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\ FOREWORD

‘ a

,‘
~~ This Technical Note considers some technical and practical aspects of an

explorat ory development program to apply STARLITE (Space-Time Analysis for

Recognition of Line Target Echoes) active classification technique s to PAIR (SQQ-23 )

and to sonobuoys delivered by helicopter , VS/VP aircraft or by gun or rocket from

a surface ship . To prov ide NAVSHIPS OOV1C5 and OOV1B an ~~ bimate of the dimensions

of an overall pro gram, Work ~ ‘eakd.own Structures (TaBs ) and a listing of immediate

• tasks for the two pro grams are included .

The feasibility of STARLITE , either technically or operationally , has not

been proven, nor has any prototype , real-ti me processor been built and tested.

Any eventual development program should be preceded by technical and operational

feasibility studies. Appendices B and C present preliminary technical and opera-

tional considerations of a STARLITE/PAIP. system. Appendices D and E give background

on some present sonobuoy system developments to which STARLITE might be applicable.

Appendix A is a condensed description of STARLITE teeh iique.

This note presents an informal, preliminary analysis of some of the problems

of a program for developing operational applications of STARLITE. It is for

planning purposes only with distribution limited to NtJWC and a few outside

activities. The assistance of T. F. Ball with Appendix A and of H. R. Ead.y as

general critic is gratefully acknowledged.

,~
‘ /

‘I

_ ‘_ __

~

_11

~

. ~~~~~
-—-—.- 

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



?I~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ •~~~~~~ ~~~~~~~~

~CONFIDENTIAL

CONCLUSIONS

General:

(i) Insufficient evidence exists at this time to accept or reject STARLITE

as a potential active classification technique .

(2) The technique has been verified with sea data (references 1 and. 2);

however, other experimental results do not agree with predicted result s based on

• the STARLITE model and theory (reference 3 ) .  The technique should be verified

before any development proceeds .

• (3 )  No definite processor configurations or displays have been analyzed

for STARLITE applications .

(14.) No real-time or shipboard STARLITE processor is currently under development .

(5)  The limiting equations of STARLITE permit initial studies of operational

utility and tactics without complete specification of hardware .

(6) STARLITE processor s can be simulated and tested with artifica]. and

• taped sea data prior to specific har thiar e development .

Possible STARI ITE/PAIR Program:

(i) The NAVSHIPS OOV1 organization, the Active Sonar Classification Panel,

and personnel from NSRDC should determine whether or not an explorat ory devel-

opment program for a STARLITE /PAIR subsystem be proposed.

(2) If a STARLITE/PAIR program is undertaken , schedules for determining

STARLITE feasibility, developing and testing hardware, etc., should be set which

will insure timely incorporation of STARLITE equipment during the initial

installation of the SQ~-23 on operational ships.

(3 )  As shown in Ao~endix B, to use the aft array of a PAIR ship as an

active STARLITE rece iver , 214. staves, 214. beminformers and 214. preamplifiers must

1
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CONFIDENTIAL C •N F i~ENTL~[
be added . This requires immediate attention if raw sea data for a STARLITE/PAIR

feasibility stud~r are to be gotten during the planned PAIR data collection voyages.

Possible Sonobuoy Classificat ion Program:

(i) Delivery of an accurate, short range classification device with speed

and. accurate placement in a contact area could greatly alleviate the current

F long range active sonar classification problem.

• (2) A major analysis effort by a group similar to the Systems Analysis

Group, ASW Systems Pro ject Off ice, is necessary to determine the feasibility of

• classification with sonobuoys (with or without STARLITE processing) delivered

by helicopter s, VS/VP aircraft, or launched directly fr om an ASW ship. If the

analysis is unable to determine the operational and technical feasibility with

existing information, it should specify the factors needing investigation.

(3 )  An adequate program of exploratory development in this area would need

several Naval Laboratories and sor.;e contractors to satisfy manpower and talent

needs.

(14.) A ship launched active sonobuoy system has high technical risk.

• (5) The capability of passive sonobuoys or normally processed information

from CASS (Command Active-Sonobuoy System) might not require STARLITE processing.

(6) Any program should. consider the aid possible to tracking, fire control

functions and weapon delivery, as well as classification, wIth the use of sono-

buoys placed. in a long-range contact area.
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RECOI4I4ENDATIONS

(i) Recommended general plans for a STARLITE /PAIR program and a program to

explore the uses of active and passive sonobuoys for classification with surface

ships are presented in the form of Work Breakdown Structures (UBS ) in figures

1 and 2.  The blocks show major prog ram activities thr ough the sea trial phase .

At this time, PEJ~T networks which would show a finer task breakdown, decision

points and the complete interrelationships of all activities have not been con-

structed. Some immediate analysis tasks and policy decisions are necessary to

• establish the validity of the TaBS and the desirability of undertaking the

programs.

(2) We recommend that NAVSHIPS establish a working group of the IIAVSHIPS

Active Sonar Classification Panel and selected personnel from ITAVSHIPS, IISRDC,

and NtJWC/sD who are interested in the STARLITE technique . This group should

survey past and present work of the SACLAflT ASW Centre, NSRDC and DRL and

document the present status of STARLITE . The differences between the sea test

results in references 1 and 2 and the experimental results of reference 3 should

be resolved and exolained.

(3 )  The several STARLITE processors described in reference ( 14- ) and others

previously discussed by ~~~
‘. Wiekhorst should be reviewed for applicability to

further analytical comparisons and computer simulations.

(ii-) the G:?oup should study and decide upon the means of comparing different

processors. Standard deviations of estimates of target aspect angle, length

and width; or some t~~e of ROC curve analysis of the det~ection of the cross-

correlation pcah mi~ht provide the basis of comparison.

(5)  Once the group has decided the basis for co moar in~ processors, system

variables suc~ as s~~nnl quantization (i. e., clipped, 3-bit or 5-bit linc~.r

3
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quan tizat ion), pulse modulation , degree of ‘1rnatched-filtering,” cross-correlation

in the t ime or frequency domains, estimated implementation cost and ease of

implementation with existing systems should be studied and discussed as they

relate to a cost-effectiveness analysis.

(6 ) The group should discuss whether or not an exploratory development

program with STARLITE should include application to PAIR, considering the con-

straints of that system and its time table of development and installation .

(7) If a decision is rea ched to propose a STARLITE/PAIR program a more

detailed Work Breakdown Structure should be prepared. Following that , ~AVS}{IPS

OOV1B, or a group acting for OOV1B should:

(a) With the PAIR Project Office determine c . dea&line for demonstrating

a rea]. -time STARLI~~ capability with the SQQ-23 which would allow for orderly

incorp oration of STARLITE equipment during the Fleet installation of this system .

(b) Accordi ng to this deadline , determine the possible approach :

• (1) analysis followed by hardware design and construction, or

(2) immediate work on hardware design and the acquisition f taped

sea data for concurrent computer simulation and hardware shore

tests.

(c) Determine if sufficient manDower exists within Navy Laboratories to

undertake the major portion of the STARLITE/PA~~ program, or ~thether the devel-

opment programs should be accomplished by contractors with only supervision by

Navy Laboratory personnel.

(8) A program for classification of contacts detected at long range by

surface ship search sonar using active or passive sonobuoys does not have as

stringent sc iedule requirements as a program involving PAIR. Since sonobuoy

sys~.cms might ben~2it fr om STABLITE processing, we recora~end that the group

14.

COI~~LL~~TIA~
• ,• .• •

4 .•

-~~~~ - -



cOI~~ DENTIAL C~ F1DEHTb~L
consider their application to classification and the possibility of enhancing

their performance with STARLITE techniques. The group should study and discuss:

• (a) circumstances under ~hIch sonobuoys launched from a ship, or dropped

by supporting aircraft could significantly benefit the classification process.

This involves study of the circumstances under which the search sonar experiences

the greatest classification difficulty.

(b) anticipated improvements and pro’olems of using current passive and

active sonobuoys for classification purposes.

(c)  circumstances under which STARLITE techniques with sonobuoys are

advantageous and. possible .

(d) the desirability of an analysis by a group such as the AS~J Systens

Project Office, Systems Analysis Group, of the cost effectiveness of ship-launched

or air-dropped sonobuoy systems for classification. The prelinin~~’y wc:~: of the

previous t~ree recorrendatio:is would provide guidelines for this annlysis.  Thc

results of the analysis would be used to select the most ~ron~ sing c:: cr:.~ c :~

development Drngrn~:;s.
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fl~~ DIATE PLANS

NUT4C/SD Code D606 could not take on a substantial STARLITE development

program without a major revision of existing programs. Ue plan, however, to

• more fully assess the classification potential of STARLITE with surface ships.

A brief description of this effort will show a relationship to conventional

search problems.

Past developments in search (reference ( 5 ) )  show that two maj or considerations

affect detection: 
-

• 
- 

• (i) Certain physical requirements must be met for detection to be possible;

but the meeting of these requirements does not make detection inevitable .

(2) Detection is based in last analysis on a human being and its success is

influenced by the human ’ s attention, alertness arid fatigue . In short , any

detection has a probability ranging from 0 to 1, but it is never inevitable .

The same is true for classification and will apply to our assc~snent of the

• surface ship problem.
- The range limiting equations for STARLITE depend on the s~~:nr carrier

frea~iency, sonar bandwidth, receiving array separation, the s~lmari-~~’s relat ive

bearing from the ship and the sub marine ’ s aspect angle . The analyr is ‘ n h  use

these limit ing range equations as the rhysical requirements for gTf~R~I2L class-

ification. No effort is planned to estimate the exact probc~ 
- tity of correct

• classification for contacts within the eff~ctive classirication area .

Current AS~~ tactics employ the use of detection sweep widths and corres-

ponding A31 shi~ s speed to determine the size sector a shio can patrol in a

convoy screen. The AS~1 ship uses a random method of changiab convse~ w thin

its sector to achic-;c the overall detection coverage . Since the chn: ;. i-~ication

range of CT~~~ IL~ dc~ c nc1s u~on reint ive shiv-target gecactry , no ~in:~ie iat~rnh

6
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range distribution for classification, such as the definite-range law for

detection where the detection probability equals 1 or 0 according as _Rmax r r

~~~
. L.~~, exists to compute an effective classification sweep width . Our analysis

• will endeavor to compute the size sector that an ASW ship can patrol for STARLITE

classification, in the same manner it patrols for detection . This may permit

better assessment of the utility of STARLITE than the calculations of Appendix

C-
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THE SURFACE SHIP CLASSIFICATION SITUATION

• A previous report (reference (6))  described three types of submarine class-

ification encounters by an ASW surface ship equipped with a long range search

sonar : (1) short range, short duration contact , (2)  long range , short duration

contact and (3) long term contact at medium to long range .

The third case allows a reasonable classification confidence based on the

• contact track and a study of many consecutive echoes. This problem will not be

treated here. The first case arises when the submarine is detected at a range

• of 2000-5000 yards while making a below-layer approach . The second case occurs

at lO_ 21~ kyds when a submarine comes above the layer to make an observation and

then descends within a few minutes. This instance involves surface duct (SD)

proragation Other versions of the second case occur with convergence zone (CL )

detections where the ensonified region varies from 2-5 miles in width at ranges

up to 33 miles from the ship , or in bottom bounce (BB) detections where coverage

• exists only over a limited range for a particular depression angle . This can

occur under marginal. BE conditions.

Surface ship sonars specially designed for short range classification car.

improve capability in the first case . The second case can be similarly improved

if a short-range classification sonar is placed near the contact. This short-

range roner must arrive quickly to achieve contact and any carrying vehicle

• must be reasonably invulnerable to submarine attack as its arrival will probably

alert the target .

Short-range classification sonars can use higher frequencies f or greater

Doppler effe :t; use higher pulse revotition rate for more data; achieve better

resolution for size and shape information , as in minehunting sonars; and use

SGI-ty.e displays to ncnsvi’e aspect angle, size and. shape of a contact .

8
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STARLITE (references 1, 2 , 7, 8 and Appendix A) may be applicable to

either short-range system approach. If so, it could confirm the presence of a

line reflector and measure the aspect angle and. length-to-width ratio. This paper

is limited to consideration of STARLITE in an exploratory development program

aimed at solving cases (1) and. (2).

LThIITATIONS OF STARLITE

References 1 and. 2 describe demonstrations of the STA.RLITE classification

process with sea test data processed ashore. The limiting equations listed in

references 1, 2 and I~ define an area wherein submarine classification by STAR-

LITE processing is possible. This area is dependent on range, target bearing

from the array axis, and target aspect angle . The equations ne ither guarantee

lOO~ correct classification within the area, nor provide confidence levels for

classification decisions within the area, nor absolutely ~ ‘ohibit correct

classification decisions outside the area, nor completely descr ibe the possibili ty

of false alarms. Presently, at beam aspect, STARLITE is not effect ive at all;

in the oral presentation of reference 7, Dr. %tielthorst expressed. some hopes of

ameliorating the predicted breakdo%m for beam aspect submarmnes. Presently,

however, we have ignored these possibilities and. calculated the area of possible

classification as determined by the length/width ratio criterion, resolution

criterion, correlation criterion and the Presnel far-field condition equations .

We call this area the Effective Classification Area (ECA).  The ECA ibr beam

aspect is zero. The ut ility of STARLITE will devend on the size and shni:e of

the ECg as determined by the condition of t~rpical sensor platform/submarine

encov.~torn. Appendix C provides a prelimtnary analysis of the limiting effects

of some realistic enco~~ters

9
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Appendix C uses detection ra nges for the PAIR Wave -Period Processor

search di splay on below-laye r submarines. The first set of calculations is for

a static case in which Effective Classification Area (ECA ) is compared to the

Effective Detection Area (EDA ) for a fixed. set of submarine aspect angles and

corresponding detection ranges. The 600 baffle area is excluded from both

detection and classification areas. For seven different aspect angles , ECA as

a percentage of EDA varied. from 5.~ % to 90 . 5% . As shown by the referenced limiting

equations, the ECA goes to zero for some aspect angles. If detection ranges

remained the same , doubling the PATh frequency to 10 k Hz would increase these

• 
- 

percentages respectively from 5. Ii.% to 21.8% and. from 90 .5% to 911 .11%.

The second set of calculations is for a d.ynamic case . For a selected

set of submarine and surface ship speeds, the submarine was given an initial

• position and a course which brought it to ~4- kyds fr om the surface ship within

one hour. The range, bearing and. aspect angle of the submar ine relative to

the surface ship were computed at discrete t ime s along the ship and submarine

tr acks . At these point s, the equations governing the Eel were applied to determine

• where, in range, classification by STARLI’PE became possible .

These results are sho~m in figures C- 1-~- , C-5 and, table C-3. Some of the

tracks never offered the surface ships a classification ca’oability. In one

instance, the submarine could have been classified if the PAIR overating frequency

were 5 . 5  k Hz but not if it were 1l . 5  k Hz.

The calculations do not take into account that a ship , kno’~ing the require-

merits for STARLITE effectiveness, could alter course after initial contact to

reach a more rdvnntageo~is bearing for longer range classification. Hopefully,

further analysis can provide estir~tes of the probrbility of surf~ce ships

enco mtcring s ibn arines at various bearings and nssect angles as a function

10
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of ship and submarine speeds . Tactics for optimizing relative posit ions afte r

initial contact can also be considered. Then more definite conclus!ons about

the utility of STABLITE/PAIR will be possible . While Appen dix C provides some

• insight into the problem, this paper cannot conclude whether or not STARLITE

• offers a classification capability to PAIR coimnensurate with the cost of the

equipme nt addition s required.

11
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STATUS OF STARLITE TEC}II~OLOGY

The sea trials described in references 1 and. 2 show close agreement with

the theory of STARLITE described more fully in reference 8. On the basis of

these reports , the theory and post-experime nt al techniqu e appear sound . Reference

3, however , describes a laboratory experiment which does not provide agreement

with the STARLITE theory . Until these differences are explained , the status

of the STARLITE theory remains unclear . Even if STARLITE operates as described

• in references 1, 2 and Appendix A , the equipment requirements for an accurate

classification package are not clear .

References 1 and 2 stat e that the existence of a linear reflector can

be shown by comparing the Fourier transforms of the output s from two hydrophones.

If the features of the one transformed output are shifted in frequency relative

to the features of the other , this simple shift indicates a linear reflector .

Such a shift can be detected by cross-correlating the Fourier transforms .

This technique could. prov ide a minimum STARLITE classifier . If we add. to the

shift information echo duration information from one of the hydrophone s, the

• target aspect angle and length and widt h can be estimated with excellent accuracy

as indicated in references 1 and 2.

Naturally, the additional processing equipment for measuring echo duration

will raise the cost over a system which simply extracts a cross-correlation shift

We don’t know if the added information of aspect, length and width will irs i- o~e

classification accuracy by enough to justify the extra cost . If a development

program is begun , this problem should be analyzed, together with the roblea of

what 3TARIIIE infor~ ation could contribute to tracking and f ire ccntro 1. ft:~ -t ions .

Reference t~ discusses different methods of ir~~l.er cnLin ~, If-al ill o~c.~scr s.

Dr.  ;aekhorst also discassed. vario is tyacs  of processors in a r -set i~:g at

12
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on 31 October 1967 . The ceveral techniques suggested have various advantages

and disadvantage s with respect to performance , cost and ease of implementation

as real-ti me processors. Analytical comparison and. computer simulation of these

potential implementations would constitute a basic step in moving STARLITE from

a laboratory technique to a shipboard application.

To date , all STARLITE processing has been non-real-time using general

purpose computing equipment . With these techniques, an experimental program

can proceed without hardware construction in the initial stages. The use of

digitally driven CRT displays would permit wide testing of display format s
- 

prior to the selection of sea trial hardware design . Further studies of real-

time processing and display requirements might reveal that current shipboard

general purpose computei~ such as the US~ -2O can efficiently perform most of

the STARLITE processing with minimal add-ons of special purpose eouipmcnt .

The W~S’ s show a parallel technical and operational ~naiLysts for both

ST!LRLI~~/PAL9 and. the Sonobuoy Classification ?ro~rori. They do not show decision

point s where technical and opemational analyses are com’oi~ ed to dc-c~ de whethe r

• a particular system or approach deeer~:es further attention . A full PRT network

would reflect these decision roint s a~d all interrelatior~shi ps let~’ccm the major

blocks in the ~BS’ s. Since the se projects would be exploratory development ,

the PERT networks and all cost/time Cstimntes would be subject to change as

knowledge acctu:rilctes. At the present, knowledge is so scanty that detailed

work stateme nt s about any block above the lowe st level in the ‘~hS would, reflect

mostly conjecture .

13
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METHOD OF APPROACHING A STARLITE PROGRAM

The lowest risk technical development program would involve a mission

and. operational analysis prior to the assignment of manpower and money for signal

processing analysis and simulation. Obviously, this low risk plan requires more

time before hardware realization . On the other hand, the analysis may show that

STARLITE has no operational utility worth the cost of a developmental and pro-

curement program.

The ti~~ requirements of the present PAIR program may not permit the

low risk plan for developing a STARLITE/PAIR subsystem. Unless STARLITE hard-

- ware can be installed. during the regular PAIR installation over the next four

years, many of the ships will have reached an age where additional subsystems ’

cost s and yard. time are not justifiable .

Appendices B and. C show preliminary technical and operational considerations

concerning a STARLITE subsystem in PAIR ships. ~/hile more analysis would be

required to fully just ify or exclude a STARLITE/PAIR system, hardwar e design

might have to be beg-na on the basis of presently available information to

achieve an effective interlock with the regular PAIR schedule .
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- METHOD OF APPROACHING A SaND -
BUOY CLASSIFICATION PROGRAM

An application of STARLITE to sonobuoys launched from the ASW ship or

dropped by helicopters and vs/vp aircra!t could take two basic forms: (1) the

use of two active/passive sonobuoys with an appropriate spacing to provide the

STARLITE bistatic reception, (2) the use of two passive sonobuoys with a separate

sound source such as an explosive charge, expendable acoustic sound source

providing many pings , or a vehicular transducer such as a helicopter ’s dunkir.g

sonar.

Appendices D and E describe a ship-launched. passive sono’ouoy ( cLAsP

system) and. the recent tests of an airborne Coamand. Active Sono’ouoy System

(CAss).  Bot h of these sonobuoy systems offer a measure of classification

capability now . However, the current systems have some classification irulrier-

abilities, as reference 9 indicates with respect to CLASP .

In the following paragraphs we will discuss some considerations and

propocais for using somobu oys (with or without STARLITE trocessing ) to classify

long range contacts initially detected by the ASW ship ’ s search sonar . A possible

combination of helico-oters with ship-launched sono’buoys is considered. In

addition, a sequential sonobuoy classification process is suggested where lack of

detection by a passive sonobuoy would initiate the ship-launch or air- drop of

another sono’ouoy, such as CASS, f or detection and classification by active means

(including STARLITE).

Moving a class~fication rackage close to a contac t initially detected by

a long range search sonar can greatly assist the overall classification problem ,

as expiair.ed in reference 6. The classification package can consist of- several

candidate sensors ar-i3• several methods of delivery to t~e contact area. ~~. cos.~lete

1-5
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trade-off analysis of the operational and technical characteristics of these

candidate systems would require a major analysis effort. Much of the analysis,

particularly the operational part , could proceed without a major cocm’iitment of

manpower to the design and simulation of the subsystems . This would. be the low

risk approach referred to earlier .

While passive sono’buoys offer cost, weight and. probably reliability over

active sonobuoys , their detection and classification capabilities can be null -

ified by such factors as promimity to the masking noise of convoy or task force ,

the low noise output of battery-operated. submarines and slow speed nuclear

submarines and some counter-measures or decoys transmitting recci’dings of

typical submarine acoustic signatures.

A proposed active sonobuoy (CAss) which employs ~~ pulses and. CW pulses

to ir~rove reverberation and Doppler rrocessing is briefly described in Arrcndi~:

• E. The planned, dis~ ll.ys and. signal processing for these active sonobuoys night

solve the classification problem without a r equirement for 3TAi~~I~L orooeanllg.

However, LTARLIi~E processing would give an advantage of estimates of target

aspect angle, length and width . These data would help reduce the effectiveness

of decoys ,ich, while easily providing Doppler and. as acoustic signature,

could proba’oly never simulate the dimensions of a submarine .

vs/vp aircraft in the convoy or task force was, usc massive soaoii’•~oys a~ith

LOFAR for detection mad alascification . Active buoys are used to localize for

IllD co-~fir:~a-tj on and for attack. ~A.D classification does not obviate a possible

need for a :~: :iL:/sonobuoy system . ~-L\D is marginal for Jee~ or evasive sub-

and can be dccoyed. Geological noise and debris and. ~c~ecks (in shaj i.ov

water ) l imit  ~tlL) dThss~ f icat ion ability .  In shallow wat er , a

system could n oas i lLy in rove c l - m a i : i m a g i o n  if it a~c~g~ntely rc~ccts ‘bottom

reverberatIon .

16
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SONOBUOY DELIVERY ~€THODS

We recall that classification case (2) considers a long-range, short

duration contact situation . Since the firm contact time of the detection system

is limited, usually because several pirigs are used in the detection process,

the time-late of arrival for the remote classification sonar is critical . The

short detection range of the system will not provide wide area coverage . If the

system carmot arrive dur ing or shortly after long range sonar contact, the area

of uncertainty for target location rapidly expands beyond the detection range

of the sonobuoys . Even though active sono’ouoys enjoy good. below-layer ranges

with variable depth transducers, excessive time-late results in a much greater

expenditure of sonobuoys to insure successful detection and subsequent class-

ification. Reference 6 shows some of the time-late problems associated with the

placement of active sonobuoys around a dattuc . The ~Tll shows boxes considering

VS/VP aircraft systems, helicopter delivered systems , and gas-launcher buoy

systems . Tine-late constitutes one of the principal fac tors govern ing the

choice between these delivery systems .

F~ om the time-late considerations, shipboard gun or rocut launched sono-

buoy sy stems might offer several advantage s over helicopter or vk/Vf aircraft

delivery systems . The ~‘~( 1l1l- f ire control system receives and. diselaps sonar

and. radar in format ion and. controls the 5” gun and ASROC . Reference II states

that the radar can detect the splash-entry moist for the passive sonobuoys .

Sonoouoy placement oy 5 gun voulo. be particularly aotractive s~noe the long

range sonar would dire~ctly aim the gun with the hK-l114- . The ship-launch of the

sono’o-~oys rc dmccs the time-late since a helicopter or aircraft  deco not have to

reach the dat nu, droo a patters of soiiobno2’s , and a i t  for t ii~m to activate

before classif ication and fire-co~~u-ol data is available . Essentially the same

17
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remarks apply to the use of helicopters or vs/va aircraft with shis-la~nched .

buoys .

Assuriing that a gun-fired or gun-fired rocket-sustained sonobuoy can be

accurately placed near any contact gained by an ASW ship ’s search sonar, tJHF

and VHF radio t— nasz ;ission and reception between the ship and sonobuoy might

constitute the greatest restriction on the effective classification ranges.

If UHF and VHF transmissions were line-of-sight limited, a 100 foot antenna on

the ASW shic and a ~ foot antenna on the sonobuoy would permit cosmuinicat ion

to about 13.8 miles. Reference 9, however , states “This study concluded that

development of an appr opriate ruggedized , gun-launched, rocket-sustained passive

sonobuoy is within the state-of-the-art, that reliable sonobuoy-ship eoscv~n ica tioas

can be maintained in the ~40-60 megacycle region am to and beyond 27 nmOL Ca L

miles, and that standard aircraft-type receiving , pro~essisg, and display

equipment could be es~ loyed with little r odl:’ic : tic. , ex~cat accommodating

- 

the particular frequency band, to be used. Even ir  the conobuap- a:-ylsad. could

not include a battery large enough to p:’o. Ide t a l c  dlreca sozohny-t o -ch th

co ~~~ 1c~~ 1o~ , a ~emar o  ~~~ or cci o~ ~~ ~rcr~~ cc ma ~~e r ma

signal from the b’coy to tac sni p acn ~ evmag grenuer range because of’ its altatma a .

The helicopter or aircraft could also deliver the attack.

ASROC and e;-:tcnded-rarige AS~ OG vil :. have ranges of 10 and. ~3

rescectively . These rasges will not ree:i~ all surface duc t “look zone ’ can tn~tc

or nutci~ the bottom bounce and con- .-c rgcmae zone ranges achie-;nblc vhl. the

;~ /f ’~~_2 6 and more modern sonars. Thus , the saritaco shim will have to ace

hel icopters .  V~ /Ll~ air maul t  or drone s sacli as PllP for woacon de ivery .

we arc a r e .  0: lag that the s-u-face snip dc cccc the coat :-ra , iaa:ul~ t ao

c l a s c c f ’i - nt i a . : cams :ys to I: .; r : a m : - : ~~ui t :~ c - i n to en Ian n , 
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the co:-tta~t using a helicopter or aircraft for radio relay from sor.obuoy to

ship, and thma using the helicopter or aircraft to attack the contact .

While these preceding pcra0Tapils make a case for a shim-launched sono-

buoy system , the development of classification sonobuoys for delivery by

helicopters or VS/VP aircraft could probably be done more cuickly and. with

less technical risk. ‘Jaile the shorter time-lat e and the ease of correctly

placing the sonobuoys with the ~-IK 111+ recommend. a ship launched. system,

judicicus mIncemeat of helicopters or VS/VP aircraft en continuous station

around the screen could. reduce their time-late problem . Thus, development

of classification sono’ouoys for use with helicopters and VS/VP aircraft

might provide a useful and. more t imely addition to the Fleet .

19
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PER SO~fl~EL AND OVERALL PR0GRA~ EFFECTS

PA~~ Project personnel in Washington and San Diego, plus contract pc-r~~~.aei

would hav e to be involved in any techni cal study of STARLITE app lica t ion to PAIi~.

In-house personnel of a number of Navy activities could provide much of the

analysis and preliminary development for sonobuoy systems . Contractors already

involved with sonobuoy design could assist operational and. technical feasibility

studies. The Systems Analysis ~ ‘oup of the AS~J Systems Project Office has been

reco~r~ended for sonobuoy studies because of past work of this type (reference

10).

1±’ set up, each of the programs could. result in a major effort diverting

funds and. manpower from current programs . For this reason, we have recommended.

full discussion of the effects of implementing these programs by the VS IP~d

Active Sonar Classification Panel and. interested, parties from jy~ygujg~g , :kIIDC

and :~ui-ro/bD .
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APPENDIX A

CAPSULE DESCRIPTION OF TI~ STARLITE TECH~TIQUE

STP.RLITE looks at the target fr om two slightly different aspect an gles.

4 Assuming no part s of the target are hidde n at either of these angles, and that

the target has certain geometric properties, the technique can determine the

length, width and orientation of the target.

Assume a target model of point reflectors (any similar type of line target

model would do) and. two bydrophones as shown in figure A-i. The target is

ertsonified by a source near the hydrophones.

THE STARLITE TAR GET MODEL

~~~~~~~~~~~~~~~~~~~0 •

•

• (hydrophones)
1 2

Figure A-i

The impulse response of the tar get as measured at hydrophone 1 would be

a train of impulses as shown in figure A-2’a . The impulse response measured. at

hydrophone 2 would be the same train of impulses (figure A-2b ) but compressed ,

since hydrophone 2 is more abeam of the target than hydr ophonc 1. The limit tag

case of pulse compression would result for a hydrop hone directly abeam in which

case the response would be a single impulse.

22
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IMPULSE RESPONSE OF A SU~~.-1AR II~
ECHO AT TWO HYDROPHONES

h
1
(t)

I time
I (a)

I 
I

h (t ) I I
2 I I I

fL_
_ _ _

H time
(b)

Figure A-2

If we are given the impulse responses of figure A-2, together with values

of the parameters of range, bearing, separation of the hydrophones, active

carrier frequency, signal bandwidth and the time duration of either h
a 
(t) or

- h2 (t ) ,  we cam determine the length , width and. aspect angle of the target.

Let h1(t) be the impulse response measured at hydrophone 1. Then, as

shown in figure A-2b, h (t) is simply a compressed h1
(t). That is:

(A-i ) h 2(t )=~~~~)

where a is so:.e constc-.nt which depends on the aspect angle. Let H
1 

(1’) be the

Fourier transform of h1(t). Then the Fourier transform gives:

(A-2 ) H ( f )= a  H ( a f ) .
2 1

This slsa ly noons that a corapression in the time domain results in an expansion

in the frec~cn-n cy ia-a - - - ha . If the spectra of H1 and H2 were very wide , and. if

we observed the c-c ~gc-c t r ;  thr o-igh a small ? wi.ndow, I~ the expansion could be

app ro::icaatc- al as a zha ;l e  sh i ft  in fre~j a;e y.
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This is similar to treating a Doppler compression as a simple frequency shift.

By taking the Fourier transforms of the signals rer.eived at the two hydrophones

and. measuring the frequency shift, ‘we can determine target length, width and

aspect arigj .e using the measured echo duration and. the other para meters previously

measured.

A Thrther refineme nt would directly measure the frequency response of the

target. This could be implemented by transmitting a slowly swept linear ~14

signal. T’nen the envelope of the echo would be the frequency response curve.

This is equivalent to measuring the frequency response of a circuit in the

lab or at ory by measuring its output with an input of varying frequency from a

signal generator . The obvious advantage of this method is tha t no Fourier

transformations of the received. echoes is necessary.

This discussion gives only a superficial description of the STARLITE

technique. In practice, there are many limitations which have not been mentioned.

Among these limitations are finite system bandwidth effects, ~~esnel field effects,

frequency shift resolution limits, nod the length to width ratio of the tcrget .

AU of these factor s have to be considered in any detai led. discussion of the

technique .

- The complete derivation of STARLIT~ theory arid discussions about its

limitations are best described. in references 1, 2, 7, 8. The li mit ing equations

are covered in Appendix C of this paper .
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APPENDIX B

USE OF STARLITE WITH TI~~ PL~P~1TED PAIR SYSTE21

Since PAIR , or the AN/SQQ_23, currently in construction , uses two separated

receiving arrays for the passive subsection, STARLITE application initLally seems

very logical and. desirable. This appendix will briefly conside r the technical

problems of STARLITE/?AIR. Although actual processors and display s for STARLITE

are unspecified at this time, certain technical features of PAIR and a possible

STARLITE subsystem will be discussed.

We will not describe all the capabilities and features of PAIR . Our descrip-

- - 
tion and. the block diagram in figure B-i only cover the principal signal processing

steps and the nature of the received signal at different points in the system.

The STARL ITE/PAIR processor we suggest is for illustrative purposes only. ~‘urther

study might produce a STARLITE processor of greatly different form for incorpor-

ation with the SC?.Q-23.

~~ief Description of the Active Portion - SC~Q-23

The S~Q-23 will transmit at L5 kHz and 5.5 hIs . The forward dome contains

the active receiving array. This array has I4~3 staves from which are formed. ~
beans of 7 1/2 degrees width, overlapping at the 3db-down points. The becrsforcacrs

are analog delay lines of 1-6 kHz bandpass. The received signal from the beam-

formers is heterodyned to 20 kHz and bandoas z f iltered to L~70 Hz centered at

20 kHz .

After filtering, the received analog signal can go any of four paths

(see figure a-i), depending upon operator direction from the console . The first

path leads to the ~avc Period Processor (~2P) which , for search processing, clips

the siginal , A/D converts, thresholds, and sends the resulting si gnal to a di gi tal

computer . The cooputcr controls a disolay which has 16 symbols wircd into its

25
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symbol generator (no alpha/numerics presently). The computer performs a second

thresholding to limit the number of events displayed..

The second path goes to a tracking processor which uses any eight adjacent

beams of the l1.8 to do sum and. difference processing with 3 beam interpolation .

The third path goes to a Steered Beam Receiver ( SBR ) which uses any 2
- 

adjacent beans of the 1~3 for an analog interpolation over a frequency range

of 1-6 kHz. This path receives unfiltered beam outputs and has its own pro-

cessing . One branch of this path provides an audio channel for passive or

active signals. For the passive mode selectable filtering is provided:

i-i.8 kHz, 1-2.5 kHz, 1-6 kHz . For the active mode , the 11..5 or 5.5 kHz input

is heterodyned to )~81l. Hz and filtered to a band.pass of 11.70 Hz.

In the second branch, the active signal only is then modulated to 20 kHz,

bandpass filtered to 11.70 Hz width, centered on 20 kHz , quadrature heterodyned

and A/D converted, by a 5 bit linear converter . The digitized quadr ature com-

ponent s are then replica-correlated . The correlator output is D/A converted

and displayed on a paper recorder .

The fourth path goes to another SBR with the same filters and. heterodyner

as the first branch of pat h 3 .  This path has no correlat or . Both SBR f~~~ are

steerable by the operators of the two consoles.

~~ief Descrj~tion of the Passive Portion - S~Q-23

Passive bands of 1-1.8 kHz and 1-2.5 kHz are selectable with the two -

receiving arrays. Passive search is done at 1-2.5 kHz over 22 beans of 15

degree width formed with analog delay lines (the aft 30° is not searched). -

The output of the 22 beams for passive search is dis~layed on a paper time-

bearing recorder . Passive tracking can ‘cc done at either 1-2.5 klz or 1-1.8

2o
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kHz with one bean from each dome at the selected frequency band being clipped

and. then fed to a clipper cross-correlator. The output of the correlator is

- displaye d on a CRT

STARLITE Processing with SQQ-23

STARLITE requires both receiving arrays . Unfortunately, the aft array has

only 211. staves instead, of 11.8, since its processing channel only handles signals up to
2.5 kHz

instea d, of 5.5 kllz . Because of the greater stave spacin g , the beam pattern

for this array has conspicuou s side lobes. Figures B-3 and B-~ show the bean

pattern of the aft array at 11- .5 kilz and. 5.5 kHz with side lobes respect ively

only 5db and 3 db lower than the main lobe. As a consequence the bearings of

received active signals at the beainformed output of the unmodified aft array

would be subject to error. The array also would provide substantially less

S/N ratio than the forward. array .

The second branch of the third path of active sonar processing; namely, the

SBR with correlator, provides some of the possible STARLITE

processing. If we specify STARLITE processing as the cross-correlation of the

Fourier transforms of the forward and aft correlator outputs gated around the

echo, rlus a means of measuring echo duration, we con state some preliminary

requirements for modifications to the planned SQQ-23 . Figure B-2 shows the

present processing and the necessary hardware additions for STARLITE. The

minisrsn addition consists of 211. staves, 211- bean-former delay lines and 2~ pr eamps

in the a2t array to complete 118 aft beans at 14.5 and. 5.5 kEz . This addition

would be to ra~kc the system suitable for recording signals for shoreside

STARLITE e::periments and prepare it for later addition oP processing. Complete

inpleacntatio:i would add to the aft array a s].avcd SPI with a correlator, two

Fourier tr:-.asforn boxes, a cross-correla-tor echo duration processor, an ovcrul

27
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output information processor and a display . The cross-correlation shift and.

echo duration measurement would provide the basis for determining: (1) whether

or not target is a linear reflector, (2) target aspect angle , and (3) target

length and width. If the echo duration from both array channels were measured,

estimates of (2)  and. (3) could be improved by using an average or weighted mean

of the two measures. The active PAIR signal most useful for STARLITE application

has a bandwidth of 141.0 Hz and a pulse length of 161 Msec .

This suggested processor is not unique . Further thought and development
- 

could possibly produce a processor design which would not require the additional

correlator and. Fourier transform provisions.

Technical Issues

Assuming that STARLIT~ works as the current theory ~rcdicts , the max iraun

classification range for STARLITE /?AIR , with a 5 kHz active signal , 60 foot

array spacing, 300 foot submarine length , and a mLminn ri S smmr i•~e asaect angle

of 21° , is about 5600 yards abean of the classifyin~ shif . If the trs~•skit

frecjneacy were increased to 10 kHz , the corresj onding raaxisaLa classification

range doubles to 11,200 yards . The costs of pro-~LcU.ng SL~RLITS/~//~,-23 at 5

kg-iz and at 10 hj iz should be compared before xuaki~-ig final design decisions.

frans missioa and reception at 10 kHz might be possible by the use of

several transducer r ings of quarter-a-ave elements. ~hii~ the ottc:iuation

• losses at 10 would be greater and the source level probably less, the

greater effectivenes s  of th~ receiving array at 10 k~Iz would regain some of

this loss. with the 10 kgz signal we don ’t need to match :cotoni~a1 ra:~-es of

the 5 sL~p~ /. since ~T J ~ ,I~ E will not be effecaive beyond limits a-~l1 short

of these . Even the i n:-:irvnn G-P~J~~I~J/ range neeth~’t be matobed, since this r anga

is a-oil ‘oc~’o:.-i e::~cctcd bole:: tayer detection range s at 5 and there fsre

2o 
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will not be needed often. In addition , because the operat or is alerted to

target location before the classification step, S/N requirement is less, being

of greater concern to the echo duration measurements, than to a requirement such

as initial detection.

29
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PPEUDIX C

OPERATIOI-IAL C0NSIDEP~TIO iS Pt)R
STP~~ ITE/PAIR

For a STARLITE/PAIR equipped ship, we have calculated the Effective Class-

ification Area (ECA) relative to the Effective Detection Area (EDA) for differing

aspect submarines in a below layer case . These calculations ar e for a static

case . Since operationally aspect angles and. relative bearings will change

continuously except on a restricted, set of relative courses, a second. set of

conp utatlons were made with the submarine placed at different initial starting
- 

. points. These points were selected such that the submarine at a chosen speed

and straight-line course reached a point within 14 1~’ds of the surface ship at

the end of an hour . At specified points along the submarine track, a computer

prog ram determined whether or not the target could be classified., considering

its rang e , bear ing fr om the surface ship and. aspect angle at . thal point .

Neither of these sets of computations really shows ;i~ethc-r or not ST,’tRL ITc~/

PAIR offers a classification capability worth the cost , whi ch hns n t t  been

estimated yet. More analysis is planned. Meanwhile the following results

may assist decision-making at this time .

30
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Classification Area Relative to Detection Area

Definitions :

R = Range of ~ubinarine from surface ship

= PAfl~ detection ra nge (below layer target )

Rs = STARLITE classification range

RF = STARLITE minimum range (Fresnel far-field. condition)

0 = Submarine axis angle (90 0 = bow or stern on,O° = beam )

Q = Submarine bearing from the surface ship

B = Spacing between receiving arrays

= Carrier fre~ iency of transmitted. signal

= Signal bandwidth

L = Length of submarine

D = Diameter of submarine

C = Speed of sound, in water

A5 
= STARLITE Effective Classification Area

A = PAIR Effective Detection AreaD
Baffle area = 600 sector astern in which a submarine can neither be

detected nor classified. The following equations determine the STARLITE

effective classification range :

(c-i ) -c4~ _~~~ j < R ~~ < ~~~ ~~~~ C G ~~~~~

(c-2 ) ~~~~~~~~ < R ~V
(c-3)

L
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- Equation (c-2 ) states the Fresnel far-field condition. Using PAIR parameters,

/ ~~~~ L~~~~~~~~~c*~~~~~~~ NO  ~~~~~~c0t Ø~~~~~~e
L~.f when ø

is greater than 21° (equation C-3)• Therefore,

(c -14) L~B c~ t .~ ~~~~~~~~ 
< R ~< & s;& (

~~cos

and equation (c-3) .

The equation for R
3 defines two circles with center at ± R xnax/2 (where R

5 ~~~

is the value of R~ for Q = 90°) and at relative bearings of 090° and 270° from

the surface ship. For any fixed value of 0 three conditions can hold:

(a) H
3

(b) Rs X/2<R~~R maX

(c) R
D
<R max/2

These three conditions are illustrated, in figure C-i (a-f) for 5 kHz and 10 kHz .

The mathematical derivation of Ac, for each condition is:

Condition (a): From figure C-l(a) the effective detection area is A =  5/ 6 zRD
2
.

The effective classification area is f ound as:

= ~~ 
-

= Q ~~~~~~ ~~~~~~ ~~~~~~~~~~~~~

IL \Z f~~~~~~
-
~ ~= ~~~~i~~ cc !~~c~) ( 

~~~~ ~~

• f - , (~~~~~~~
‘-

~f~’~ i~~&~ ( —
~~ )

~ 
~~~~~~~~~~~~~~~~ (~~~- - - -~~ - .

(c-s) A5/ 1 (ct ) ,cc- r . L ~ -

-

~~~~~~~~ 

~~~~~~~~~L
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Condition (b): From figure C-i (b-c), the effective detection area i~

- AD = 5/61cRD
2 .

The ef fective classif ication area is found as:

A~ ~~~ 
(
~~~

‘)

- ~~~~ Bcos
~~

s;
~

e
~~~i~ - _________

= ;~. (~
- ~~~ .a~~~ 

- (
~

- i~, 2 
~~~~ 

(
~~~~)

- 

- 

~) 
J L ~~2c~~t ø j ( ~~~~~T)

= (
~ 

~ ~
)

~~( e
/-i2si ~~~~~~ (~~

- J f ~ s~iiø} (~~~i~’)

= ~~~~~~~~ (~4~e~~/ s~~~~
/
~~~~ 3~~) ~~~~ (~~

-
~~~~

,)- 
~~~ (~

‘•_

~~~~~~

(c- 6) ‘~~ ~~~ ~~~~~ ~~~~~~~~ ,ç
~~

., (~-~~~

L
where Q’ = bearing where RD = R3. 

-

Condition (c): From figure C-l (d-f ) the effective detection area is A =5/6sR
2 .

Effective classification urea is foenO :

A5 { 2r4 (
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The detection ranges in this section were calculated using data from previous

PAIR work which produced that curve of figure C-2 showing the effect of input

S/N ratio on the 50~ probabilitf detection range . The curve in figur e C-2 is

based on four consecutive pings on a 15db targe t stre th sal::r&rine under the

layer conditions shown . Table C-l shows the target strength/ ~alr-nr ine asfe~t

angle function used in calculating the curve

The aspect angles in this table are differcn1t fron , b-it related to

the submarine axis angle 0 used in the STARLITE eouations . 0 is a Gunclr ant

an~
l.e, Oo~O £ 90°, of ~ O at bow or stern and 900 at beam . The target strengths

of table C-i were used with the data of figur e C-2 to calculate detection ranges.

PAIR parameters of B=60 feet , f~=5k~ z , ~~f=2424 0 Hz and submarine parameters of

L=306 Ic-ct , ~1=27 feet were used to comg-utc the values of Effective Cl~ssificatio~

Area as •a percentnge of Effect ive Detection Area which are shown in table C-2,

along with values o~ H , R m a x and R ~rax . Values are shown for f of 5 k~iz cuJD c
10 1-Jz. The su’o~ irine axis angle of 20° slightly violates equation ( c - s)  ani

is given only for ii~ ustrat ive purposes . Excc~ t for the 350 anis angle

the Ef~eal ve CiL—~n~sification Arcn gC:LC I’aULy covers a 1 -ge ac-r -entagc of the

324

cO: ’I1)~~ TlAL



~ 

I
Effect ive Detection Area . At this preliminary stage of analysis, however ,

this does not automatically mean that STARLITE is tactically sound.

Table C-i

FUNCTION VALUES OF TARGET STRENGTH VS ASPECT
AN GLE USED FOR PAIR PHRFORI-IAI-1CE PREDICTIONS

ASPECT ANGLE TARGET STRENGTH

00 10.0 db

5 

- 10 .5

15 13.5

18

20 
- 

114.5

22 114.2

35 11.2

140 10.8

10.5

50 10.8
- 

60 12.2

70 15.14

75 12.8

80 19.6

85 21.2

90 21.8

35
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CONFIDEI ITIAL

Classification. Opportunities Along Intercept Courses

The calculations of this section are based on the tactical situation

dia~~wm ed in figure C-3

= Surface Ship Velocity

U = Submarine Velocity

W = Submarine Velocity relative to surface ship

~~~= Subxnarin& s initial relative track angle (angle from V to
U nansured clockwise . 

- 
-

O = Submarines Bearing from Surface Ship

O = Submarine Axis Angle

(x0,Y)= Submarine Initial Coordinates

R = Submarine Range from the Surf ace Ship

*Other symbols in this section are the same as defined in the

preceding section.

4 

\ /
1

Figure C-3

Sub t-_-——-~-- \‘J Surface 1hia-~~~ - : - ~rLne
/ \ C’ Relative Trach

/
~‘N /

/

~~ /
/

Surface C~ Ci~
Position
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From figure C-3:

Ø~
Using the STARLITE conditions we have:

‘~s-~

= ~~~ 
/ CGS (~~~~~~ Q~~~

(c-8) -
,~~~ B

Now substituting sin 0 = —
~~~
- and. cos 0= _____ 

we have

~~~ ~~~~~ x~~y~ ( Y ~ s~- X s i ~ics~)1

Sirniliarly for R~ VTC I~ave

R~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~ 

(c~9) 
~~F ‘~ ac

For the g T J ~ -ITh cundit ion :

L
D

and s~h::- ri:.c diC Z~ O~C5 O~’ L~ 3C6 f t .  and D=27 f t .

~ j / !  (e 
~~

- f — ~) I > ~

I ~~~ 
e ’ ~~~ + C ~•~ 5f • -~ - C~ >
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CONFI DENTIAL ~~

(c-io ) > O . 3$~~ 99/ /

Using as input parameters submarine velocity, and its range and bearing

fr om the surface ship, plus surface ship velocity, a con~ uter pro~~a~n generated

a path defined by the submarine ’ s velocity relative to the surface ship . The

pro~~am then computed the su~’omarmne range H at incremental distances along this

• path . At the point after each increment this value is compared with the STARLITE

constraining eqaations using the PATh system carrier frequencies of 14.~ and 5.5

kllz , bandwidth of 2424 0 Hz , and. hydrophone separation of 60 feet. If the submarine

range R at the point satisfied equation (c-io ) and R
F
LBZRS, the submarine was

within the ECA . ~ ther~-rise, the submarine was considered outside tne E01’ .

The results of these calculations are shown in figures C- 14 and C-5. These

figures show : (1) where the submar i~xe entered the ~~~, ( 2 )  the surface :hi1

true ~-n th , (3) the submarine ’s true path . One important res~1t no t sh in

figures C~li~ and C-5 is the period of tine on each subr-iar inc trach d-u’i:~g

classification was possible . This result and the n- unber of ping:; (for 5 and 10

I~rd range scale settings ) that could provide classification information are

shown in table C-3 for each subr ;arine track.
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APPENDIX D

DESCRIPTION OF A SHIP-LAUNCHED PASSIVE SONOBUOY FOR TARGET CLASSIFICATION

CLASP (Classification, Ship-Projected) is a passive sonobuoy fired from

the 5”-38 calibre gun of an ASW ship and used, for the classification of contacts

1~OOO.iO,OOO yards from the ship . The system has been fired at sea and. success-

fully used. to receive the radiated noise of a submersed submarine.

After initial detection of a contact by active sonar, radar, visual, or

EC~-I , the passive sonobuoy is delivered in a 5” window projectile . An omni-

directional hydrophone on a 60 foot cable detects noise in the 20 to 5000 Hz

freq.uency band.. The noise is amplified and transmitted to the ship for rece tion

on an aircraft sonobuoy radio receiver . The noise is monitored by means of

headphone s for subma rine-like sound. characteristics- ‘Jnile reference 11 does

not indicate any tests with LOF~\R-type processing, that would rrobably imcre~ se

detection and classification capability.

Reference II states; “Standard shipboard fire-control ecnil mcult is used

to aim. the 5” gun, and fire control radar locates -t i-ic sc~iash f oin t to verify

accurate placement of the sonobuoy at the contact location . After sdashdow .,

the sonob :oy is expelled from the projectile . The antenna and. hycIropno:_Ce are

deployed and the sonobuoy become s operational about 1 minute after water entry  -

The effective range between sonobuoy and submarine for detection and.

dassifica tion depem.d~ on sea-state , sub~- .arinc noise output , ni~a bnc ngronnd

noise . Reference II based ~cr fornnnce estimates on the bac :-guo-;n~ n oise

con tr icuted i~,’ the A 3:  destroyer , in addition to the ambient sea noise .

Reference ~ , ho- -mvcr~ considered the more ~enerai case ~f use in the vic :L n~ty

of lar~ e co ivoyn . This refere:Cce states that the sonob-noy syster.~ -:onld be

effective for co n-oy speeds of 10 knot s or less, but : -Crn -~ ~~~ for a 15 knot co~ - C- : ; .
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Reference 9 provides insight into r~iny areas of concern and deserves care-

ful reading. For the purposes of this a~ 3ec1dix two of its conclusions appeni-

very important:

(i) the yearly cost of a projected omnidirectional sonobuoy system is not

clearly lower than the cost of a small helicopter for contact confirmation .

(2) a projected omnidirectional sonobuoy system should not be used as a

classification aid by ASW ships in multi-ship situations, such as convoy or

task ~~~oup screeni ng operations . However , the report recozri ends a detalled

investigation of directional sonobuo y systems , including both a design feasi-

bility study and a study of operational effectiveness in a number of tactical

situations

In the cases presented in reference 9, the ranges for passi-.-e detection

and classification never equalled the detection ranges reported. in refereucU 12

for CASS . However , CASS was never operated in the vicinity of a large convoy ,

nor was an analysis of this situation indicated. in the reference . On the basis

of somo of the finding s in reference 9, a new study should consider the use of

two passive sonobuoyc and. an ind.e;-e:-ide nt active source. Reference 9 discusse s

the use of an additional gun-fired sonobuoy and a gun-fired. e::ulo-sivc charge

for e:-:plosive echo-ranging against quiet submarine s, ~r submarine contacts close

to a convoy . Instead, of an EER charge , th e sound source migh t ho an e:::.cuculj -lc

tra nsd -. cer ~arovici-Lng widc~-ba:~d transmIssion at a source ic_ /el co:~~nrable to C ’1,3~~.

A first passive sonobuoy might be fired to classify by detection of the

radi Cutod ZLlnuur lue  noise . If no sub: arh~e noise was detcsted . a second :cussi-;e

sonoh oy and a so- :ud projector would be fired to nro --idc -us -t I -.-e detection ,

100 11n - . t C O C i  and C ln G U i f i c u t L O u  -)c-rna ,s ‘. 1 th ST s __ : te CnIs)c15 . Ot ;_CeC ’ candid-

ates ‘o~ tue sound. :-‘o~ector r.:i h-t include a LCo nco ter ci n k ’ ,- s -  o:.r-r or the

Ah~ u l ’s lo.-g rc - search sonar . Thcsc ideas _C :.Ci-ranl c~-vc2ul a C-Il y s i s.

t~2
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APPENDIX E

CO~4MA ID ACTIVE SONOBUOY SYSTEM ( cASs)

The technical evaluation of the Conaand Active-Sonobuoy System (CASS ) is

reported in reference 12- This appendix will describe briefly the characteristics

of the sonobuoy. As background , an operational analysis performed by NAVAIRDEVCEN

showed that a single active sonobuoy would need a minimum detection range of

6000 yards to cope with , a deeply submerged submarine traveling at 30 knot s -

Thus, the development sought to provide fixed-wing aircraft with an echo-ranging

system capable of acquiring and localizing for attack, the quiet, high-speed,

deeply submerged submarines expected in the 1970-1975 period.

Reference 12 states: “For a 50 percent ech-D-to-ping ratio the CASS was

shown to be capable of reliable in-layer and, below-layer detection of an under-

water target out to a range of 6500 yards . (When the target had. up Doppler, a

maximum range of 7800 yards was achi€v,ed; with do~rn Doppler , a maximum range

of 6500 yards was achieved, under typical summertime conditions of bathy-t h c rm og r ah )  -

The CASS was shown to be capable of detecting unclervut-er targets at rs~~iai

speeds of 30 knot s and tracking underwater targets with up or down Doppler at radial

speeds of 6, 12, 18 and 27 knots.

When adverse bath~rthermograph conditions were encountered. (a layer depth of

100 to 150 feet) and a target was below layer, detection cap ability was enha nced.

by using a 1500 foot transducer depth . ‘dhen the target was in the layer, the

shallow transducer depth (60 feet) proved effective .”

Transmission Charac t erist ics

CASS is designed to transmit ~~ Li-i~ (linear swe pt Fk ) DI1~-~ ( D opalc-r-

invarIant -
~~~), and FPN (pseudorandom-noise ) signals. The sonob-noy can traum-~!.t

on t~ d i f fe rent  fre-I . -cnc ~ es cc: tered at 6 . 5 ,  7. 5, 5 . 5  and ) . 5  kn z .  The av ion i cs

1~3
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subsystem consist s of a signal generator, a signal analyzer and a display system .

The sonobuoy is expendable . The signal generator feeds a function generator in

the aircraft which transmits an amplitude-modulated UHF signal to the sonobuoy .

A receiver in the sonobuoy demodulates the transmission and. sends the pulse to

the sonar transmitter for transmission into the water. In CW operation, four

pulses of 1.0, 0.5, 0.1 and 0.01 seconds are selectable with bandwidths of

100,200 or l~OO Hz. Pulse durations of 1.0 second are selectable for the LF~

and DIPM transmission modes. In the LFt4, DIE~1 and. pR21 modes, the signal

generator sends - a replica centered at 800 Hz to the analyzer for cross-correlation

with the received sonar signals. After sonic transmission, the sonobuoy switches

to the listening mode . The sono’buoy bandpass receiver amplifies the sonic

information, and transmits it via a frequency-modulated VHF carrier to the air-

craft receiver . The signal generator translates the demodulated VHF signal

to a center frequency of 800 Hz.

In the CW, LI’i- ’~ and DIFII modes of operation , the 800 Hz center frequency

received signal is clipped, sampled at a rate of 24096 sanglec per second., and

fed. to a magnetic-core time compressor and. memory unit (MACTIC ) where it is

time-compressed by a factor of 9728 to 1 and stored. For the LT~-~ mode the

memory is read at different speeds to compensate for the Doppler dispersion

(change in slope of the FM sweep) correlation loss. The received signal i s  read.

out of the ~IiCt’iC memory serially and, beat against the stored replica. The

serial code s-:ifted out of the replica memory is the reverse order of the code

used to generate the sonic pulse. Beating this with the received signal prod-ares

a single-frequency signal which includes the floppier shift . To permit th~ use

of a single output filter, the output of the beat fr e jucnc y corrclator is hetero .

&jned. by a stng oscillator, such that the difference hetvccn the frecucucy of

- -
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the step oscillator and. the Dcpplered echo remains constant.

With LFN or Dm4, either a detection or classif icat ion mode can be selected .

The detection mode gives a B-scan presentation on either a full 8000 yard scale

or 11.00, 800 or 1600 yard range-gated scales. The B-scan shows Doppler along the

vertical axis and range along the horizontal. The writeout is a sloping line

moving from left to right with the point of maximum intensity centered about the

target’s Doppler. When alternate upswept and downswept LF~4 pulses are used, the

intersection of the two slopes provides a range resolution capability of 11-0 yards.

The classification mode provides either 11-00, 800 or 1600 yard range-gates on a split-

screen presentation . The top half of the screen shows a presentation similar to

the detection mode, but a dark horizontal band is evident . This band corresponds

to a particular 1~ kt Doppler increment selected. by a switch setting. The

amplitude modulated signal within this Doppler band is presented in an A-scan

on the bottom half of the screen. With the range-gated operation target high-

lights are visible in the A-scan traces.

STARLITE Application

The limiting range equations for STA.RLITE and the equations using measured

frequency shift and echo duration for estimates of the target aspect angle , length

and width requ ire knowledge of receiving hydrophones spacing and of the target

bearing relative to the axis of the two hydr ophones. Sonobuoy location by

aircraft already is required. for weapon delivery and. in drooping buoys for a

trapping field. about a datum . The methods of location involve radio- direction

fir.ding on the sori obuoy transmitter and. the use o~ an “on-top ” indicator . This
riot

is /accurate enough to deter mir ,e sonobuoy spacing (hundrePn of feet ) for SF i~I ? - .

Timing the difference bet~ ccn acoustic t ranani :  on from one sonobucy to recc~ t !  c— ri

at the other seems to offer the sirarl~ nt a.id easiest alternative . Since the

11.5
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sonobuoy separation for STARLITE purposes will not exceed several hundred feet

and the S/N of received pulses will be very high, the most accurate timing would

be based. on pulse leading edge estimates from the raw signal rather than from

the peak envelope output of the correlator. This should provide accuracies

within a few feet .

The effect on STARLITE processing of CASS signal clipping before correlation

is not known because no quant ita :LVe information is available on this. The

CASS system capability for operating fr om active buoys simultaneously provides

the multi-channel condition STARLITE needs. We have not made any - analysis of

the supplements required for adding STARLITE to CASS such as we have done for

PAIR .

The class .fication capability of CASS may be adequate without S~PlRb ITS .

If this proves true , then the classification problem for the long range contact

situation is solved. This active system will provide better localization

inf ormation than the current passive methods . The source level of CASS , 102 db

above 1 microbar, together with the 80 db receiver gain nu— y permit use at closer

ranges to the convoy than passive buoys .

Reference 12 provides many more technical details and also sea test results

of the technical evaluation.
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