - c - I  sin -  sr’  law de tec t  or-ne c - - roger ,

±‘ollawed by a threshold  detect-  a , in an ideal b a ckgn - :u ,d .  ft -c b c - -ok -

~‘r -r: :d is c c -  ccx ideal : -  , i — u t  a very I c - c -  r t ’rc t. ~oI- :U r . is: h-or
c ell w :.j ld a :uIc -ab l’ i  :.. :‘:‘‘ -~ii 1 de te s t - I’ e r a  in an actual

0-/- . r o-v .- c’b,-s aatU n  bc - c c at - a5  a:. -Il  In uld ar s n -ear c r c - cc t l -,e si gnals

shown tan Figs. 21+ and 25 that the c-resent  receive  50-00cm cou l ’  be

s i g n i f ic an t l y 1a 3 -1’  vt - -I.

It is : 1:-. i n t e r e s tin g  to- coma-ar e  thc -~ e c::ec-t s-m -e : of

de t - - : ct i cn  r-er - c ’ -c r c-rar: ce w i t h  those c t o t - j i r  c c  b - - tho r: who c r c  - h a t— :‘-a

c r 0 :~c - ar io  Iota ( R e f .  ~). 
c c , ::~~ i~l 1 -o i n i - i c  c’ tes  t h a t  c ,h ’. - d i ff er -

eric ’’ ’r - ri I n : ]  ie rO ’ cd an d - 1  -n - t , c -1  signal  - I l  :‘fcc ’ rec’t i c - n L5  :~ne vc- x- c-ta lc
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w ir ,h  range (oir w i t h :  r e v o - n b c c r a t i c n i - t u - n : u i s e -  r a t io ) .  Schulkirn and

21cc -d ies’ in thei r ’ dn’awing ( sho wni  here as Fig. 18) show a d i f ference

i n :  cc lc-c’ t cc d and unalerted fi gure--sf-merit  of 28 dB at 2 kyd,

-decreasing to 15 dB at long range . Fridge uses results from the

USS NORFOLK (DL 1) and reports 22 dB dif ference at 5 kyd and U dB
at long range . The result s reported by Fridge reflect technical

evaluation a-er L’orm’J,rice, and “ semialerted ” performance: the operator

knows that there is a submarine in the v ic in i ty .  The decrease in

ar erf -o raar:ce with range is 13 dB in one instance and 11 dB in the

:tbio ’r. If for the tes t  results reported here a signal-to-noise

r a t i o  of -n- 1-I- dB is assumed for the “fully alerted” signal d i f fe ren t ia l

(audio plus video--see, f o r  exccanxc-le, Ref. 5), a di f ference of 12 dB

in fully alerted and semial€—rted figure-of-merit can be extrapolated.

t-ur number is dependent on range, and is therefore not cons ist ent
with the cited results. (Detection performance for :~rar test was

somewhat poorer at midranges; 1+ to 8 kyd, due to the increased bottom

reverberation at these ranges . )

(u-~~~~~ ’ Another featur e of sea de tect i n data which is not present

here is the higher percentage of missed detections of targets at all

ranges when at sea .

If it is assumed t},-at  b - o t t  the current laboratory ar~-d the

previous sea measurements are cc’ ant-ct , tIc-c di fferences Ian measured

t-enl’-o rmonce may be due to the: vary ing or-cantor response in the

respective ,rit ’:ati c-r1s. F~ i,u iue~c- t i -~~~ w h i c h  arec -  related to the

-o r serato-r response maw be ra i se -i :

i) A: the - a e r a t o r  is s c a n n i n g  the PPI for

detections he m u r t s-cam visually i’- r t ar g e t s  w i t h ,  v ar i a b l e  sr-c t :i:e.

Does the -. r e rat - 0n t sea c -t ad  to  r i ’-glect  small t - s i z e  t a rge t:-  — a

his di ca-lc -c’;?

2) Ix, peacetime an ier atc- r may need t~ 1.o.k at a

t a r e mfr a ic-ag h e n  I before calling it t. the a t t en t i ,  xc c- f Li:
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~
) C5 imxcia nidixi g Officer- . This is i n : l m I o s : ib l e  to do when: the target is

f i r s t  detected at short ranges. Does tho -d- l t era to x-  hav e i n s u f f i c i e n t

time to.  reach his decioio.n: to.- call a target whe n 5 he f i r s t  sees the

target at sho-rt range?

3) Ix: traveling -acr-o.ss large stretches c-f ocean

there r-,’ill be occasi--r : when numerous targets will  appear at short

range:.  Mo,r t c- if  these targets are small in size , but may be very

strong r ef lec t-ar cs .  If the operator is trained to call more cchc-rt

range contacts would a subs tan t ia l ly higher (and unacceptable) false

alarm rate result?
)4) The operator Ic-cc- es to find targets far out in

his range scale . In fact , he is del iberately searching at maximum

predicted detection range. Does the operator simply not pay at tent ion

to the center, short range port ion of his dis p lay?

(u-~e~~ Most of these factors probably act to reduce operato r

performance at sea; the f i r s t  and last may be the mo-st important .

But in our lab:-ratisry tests  th ese effects are not present . We chc-se

to ir4,iect a target at a specific range and bearing, and the operators

were aware that all ranges were equally probable. Thus, the :Ic erato.r

in our “semialerted ” detect ion test was searching the scope in an

a’brnormal manner, that is, a manner dif fe rent from the postulated

operational search. All ranges (and bearings) were given the same

attention , in c,, ‘,trast to the expected sea s-r cedure.

(b’) The data recanted in the f i r s t  three  tests  are not in

agreement wit- h previ:a:ly r e r .- rted  results .  Some q u e s t ion :  raised

by th is  dev ia ti -  r . ,  and some exr l a n at i o n s  of the d i f f -ne n.o e , :  in

measured ~er0o rrrI - c- c -r1-c-: , arc -. i’focncd. The :—cb :ect merits further’

c-ettenti-_ x: , e:~ ecic - :.il;,’ since tb ” lat~’c sc-nrc -a le I t-:- ’ - is smat li . These

l’:t’: I’ riot verify Fai i t- ’  ‘s c x ~t ~~ c - ct ci se - - i n  c l at t e r  is

resal-rns ,Lble f:r pI 0o. n J~~~ at i ’ c i c - g -  l et  - ‘U -  - - n :  ccc:,’ e.

-
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~~ The implicatio n: of this study and the prior work do-ne

indicate that there is much potent ial i’~r both csh-:0rt term and long

range Ircprovccr~o’n:t in the AN/SQS-23 sonar .

1,/
(J~
’) If the cuc-:o.- ry study reported here is a true representation

of at-sea conditions, sonar operator s must be trained to search at

close-in ranges, and taught that on a PPI presentation the echo from

a near submar ine is smaller than that of a more distant target .

L/
(
~ The t y c - I c c a l  target levels for detection imply that a quite

simple automatic alarm device could significantly aid in alerting an

operator--or the levels for detection imply that emphasis should be

given to improving the display to the operator.

s-I(~
) This report concludes operator detection tests performed

and reported under this contract. Work of this type will be continued

under Contract NOOO21~-69-C-l392, which is sponsored by NAVSHIPS,

Code P~4S-386.

D. Naval Ship Systems Command Active Sonar Classification
Advisory Panel
(S . P. P i t t )

(U-~~N~~ Except for participation in the ad hoc committee to summarize

system design recommendations from exploratory development to
systems engineers (see Section III.G.) no formal action was taken

by the panel members.
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III. Project S’rial Ncr, IF 11121100, Task 85ls-

A. D ig i t al  Library
(Systems Analysis)
(S.  P. P i tt )

~~~~~~~~~~ A lax-ge part of the manpower effort during the first quarter of
CY 69 was spent in the collection of Iiii ’itizeci data ( submarine data

and Lake Travis Test Station (LTT5) lata), in cataloging, and in

generating or modif~i,ng lata handling and, proce ssing programs . The

digital data library has been greatly expanded, morircoar-ily with ASPECT

data because of the high lata rat e and good resolution, in anticipa-

tion -c-f the parameter extraction studies being implemented for automatic

classification . Target behavior studies (specifically, covariance

matrix ana lyse s )  also require this type of data. A digital data cataict--

m a  sys t em that wi l l  great ly fac i l i ta te  data retr ieval  was established.

Systems Anal ysis intend:  to publish the con ten t s  of this  lilrar~.- nenicli-

call y beginning with the next quarter .

B . Di gi tal  Beamformer
~Olass if icat ion ,  Sys tems  Analys i s,  and Computer Appl ica t ions)
( K .  W . Harvel, S. P. Pitt)

( t — ,~~~~) A serial sampling and processing system for the AP O QI’-115 was
simu l ated during th is  quar ter .  The input to this  system was ~as::umeoI
to be the output of the floating-point quantizer described, in

~ cc hc N o .  14 under Cont ract P0C- ) 014 -6~- - C-ll 149 ( u ) .  To facili’ aU 1 i nr a r y

mul t ip l i ca t ion  for the phase sh i f t i ng  process , it would ‘ b— i c -: i rab ie
to quantize the coefficients (i.e., i-~.co :;, an-I W cin~ wir es -c -  W I:

the amplitude shading f- i -c -tar  ‘rn -I 
~~~

. is the -Ic ai r ed  th a c e  sIc - i f 4  ) no

InS

Q PI~~~~~~~PtLQ IJj

‘— ‘ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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(t ~~~~~~ powers cm ’ 2 , as the inc—ut hat -
~~ cr5 0 ju’tn,ti:’: r. ‘-laiLti : Ii -c:ati cc:

become s a stilt opei -at 1on ~ ‘ahl rh - -a n t~ ~ X e o U t  -- -1 v - - s - p  raic -- ki 1/. Tb-

r-s:rraiaiaig has- --dwar’e Jrru let : in - r cv- -rti :ng -r - 1 in try so that -a l-olitionc:

can : be performe d e f l ’i c ien lt l l,’ .

U
The sys tem which ha: been - ic - - s i o n n e  i u s e s  c - c - h e  ccs-ei-ac-ic-c:: j o a rt

described. To cletercr : in-: t ire  olet”s’alation in tears : caused ‘b y the c-ru-ole

quant iz ing and serial p roceso ing ,  the system: was  simulated exac t ly

with the parameters anticipated for the hardware . The result iri s

patt erns for ~~~~ 5oD , and 5.2 k}iz are shown in Pigs. 29 through 31.
These can be compared against the “perfect ” pa t te rn s :lc-owai in

Q,PR No. 14 under Contract N000214-68-C-ll)49 ( u ) .  Clearly, the beam

distortion introduced by all the coarse arithmetic is not catastro-.

phic.  From Fig. 32 , it is seen that the phase response at tI-n o  output

of the t-ea:rc-fc-rmr:r follows the input phase closely at the f r e q u e n c i e s

included here .

(u ~~~ The hardware of the -digital quadrature beac rofor coer is describ e—i

below : the parameters used are for forming 14-P- beams sequentially
at a 36 kHz rate. The parameters are based on the Ai - i -S Q S-2 3  s’;c’tecc-.,

but the method is directly adaptable to any cylindrical array.
Figure 33 show s the method of u s ing  the beamfonsser with the AP

The inputs to the beamformer will lie the AN SQS-23 preamplif ier  c -r ut -

pu ts .  Figure 314 is a block diagram of the heacccfrc-rrccer. The 1o-carc -i ’cr-:er

essentially performs two- operations:

(u ni~ v’~ 1) the beamformer assembles the quadrature components (F~ef. 7)
of the ‘be-ac-c- ,

16

x = 
- 
(X.cos9 . + y , sine ,) , ( i )

~~ 1 1 1 1

i= I

6o

~
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FIGURE 29
DIGITAL QUADRATURE BEAM FORMER USING

FLOATING-POINT QUANTIZATION FOR PHASE AND AMPLITUDE
QUANT IZATION : 1 AMPLITUDE BIT , 5 EXPONENT BITS
FRE QUENCY : 4.8 kHz INPUT AMPLITUDEc 1000
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FIGURE 30
DIGITA L QUADRATURE BEAMFORMER USING

FLOATING-POINT QUANT IZA TION FOR PHASE AND AM PLITUDE
QUANT IZAT ION : 1 AMPLITUDE BIT , 5 E X P O N E N T  BITS 
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FREQUENCY: 5.0 kHz INPUT AMPLITUDEc 1000
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FIGURE 31 4’

DIGITA L QUA DRA TUR E BEAMF OR MER US ING
FLOATING-POINT QUANTIZATION FOR PHASE AND AMPL I1UDE

QUANTIZATION: 1 AMP LITUD E BIT , 5 E X P O N E NT BITS
FREQUENCY: 5. 2kHz  INPUT AMPLITUDE : 1000
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FIGURE 32
PHASE RESPONSE OF DIGITAL QUADRATURE
BEAMFORMER FOR LINEAR FM SLIDE INPUT
FM SLIDE: 4687 .5 Hz TO 5312.5 Hz IN 102.4 msec

QUANTIZATION: 1 AMPLITUDE BIT , 5 EXPONENT BITS
INPUT AMPLITUDE: 1000
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Y = (X, -c-ix8 . — Y -+c -S,) , ( 2 )
1 1 1 1

i= 1

( r  ~~~~~~ ( ? ) -c- n e o u r p o : i_ lo ’ic i-c-iTic - : thre c:urc-o cf  sr _ a s-er s i X  arc- -cl Y , ‘~n I

t b :er: t a P - - :  an avei’asc- of t h e s e  cc- :r :rj or ients over 11

(i , —~~~~~~) I n - :  i c r  to -si-tam the ir cst aro tanec -cu :  -rn cor -snerc -io: of the ‘beam .
(r - : . ar:h Y~ , of :115. ( 1) c i i  ( a ) )  the ana log~ 1c~~~digita 1 co -r o v e r t e c

:a:c:ples e a r i c -  st-c-rue 90 —Ie~ c-rI- art in pi:a:e , for each s-arc-c-ole Iron the

: r ,- i I ca t a s -~r -c:ult ip lexe~’ ( h o- f : .  6 arc 1 7) .  The multip lexer  sw i t c hin g

c - a c - c  is ~- -~ Pus (-iet-o-rcnmne-i ‘b y t L:e At , AtJ -In3 crc-acc - .o l i f i e r  18 P1-Bc-

1’s-c n c - co - n y ) .  -ac - i the geometric A B conrv .~r te r  cac~oic :  at a rac e of

- 211:. Five ‘b i ts  in the geometric- frr rcroat cr -o-vi lc- 9C -c-I- cot  ccx v’o c--~ ,ccn-

sos- a’::: - 

(~ _ :~~~~ The -control logic enters the :accc-oles of t ic - c  stave::- icc -to f ive

— - It sh i f t  r eois t cs-s which are w i r e - i  a: r:~’ir:alatir g mem or ies .

P o o h  c-cc - ro ve  samp le is uceol 16 t im es  to -c- oc c-ri ’bc -c-te to 16- team:. Bach

;~a-a-~ra ture  sac-c-p ie is s- -~tat e-i  ‘by the -apcr-c-cniate  an gle , a: sac-: be

seen in Bqs .  (i) and ( 2 ) ,  lip mu1tipl~~~ng by ±cosG . ac-r i I c i n G . ,  to

forn tb -s four cr o c - - i r oct o ( X cos& , ,  X , oir c- 9 . . Y . sin6 , .  ~~- d  —Y . cosG , in
- 1 1 1 1 1 1 1

that o r - i c r ) .  Since the iniividua component s are in geometrical

lP1roat , a parallel aIoier  can ces-torm the mult ipl icat ion in gate

swi tching t ime ( -about 6-o ~ssec). The words ic - c gecccreco s’i- :al for— at

are Icc-o le-I to cive - ‘ 5 c-ocrc -piecc -ec t b ina ry  f o r - c, The cac-rr -at ic -n s

no-el’s I to give the qrc-a u’aic-urc component s X an- -I Y are accomplishe-i ‘by

a parallel aoUer a c - i  two storage rer i s~ ’- r s .  The ic-c c-c-i f r ernue r r cy  of

the aol-icr is .3014 -Plo . Inic-ic-se the iv:: pc -a~i rwtr :r e  co’c:rcorr ’ r : ts  are

f’nrcc-e I from (c-n I if i ’er ’srrt  p r .  Ic -ro t : , the c-utroh i-ata rat e give : ‘both

raairatoro- c -ccrc -p orreni tc c-it a 36 IcR: rate. (Left half a:. i a-i -ht b a li ’

Lear ’ : are gene -at- I ic-I, the first 6 ani l a st  B t’orc-oc-- in c - I c : .  ( 1)  ‘rn.i

(2) ro-crectivel , r i~t ar~ c-c - c1 crut pr :ttc I in th i s  ire-icc-f - -r- n’ ,
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The :S tc -  put logic ct t~r- I - c - I r -i -r ’c :: -r so ni: - - rInc - ctac - 1 ;  ra - u - r_ -c o ca-rio

CI tI-re nc - c c - i -  lc --a tr: c- - ’: -:orr :ponient s an : - f  rcunxc-- t o’- c-re s curoc --c- c- : . An a’.

c- r- ’ ’ur c-:u iator sr _ cr : : : :  twe lve  oc -- -s r :p :  of h ic t o -  ‘lye a I ( r- cc rover an ’c

orc each team . Af t  cc - -  t h e  -ovec-’a ’inr- process i:o :- :cpiot ’-d , to o- ho

as’ s r - uIlec - -ed i c c - I c -  a c -m ,ncu t cr  for no rma l i za t i on . The 16 s- s e c  -o: ’-c - -roo- o

I. c-crc-p Li::he .i inc the  ccr’esi aT no’c-:rpc-se I- as- Ic--c-are to c--a- -luc re 11cc- 1 c c - c - I n

lairs s-ate to tIre computer .

~~~~ To 1ts-c -lnec -- ge ::or,ctrate the c-,:etiJ re co of t I e  to ’ - }r .i rue a

In--o- -ar ofoc -’ rc - :- o s- cI lia t 1,~~e de:c ri ’b- d wil l  i-c tc- :ilt aol  c - i - c - t e l  wi l l .  ~ h -

c’l.ayiack Systec:. at Al l:. The iic - ’it-al rs r -~ i--n : I the i -a- .-

fc-rr c-r er  is si :op le , snail .  wool :t iOi -l . I D c - s-,-c - ’r_ s- t ~o -  t ic -i ll .  Tic- i- ic . : cc- rn o

c:iultislex switch will c-’ro-t c-sbl y l imit the -i~r ac-ci~ s-anre of c-b e  ic-coo-

for c- : ,e r .  The A / I D  con : ve r ter  has oni’: 3 c--tate :, arc--I tLe sc--ce-i :  ri cc-ire I

are readi ly oi-tair .a ’bIo- wi th  32 paral lel  i n t egr a t e l  ci r- u i t  c-n : l~~age

:or :o-arat-ors .

(u -~~~~~-~ T~ fully bsec--ve the usefulness  o f  a di g i tal  oyster:: ~f t I , i s  t ore

it is noecesoar ’.’ I0 p r oce s s  the beamfc rrc-ed data f o r  dio~~i-iy ron -I 

l0-i c-- . Tl, e r c - c , r - u t a t i - - r c - a l  r or ccedur e  which ho: been or:al’::c’J f~ r

lor-ediate or -ogi - c-cmc -oing i c - - r a t e s  areas that c o n t a i n  a larger  ti ,~ o -averag --

signal level .  These areas must be localized in b o t h  range and bear ing

for the ccnputer to respond ~ o the  s igna ls .  T-~:er ’c-y- c-In ocr sa-rcc-oie : of

each bem-n output ( c -- eor e s e n t i n g  a 0.58 14 sec h i s to r y )  are :t red is,

me m-cr -/ ,  in a 214 by 148 w0rd array . A s equen t i a l  t e st in g  ~~~ cedure ma~;

be u sed to evaluate the presence or absence of -a t c-c- rg e-t in each bear-

ing cell across the center 0f c - b c - i s  c- :rra;:, -as s h o w n  in Fig .  55. At

the new data sanpie t ime  (a f te r  the cernzrcñ nrc - er - has a c o n r n c -u i a t e d  a

16 nc-sec average)  the - - cr-o p is updated and tb test. is rec ‘- - , c - e I n .

Several criteria can be -c - s r-ri to ‘c c c - m c -  I i  sin the  nc -c cs-c- ”-li sat I c - . ,  but nc

:t idc--’ ha: yet been I - i - r I ’ - r r r r _ I t c - -  o lete rns ine  t i c - c  r 0- -S ive rca-c: t: o I

The rn- c-no -Inu re i ,gr’oncc-cr,e- I i n s Ph . 
~~ 3 is - _ n e  I’ t ic - c- c - , ci scropil c’strd ,

c- c - n t  n/e r , S — - ~t I :: r eadily h-au- lie--I by a :ncral.1 c-h -c c c :, l no r n - .
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(u—*M~ Phc- :ele:~c .ed t ar -get  is ~he-wr: Ofl b : :r i n g  6 i c - n  i- g ~5. The :‘l c--~ t

ster-  of t i n e  r- c e a ’u ’-  Is to add the four cr-li:: laheleg “ target ”

(rt ’:v’ec- ert ii:g u-b c r c - c - n c  in rrir.gn -:, c- bc - is being controlled by c-he ~ - I - s - c- ’ -o

tc- ’ann , :crr it c c - L ,:e) - Then c-hi: value is s- :c--c -cle-i with ar, r-erat r adjust-

able i c - i c - c c - c -  threshuld C- c f l t I~ 1. The area labeled ‘ 1” is adlded I gett e r

c-inc - I tested rrgainc-,rt t i n e  .:o-’ r ln-- :I target c-rc -roSc - - IC the scales t a rge t  area

is le~ s tIc-ar : the c-- wcn on’ area i, then the target i,s n-~t l-ocaii:ed in.

sc--ac --ir s- arr: i t}cC test is  diss.  n t i r : u € - d .  If it I s~ greater’ than 1, test In

is tn -- I , e t c .  sc-s ec-a : 3 an: 14 are sele-c-:ted to cance l  t he  cc - Icr - c - : of

reverterac-i- n: fr-sc: an, R~T transncc -js:i-ro, and c - a r c - -  not oeedcoi ’,;henc- c-only

ODT tr a n c - s rc , l ss i c  n : : ’  ~re c-o~ -~~ sc-c rew-s 5, b , 7, a n d  8 sc-crc-her -rt- tc--nrc -c-ln,e

that the target is I- :a l ic- :e -i . Area 9 is sr-lit ir,t -~ two areas C. r

the c-oc-sr’:- ose of c--rovc-lding s-alit window nrcs~~ali:ation . If the average

value -c - C the tccrgi-c- is sufficiently large to ass all of these tests

the signal-t0-backgr - , urc -d ratio is calculated, using Area ~ f-or the

baokgr -~~ d, and rrc n: L ’ e , : - - ac.i r:g, and s ignal- to-backgr oun d are stared

for further use. These may br used f0r fu r th e r  c:mc-c-ut er  process ing

for automatic detecti r., .r used f-o r direct disc-c-lay.

(u-~~~~l The number of c :c~1 utaticr-1o roTc-i c-ao l Is large . All nine tests

can be accum-a l i sh ed  c - -. r the Ind be~ s-u- witt a : - n - -r c-x imate l p t he f u i l o w i n c -g

in s t ruc t ion ::

Ad-c -c- in r t r - r c - - c - t I~~-n i :  5808
St- -re - c - n - - c -- t i c - , r ,s 98
C ::,~-are ins t ruc t ion: :  148o
Clear i n s t ruc tIon : 24c-52

Accomp l i si r in g  these instructions in real time rc-lLvs ’ubeut 1.9 sec

ser  i n s t r u ct i On . I l- -v ever , it is c lear t b c r i t all 72 b c-I t es t :  are

not re- ’bilc ”~- 1. J-~c-p t ime - c - c - . .’ test  is passed it is nece,or , a r i ly required

that  coevr-ra l  o t h e r s  will  I- cu , and any t e s t,  tha t  fails saves

*
If u. tesic- is passed for c-ni range cc--il , it is nececs o’Ir:-,’ that the
- c - c - :: c—lercs:rh. rn- not , fail.
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- -) r_c urnnr u tcc -c- I -  nn  c - t I - . :. A : . -mputi-s- na - - c - s-: ’ n. .~~ - ‘ or -5 .  l’- -’c : c -  a : a - :cc - - c

cc - 5 w ill result nrc - m r this co-n,:i n- - :’ ,’ I - no .

C. PILuatc- i m g —  P. tnt C~ rc-’nl:nt r
(Ct a s-si . c’ I o - : r t i o r n ,  Sy s tems  A c - a b c - l u ,  an .s C - c r n - s t n r  A,: 1:- c - c - t i :  c - iS )
(s. P. PI tt )

Id’c- tc -t c - sr r LrI’,’:ic-r - ,: f inal ly c-onnco-ieted -c-curing tic-i c: ~~~ rc-er  ans I

rc - r c r -- er cd ix e s  J e scn ib inng  the c. -mc: n-c - ter rr~:essing o’er,  - c-dIed to

P . 3. Rarvel ’ s text c - -. 0 ti:0 resort ui, the 1’l0at in i g — ~ -oir1t  techn i q u e  -

The rn-n - - . c--c- c-cc-c-s thus ,:S:ecc-t I c-il-c- c c-ocr -li-ted during this quarter, and

it will be published in the r~ext  luarter as A RL-T h l- 6 c-/  (Ref. 8)
The essential conc iu , c - c i - c -nc -  of t i c - i s  r e c  r t  ic-s tb.at, at least for 1W

r-cc-duct u of 611 or greater , no dego -c - c-d :c-t ic-  c-c- is suffered in the envelope

of the o-utput of a -so crelat - r when b-i c - c - c - c - c - ’,- t’lla t in g - nc-- o ic- .t representa-

tion (c-r’i t b c - sign : Jr,lIc- c-rcrc-bitude icc-anc-Izati~ r:) is cc-nc-c-loped, whereas the

useful dynamic range is increased c-nan I,- c old over the same process

using linear quaoti.catisns . The c ,ardware imslIcaticns to real tic-ce

digital system s are e - : - : c - c - c : J - c -  , ess-ec i a l L,’ in c-Ic -JI ;r .r c-sci c range ac

lions such as echo ranging :on:ar.

D. i~uadrc-r.tuu’r- 3-c- c-cc- c--I i c - 1g
(S c - s c- - - c-cr s. - - i: c - S

(3 .  P. I c  -
-

/~1~ Two publicat i - c . s  r s :n oe c -- c ing c-pro c - r at - c r c  samp ling are ~-re:en t ly

in r-rep--arc-ction. The c-Post treats the c r -b l e n t  of  d i s c r e t e  sac-soling

o f w ’c-v€ form s in a gcoc,eral way ,  c-c- nc-i t locr eb y develops a t generalized T T

quadrature sampling cc- roc-c-ai-e . A practical result 0f c-he c-re-atrcc- crs, is

the develc-pmer :L of t ic- i- quadrature sampling formula fo r  low pass wave-

Ic c-s-rn :, so that it has been proved that samples of the quadratur e

c~ mo-coior -c-nt s ol’ wa’cnf~~~ : with any bandlimited spectra can be obtained.

The :‘-cond publ.icrition in p-reparations c 0 n c e r r : s  the- di git-al

c oc nn r -u t ’a t c - - c-n: C 1-I c ur l e r  tran s f-.- rrmc- c-s ot’ bo-c -nr ,d jlm ited wavefc rrcr s thr c-c-g}.
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CONFIDENTIAL

their l t n cc - s rc - i t  c - re C r: c-~ - n , e c , t s , c- n n - i - - c ’ - -:. u~ i~ ’t -uces tte- n c- sc- ui-:’ 01 ’

:3 c3c -niscli 5 cr c-u i n o d  t :~ ic- n c - - c ,  in  - c e - c ’ - c’s. ‘rtj luc-t-c-iratsre: cc,et - - - -

corn c-u. cd to i’ir-st— -n- - J- r ~~-b i n ~g m e - c -h .  c-i.: Ic- c-- pr-c-cce.::iug i igh

frequent: . c-- -- .- - - . c- at. l~-w sc-sc:: b in g  r a t e s .

I- - rt~c - , c - c - - Publications
(s .

(is A. d, I ccs er -t c - c , t i c-o d,evebr c--c-i Cr - nn : the- Ii icelih , cd rat i - - : rc, n i-ssi  nog

s tud- ,- will be publisiro ’d in : technical  m S-c c-’t 1 c-s-c. after s c - i t r c - h b c

editing and additi n ::; ar.ci a cor de c - c - , :ecl, u c-ic]o:s ,sc lied versi- r, c lii

be submitted f-or p u b l i c - c - t b -rn in t h e  - pen l:’ Leratic. . Tic-c-- :- rc - :c-cl

document as dlc -cser -t at ’ -o- n o is in t ic - c f inal stages of c-Ocr arutir n, In,

the Technical Reports b -fC icn- ,

(U-~~~~~~- The report describing an analytical method for studying the

properties of reverberation: wa-s published in this quarter. Work

is cont inuing,  both in developing and analyzing reverberations data.

(u~~~ P~ The c-nip delay in publishing the guideline report for acc-t c-matlc

class i f icat ion is tbce :c- -liat iocnr of the two c--arts, wri t ten by different
people , desc r ib ing  tb :’o- r ea l -v - rid pr~ b1em and the techno logical

oroblem . Thi :  rer -o c-r t  is  e~~c-ecte s  out th is  qu ar te r .

F. So ftwc-c-c-re DeveLc-unm;e -n c -t
( C - - c- cc - c c - c - c  rA p l i cat i  nc - : )

~J. K. cJ~~c-:~~ c- sc -n )

(c-J-~~~~~~ IA’w nrc-gram : c-tc - n d new modif ica t io :ns  of old progranc-c gent c rat- -I

I c - r i r c g  t h i s  q u c - r t c - c  are described in th is  section and in the cc- c--~-em .c-1 ix.

A r , ’-w general pu,rpc - se c - l o t t i n g  program was completed -lur in g  tb1e n~a:t

- c c - ’ :  rc-’c’. The t in n s  c - c - c inc-dc :
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(u- ~~~~~) Data FO~~1AT Opt ions :

1) Plot t h e  X vs Y q c r ’ - I c - ’ c - s t u r e  c- c - n c r - c r - c . t . c -  of a arc - i  c-P rc-c. l , ’
4 c-c c-mr - jr- u c - c - nc - a ’.’

2) Pl0t, c - n e in c - s - - i c - n c -  n - co .  n - In vs r . c - n , c - t - l c- -n ’ , e.g., R vs & c-P.r a
c-colLar I c - h

3) One ‘in’ruy vs sac-nih-

Pb t o  l o g  - 1 - t j  I - i t : :

i) Sin gle plc-s . r - :anr c- i ly I’ c-rio -c - c -- s ~-‘0c- s-c-- c -  - c - S ax i s

2) ic-rc-vebope of quadrature c 0 n m c - : - - c r i c n : t s  ~ I’ X vs Y qoac-Irat-cre
component

3) Line In poin o t nsl~ t
14 ) Fl -sc -c-’ d i f f e r e n t  syn c- 1oJs is’ point  l0t

( u-.~~~~) The Pr~ gI’c-crc- MODSIJB ha: bc-er : modif ied.  Criginal ly c-he yr-c - grc-ssc-

simu la t ed  a signal which would be received c-ron a sco t -c-- f c - c i n c - t

reflect-or.: on a c-t r a i gl:. line . The additions to the program i n c lu d e

opt ions f:o-r the Co - i l - c -wing it em s :

1) a second line target cons is t ing  of a set cc-c- f c--cir ,t re i ’i c -- c: c- r- ,

2)  a second receiving hydroic-ho-ne,

3) straight line motion f o r  the line arrays.

(u-~~~~) The c ro gr ’c ic - c -  SIGGER was develope d to sec--arate rcc-ultimoati , dc-c-ta ic . tc

the direct and ref lected or rc - fra cte -c - i  si gnals.  Qua-~~atw’c - r

c-nil - rc-c-c-lc- sampled data may be used as inputs.  In ei ther  case , the

t ime  delay between the- paths is derived c- c- ’, ::: a co-ccc-occ-ri :cr I’ m-a . r

peaks c-f the autoc rrobati- c-c fc-c-,’c -rc - t i r .

(c-i )~~~~ l-l ~ -L t’ ic - c - c - t!c - nc -c- have been made 10 the A/P :r gn’rc-ss-, ‘circ- -d ccrrk jcc-

c-co r in g co-mr ,le t icr :  c - c - n the new general c-c-u’J-ose c. nc-yr n’ s i -  c-c- c c

The capabilities of the new A/n ~-r- 
gn’am are outlined in t i n c -  apr en c - - a i x .

Tic-c s-crc-c-c-ar ;; modi fi cation of the c u -mt -at A/P pr gram was the - :1 :111

~t’ r~-tn l t ime q-:- - -i n -mt cc-re- .c- c-Lrnc-’J i u ~~. The r’°c- 1 time scissor-li rc -g c-c-

c-clic ,ws fur  the st -rage- of ever’,- nth s -I , of iu’aIrriture c c - m p c -  n e - c -c t - S c i -

13
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c - - b ’,- r~ -t . cr c-sti ng st -n -: ~ ’,- c-’-._ r ., n w c - c - r c- , ’ - :c- snp l - s , cc - nd - c- .c- el-ag lc- r igor

sets of data L c -~ be di g i t Lc - c -— J.  F r  c- - xnc-usc tc - Ie , if 1cc-ta O’eF~ - be n.g

dig itized c- st a rate of 20 kflz, only l . ~~. 5cC of dc-c-ta c-crc-Id he -P g-i-

t i . ced  be t -crc --  t l :e  nc - c - c - di c - c - c a t i o n ;  w i n - c - - c - - c - c . :  ruler the m0d ificc-st- i - no ,

b 1.0 sec 0r ’ data could be digitized at a rate of Pc- .ramn he. : ‘sec n.

~ c-i c bc- qsc-c-sc-Irut ,nre cc- s- :c- c - n c - c - n : t .  -

(U~~~~~~ Im r- rc -v c --r n c - e nc - t s  have been c made not only in the A/P r-x’ j~ctrscc-.: c-ct  - -

ab c - - in the A/D-D/A facilities of the I~ boratory . A new A/D-D/A

tf :LCOc -’cc, C- -’, which ir :cludes a patch panel, has been.  i n st - c - b c - e u .  The

patch parcel i-ro-vides interfacing c--c the CDC 3266/3i~l3C ~s - -n v e r s c - - cn

controller and the in te rconnec t ion  of the various equi c --nmc -’-n ts  listed

b e l o w :

1 Arc-nc- c-c--c- FRb I-1-l c-src-alo-g tape recc- rder

2 Tektc- ’- c- nix 1~ - 76~ - - s c i lbc sc c-p es

1 Daytron i-: s 718 variable bandpass filter

4 Pr ic-c - .- Pcite 321c--D variable fi lters

1 ARL fill-s-c -- t- - : - -.~ which inc -cludes several low-c-ass arc-c-i
bandpass filters

1 Hewlet t -Packard  3 3 ) - A signal generator

1 K r oh n : - H i t e  ~~ c - A osci  bloc-I or
1 Hewlett-Packard ~d~ B test oscillator
1 S-~t :-le c’:hse gerc -e r c - i t -~r 

0-

b S’,’ s t r o n c - - - c - i n i e r  I 15 3 Universal counter- t imer

1 Bec1~~an ~~‘l t d ig I t a l  v o l t m e t e r

1 Bc-c- ,clac- :t ine 3-I--I-C c-ic : v - ltrneter

2 H e w i e t - c - - l - - - - -c - - c - , - : 550D a t i ’ -- mc - u a t c - r s

2 ARL s i g nc -ml  c - c -.i t i o n l n g  i n . t c -r cos c es  which  include :

:, at ti - nc - nc - at. - c - - c- :

~ b -c - c - f o r’ c~n s - h i r em.,
1 ‘s- cc - Ic r
1 c - tn - c t . - r

~~c-~c - c - c -  :s :c- r - l i f c - e r s

(I.
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C. i’r i
(In. P. Pitt)

( y_
~~~~~) P-nc - 17’ i-c- br-u- sc’ ;- ,- 1 c - C c -, Ic-Ic- -s.: n’ s. .111. 1’ . Pt h r . arid J. K. Vn -c- u~’Ic - ac:

traveled to Sc-crc - Diego, l::li c- ’ c- - n c - i a , t -. :cc -cc-c--t wi th  representatives of

three di c-ic- - ri- :: ’, - ic - n - s. The first —lay was -sr - ent  r -r imar i l y wi th

Mr. B Pc--ti c - . ‘ . c - f  N c -v - c- .: Undersea Re sc -ar- sb:  and Devel- c-cs - c-c -n it Center

(N URD C) ,  Code i-6 ~~. The d i s c u s s i o n s  c- o n :c c - c - ’c - ed the publication of t I c - c

I o in :t  rep rL c-c-n PAIR whi c’tc - has been so- h~ nc-g i n :  r ep ara t i n The

5cc -  - c - c - c -i dc-p.- was sc-cut  alternately wi th  N URDC , Cc--dc - J-I6~ I—C , t -e-m c-c- n c -nc - f-b

and Ic-- . 1. Kc--’sr.c-c-r, nIn -mnc-c-en-ly with  General Electr ic , fl~c-Ii c- ,

Santa Barbara . A trio cc-cc --c c--c- dated 11 March 1963- details the result s

of these meet ings .

(u~~~~~ From 31 11c-c- :’slc - through 14 April, Mi. Pitt was in Wa shir c-gt --r, D C . ,

to participate in an ad hoc committee to prepare a repor t  detailing

recommendations to- “ systems designers~ as a result of exic-boratory

develo~ sent either completed -or still in progress. The work of the

c ommittee will eventually bec:ome a document descr ib ing the “best ”

system exploratory devebo~ rnent could s-crooduoe now , the ‘r c - . t i o i pated

best system wh ich would be pr~~duced c-c-ne year Crc - c - c -  now c - c - r i d, c-c-gait:, two

years from no w; this document is beic-:g prepared by individual committee

members. The final v e r s io n  will be produced by Nc-c-v-rib Sic-in S;,-sterc-c-s

Command personnel from the comm it tee  members inputs. The s rgan i c - c - c-ti- crc -s

represented at the meeting were iJST-ftJSL , NUEDC , NSRDC, lc-A’J3~iIPil, and

ARL.

H. Visitors

~S. p. Pitt)

(u-~~~~ ) On In) and 5-1 January b16 c- , Mooc- cn ’s . K. Buske arc - -i D. Strickler,

Naval Shi p Syst em: C- s-co-c- c l , v i s i t ed  ARL for an infc--rmal review of

work inn pr - gre:: -c-c-nc - I ar c - c -  i c i pated c - - c - c - n -k. Ic-b :t of the detailed dis-

o c-ss c- no with Systems Analysis and C-cc-cso~-c-ster App l icat ions revolved

77
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c - n c ’ , i c - i t S t i c - c  t i g lt a l  b - n c :  c -- n c - c ’ - : -  and t I c - c  c - !  ~~~~ i n c - g — rc - Ir.t - rna-hat r an .d

L k n c - n i r :: c n c l i c -’ a t j c - - r c - :  tc- - c- i c - c - t i c - c - h i -  r : ar c-i cl ’ s : csit i ’ c-t i o , rc - s’,- .:l,ecc.s. Tic-c-

PAIR sy :bt-ro c - c - rid t}r~ c c - utc --n r atic classir ’lc - -cc-sti -rc - system : that are t c -~ be

develc- ~,ec-l were  ~ l:o d i s c - c u s s e d .  Most of the d i scuss ions  were  fa i r ly

general because of the l imited tirnc -c- - - A similar meet ing will  be held

c-lurin g the next quarter .

(u — ~~~~ On 10 M-c-c - rc lc - 1)6 - ,  Dr. David Middleton made a consult ing v is i t

t - , CHIc- . His recent work includes a technical  memorandum dcc- :r ibing

the c c - c - p r h i c - r c - i t c - o n  uI statisticel techniques and ter oc- inc-o- logy ti  rec-tI ,

o- l c ’ c-’s c-cal pr c -c -b l enc -c c-c -. A rough draft of the memorandum was left f-cr

comment s and suggestions. Most of discussions with Systems Asoalys is

ic-c-v0bc-’ed the use of Dr. Middleton ’s analytic model C-. r reverberati-c-nc-

on both sea and lake (model) data , and the establishment of a

statistical relationship between the twc- . This relationshino will be

studied during the next quarter .

I. Short Course at The Universi ty  of Texas at A r c - s c - i n :
(s. P P i t t )

(u -~~~~~- Messrs. T. D. Plemons, J. F. HofTinan, and S. K. Nitcl’c-ell attended

s e s s i o n s  in a short course c--n communications eng inee r ing  app lied P

radar , sonar , and seismology, presented by The Univers i ty  of Te xas at

Austin during the period 214 March through 3 April 1969. Dr. Mic-ldlet c - c - . ,

Dr. W . D. Gregg, and Dr. G. J. Gruber were the inc - - c -t r ac t or s  for  the

o~ urse, which was an in t roductory  course on past and recent  prob lems

in these areas that have been treated by communicat ions  eng ineers.

The course was well attended by engineers and scientists  from var i us

parts of the c c - ~c-n t ry .
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1. It. ‘ c - .  L Ino: c - c - i si nc - c - c -nj  - , .  L. ,IN,- Infer, “Asc -ic-’c - - P c -c-c-c-- h anc -ge Predic t ion
c- I n n ’  I n c - n c - c - c -  c - i -  c-k w c - - I  CL c - r . r : c - c -l I n ’ - i c - c- u t  - n , ’ (U), Na val cr - In c - c - c - c - c - c - -c
t ; c  c- c - b  cc- , . I c-’i- Hc - ’, - r ’c -  67’-- -- , ic- v -:cc~ c - c - r I c - C f .  (CPF 1DLNTIAL )

2. H. : . ic-P :~ “— , “ c-k A:sc-~~ . -  I :  -~~:
‘ ;-P i-~c- I -25 S- -n c - ar  System Performance

and A R ’ - I - c- oe d i - c - c -~ s- c - c c - c c -- - Pr’ s- -cc - i c - ic - or :  MLaeb ” ( U ) ,  USNUSL Technical
Ic-I ’ c c - . c- ’- c - : . : sc-. c - c - . - - - - -i6u-Lf, c - I .  S. Navy Underwater Sound
Pu- c - ’ - ’ n ; :  • i’ rt c-

s c-~c:c -~.’ c- , N ec-’ I .  c - d c -  nc - , Connecticut (25 A~~~ st 1967).
(cc -  NE’IDIc-IiTiAL ’)

3. J. I- ’ . P P c - c c - s  c: , “ In sc-sc- c-cr . R e t - . rt , Reformulatior: of the Soc-c-ar
E qcc--at : r c - : ’ ( U ) ,  Thu-c- c-’ n C - f  c-I~~C ( Part I ) ,  Tracor , Inc . ,  Austin ,
Texas (8 July

I-i . J. I- . K III ins u , “Sc-icc-c-s-cc -c-c-c;; Re t -c - mc- , Refc rmu ls -c -t io n c - c - - f  t he Sonar
nc - s ’ ( U ) ,  Il-c-c-c r 66- f-3tc --C ( Part I I ),  Traccr , Inc.,  Aust in ,

Texas (8 July L - 6 ~~) .  (CI-I;FIr:I-INTIAL)

5. Quarterly Progress R epr o  Nc-co . c-~c- under Cont rac t  N -D -J ) 2 1 4-6-3-C-b l 1 4)  ( U ) ,

1 Pctoher - 51 December 1966, Au-s--l ied Research Daboratories, The
Universi ty c-f Texas at Ac-i~t irc - , A c - s h i n : , Texas, Fig. 2.
(coNF’IDENTIAL )

6. S. P. Pitt and . P . Grace , ‘ Si g - c - c - -a Ft- cc-using by DIgi ta l
-~‘c -m do- at :rc- Teshr I -pc - es , U p~c- c-~ nc - c - c  Res c c -c -rc:h Labo rat o ry Technical

63-39 ( DRL-TR-68-53’), A h i - : Research Pb c-ra : .c--r ies,
The ‘IJic-iversity cc-f Texas at Austin , Austin , Tno c-c- cc - c -~
(5c -i December 1968).

7. 1. P. Pitt and C- . TI: . Grace , “~~;nr ~~ s-c-t - c - r c - -  Sampling of High-Frequency
Wavet’orcc-c- s,” J . Ao:uust. S-c. Am. 1414, t-Lve :cc-ber 196-a , pp. 11455-114514.

3. K .  W. Ilar -i c-- b , J. K. Vaughan , ansi S. P. Pitt , “Klin e Dync-amc-ic Range
C-~rrelat-~r for Envelope Preservation--A Floating-Point Technique,

”

A c--plied Research I~ boratc--r iers Technical Memorandum No. 69-5
(ARL- L’I-I-C c - - c - )  irs preparation at Applied Research Laboratories.
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~~~~~~~ The : - r - gr ’:::.c j njr c c - - c - rc - c - ric - s- : i  ic-i - l w  c r - i -  c - c - n -  sc- w i tIn-: cc-u-r-c-- c - c - t

a c - c - b c - sc - c- b I - c - r i : , :sn :d Lh ’~ 0Cc-c- c--c t i c - c - -s ± 1  or , is - n.h , a c--artial listirc-g of

the bc - -h al -c - ’ - - gr ’onc- c - c -  c- n c - c - c -c- .

C’ TI — s f / A i t ’  -

1.

( U-$~~~~) Due t c - c -  i c - c - c -  v e r sa t i l i ty  and real Pnc-:e ca : - a t l l :i t i - - - . ,  t i c - i s

prc gra-c-r c c - s used for  c-c-lb c- sc :ccc -l-og-t c- - c-h gitc -c-1 conc-vers i ~r.. In ‘c-hat the

A/I) i _ c  the f i rst  sc - e r ’  of c - -r~ cessing data r e c o i l e d  or: analog tans-es ,

it sets :‘-o r c - c :c - :t. Cc-c r the digit c-c-J . ic -ares t ic-c-it all subsequent crc -gram s

must  fo l low , c--c -n d is ‘In ‘eP r e  - d e s c r i b e d  i n :  s-c-c c-re detail  tic -arc - the

~-ti, er c - -o -~grc-c-ncc-s . The i c - l b  ,
c - c - i n c -~

’ c - c - -c - sun s  are under c-— r o gra n c - and r-era c-c - c - r

s o  c-c- b c-c- 1:

Sarci n :-1:nc -g Op t i c -nc - s

1) c-c- c- ’ cc c -  samplinc -g tsr  ever; ; nth syn c pulse

2 )  U ni f , -rm sam pling

b. tc - c - - e i - c - c - L i c - .g  I-i I - -  t ic - c - c - :
( c -~ P - ac-c-~,’ sc-~:cr— lir :t ’ r smmn I: P c - c - c - - o - n - ’t io nc - )

1) Sir:gbe channel n - arc - c - c - nc: access ac -dc

2) Multich-ann :c-1 (~~~~t3) i n c - o ’c ’c--m c - cc -h a l  mode

3) Two channel simultan c-ec- us samc he c-nc -P Ic-old

c. Sarr r - le  Size c-~f c -~~f l3

(c - c - L i .h c - c - c - n y operating nc-c- - do- or ,c - nc - c - c c - : - l l c - g  c - c - t i c - n c - )

1) Jc-c-ric -c-h le length (~25, Icc - - i - cc-c - plo: er sI gn al )

2) Cu c - t i nc - u s .  c- c - c -c — no 11 cc - it  on t h e  nc -c -r c :ber on ’ c o n c - c - c - c c :t iv’

;c- c-occ ples , but - - at c c - b  i s  as many 5000 word (pacioc c-i tv . sc iac - -1c - - s ;v ’- rc-i )

8i
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-l

re _ - c-c - c - n .  - c-~~~c - - ’ : - c -P - ’ c - .  - i ’ J - -  ::ccsx i ccc unc - c- - - _ n c - v ’ - r ’ . c I n  n c - n — - c- I c  ~c- c _ c - P c- s-rc- , - n c -  P

U 
a c - c - n ’  x i c - c : c - : r~ -h ;,- 22.~ OO .:c un, c - i e . - sec.

c .  c - -I git - c-1-c:- -r rn cc - lo ,- s c - -~’ ’- i’.c - i u ni - c  . Thi s  c c - P r ,

is c - c - P .c - c - u k  n c - P  w c h  c - :c - Ucr J - b c - f l g  o-p t i c -- n c -  2 ) ,  p c - c- ‘ I n : g  .‘c. c - ’ - . 1) n~-i 3) ,

‘ c - n c - i sc-cs -ale c - c - c  o n n t i c - - n c -  1)

e. - c -- c - - nc - c - c - c -. S C u.t r h

1) d c - c - s ’  d i g L t J z c -i i c - - nc - c - c -’ - i- c- , : :  witt: t t c- c - -  ne:-c-c- c - : L , .- c c - ’ c - :

2) Write EOF and - c- -c - It c-c - ’ grc-cc-c.
— 

5) Search d ig I t - a l c - c - :~ - ,c- I nc - i ’  -a ; - c - : ’ c - lc ’ :c -ba c - ’ 0 c c -  c - c -

14) Ec - c - c - c - k .: n -a o e  P gital tape

5) R’c-- c-c- c-i new data card

6) R e s e t  :e pe c-c -c - :e coc-~~c-t

7) Search fc - -r end- -u - fi l e  c-nc - u i g s c - c - c -c tc - c - J~C

8) Star t  over , c-’ - W I c - . u  out s--si c- ar  cc-c-

~~~~~~~~~~~~ 
- 2.  DISPLAY : This i. s a digi ta l -bo -an :al -o g -u s-c -v er s ion  c - r og rc - : : .

3 c - -In c - i-c -ic- in -c - c -- - uU :  dc-c-b c - c - c ’s’ s-c-n d igital t a r e:  s- .rc - -i :‘ecic-’— - c -hnc -t e s  c c -c: c -- c -c - l €- r’ c - s - C c:. r;;

to P - D/A k n t e c - - c - P c e .

( U -i~~~~~ 5. TRACE 14c Tei .~ Is a c - c - ’  gi s:c - Pr  d ig i tac--to - - c- nc - a lc - g c c- c : ;e r s i c r .

A cc-c-axis -c-us-c- of four signal.s s-c-a;,’ b-c displayed. Airy c - f  the signal:  aa;c-’
be r - - cc - i t i e d  c - r  c h iP  ‘ c-c- c - n c -  time relative to c- s-ne - c- . c- c - -c - ’. P c - c - c - c - c-

o rtic - c-nc -~ c-crc - aro-vided on the ARL A/P-i) ,- A 1cc -t e r t a se .  Tic-c progranc. cc -c-m y be

use)  to si mu l a te  mc - i ’ the effeobs of Pc--c-her.

-aba Process ing Pi’ grs-ncc-

1. ,~J5CHBUFF : A l t n ~c- nc-gb a c-snc -br ,c - i tire ‘I c - c - real  i t ;; , tic- is real ti c c -.c-

I/c- c - n c -  i n . e  dcc cv’ m e n t i o n  -at t h is  pin i nc -t  ,c i c - c c - nc - ecc c -c-~ p.- c-uh ar c-c-gra s-c- :

de c - c -rn- .’ s- c- c - -c- i below use t h i s  r u t  i c - r e - . Its flexibility c-~n c-d - c c - n c - a c - P l c - ; ;

82
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U N C L A S S I F I E D

(U— -.~~~~4 c-nc- l1c--e - n ’ .t 11 C c - c - c - - c - t i c - m s .  Tr c- e s u i c - c - - r ’  gc sc- :. ne c-c-sic-c i rc - ’ cg’- r cc - c- Ca Inn’ c-c.

c - i i g i  c - c - r i  tYc -~ e w i t h  thc - b o l l  W i  r . g  c - r - t c - Lom:s - c -:

a. B e g l - : m n ) r c - c -- c - c - c - c - In  - - c - s i c - n p  c c-c-ro n be - - the r: t c - c - - : c - ) c c - l  rec .rd

cc:: ;, c - c -  c - ’  o l L ! c - s  1 n  i n c - J u t  to -~- . re st- .crage , o . - ::’e n:;; saving c- -c c- c-c--u 

c-p n- if c - i n c  en t ice  c e - c - c - c - r d  is :. t 00 - i c - s i red , .c aii _ c-- ;ir. g any pu c t )  c - r . s

of c-s r - - - n c -  c-c tc-c- b -  0- - c - n - i  even if the I c c -  cal co-sc - c - - i 1 s l ’cc- n-g ’ c-r c-Sc-ar. tic--c-

-c - c - c - s - c - c - c- in te r ’  st 1

Inc -ro ut only s- ’ f ~~r’ v rnth sample sc-tint .

c .  .c -n:a dr ’c-c t c- c -n’ -c- 500Tc-Jle cc-s c - c - c -c-. cc:: 1 c c - b c - c -, s t o r i n g  c-he irc -c c-ct :. t -

t,-. - c - c - c c-c -c-c: c r  the X arc - c-i Y icc -nil’ at-c-s-c c-c- or c :r c --o- nc - e r c -’, c-c .

I .  Nc - s c - i Cy  the input  - c - n  c - c - .

~~~~~~~ 2.  c-JSN-.c--Ic - IE: This 1-0 ~0c-c-’. input s twc -. c- r- n -c - i s Croci ~1l git a l

c - ’~r -es , c- :o ’ c-c- ies t he sec- n c - In  c c - - ; - o’- c r , and adds the  two rec -cu c: . Tic-c

c-soc--gras-c : is useful for’ studying the effects  cf -us - -I c -  c -c- :  S/Il r a t i o s  c rc-

~ii c- ’ferer . t I ’ ~’c - 5 ” c - 55e0 .

~~~~~~~~~ 5. IcEISc-IF-I-RM : This ~c-ro -gr sc -sc - is de:igrc-e-oi tc- sins-c-c-c-late q-c-adratc-c-rc-

d~~ ita1 c-c -c c -c - c -b c c - c - i c c - p .  The option: inc - c-h oc - c-ce the Co-hI .  w i n g :

I c - c - s - u’s: Di g i t ize-cl c-c-ui, c - - ut c- In  c- st -c- -c-es (16 or fewer  cc - a - f e :)
or ar c -s - l;m i c s -h c - ; .- gen: en -s-t -:- c-c- c-c-ta which inc-clude s one c-r  twc si gnal: c-ic- c-:c-

c-ne c- n two cii n - c -c c - c - h e ns : .  E roc h o i g r. ’:h corc-:i;tin.g of a c - c - c - ac - -c - ic c -un of 50 TCi c-c-t

reflec tors rc - -c. -,- s-c-g -i’rl c-c-b ie - ,c-scolit ,dec ac -rd c - in c - c - c dc - l - sy s .

b. c - c - - c - c - C i s c - p Ic-i ‘ inc -g- : i c ~c- c-r N-bit linear

r c-c-r n~c-~i cc- ac-i c - c - n , mci;; ma.- c - Ps - cc - I c - c - c - c  -

cc. Ss-c-c- . : h- c- N r c - c - c :  Ic - tc -’ bc - c - oiC .
d. I c - c - c - c - c -  S’sic - .plin c -g c - c -  sc - c ’: I - s c- be s p e c i f i e d  t .  sI c - c - cc-P c - c - c e

‘c- uric-us ac -c-P p 5cc -c -en - c- cc - s igns .

ro . i - i - - j o ‘P c - . : - :  i - I c -  b-- on : s - c - c - g e d  t c c s - c-bc -c-te d ic - c - en -cn. t s\-stecc-s.

In .  - c - c - s - i : . : Nc - , - b e .c - h o c - c - g eu  I~c si n:uh at c-- any given

c-ir ’ c-’ay c-c- c-’ c-metl’;; .

g. . 1 - - . . -  The cc-nc- sly t i c  si gna l ( s )  c-cs- ; ; be scaled t ; any

n r ’ - - c - e t - - r ’c- . ined nnaximuc-ni value .
sc- c-
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c-i )‘IAI : I-c-c-c-c C”:iii tic - c - - r grc-sr - c- c - s - c - n c - :  c - c - c - c - ’s c c-c- n -a : Inc cc-. 5, .c -

cc - c - c - n . ’,- - c - c - c -  t h ree  1 n -  c - c  I c - i n , - . c- - c - c - bc -c-i r~ un -t i  - - : , . ‘fh~ n r ’ c-.gr sc-c- nc- c - c - c -  5.0—cc

t o  release dI p tal t a~’es fc-r cu r t I s - n ’  use c - c - I c - l i e  r e t a ; r c - P c - ,-’ -In c - c  c- r :c- rc-c-c-s-

- I - - TI. c- J t ~ c - i c -c- ‘ c - c ’ -  s ’lc--i-c- c -bbe , a c - I  si ng c - n c - y  p c - t i  r. c - f  P c  desire-s

i n c - n  nc - c - c c - - c  cc - Is  to be c - r - - c -n .: n c - c -  r i d  us-c l r c -g  the - ‘ an ab b i l t i  c- s  c-f .: c-br nc-c- I c-c-c--

5. CROSCc-c-RG : TI - : is a ge n eral sn ’ sc - c - c -c-rc - ’€-ian, i c-,rc-

c- c pr c c .  The c- l u c - c - i c - n  so c --ac- is

= ~~ (x 1) ( y .~~~)

The c-c-c. prus include: options for 1 t - c-
~ sic-n c-u i c -c -t i on  oc- differ- r c - t  sacnc-c-llog

rate and of Cl oc-ting-poi rc -t ~-c-’ c-I-bi t linear p s a n O l  c - c - c - c - i

~~~~~~~~ 6. DATASTAT: Dc-- signed to ncc - ir c - i ’.n t -c -  t i c -c  ensemble mean arc-a
variance P the envelopes of a series c - s rn :ign:als . The c - r~ crs-o ic-as
options t - quadrature sample the In - c-cc - , tc- deters-. c-nc - the thresh: lb of

each signal as a c - - i r s - t b  s-~ o f  r c - x inc- c - .  value , align the si gn- c-h : acc c c - -

ing to the d i f fe r en t thres t c --  hds and c-lc- t the a l I gned :ign. -.c-P: .

(u-~~~~ ) (. DOLFDATA: Pc - c - ic -- c - - c - ’ pr oc-c-. c-ruc -e :s~c- s a 5d3 c - - c - c -  ci c-c-ac - c- c- i

(pacc-ce c- two samp les/word) from di gital I n s - r e :  to c - r c - d s c e  an os-c- c- c-C

record each time c-rome ~rede te rc -c -c - sc -ne-l threshold is c-c-: -ee c -c - - .  Ii,e

length of the out put recs-od Is TI-redetens-ined b;; the s-u- cc-r of s as-c-c-~~e:

desired either si-se of the t l c - c -~c -’ H c - Id .  This 5’ -gras-s is useful  c - c -I c - crc-

p rone-a c ing  data from the 0 L t i r c - U o U s  mode of the  crc- fuss’. A/D ; e . g . ,

when time in tegr i ty must be mainta ined but the cam ’ Ic sic -c e is ‘c-c

b u r p” for the -c- a r u n c- c- ‘ ry .

( -~~~~P~~~’ . ic-IC c-nP: C r c - ’n i c c - te r c -  t In15-  crc --c- lope of a si gn s- i against  the

‘c- s - c -i~~l OOC .3 Of  a s c - l i e s  of : i g r c - slc-s . The resul t ing cc - cr c -I s -t i c -  nc - s cc -c --c - ;; c - s

Jnl c -t ed  c-s 1/ c- buCf ’ec- ’ed c - c - t n  di cci I -c- h tapes for t’urt inen ’ pr c e s s i r n 1 - .
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UNCLASSIFIED

- . c - - N I i - P_iInhic - : c-i.~ . ‘ c - t c -  c - - c- c- - ‘~i ,  - ‘ - c - - n - c - - I - c- c c - i  c - c -  c- ic- c- n c - h r  . c - :  ::n -1 c -~’ - - -  n. c- c-c-

e n nc - c e nc :b I L c , ;  c- c-c- - t i nc - c - c  c - c - u : c ’ t, i - n c - s  ic” n - r n : ’ -:c- . b i n -  c-; ‘ - c c-P c- n p  r c - c - t c - .’ - c t kc - c - c -r . t c-cc. ::

c - c - vc - c -_ c - f i c - 1g.

°~~~~~~~~~~~~~~ - -- ic-In . i . i P I n :  Win - ni r - n ’ inc - anP ly  a: an e d i t i n g i n ’  p c- so :.  c ! ua t i n . g

a s i c-p c- n i  w i C h i n c -  a c- c - - c r  c- - c - c - .  T i c -c - ns~c- gcc-c-c-c- : de te rmir . c- .s cc - c - c - c  beg i n n i n g  ac- - c - - i

c-c - r i l i n g  sc -c - ’s -n c - le s -c - c - I c - i  c- I c - s-c - -cooe d c- c- c- c - l c - : -’c-sh. ld c--c - c -  -c - -c-cl I n I c -~~i as a c - r u s t i c - n c -  c-f

t I n e  c - c - ac -c -i c - c - n c - c c - c - c  le value . Eit }c-ec the .-x’ip irc -ai i nc - c -u t ci gaul a n d/ o r

s ign a l  ern vo c - l c - . nc-e s-c -c -c -I:- be used.

( c - -~~~~. 11. FAc-3TPOWH : This i -c - - grc -c -rc . :s-c-. :’ u t c - - c- s t ic -c  c- - -~u’er sr c-eat :’c-c-  i c - c a

signal wh i c h  Ic -c- i: been c - c - n c i  c- cc-c- b;; or s i s c - - c - c c - c -c-:cire s anrc-~o-led . 11c-c- c- c- s-s-c-f

s ’ s- -ct  n-a Cc- c data c - - i c - i c - t i  have been c - in c - i  Cc-.rc -sly sac-c- c- 1cc-n s-c-a;,- be obtained

by f ir s t  selecting the c- c-n ac - c-c -icc -c -t u ie c-c- - s-c-c- c--- - c - c -c-~c- c-~~ c- c-c- fcc -re  c c - n c - c - c - u t a t i -  s-c- - r

by t ak ing  the F o u ri e r  trc c -n .c -fc-rc-cc- of the ic- c - c - b c - c c -  r r e i a b i  o r .  fu n c t i  s - . .

The Cc-s- st Pc- ic -r ier  t r an sc-’c c-s-sr is- uc -sed in th i s  c - c - ’  - pc- -c-c-c-c- .

( - 5
~i~~~~~~i 12. LISTAPES : L i s t s  any c - ~ r t c - c - n c -  - f data records  fr-s-c-s any of

f-our inc - c-c-nut tapes.

( cj_~~~~~ -~ 15. I-c - fTC - . N: Used tc- cc - c - c c-c-c- -c-Ce a covariarc-cs- mats-ia. Tsie cc-rprc-c-c-c-

ic-c- c-c-ut : nc-c-cc- ens- sc-c-chi c-- sf —‘c- c - c - c -  c- - c-i: fr -c - c c - - i lg i ta l  l a c e s  arc - c - i  c c -  r re la tes  each

c c-I w i th  it se lf  and cc-he -c-ther rn- - s - n c - .  The computatic- n c-c-c-a;; be

nj- c- i Cs c-~ -c - c - r  -jc - s ac -1s-’c-c-.t us’e c c c -  cs--cla P- a .

( r - _
~~~~~), lc -~. I- ’ Plc-IF- : T i c - i s -  c -gram s ims-lot s- c-: a sc -nc - a r  r— I cc - n r c -  c -n’ s-nc- ac-c-

c - n ‘c- l it l -sc- c-c-lly pen - -cc -c -ted cc’,; -or Ic-FM t ransmit  si. o c - - a c - .  The target cc - c -c -n :i s’.

of ‘c-v I: r c -~• s cr i p : , cc - coin c--,’it h  as rr c- anc -y as h -I c-I - p oi n t  r e f le. -t  r : of

c-” n r; ;is- .g c- n c-- te r - c - c -it i cc- c - c c - r d b i , : c - s  -I c - l a y : .  The t a rge t  cc- c -c -cc- l ace .ctrc - c- igc -c -t

l i c - c - e  c - s - c -o t i s - c -  r’ c - -b c~ c- iv:: C a s c - a c - i -  n rc -r u - c-c c- - P c - i c - c - p  .c-y :tem . The c-c-- 

- ci’.~,’ c o r c - c - c - i -sC - s- c c - - s  n’ t w o  ic - c - - sr- P c - n c - c -.;.

(u— c-~~ _- 11. SIc -Pc - : : Plc - Pc- s i p n . ’Ils r e ;  r 1: -s - c - c - d i gi t al  c-c - a c - -c - : .
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UNCLASSIFIED

( - -  ~~~~~~~ Ic- .  i’oUI i1~~~ i: Cc- c - c c - c - - n c - b c - c - s - s  t i c -n -  ac- - c- ’ s: c -c . of c- si gnal np~-

- bt c - - c - i c - n i n p’ c- . c - -. c - -  F’ c - n .c -r ’ i c - r ’ b c - c - i c - c - c - c - f  c-s -cc - of t }c-c- ’ c - c - cc - C s n’s-’: c - c - Ic - c -  

- - _ c
~~4--’ ~~ 

‘
. PR fI c -DEI ;  : I- ’ r c-c- gi vs-n i n c - n c - c -  c-signal , bc - nc - — -ro-grc-c- -c c - s-c - i sc - c c - c -

c - i c - c -- - a c - a - - l i t -c-n W- l c - n n~s c- by I ’ u nc - :c - ’c- i - c- - n c -  n~ -r a p c - -c-c- c- c -c :  i s - c -sc- c- - c- -v iP c-ci sc , c- c- c- -s - .r c-,

v a c ’ c - - n c c-c - s : c - - c- -. - s - c - , c - c - n c - - i  i cc c - r c~ n c - c - c -. The h l : c - t c- -gc - ’ ccc -nc - and nc - c - rc - s - c - a l  d i . ; c -n i b u t i  c-c-

-s c - c - c - c c - -  c- c -n - c c - - i c -- c - Ic - s c - - I .
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