
~"""·.. 1'., 
; 

J 

. ! 

DECLASSIFIED UNDER AUTHORITY OF THE 
INTERAGENCY SECURITY CLASSIFICATION APPEALS PANEL, 
E.O. 13526, SECTION 5.3(b)(3) 

ISCAP APPEAL NO. 2006-033, document no. 1 
DECLASSIFICATION DATE: December 02, 2016 

.Technical. Report 422
' 

PROJECT COMBO: REVIEW AND 
RECOMMENDATIONS (U) 

WC Cummings, RL Seeley, 
PO Thompson, RA Johnson 

July 1980 

N 
N..,. 
... a:

z ~
.1~ 
~
~
(N 

c-.1 
o:
u·
c 
< 

  
 

 
 

z
~
(")

ii.,.
N 
N

· 
.. 
1.• 

 

Prepared for: 
·Naval Sea Systems Co~marid . 

· and 
Naval Electronic Systems·command 

,• ......._ •a&rIOllAL s.ECUH.L:ti lllBllllU:rllll" 
.rt·- . ... . . : .··'!~·.......,.,..,,,..,...... 

&uou-•· 
911DaQth0~1ao4 Dlaolosuro SubJoot to Cl'Sm1anl

· · 
[ . 

' 

. -
_8_0_ 

/ 



. . ' 

. . . 

­

' '.
' 
' ' 

. 
. . . 

. 

. 

. . 

; . 
. . 


.. ­ ... 

' ' 
.· . 

' 

. . 
. . . 

•.Best· ·.. ·.
 ~.

· ·. · 

: ' . 

Available
Copy 



., 

! 
/. 
:1 .··. 

'-~, 

'.·j, 

·, 
-~ 

.'.11 
" 

'· 


··.' 

~ 
'.·. 
• 

SECRET 
(This j)aq&"JS i.incI.s:: '· ,·,j 

NA.VAL OCEAN SYSTEMS CENTER.SAN DIEGO, CA 92152 


AN ACTIVITY OF THE NAVAL MATERIAL COMMAND 

SL GUILLE, CAPT, USN HL BLOOD 
Camm&ndar Techniciil Di1anor 

ADMINISTRATIVE INFORMATION iU) 

<Ul This \Vork \Vas pl!rforn1l'd undl'r sponsorship of Naval S1..•a Systl!nts ('0111n11111LI 
and N:1val Electron ii: SystL?111s Co1nn1an<l. 

<Ul IVl' acknowkdgl' llw as.,islancl' of J. F. Fish and ll. S. Gall's orNOSC lhrough­
oul Projl'cl COM BO. IVl' arc grnlcl'ul !Or lhc help of M. E. Dahlhcim. A. Dihclka. D. Ferrin. 
J. D. Finch. M. I>. Flaska. S. J. Kcrn1ison. LT M, Markh USN. D. E. Marsh. J. L. S1,•wa~1 
and E. Wrench al NOSC', ror lhc supporl of.fl.(;, lloffmon ond C. ll. Smilh al NAVSEA 
:ind M. L. Parker. Jr. :nlll !. L. Smieion :11 NAVELl.X. and for lheassislm1ce or II. B. Slone 
in 01' 987 :and C'DR D. R. Moyer USN. CDR C. B. Lowe USN oml LC'DR A. J. llic11.lcr 
USN al NMAT 0:1. 

CUJ J, F. Fish and (i, A. Tttrlon \Vl'fl' th!! tcchnk·ul rcvicwi.:rs. W, !\. Fril'lll assisted 
\vilh lcl·hnii:itl cditin~ nnd linal n.•porl orguniz:ation. 

llclcoscd l>y Under Uuthoriry or 
JM STALLARD. l kml HO PORTER. llc:id 
Bioac.·oustil."S ...~ Uionk-s l>ivision ~ios":i<.•nccs Dcp01rt1ncn1 

sceRET 
CI'his i>age·ii imclcm...·iffwi 



.-· SECRE~i.
(1'hJa page fs.E:9NF19EPITU.b 
"ECuo\ITV CLASSIFICATION OF THIS PAGE ~en D•r• Enl•r•d) 

. 

0J; 
REPORT DOCUMENTATION PAGE 

·J2·_ GOVT ACCESSION NO. 

1.4:1>-Co:.t;l 31./~ ­
•• 'TIT\.-g: rMd Sutllllr•J - ,·' 5. TYPE OF ~~!!T Iii PERIOD COVERED ·--------·-···-·- -- .. ---·- - .•· -· ,____,_
tROJECT_co~~: _REVIEW AND RECOMMENDAT~ON!\ (~) \ \.--1 Finau/Jui, 71 ·- Sep 78..:> I 

·-- ~- ~-- ... GORG.-AEPO~T NUWDER 

' ... 
1, AUTHO"C•J fl, CON!JlM:l'-OA G5il'UT NUMBER(•)... 


(/;o- ,;c;;::. . 1.- /i_ /
WC CUMMINGS, RL SEELEY, PQ TliOMPSON, RA JOHNSON ··- ..- Ir:: -· 1 ... ... 1 '? 1 
t. PEAF'OflMING ORGANIZATION NAME AND ADOREtJ 

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

J, RECJPIENT"'S•CATALOG NUMBER 

I • i 

Naval Ocean Systems Center, Hawaii Labora!ory 
P.O. Box997 
Kailua,Hawau96734 

1- 10: :=~~Raa:J=ALKE~EN . ~JE~C~T~.JT~A~Sf'-~:-1 
--621lJll· "21221 SF212811171_:, i

XF21222791,. .•• -- ..
• 

12, 'REPORT DATE11, COtifTAOLLltifG OFFICE "'AME AND ADDRESS --- ­

Naval Sea Systems Command (NSEA 63R33)' . ,. I j C::, . July 1980 
Department of the Navy ---/. . . . . · tJ, NUM9£A OF PAGES 

Washin~on, D. C. 20362 44 
16. MONITORING AGENCY NAME a ADDAESS(ll dlll•tenl,lra111 C«11rolllnl 011,e•J 1!. SECURITY CLASS. (of lhl• l•POlf) 

1.:'',.i 
I 

// .••~.~L.

\1/.- . .7.. . ·-:- .-: '". /. ,/". . ; _.' . \ 
' ... 

·. . -._ . j ·.· . ;-. I "/ • · ! 1 \ '""· DEcc~~o~J!~AAPJl'Ji1:~~~.f:==~==;;:::;:::;:::;:.=:=.::::;:::.=:=c:=::.==::==:===::::.:..~~~.J.Jn~-..d'~~-c·~-"~E~D~~lcElllli1•ililll"l"'.:''f:_:<7~..J 
la. DISTAIDUTION STATEMENT (ol lhl• R9PotlJ 

17. DISTRIBUTION ST AT EMENT (ol lh• d•lt•cl 911l•Nd In Blocll 20. II dlll•1et1f trct1I Repolf) 

II. S~PPLEMENTARV NOTES 

11. KEV WOADS (C'onllnwe on re.,eree elde II nece••U7 •d ldattllf' by Cllodr nUl'lf>erJ, 

Bandwidth Large Whales Pinnipcds Source Levels 
Bioacoustics Low-Data Rate Signal·to·noi5e Ratio Su~marine 
Communications Marine Ma1nmals Signal Synthesis Transducers 
Cover! Measure Format Smail Whales Waterfall 'oisplay 
IACS -....., Pilot Whale Sonogram Whistles , 
20. A•STA~T (Con1lnu• an••,.•••• •Id• II n•c•••art' end ld•111I,,, "' tloloc:• nuat>.rJ [ 

(C) Prciect COMBO produced tho elements oh coven communicalions system that conveys coded messages 
using selected marine .'!nimal sounds in a natural sound environmenl. Project progress includes development of a coding 
tect·.ique, a ;omputer program for elemental synlhcsis, and a recognizer/decoder instrument that is compatible witIi 
Reel low-data·rate.comn1unications equipment. The report also discusses propenics of available transducers and 
charactcrislies of marine animal sounds as possible elemenls of coverl communication systems. ' : 

7\ 


~oscjrR-122(/ 

F'OAMDD I JAN 7J 1473 EDITION DF I NOV .. IS DISDf!l!!s j>aq·ee_:iE~EE:~9~P~i!:F!!lfl~E~N~f!'.!l!!A!:L:.._________
SIN 0102·LF..014-660'l :. 

SECURITY CLAUIPICATION OF THIS llAGI: ("9en D•I• Sttter~d) 

-::3'7315 I~!. · --·- .. '~·'· 
.......... -·· ··--" -- _____...._,,_ ~.....----·•·-"..... ·····-·-· . '1 , 

l 

http:L.:~~~.f:==~==;;:::;:::;:::;:.=:=.::::;:::.=:=c:=::.==::==:===::::.:..~~~.J.Jn


• 
~ 
' 

~-. 

,f 

,i, 

t 
' . ' 

E'BNFIBl:NTIAL 
SECURITY CL.ASSIFICATION OF THIS PAGE t9t1.,. Dale l!nlua~ 

CQ~'FIBEN'flAt 
-SECURITY CLASSIFICATION OF THIS PAQEf'1171•n D•I• .E!'nl•ffd} 



SECRET 

FOREWORD (U) 

·r 
;e( Project COM BO• uses coded marine animal sounds for a covert ~nderwater •\ 

communications system with ranges to 50 nmi. The Project COMBO concept originated in 
1959 at the Navy Electronics laboratory. Collecticin and analysis of sounds suitable for ul· 
timate use in Project COMBO began in 1965. We recorded marine animal sounds. 1nearnred 
sound source levels. observed animal behavior and initiated acoustic analyses. In IQ70. thc 
Defense Advanced Research Projects Agency (DARPA) sponsored analysis and duplication 
of sonogram patterns of marine mammal sounds we had collected and the Naval Ship 
Systems Command (NA VSHIPS) sponsored the Project COMBO communications ap"plica­
tion of the sounds. 

tsl During Project COMBO. we developed a coding fochnique that uses temporal 
and frequency patterns to c()nvey messages. We also developed a recognizer/decoder instrn­
ment. the COMBO Signal Recognizer(CSR). and produced the improved CSR-II from it. 
We developed methods for computer sound synthesis and investigated communications ap­
plications of entire sound sequences. Laboratory and sea tests used six d1!111onstration n1es~ 
sages based on coded pilot whale sounds: messages wen: received correct(\· underwater out 
to SO nmi. 

-t€T The Project COMBO effort was coordinated with the Low Data Rat<'. Quick 
Response Proi:ram of·tlle llllegrated Acoustic Communications System plan. In this report 
we review Project COMBO and relate the project cone.opt to advanced development and 
neet use. We present background information and discuss the Project COMBO plan. 

•(U) rOMBO is""'' an acrony111 

Aocess1ou l"cn-

NTIS G~l illDC :rAB 
Unannounced 
Justificatio~-

B:v 
Distrihuti o!lL 

Availa-bili t.·1 Codas 

Avail aud/01· 
Dist.. 
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SUMMARY (U) 

OBJECTIVE (U) 

.JR'( Develop a covert communications system with a bioacoustical message fom1at 
using animal sounds as message elements that are recognizable with existing neet signal pro­
cessing equipment. 

.RESULT~ (U) 

1. r,9f A coding technique, a computer program for elemental sound synthesis and 
a recognizer/decoder instnnnent that is compatible with nee! low-data-rate communicatio~s 
equipmont were developed. / 

2 . .{efPilot whale sounds were synthesized and coded to convey six demonstra­

tion messages. Messages were received correctly underwater out to SO'nmi. 


RECOMMENDATIONS (U) 

1. wr Coordinate progress and results from Project COMBO into the Integrated 

Acoustic Communication System Plan, especially, the Low Data Rate/Quick Response 

Program. 


2. ce{ Develop 'techniques and equipment to synthesize large whale sounds and 

small whal< screams and to process wideband clicks and frequency-swept signals. 


3. }.Q'J' Modify the COMBO signal rcce>•er system to utilize more message frequen­
cies. Increase the CSR processing bit rate to 0.0: bits/sec. Use automatic gain control and a 
wider filter pass band on the receiver system. Ada1>t parallel coding/decoding to the CSR: 
update the input pa!!crn every 50 msec. · 

4. ·(JZ'j Pcrfonn an error an.ilysis on the triplcrredundant 111essage for1nat. 

S. J9r Develop and inaintain a reference ·collection of recorded marine animal 
sounds. Collect information on th~ distribution and habits ofbioacoustic source animals. 

( 
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SEORET 

BACKGROUND IU) 

CONCEPT (U) 

JM Thl' prnjcL·l'!<I ohjCL'li\'c b to dL•\'l'lo11 a L'O\'L'rl c.·0111n1unil.:;11io11s systc.·111 \Vilh a 
hiu:i'-·nustic.· n1l','k1gc.• forin:i1 using ;,1ni111al ~ound!<- ot!<I 111e!\!ri.:l!:!L' c.·h:1nc11is. i\li:s.....igc.•s can hc 
rc.~c.·c.•i\,.i.:11 \Vilh cxi!<iolinl! ~ign;il proecs~:ng c.·quip1nc.·111 in thl' lll'l'I. The ~yslc111 \Viii confou1u1 · 
inll'rc.·c.•p1oni hy prc.•sc.•ntinv. an cvcr,vhchninl! lt.l"ik of :111:.ilyling all n1_arinC' 11i:111111111! !\Ountls 
c.·ncou11h:n.•d in order to ic:c.•ntil°y p<l!«.!<lilllc 1nc!<lst1gi.: i.:h:1ncnl!<I. 

AUTHENTICITY (U) 

~Fidelity or (filll!ri.lllil h:d !ri.OUJld~dcpcntl!<I 011 !ri.il?,nal-to-noi!l.L' r:ilio t.111lJ lran!ooilli!<.!ooiUn 

h;111thvidlh. St,undo;; rc.·1.:ordcrJ l'or c.:0111nu1nic.·11tit111!\ ;,1pplil.::11ion"' na1"'t have.· u high si~n:.il-to-
1101,c.· r:itin ur undL'r!!O subSL·c.1ucn1 noisL' rcn10\':d. ·rrans111it1cn. nu1,1 n1:1in1ain !\Uf1ii:k•n1 
h:111c.hvidth lo p·n.:!\t:rvc till' sounds' nutun1l qL:;llilic!<o. 

1lJ1 ln1provcd lidclity fui:tor.. rl!sult fro1n helter rccurdi11g 1cchnk1t1L'S~i1111>ruvcd !<oi!?­
11:11 proL'l'!l.!\in~ ;uul !\}'lllhL'sis and :ulvanL·cd lntnsdul'"i:r dcvclopn1c11t. 

Jk="( The tran!\1nis!<oio11!\' tc1nporal :ind J:!L'Ogr.1phii..· con~istcnL·y dcpl•nds on c.Jc1;ai!cc.J · 
k11,1\\•li:li).tL' uf d i!\I rihul ion :ind hahit!'ll or hinai:ot~!\lii: !\Ollfl'r.! unhnals. 

UTILITY (U) 

JX( Till' ('()~1ll,O L0 01111nunii..·:11inn sy!'lllc1n utilit.c!<o fl'l'L'ivint? and prol·t:s!<oing c<1ui1Hncn1. 
'\llL'h u' the \V<JC'-5, ;.1lrctllly in llcct ll!\C. !-iystc1n in1plcn1cntation require:-. 111c~~U1!l' rc1.·ogni­
t!n11 c11uip1ncnt. tn.1nsdt1L·cr optil11iz:1tion and sil_!.nill !?1.'111.·ration L'apahilily. 'l'apc rct.:onling~ 
01 r1.•;1J 1i1nc !<.ig11<1J-synthcsizing 1.·0111putcrs 1.·an gcncn111.• lh1.• !<oignals.. 

PROGRESS (U) 

'u) The 1.·onfi~ur:ition ur lhc Projc1.·t ('(Jf\1 HCJ ClJllipn1c111 i~ dCSL'rih1.•d in lhh !>.l'l'tiOu. 

J8f The wowfonn sem•ra1<>1 is :i 111agne1 ir I ape recorder lhol pl:iy, cas.rnc, conwin­
in);! code,\ analog rcconlinl!S of pilot \Vhalc phonations i11 nalural chortl!\C!\. 

CU I A !oipcL·ially-<lcsig.ncc.J I-kW an1plilicr c.Jrivcs :ri.ch;ctahlc-i1npL'dani.:c tran""-IUL'"CP.. al 
!"11ll p11wcr in ih<' i"rcqu'ency band from 20 111. to I0 kl il. 

l-s-t AL'"l)l1Sli1.· 'our1.·c, illL'lullcd a frcc-lloodcd 1.·ylindril::il tran!<oc.Juccr 10 rcprodUl'l' 
pilol \\'h;,ill' ~nund,, C'ri1it..·1.1l L·h:1r:1L'lcri!<otk·'i of lhc lrill1Sdu1.:cr \Vcrc.hroadhand rc~pon~c. liieh 
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·\ 	 SECRET 

..(81'" Trunsdur:ers and ;in1plific-rs uscl.I in lhl! ('0~180 scllcn1e nu1sl h1..· C.:'Jlnp:1tible 
\\'ith lle1..•1 equipn1r:nt. \Ve ::urvi:yed trunsduL"ers in Ile~·~ us1..• :ind other lo\v·fn:ljUell\'Y lrans­
dul'1..'rs rh:it i:ould he us.1..•d in the C0~1BO 'iYSh!lll trcfc-renl'c 8. 9). \Vith n1inor 1nodilii:a1ions. 
JlC"cl transdu1..·ers <i~ n1;irginally al'i:eptable for COMBO lrt1ns1nission~ in 1..·er1ain fn.!quenl.'y 
h:1nds. For ex:anple. the UQ('-:? transdul.'cr is the best Jlet.!'I tr-Jns<luc:er for pilot \Vh:1Jc 
:iOunds. The llc-\.'l lransdll\'Crs ~urvcyed h~1vc lhnitcd lo\v·rrcqucn1..·y i::tpahility. The cxte1!<led 
hl\\'·fn•l[UClll.'Y r~sponse of the olhcr tn1nsllu1..·crs surveyed \Vould 1..•nablc tranM11issi1ln of nu.ire 
Jiverse sign:ils over gre-.1cr rang1..-s. 

ENVIRONMENTAL FACTORS (UJ 

~ Co\•1..•rtn1..·:.;s or COMBCl 1.·011111n111ie.i1ion th:p1.•11Us upon sign:1l lidelily :ind the 
11:1turafneslrl u!' tlH.' i.tlli111:1I sou11d~. l'l1c.• Mlllnds' physi1.·:1J c.·h:ira1.·t1.·risti..·s. SU1•."ll ::is sourc.·c lcvl'I 
:1nJ ton:1I 1.·01111101!1..'l'ls. 111ust h1.• proper. Prefl.'rn.:d sounds :ti\.' fro1n 1nurinc 111:.i1111nals. such as 
pilot \vh:tll.'sor kilk•r \Vhail•s. \Vilh :i 1.·usn1opolita11 Ol'c."llrl'l.'llc."c.'. 'l"hc.• soun<ls 1nus1 be USl.'d·in 
;;111 appropri:.111..· c.:onl1.•x1. For in:-iol<1111.'c.'. 111ating. signals trans1nittc.•d in a non-111.ating !>~ason 
c.nuJrJ ;;arouse tl1e suspiL·ion u!' a kn<nvlc.•d!!c.o;1hll.' 1nu11i1ur. 1'h1.• sounds frorn u single: spcl.'ics 
nn1y \'ilry n~gion:.1lly. Thus. \V1.•ll-kno\\'ll diafcl.'ts should 1101 lh' usc.•d oul of c.·on1ext. "l'hcsc.• 
S?1c.·..:11lalions Jll'l'SU1nc: ;1 knnwlcd~c.·01hlc intcrc1.•plor. · 

£,Yr The C'0~1BC> 11Jan rl.'l)U1r1.·s nalur.11 sounds to provide ii "'l.'ovcr'" for .:011111111nil·a· 
tiun Si!!IHllS. In Sllllll' ar1.•tis 1.'l.'rl:1in spl.'l.'il:'s or \Vhafcs havC hel.'OIUC: sc.·arc.:c through OY!!rharv~st­
ing.. hul 1.·u11s~1,·:.1tion 1111..•;,1s11rc.•s J1:iv1.• ullo\Vl.'d othc:r po11ulutions to inc:re~1sc. 1:or cxun111tc. tl1c 
'inuti1t:"rn right \Vhak is 111.•:irly l:'Xli111.•t but the gri:y wh;1I~ 11opul:1tion is increasing. Pdpulation 
siz1..• is 1H>I nc.•c:cssarily Jirc1.·tly relat1.•d to a1.·ousti1.." Jln.!'Sl.'111."e. For exa1nplc. lhc hun1phac:k 
\Vhak• popuh11 ion is snu1JI hut the sp1.•c.·il.'s iS p:irticularly sonifcrou:'I. Si1nil:uly. tht! killer \Yhalc 
C()rC'i1111s or<·t1), is frequ1..•nlfy h1.·~1rd c.•ven 1ho11gh its populi.ition is dc:pletcd. Thus. the use of.

·· 	 ('()f\·1 llO sounds in tl11.• Ot.:l.'an requirl:'s r1..•lativ1..·ly 1'1•\v wli;,1k•s. and cons1..•rvul ion 1111.•asurcs should 
guantnll.'c.' popul:!lions at lc:ust ;,1s lurgc.• as prcsc.•nl 0111.:'S. 

SYSTEM COMPONENTS (UJ 
~. 

·'.'. 
(UJ ·1·111.• l'olluwi11g sci:tions 1>CL's1.•nt six i.iS(ll:'L'ls of lh ...•('()~1 BO sys11.•111: Signals. Signal 

Dl:'h.:1.·tiun cC'SH I. Signi.il Syn1hesis. ·rr.111sd111..·l'ni. U1.•ploy1ncn1 Sl.'c.:urity. <tnd Flcc.•t l111pa1.·1. 

SIGNALS (U) 	

j,V(' Thrc1.• 1..'i.1lc.•gorics uf n1:irinl:' 1n:11n111:ils 11rodl1l'c.' sounds witl1 JlOtt!ntial ('0~1BO 
~11111lkution: lo1rgl.' \vhalc.·s, s1nall \Vhales (·.: ..:lulling porpoisc.·s). anti pinnipl.'ds (seals a111J sea 
lio11?.J. ·n1c.• lis1ed suu11ds ar1.• c.·01111uon <111d c.:01il;1in Iona I .:on1ponc111s. Within the whul!.· t.:01lc· 
l?Ori1..·s. i.lllillli.ils are diSc.'llS.'i!,;'d in Ol'dl.'r or 11rohahlc polcn1i:1l 3(lJllic:uhility lo ll1c ("OM B() 

l.'0111111u11il'uliun:.. sd1c.•111c rrunt 111us1 to le<tst lik1..•ly. Pinnipcds ore not so or<lcrl·d. hcc:.iusc 
111ost 01..'L"llf in non-ovi:rl;ipping g1.•og,r:1phic.:al :areas. and 111.·:irly :111 urc very vo1.·al . 
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SECRET 

~ Largc \VhUIL"s produL·l" lo\V-frcql1C'111.:~· sounds \Vith high sourr..·c levels. The lo\v· 
fn.oqucnL·~, sounds requi1"L' spl!cial 1n111st.luc1.•rs. Tl1c sounds co11ld be usc:d in aC'Oi\·JBCJ L'on1­
nu1ni1:.:.1cu.m"'"'-'~nt1~ 'vi,ih· an .i!J'"'M~'<.L·l'~1tli¥• lt1.·~·omJ SO ·mi.~( o"f:ftrt- sh-:::rt'l:'-r:U!!•-a\n.'.\!'! tH\lk.­
very noisy conditions. Sounds fro111 s1n:.ill \VhttJcs und fro1n pin11ij1e<ls t1rc: higher in frequcn'-·y 
:1n<l thl'rC"forl!' l!;.1sier to reproduce \Yith transducl'rs. ln a ('0~1 BO con1n1unil•t1tions schc111c. 
sounds l'ru1n snu1ll whall~s and pinnipcds are li1nit~d to rang~s hc.:'IO\\' 50 nrni unll"SS soun..'I! 
Jcvl'ls an: <et lc;,1st :!O dB ovl!r nalural. The 1nost sui1;ibh: large \vhalc sounds for COi\1BO arl.! 
fro111 humpbaC'k. righl. and finbuck ;111d fro1u pilot. killer and hl•luga ;1n1011g the sn1all \vh.iks 
lscc figun: .;1. 

LARGE WHALES (U) 

IUJ ·n1c hun1phaC'k \vhodc. /llt·.~c1ptc·1u 11or1Jt•c111gli11t•, produl·es u v<1riL·ly of .1ndL·r­
\V:11~r L~all-.·· hh~ltHling. ho\vl"'•. nu1:111o;,·.·.fn1n t'\ :1~rii;>;') .. ytill'~'.· and lo\\'•,frc~1uc:.nl-y .pub(f.. Fu1HIJ­
rnentul components cover frcqth!lll'ies fro111 20 lo .;ooo J1i. \\'ilh han11onics :1s high as 5000 
Iii_. ~.oP!ld d_ur:.i11on vark·s front 0.2 Sl!l" to over 5. SL'l". a1.1.d ~Ol!fC:t~ level _rnay exceed 180 cl B 
1" I µPu. Hiimf>b;R'k \\;kak•,W.<Jlii1'l<>1T< :H'< d\c~ f'tc~ttL'ftc'Y'ttttt~tllat;;rl. 

(U) \Vhen not 111igratin~. hurn11hal·k wh:.ilL·s oc-cur L"oaslally and arl' <.list rihuted in all 
oceans. 1'he \Yh:lles ocL"ur in lo\vcr latiludcs durilll! winll•r and spring ;111d in higher hllitu<lcs. 
inl·luding 11olar·sL'Us. during sun1111cr. In lhe hrl'L'dinl! areas ;iround Bcrrnuda, lhc \Vcs1 Indies. 
Il;1\v:1ii. and Nc'v Zc:1k1nd. hu1n11lH1l'k \vlu1k• sounds :arc grouped in lo "songs" th:.it !:.isl up to 
JO 1nin. l'Ontain.scl."lions of fl'Pl'lili\'L'. slt•n.·otypctl phrase~. and nu1y he repL•atccJ for hours 
(r~fcrcnce 101. 

(U) ·rhl' righl \Vl,ialeo. J:'ulutlaenct glal'it1fi.,·. proJUL'L'S sounds si1nil;ir to hu1nphal·k 
~vhak sou..o.L!s: lllO;JllS". !?fY.11.l~"··· ;_1_1_nJ h~Jl_Q\Vs. Lnt~nnj11J?I~~ wi.t.h. puls1,,•s •.inti n1~r.hur sounds 
<rul'c~·nl"l' 11 ). Linc con11lonl'lllS \'tlfY bei\v~en 50 3ni.i 1500 Ill. \Vilh Jur:1tiuns fro111 o..; to 
al least 4 scL·. Most of the encq.:y in lh~ phonntions Ol'l'Urs below 500 l lz. Sound source lc,·cl 
is over 180 dl3 rl' I µP:1. Righi whales arc \Vi<.ll•ly distrihutl•d in s111all 11u111hcrs. in ~0:1s1al 
\Valcrs. in laliluc.ll'S pok•\voird of 25 dcgrL·es. Right \Yiu.lies 1nigra1c tu lo\VL'r l:llitudes during 
lhl• win lcr. · 

IU> Tht• linh:u.·k wh:1lc. /Jct/o('//r1/Jft•ra pl1y.,·u/11s. produl'cs pulsL'S :ual 1noa11s in thL· 
Il•ll!-C Tru1,1 1[1 lu l OU T·ll'.• \\•ith lcs:<1 ti1;1i1 ' :\l'l Ju11nid!1: 'Soiih: fi1iho;t·\ wh;;1i1.: sotuu.l:-. UfL' l'iv· 
qucncy 1nodul:1ll·d (n.·l'cn:nccs l ~. IJ J. 1:i11back whales produ CL' pulse I r:1ins c-cnlL'rL·d al ~() 

Hi. ·with· n.•gul:.ir intcr-1ntl'iC· inli.•tvul'\ ·of a f"•\\•· ~·,·l111J'" (.n.•.(4,'l\~111.',~ Id.-)· 1·111: :f0-1"1'/ rpul~·'i 
Ol'l"llT in douhlclS·\Yith in Ira- oin<l inlc.~r-douhkl intl'rvals ur 10 to .'.?5°Sl'l". The pulSl' trJill!o 
c:ontinuc !'or 11ol1rs. oi.nd l'Dnstitutc Wl!\l-~n~1w1!. interf'\rcnl:l'S ut SOS US ~t.•1tiun.s..Another I· 
Hit!>tt<:l: W!trt!c ,.,fri!ll·;,.. ., ~'"""~~H <~lh•r·~·liM·llr.:·I.~ """ etmi'111ltt1:fll'ftilltiW<1H•y ,,. 
J4-Jlz con1ponc111 v;nying in knglh up lo 1.8 seL". SnurL"c ll'vcls of linh3.:k \Yhalc sounds ; 
r<inl!l· 111110 180 dB n;o I µPa 1n:orcrcncc IJ). ·rhl' tinh.il."k wh;i!L• oL·L·urs in ~111 Ol.'t:ans. espe­
,_·iully in polar Sl'\ls duri1\1;t su1nn1cr 1nonths. I 

! 
~ Off Chile. the hluc whule, JJult1e1101n(•rc1111.11.n·u/us, pr0duccs J7-scc scqucncc~ dr 

. rhrec moans. The inlcrv~1I bCl\\'l.!CO the lirst l\YO n10:11ts varil's up to·.'.? sec. :rnd hcl\Vl'en lhe ) 
s~cond and lhird fm•n I.S lo J.S •c<. A J90-llt \Ona! pulse oc·cursjus\ bdorc the las\ mo""i· 
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SEGRET 

l11c blue wh.ih.• 1110:.ins :tVL'ra1iL· 188-dB so11r1.'t" J~vcl. :u1J :.1rc ainplituc.JL•-111udublcd :u 3.lJ and 
7.8/sl•i:. Thi!' strong~sl L·on1po1icnts oi:i:ur :.1t ~h H.t. und olhcrs i;:xlcntl 10 ahoul ~00 11.c 
Scqu~lll'~ typkally rcp~:.il cYl.:r)' !.7 n1in. hut the !lili.:nl inlcn':.il 111:.J)' hL' :.1s long us J . .l 111i11 

(rl!'fl!'r~ni:c 151. In thl' l':is1crn Nonh P.idfiL·. hh1l' \\'hale~ prot!Ul'I..' sin1ilar 1n1):111!<. (if 1wu t~1w·-. 
with tht! n1ost cn..:rgy near ::!:O Hi. Blu1;:- whalcs u1,.•L·ur 111 all oi:i::1ns. They 1.·01h'l'ntra1L' :11 hig,11 
h1ti1u<lcs during su111n1er 111onths :ind off ('.;1lifon1 i:.i in :111tun111. '1'111...' long. ~0-111 phu11:11 ion' :JI\' 
\VCll·known :JI SOSUS st;iti<.Hls fro111 southcrn C':.1lifur11ia lo llll' BL·ring S1:;i (fl'J°L'rl'n•:l' I ~1 . 

..fefThc sp~m1 wh:.1lc. /'ll.l'.H.'/t.'r 1·1.uoc/1;11, pruJu ...·L·~ Irain~ oJ' ,;hort dkk,, Al :-.Ii)\\ r~·· 
p1:tition r-Jh:s. lhl' spcrn1 \Yiu.Ill" dh.:k trains .irl' L':tlll"c.J "1.";1rp1.•nh:r lish .. sot111J'.'i hr N:1\') '.'!1Hi:ir· 
1111.·n. "J'hi: diL·ks h<iVL" ii .SC.lllrL'l" IL'\'l"l as hil!h ;1s 175 <lH :ind 1\\0!'.l l'nl"I);)' hl"tw~·l'n ~Ulland 
10.000 llz. Th~· l.'lkk ri:pl'lition r:JIL' r:1111!1.'!I fro111 I 10 JOO Jll'r:-.1.•1i.·onll. Shurt dkk t1ai1h 111.1~ 
h:l\'l' dislilll'l rh)1lhn1k 1>;1111.·rns. and 111<1y b1i.• r1.·pi:t.lll'LI lll'f1.0 rC"l\1."C'S lh. 171. Spcnn "'hail'• .in· 
usually rollllll in ~roups lhat pro<lut:1.• l"lil'ks in dlllfUS. I.Ill• ~pcr;111 what..• is di:-.trihut~·li in all 
~11.:l';Jl1S, L'Sjll'L'i:Jlly in lrnpk·;1I and suh-tropic.-011W<ilcr~11\."ar lhl' A1.orl"s. P... ru. thL' c::.dapil~U'. 
:.111J off ("i:ntnil C11!ifnrni:1. Bt.'l't.lllSl" of 1111.•ir 11liiq11i1y. high suun:l' J..•\'l'l mu! ~·011u11u11 1.11.·l."u1 
fl'llL'l', spL•r111 \Yll:llL' sn111ul~ ar1i.· f:1111ilh1r ltl sn11;1r1111i.•11 nfall 11:Hio11:11it:it.•s :.1.11d un.• i.:xL·l'iknI 
sounds for C()l\18() ar>pliL'alilln. 

~ ·rhl' i:lh:k slnlL'llll'\.' llf !'IJl1.'rn1 wh:ali.: SiJ!JHtls is in,0111p;itihlc '''ii Ii pr~·,1.·111 ( 'C )).! B< > 

llll'lhuds of narrow frL•qui.:111i.•)' hanll prc11i.·l's:-.i11g anlf ·L·uding and rct1uir1.'!I in!'!.tl·ad. widl'l1anLI 
thrc.•shold d1.•ll'clinn :.111d si1nplc t1.•111porul cotlinl! p;11tcrll!i. Nc\'l!rlh1.·lcs:-.. !<.PL'rlh wl1all' 'ound' 
arl' iUL":.1l for hiolol!ii:S co1111nu11il":.11io11 :.1ppliL·atiun'\.

SMALL WHALES (U) 

.Ji,?'( ·rhl' pilot wh:1h.•. c;/ubi«t'J'lwla 111t•!u1•11lJ. c;, sclt1nnuJ11i, and c;. 1111u·r11r/1r11r·/i,1 

proll111.·1.·s :i v:iril'ty of sounds. h1L·ludi11g dil'ks. whisllcs. !'l<Jt11i.·:ab. warhll·'· and ~111111:-. lrL'h·1 
L'lll'L'S 18. JIJ ;ind ~01. 501111.• pilot \\'hall• whisllr:s :ir~· pun·-1011\'. :inti llll11.•r, 11rl· ridt in h:.11­
l1HH1k·s. A whis11l• 1nay l\.'111ain ill ii single.• \'rl'lJll\'llL'Y for up to :1 s1.·t:c>11li. or \\Vl'~'P "' 1.·1 ""\• 1.d 
kl lz in lh1.• :-.;ulll' 1i1111.·. \VhistlL• anJ sq111.·al l"lli.:rgy is distrihu1~·d J'ro111 SOO I11 to 15 ~ 111 11 .1 

sourl"l' k•vl'I ol' al ll·~1st 175 dli. /\ lurgl' propnrtiun or whbtk:-. and ~qul':il, a1\." bd\1\\ :-. !..1!1 
EXt.:l'Pl rur polar Sl!tlS. 11i!o1 \Vll;.1\l"s l)t:1.·ur in 1.'\'l'T)' hHt:\' hotly of 111arin1i.• \Y~llL'r. l>i)ol nh:1h·
so~:nds ;,1rl· sui1:.d1li: for ('Of\tUC> trans111issiun:i. of ~S 10 SO 11111i. 

( lJ) ln th.: 1:<1stcrn North PilL'i lit:. ki\ll!'l' wh;1Ji:s. Ort·i1111.... orn1 • ...·111il n:in111i1.1h;11ul L·li~ J.,,,

or 10 to JS ll!Sl'l" duriltion (rl..'fL·n•n1.·l· ~I I. Th1i.· ru111h1111t•nl;.1l 1'\.'St)ili.llll 1.:lkk fn.'lJllL'lll) j, 111
thl' ~50- to 500-Jlz n11l!!l". Thl' l"lk·ks Oc..'Lllrin sllnn hu1~ts of 10 tn IS. or in 11111l'11 lu11J!~·1. 


hit:h-n·pl'lilinn-rt.1h:, n1ul.!"uus s..:rl'a1ns. Si.:rc:un~ Ut'1i.llr in two p11rb.• \Hi1..· at a t\'p1.·111inn r.1h· 

:.ihnul 0.S kl It.. ;11111 thl' nthlTill 11hou1 ~ kll1. llcith :-.1.·1\'i\111 lllll"I:-> h:tvl' 111auy h1H1110111L·,, ln 

A111;1r1.·1i1i.• walL'r!I. kiill'r wh;1IL'!'!. cn1it i:lil·k lr:.1ins :-.im il:ir 10 Iho'L' of 1111r1 h~·rn ;iuinwJ, 11\·i'\·1 

1.•nt:l' JJl. Ant;1rctk kilk·r \Vhall's du no! pnHhlL'L' lhl· st1.•n·lil~ 111.:,l '.'il"l'l':1111'.'i \.·har<il'lL·ri'lll· \1; 


thc.•ir northcrn L·uunll!fl')•lfls. KillL·r whalL·:-i. ot·l·ur worlll\Yillt•, l"SJll'l'i:1lly 1l\•:1r l"ll,l\t' .11 h1J.'li.·1 

l&1ti11ull's mtlf in pul:ir reg.ions. 
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1\l!\ll 'Sl!~11!·1ft .,,,JI s1r.n1111r.1111?,"IS Sl10J,1.J!ll0S JSOlll .iq1 ,1q ',\'17,,,/,)/ 111 J 	 .\'llJ1>1tl11u111rl1.1<1 
1: ·~dJ!tJ., ~ll!Pllf.,UJ '(f~ 'S:-f.i!I,, 'S,"lll(Jl!ti\ ·s.111s!t(ti\ ·spunos JO ,\1,ip1:A l!lll\I s1:tfnf.iH ,i.i,1,1JJ 

,:;, •• ,. '• • ', ,'• • ' • ,' " •• " ,... I ' lo ' " • • ' 
Ut£,taa.~ :!iiit'.•mt spui--H1;; ~.'\1-.~tt.lt'o}X)i·i r.t•1: s.n:i.i. !Oo"ll'tn,; .-\u-;:.1-kl,,1 •?:i+tt·!ft.-. "&Jt11 f)()l fti··•I-» ·tt: 
S,"ljl?l[li\ .'llJ.J. 'U!l;'l,1() ."IJJ."llV ,'lllJ ll! A'Jll!l!lll Jll.1.io Sl:t'il\(,1H ·spt11:t1 ,{.1u,1nl,,1JJ A\OJJl!LI 11; .\ilJ,"111,'l 


'N..,O~ •,\t?fl trosrnr ·sJ!1: 115 s,,,r.cr .l1j1 II! 1tmpu11tp: ,ul? pt1r. i;;r. 11111os JIU sr. .\111:1u1i;;1:.is Jn.....10 r 

 SlSl?~l:i illlOJl~ plll~ ';'l:;lll;\J.\\1~1 Jiil~) 'llOtllC\ J,'lttiOS .1q1 pur. ·,\l?ti\JON •r.:-ts1:1v JO ;llJl JO ·1s 

".1J\ll!dS!lllJl) UJ,11()110S .1llJ II! Jn.i.io JOU Op s1:i111l,"lfl 


1.11'1·~ ·~·t:' ,,,,Jt1/J1t.>~c1 ·~.111n1·'' > 01 ."llfl ui s.i11si111i\ .i.inpoJd J,1ll!=i .1s1r.:1 "''11,>p1s.\·nJ., tn 
OI 'pUl!l) S~fl!llM 'i'f pur. 'i:-j.'l!l:'I lll,'l OS(!? J."IJIPI ,1SJC:J tin ,(fu~U.'I ;'llllOS lll!1.\\ ,\.iu,1nh;1J.f I! l=i 8 

-q8noJ 1s1:.1s u.ido Jn:i:io s.111n1M J,111!=1 .1s11:,1 ·su0Jil.1J Jl!J<HI ti! 1d.1.1x:-1 ·1 Oi: ,i.1u:iJ.1J.U Is.ir11h.J qUJ 
'lltJOA\ )110 ,"1\fl 

'SUllJ,)l/IJJ/ .\'(/tlf.\:111.l OJ J OOL dn s.;i,:iu;inh.11,11r. S!f.1!J·1 ',1S!Ot1JtHf ;isou.1111oq ;'llf.L (n
.;isJodJod ;asoU."llJIOf] .;i,1t1,"IJ;'l_JtiJ Jpur. l=i u....,1A\J.;iq sp111:t1 i\\UJ.ll!U ti! s.;iJJSJllA\ 1n1r. 'ltl I t' 1.J J=i 'l.f s

;'ISQll;'llJ JOq ;'llJ.L ·s;i1r.'d ,\JSllJ JO 'S:-jli\l!llhs 'S=il?.inhs ·st11.i1\ '":-{Jilli .1:-f!I punos Ul!,'l l\ll!CJI 'f·1!J·'l 
s1sr.o.i ffuop: uounuo.1 S! pur. su1:.1,1c> 111:!pUJ ,1!JUl!IJ\' .iqt .\J.ip!,\\ sJn.1.io .1s[ndJild JO ·'lll 11.111: ll! 

(l11tn1111u J,1\UJr.M Jll,1,10 s.1,,"1,1tls p.11r.(J}J ·.1llOJ11:.1 l\U,,!J,1ll1V JO .,;ur.d ti! :L 11ur. !I/Pf ".l l pu1: l'lll 
·sJ:i11:ti\ u1?.ip.;iu1v p!Js1:0,., .1111 .\JJ1?111.i!u1?t1 "'tl!=1r.c1 .i111 U! p111: 1::is r.tt!Lf.) u! 

p.'1) pur. S:-j.1J'l.'l Jlltl!lllll?OJll ;'l;"lllJHlJd 'llU/Ul!;i'1'1cJ 1111,111.>1.<i' 'S.~!()dJod IOdS ,'l! Jlll?[IV (I . n
11.i.10 .is1ndJod p.i I I lHfs .1i1.1. · ( ;i.1ti:iJ.i,J .;iJ I ru ,(.1 o 1 • .1111 S\lf IS! lJA\ ll! ~·J OL .1~uu~11h.i'.1,1 ·1.1 pf-~ 1' ~ 

·i.::i,.1.1d~ .,ir.1\IJ 'ln::i.1() ul!!Pllf ·1!=1!J\IUI\' pu11 .i"kun·.1.10 s1s\!0=1 .1puu11v ,'l\ll p • :iq1 U! 1n11: fluo1r. v
·.1U!·,r.<l 1r.."l!dOJI tu.i1sr.;i .i111 i;;J11."l.10 ••• u111d1op 11.111ods.. p.i11u.i ll! os11:··111nt1{f.fnJii 1111.irt.>lf.t" 

,\'111/.>U.(l/.IO~t,1~1,1"/ . SpJ,"llJ U! Jll,'l,'lO ,(1ai1 '.\·ll,>f'Jllh!/f/U "SJS!OdJOd p.1pJ1i-,'ll!llt\\ ·'H!·'ll!tl (n) 

JlUJ: i;;~;l!I·' 'S)!:lll!lll~ 000~ l1I dn 'SJ!lS!llM (lUl:t\jll?OJtl .i.1npt>Jd S,1S!tltlJOd f)JP!S•,'ll!ll•" .'ltJ!-11?d JD 


Jt,) l!HM ..:.1? Jll:""'O 
 ·nlh~~o,1 H~n1~ nt.1pu~~l.;1p\t! u~."'!1!1 ~l\U:"IU'J I~ !iU~''Jl :'!!iiUd ~l~tu •"ll~!tl·'\ ·"'~I.I. Ul 
p.ipJ~-.iJJtjM ~· .iLJ1.ir.cl ti\OI l'ltr.i1 :<:i ~L ~i.111.,J~.J."IJ) u.iuotfu10."I l·1u!IS!CI •s1u.111 II! l.f Pf 1sr. i.:n '( SI ,"lll!f 

IT"!'ill·l]"l .n1.i."'tt1I ••l[.J'.~H-~~r,.f~'~ll(l~:)•Pf~[ tU~UJ ·f}o!P~ti~·.J .t;,~·.'.ttHr.\\.O:fJ.Jl~~!cl !irifl'iilJl~: '"''~~j.~l,\i'. 

'.\'J1/t1.n1 J:i1>1o:i sJn.i.10 ·,..;i,.i.1ds 1>.i1r.1.,.. 'SJ,iJr?ti\ ."tS.;iur.d1:r ti! spt11:1s1 
 UJ J.'1111.111.(1/.tou.>'iftr/ pu1: v 
'SU.tU.H'C/O Xlll/.lll.(l/.IOU,l'i111'/ pur. ."l!J!•,r.(1 1nos ;'llll ll! SJl1.1,1(1 I lll?llV lf JJON .1111 JU SJ,'lJI?.\\ 
 qpun .,,, 

;i s:i1.1;1Js JU;iJ;iJ.l!P .111.1. ·sur..1.10 .1!Jllr.!IV ·spu1n1s l-'lltl"'~P llfHUd hJqr.qoJJ 11111oi; 


plll? (1trr.qp1:0.l~J S:-(.'l!J.i S,"l,111po.nl "l'!IJd/,>p s1111p/d/.1(/ '•'lSJOtlJod :f.11:lf,11P(ll!S ,1ll.I. (nl 	
;'llJl sr. MUJ pu1:tJ tll ZfP1 S' sn ptn: l.JPliJL ·QI ti! p.11uo.i,1J u.i.1t1oi,\l:tl11:ip '"'fJS!llA\ pt11:tlti\nJJ1:u 

,iqJ SJ,"ll!!M J,1UJJllM sd1uu;l ,i;lJ/!( sJn.i.io ,1S!OdJUd :-[.11!t(o1(!1!lllS ,111.l ,1;"1ll;'IJ,1,IJJ) JO ll! ti! 'lHI 
un~11 . . ·su r..l.10 .1ui.·u:,1 v 	 1n11: •u1?! pu 1..,, 

11:t!l p.1sn .11.1 p1no.1 'l1?u&l!s puUtJl'l\UJJr.u p.iup:1si1s .ituns ;i.inpnJtl s:iJlHlti\ 11rnus )~'...· J."5f . · 
lJ°ii!l( '!lllll Ul!lfl !'.'liilll!J UO!ll·.':lllHUlllO:'I (l((f\{) 11: ~·! •tl;'lllh.1J.f ,SPllll()S ;'Ill.I. 01 ss.i1 JU.J .1lt1.111.1s 

;-1iflrr.J·1Jot1s·10_1 ,\1J1nn :'IAl!IJ ltfii!lll spunus .i1r.lJti\ llil!tf J:'l~ifqn._: ,iJt! s.1,." 11r.u1s ·uo!Jr.nu.111r. of 
·ui>!Jtl.i.u.i1U! S.:'1.1lll!ll.'l ,1lJ1 l!lll!I SJ.'l.\;'ll A\OJ llO!lf?,'lJU:nUllll~., llll!J"!P JO 01 1r. 
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SECRET 

PINNIPEDS (UJ 

(U) The \Veddl•ll se:1l, LL'/Jto11_\·c·/uJtc•s n·eddelli. l'n1its 11urro,vb01nd puls..:s at repl'I it ion 
rut es fron1 abov~ I40 St!l' to one in Sr.!'Yt! ral st!conds ( rcfl'rcnl'l' 26 J. Thi.!' so111u.Js · fn.."'JUl'lll'Y 
rang• is from 50 to 10.000 llz. The pulse trains typically >t:trl at I to 2 kllz with a fa>t 
repetition ratr.!' and r.!'lld :JI aboul 0.1 kHz \Vith slo\v rcpl'tition. Individual pulse!~ in a tr:iin :irl' 

frcqu<ncy modulai<d from] kJJz al 10 kHi lu 50 fl< al 100 Iii. Weddell seals also produce 
ho,vls. \Vith fundamentals rJnging fron1 50 to 4000 llz ;uul ,vith strong h:1m1oni1.: sln1i:tllrl'. 
and ringing sounds in the I- to ]-kHz range th;ll last up to 10 seL'. \Vc!ddclJ. seals ocL·ur in thl' 
southc:rn hen1isph\.·r~ around lhc Ant:.1rl'.tic..· i:ontinent antl its :.1djac:cnt p:1ck iL·e. \VL·ddl•ll scal1' 
migral• as far :IS 30'5 lo Smtih America. 10 Australia. and tu.New Zealan1l. 

CU! The beank<l.seal. Er/g11u1/m.1 /Jurh11/ll.t;'cmils a whistle with a tremolo dtarnc· 
tcristic C:.IUscJ lly fast frc:c.lllClll'Y 1nc.idulation of a fc\\' hcrli'.. il1c whistlc is 111odulatl"d furthl"r 
over several hundred I lcrtz at r:1tcs or al>o.ul I/sCl' to Onc in Sl'Vcral seconds as the \Vhistll' 
drops 3 10 4 ~Hz 10 0.2 kl lz over a period of" minute Crelercnce c7). The lwmled se:al. is 
cin:u111polar in' \Y;itcrs ot" th1.• Arel il'. Dl'l'all oinll till' :11Jj:.1ccnl A llant ic ;:ind Pac:iJ'k· rl"gions. 

( U J ·rhl" ringed seal. /'usu 'hiJpida. prod1u.:cs a n111nhcr or sounds. inc..·lud ing a :-.tl"iltly 
I disc..·rctc-co1nponcnt. c.lo\Vll\Vard frcq_11C11c..·y s\vecp i111huctl wilh l1arrnoniL'S ( n·fcrL'l\l'e ~X>.t 
I The sounds l:1s1 from about I lo 4 sec. range from 5 kllz lo 0.2 kllz anti havo at kasl lt>lll" 

strong hannonil's \vhil'h 111ay ex tend ahovl' I 0 kllz. 1'his seal also 1nukc~ a l1roadl1and ringini:: 
sound in the fn:quc!nl'y range front h1.•lo\v ~ kllz to about (1 kllz. with duralinns up to 15 
sec.. Tlic ringed seal occurs_,vidcly in the Arl·lil' Ol·caO and on lhl' north 1.:oasts of Europe.
Greenland. North Americ:i anti the Soviet Union. 

{ U) The ribbon seal. /'ltora ( /h',,·Jrioplroca) fascia Ill. produces t\vo prinL·ipal uni.li:r­
\Va tcr so111u.ls coincident \Yi th spring rcprodui:tivc il1.•tivitics: an intcnsl' I -·to 5aSl.!l' L!O\\'n\\•unl 
frequency sweep in the 7- lo 0. I -kl Jz region and a 0-10 5-kliz hrealhing-lype >nund or :ii·
111os1 I Sl"cdur.1tion hut at 20 to 25 dB lower in p~cssure level CrcfcrenL·c _2lj).1'11is sL•al j, 

dislrilntlcd.from the nurtheasl Bering Sea lo !he Sea or Okhotsk and· into the tl<lrthc·rn ~C:I 
of Japan. Ribbon seals ;ilso ol·cur on the l'0:.1sts or Korea and northcrr Japan. 

fll·I Tbr California~'" ·Jio1i· 7o/,,JlllU.' <VlfJi)nlitJJiui. "lililrn •~tidy ,,r u1~Jhwa1.-r 
sounds inL·ludiug barks. gru~1nS. growls. :ind hh:ats ( rcfl'rcn1..·cs :?8 i1nd JO). Thl' hi.irk:·: 111:ii11 

~911!H~nc~ts p~~ur,llcl\vc1.·.1~ Q.5 and I k~.lz._ll:innonic:s ~xtcnd up. to al~~u~ 5 k.l.l?-· Most.c.?(. 
111':·alllt:1'{'u!lf00t!lt'"'• lttffi liillltlih"'-"tW ffi•!lli: fii.~IT<Y"m\\!C <ii" ILi 'l·1i·i lM1. •l"k·C'11ll·'. 
fornia sci.I lion occurs along the (':11ifornia co:1st. B:..iju (':..ilifomia, 1he c;aJapagos lsl:..intl.!ri andj 
the i:oast of Japnn. Bulls oc1.·ur :is f:ir north .:1s Washing1un in lhc wintcrthnl". i 

. I 

f U) Pinnipl'd sounds usually occur within I 011n1i or coasts. ice 1>acks or·driftinJ: ii:~ ..
I 
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SECRET 

SIGNAL DETECTION (U) 

,Jkt-Th< COMllO Sign•I R«·ogni«r. Sornnd Generation. ~'SR-II Clignre .1J. "'"' 
lL·sig.111.·<.J antl ass~mt>l~d. und thL'n lcstc.•d both in th~ falloru1orr :ind al s1.•n. ·n11.~ signal rl'1,:og­
itio11 di:vit.'l' L"an r.ll'L"odc- propc:rly l!'Vl'll if seven of thL' ninL" signnls ur'-' lust. lnforn1atit1n 

,;'X\n1'-·1io11 lo!!iL· US!,;'S rl·uLl-only 1111.•1nory uni ls ( R<.'~·lsl. ·rhl' C"SR-ll 1.·an !ill in nlh'l!<iing infor­
1u1tion L'il'lll\.'llls. :IVL"r:1g'-" :.utd \V\.'igh n"sults. :uul disph1y th;: hi.;'sl pos!<lihll• ouq1ut. 'l'h'-' word 
'BAD" •1JlJl'-"•1rs in liglll-\'llliltin!! t.liollL' ( LEDJ Jisph1ys wht"n d:11a i.lfL' insuffi'-'iL'lll or do not 
0 

 Ulllhnn tn Olll' or six llll'Ss;ll!l' runnats. 'l'hl' CSR-I I :IL'l"01111110d:11l'S hru:id\1:.ind·prot.'CS.,1.'d
iu:tl'OllstiL• Si!!11:1ls. 1"h:1l is. l!h'l'll ii h.01.·hniqlll' to pnlL'1.'SS S\V\.'l')lillg signal:-., lhL' ('SR-1 f l}'Jll' 
L•1.·uding. \Voukl :1lso s11fri1.·I.' for hro:idh:inJ d:.tli.I. 

<
n
!
1

;: 

' ~'~.,.. 	.. 	
'
\.

b
d

"OUTPUT DISPLAY FORMAT 

TIME 

, 
FRAMES 

2 3 

GROUP 11 4 sr 6 

Ill 7 8 9 

CLINC' LASSIFIElll 

(U) Figure 3. C'OMUO Sil)llal Recognizer, CSR-II, elcn1cnts and confisura1ion. 

OPERATING FEATURES CUI 

p,()' ·rhl' C'S R-11 sig:n::1l rnnual is IhrL'l' 1nl1tu;:1lly l'Xi:lusi\11.' ..:k·n1\.'1ll:-.. l't.IL'h tr:11l!'olllittl.'d 
thr1.•1.• til11l'' :1t diffc.·r1.·111 l'rl''llh!nL·ii:s. Thl' CSR-ll produ'-·L'!<I "'ix po:-..~ihlL· 1JIL':-."':1g1.·!'I. usi111! nini: 
dilTL'fl'l11 lr:111s111illl'd fn•qt1l'lll'iL•:-.. Tn l'OlllllL'llStitc.· rnr l'rl'(jlll'll\.0

}' shifts during llll'S.':l.)!C.' lr;1u:-.·
111hsion. lhl' Tl'l"L'i\'l'f ill'\.'l'PlS fr1.'<llll'l1L"}' ''h:llllb"' l'L'lll(.'1"1.'d Oil lhl' possihll· 1r:111Mni!'ISio11 fr'-'· 
t1ucn1.·i~··.. ·rh'-' nin1.• fr'-'tlU\0 n..:y h;1nd!<i &UL' ~ll\justc.•tl to n1:1tL·h n:itur:li 1.·on1pun'-'lll!<o in ni111..• dif­
l~·rL'lll pilot \Yh:11t..• sountl!ro. pn•st•f1.•l'll1d Ul'l"Ordin~ to llll' l'Utll• or lh1.• d<ty. Tiil' rr1.•qt1L'l11..'Y h:uals 
tirL' rando1nly :irn1l1,!!L'd h1:l\\'L'L'll 2.5 und J.5 kll1. :nu! lhl' CSR-I I f\.'l"ogni11.·:-. ninL' anin1al 
Sl11llld\ ~p:11.•1,•d lhn>lli!hOUI :1 "'11at11r:1J'' c:honts of nf1011;itillllS ( fi~llfl' 4). 

TEST TEST 

DATA .STORE 
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SECRET 

tii Pri:·rc1.·0~11itin11 pn11.·1.•ssill!!· iii thl' CSR-II is tonal analysis wilh a n:al-tillH.' 
. "Pl.!1..'lnnn an;ih:{L'r 1h:n il<l~\\'cl'p·lhnilL'li ill ~ ...i.s 10 ..i. 5 kllz ;.uni with :1111.·nscn1bk· a\'1··al:!l'f 

1h:1t 11s1.'SL'ight ;1\'L'rJl!1.'S. TIH.' analy1.1.•r is:1 Spi:1.·1ral l>y11:1111k·, SI> JOI and is the sanh." a11;ilyl1.'r
• ux·d i11 lhL' \\ICJ('-5 I Ll>R/CJRl'l llC'L'I 1."01111nunh::1tit)f1 sy:-.tc.•111. Tl11: U\'Cra~cr i!<. a Sp1.'L'tral 

·J))•n:1111ii:!\ .~0''· 

J..Si{ ·rhl' l'ntin.· S\'l'L'tn111; in a ~lc1.:tcd fonn;.11 of ;.1nin1al sou1lll!\ is projc1.:11.'J into th1.• 
w:111.·r. R1.·1.·1.•i\•1.•d d;.it:t. ar1.• lirst l1.:indp:1s!>.l.'d hc.•twi:c-n I . .:!S ;1nd 5 kl J1. \\'1.• :.1lso u~1.· a t !1r1.·1.·­
t!in11.·11sional \\•.it1.•rfall dis11l:1y to 1:h:ir:11.·ti:riz1.· tlw n.·1.·1.·iv1.•d sign:ils :.ind a111hknl llt)b1~ and to 
"·111np:1rl' signals 10 n:itur:1i StHllld!- as I hey wouhl ;sppl'<ir 10 sonanncn on thl' BQR-.:!O or~~-

tR'r E;1l·h of lhl.' nilll' frcqUl'llL'r h:111t1~ iS rl'(lrL'SL'lllL'd hy :.111 :inalog. volt:1gL' fro111 
SP"'l'lnil D>1 1101111i1.:~ l.i•ll' ()nlL·r Tntl"kL'n> th:1t 111u11itor llh.· p~J\Vl.!'r ~JlL'L"lr:1 \Vithin :1 .lh·llz ll;.111d 
allout llll' t."L'llh.'r rrL'r(Ul'lll')'. An:ilo~ \'Ollil!!l'S ilf(' l"lll1lp:.1rL'd 10 prL'~l'l v:.illll'S :.ind St'p:.ir:.1IL'd 
into :.1 ~l.'lllll'IH."l' of nillL' ·1inll' fnullL'S dh·kkd into lhrl'L' tilnL··gruups. lnL'l11lling data tir"· db· 
p\a~'l'd in 1.1·1> displi1ys i:urH•spondihg to "'ad1 tillll' fnunl' if thL' dat:1 l·oinL·kk wi1h th"· 
l'rnpL'r lillll' group. F(ll" '-':o\:.unpk'. d~1t:.1 ~ho\\'ll br Ll·.D's I.~ ..~ ar"' oht:1iil"·d during lilnc 
<;roup ·1. LED's 4 . .5. 6 durinJ:?. <iroup II. and 1.1·.D\ 7. K. 9 durin!! c;roup Ill (figurL.'1 

.~J. 

).Yr"' .'l'i111c l'n1111L' !!L'lll.'fittinn hL•t!ins \\')!en q11:.1lil"yin!! d:1t:1 in <lroup I <lrL.' Licquir"·d. 
:\dditiu11:1l t1 L1;11ifyin1:? in pnls :tfL.' SClllll'lllially stroh~tl into thL' pro pl' I' .LED dis["llil}' Lind sturL'd 
in 111c1nory for suhs'-'llll'-'lll n1J.inri1y/l'Ol11Jlk•nll.'l1tary lnj:!il· :inalysi~. A c:roup 11 tJa1:1 ai.:qui­
~iiion during tilni..· c;nlup f indiL.':lh's thal sn111L' pr"'"iol1~ tl:.1t;.1 w"'fl' rniss"•d and an :.1u10111:11il' 
shirt Ol'l'llO. lo iriuv"• till' tlisphty to tl~l' 1nopL·r fn1111l' . 

... 
~ ·1·i1ni11~ !"ra1n"·s for whkJ1 nt1 data tire :1l'lll1irctl disphly an "I:" for l'lll!lly. ~tl!I· 

tiplc aL."lllti~itiuus llurin!? ;1 li111"' frmn"' arl' i::diL·at"·d with ii poinl tu lhi..• ll·ft ol"thl' nun1hL'r 
display"·d in IIll' l"r;.1111t'. "l"hl· lirst 1111111hL·r fl'l'L'iVl'd is displ:1yL•d ;inti thl! 111ultipk JL.'quisilion 
i.. nlso ~lon.•ll in Ill'-' Ill Ory for· l:tll'f 1111.'SSill!l' ""' tnll'I ion. A n"·r tirnc fr;,1111L' ''· R()M [lUSSl'S hori­
/lllll:il. l'l1111plcll1'-'lll!lfY log/L,· ill Sl'lJllL'lll'C tlll thL' fO\VS Of~IOH'd.d:1t:1 illld illtL'lllrils 10 !ill Sill• 
!?le \'oid~ :1t:L·n111pank-d hy l\vu hon:.1 lid"• inputs. l~or l'Xantpll'. if lhL' d:it:1 for< ;rnl1p I \VL'rc 
.~I· I in thuc fr;1111L·~ I. ~ ;11ul 3. rL'SJ1l'l"ti\'l'ly. :1 ~ will n•pltil."l' th"• I: I.I urin!! I he ii1l1 i;ll "'OJnpll'· 
llll'llt:iry hlJ:?iL.' [l:t~s lo produl'l' 11111tu;1li)' CXL.'lusi\'l' 111'-'s:-.:i!?L' L'k'lllL'llts. By si111il:ir 11ro.:l.'!<l!'!i11g. 
ulhl.'r ~inl!I'-' void~ 01· 111ultipk• il'-'lJL1isi1 ions \Viii hl' i..·h:1n!!L'J. l'.l_! .. .l~I: lo-~~ I or.~~ I to .l~ I. 
r,.,lultipJ.: voids rL·n1;1i11 undu1n)!.cd unt.I St·ri;ll 1nultiplt• <1L.«111i~ition~ 1li'ipl.iy "';11p1y. ""!?.. 3.1.3 
hc'-'Ullll'S ~lEE. ~taJority lo!!it: ~L':lllS l't.1d1 l'Ohlll111 or JlfO'-"'-'SSl'd· dat:t ~l'tjlll'llti:lllr and plill"~!o 
lhl' llliljl\rily "'h;1r:IL."li..•r ror l'Ol""ll l'.Oh111111 in ii lin;ll hl'~l·:n"·s~:l!!l' 111:itri:+.:. For L'X:Ull(ll"'· ir lhc 
l"irsl l"0)~11nn '-'CJlltain~ )E.l in fn11nl'S I. 4. mu! 7. rL'SPl'L'li\'l'ly. :.1 3 will Ol.'l.'Ur in lhL' 'first 

Jltl,ilion ur lh'-•.1 ..·~1-nll'~S:ll!'-' lllillrix. Siu1il:i.rl11 .:!..l.:! in lh"· St'i.."Ulld "·01111111_1 pnulu'-'l'~ :.1 ~in• 

lhl' Sl'l'Onll 1ln~i1io11 or th"· h"•st·Jlll'S.'t:.lt!l' rn:ilrix. and El~E in lh"· third l'Olt11111111rodt1L'l!S an k 
in tlu• lhird position. A SL't..'01u.l ron1pll'll1L'llt:1ry _loi;it..· 1H1ss on lhL• h"•st llll'Ss;1gc 111a1rix al· 
1"·111111~ lo Jill voids hl•i(,lfL.' rt."sulls Olrl' ·dis1ll;1)1 L'd in LEl>s. If th"' li111il llll'~!\<Lgt:' i~ lllll"t:'rt:.1i11 hL'· 
"·ause lll" insurtiL·i"•nt or cunl1k·t ing J:11a. ihl· l"•t tL•rs "'BAl)" arl' lli,playcd in the· LED in"tl':Jd 
or11lin:1l1llL'SS:Jgc. Sing.IL.•-hil. l"Vl'll p:Jrily is 111:1int:.1i11i..·d lhroughout the logii.· pt.1~!\C:-0, A poinl 
dis1,laycd in a lin:il 1nessag"' fr<llllL' i11di"·:itL'S a11 inopL·n.1ti\'l' HOf\t 1\l'l"•r linal.n1L'"s:11!c asscn1­
l1Jy, :.1 dl''-'Otkr lli..'l\\'Ork iR'liv<1:l'S s9ll'l10i1l~1lr lap"· fl'L.'UfllL·r~ to Ollll11lllll'-'L' lll'-'SSil£.l'~. 
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,iJ.'.'lla\ !riO!Jf:J llff!lf lll!ll\ l\illl!JUO.l,"IJ .1J\'illll,"ll!ll!t1JU "iJllOlf .\JIJ,"I.\\ '. ,"IS!OU·Ol·fr.U~!I\ ¢ 
·"'lr.1111\ IO[!tl .~111:111 j1il(1111.lll! ~illl!(lJ0."1,l.I .ilj,l. ,ior;lllJ l110ljl!.\\ ,"1111 Ollll p."1,\l~!tl ·u1.11:11: tl-llS.) 

~ll!Jn 11 .ip~l)A\ !rio,lll! 'l\jlllllO'i JO ,\Jt)ff,i1r.."I P·"l)lt1."1 ,"II( !l"llU."11\pllllllS IO!Jd ,isnr:.i,"lq spu1u1s p I IV I r'i,,I I
o:~r.1a\1r. ·•• c1vn .. ... .i:i'1:,....,u1.it1i 111no.\\ ,,,01111!,\\ ,,111!1.ipiu!"'1: ·10,,:,i1 .iq1 n," J1:1tl"'!P 111q ·.\J!f1:11h 

llJA\ "'111UlfS."l,lt(1 ,"l,itnnd.i."l."11: .iil1:S!>..1l11 1-'·"JJ(l.1UJ ,i.;1:,"IJ,it1! ilnp.irlil!JI JU lltJ!l!llrll1,.1,"1J Jl?llil'!" J,"l,\\t) l 
'\Jlf,i.\,iJil JOJ\lltl."l ll!l:il .i!lr.11101111: ,io,,;1:.i1,i.1 .\\Oj'i 1: JU "'!Ill ,\\OJ"' pui: 'l·"'t:11r. JIHJ ',\r.1li"!P •.((\'fl.. 

,"lj p.iJh.iJ ,"l(f .1 l\(ll UiiJ'i '\lltl!Jlltl'i ;fu,,\,,l."l,l.I o,,:,-,,, lll!lf."1 ,1111 l:."l!Pll! !>-11\,"ll 111.i1qn.1tf !nIn JO 11!111 ·'II.I. ·
fr.ll<l!l!Jlll0,"1 .i1t1!I ,1111. ·11:tll!"·'IJU!fll! ~JC !ri.itll!I lt)il!J ."llfl 11: pur. J,ip.111 .i111 ,,, ... ,,.,11.inh;iJ_I lllif!J 

> v:~;111~1 u111~1r. ·""'tr..1 .i... s,"'l'\'\,"IJ .i111."'11:i" ~''!po."' pu;itliiJ"l l-,, 1p!n ,,,,, ·..;111J1:1r. 11:.1 th\ n" l'l< >J •"'IJ 1.1 o c>n 
'"'llC1!1!Pll0.1 p111: "1111!11:."IJ!dtli: .,!J,.i.id\ JOJ l\llO!llUllif!,IUO., 111,"llllll!llh."I uudn 

In J S.LS3.L V3S .

·Olp:r ,"\l,l,\\ t~C).) :tt(l p.,1..:.11 'i,1111.111.i-: ii'llJ'\!ri,i.io.1d 'illl.1J!O.\'i ""'Hl.i.iuo,i C)fl ,itl.J: ti! pun J.H1'"" 
l\)"i,"IJ 'o"l."llll:uun.IJ.itl .Ul\\l!.it11 Jllll: .\J!f.1P!J llll!"'"'!lll"lll!JI ,"l,\tUdUI! 011:,,.. JI! l•·"'"'ll ll:!l!llJ 1n11: ,\.JtJll?.I 

,"IJ,,11\ ... ,;lr.o,,:s,i111c>nl\J().)1u.i.1.i.1.1!P ,"1,'IJllJ .i.\!)ll."1...... \10.1 lJL fl!lll) ,iq1 Jtl ..llO!l!l·,"·"'l ,10 ·1-}IS.) v 
J,"l,"lllJl"'lll:JJ.·"lllJ ll: 1"'·111: p.i.11\llflll!·\\·~ ·'lll p.ipo."1,ip pu1: p.i/!UiiO.,.iJ \11.i.iJJ(l."I ll! J-}IS.) ,\q 

1 ur. n11.ip11!f.<.i p.ipoou-.i,iJ,1 uuu,11i.i.\1!f'-f ,i.1,i11\ spunos ·r:u1u·1 111101un1.11u."'.l 110!11:11111,\.I r. 
·il!S ,"IJ OJ tin .. ,,,,\,"II .i.i;nn~ J,"lpJn.i.i; olthn 1: .it1olJtltup.\q 1r.11on.i.iJ!Jl!llUUl 'l?drl I gp OOL 11: lllrn 

11: Sl\JlllJ:l 1: llO "PlllltlS ,"l\lllJ1\\ p."1/J'\,"ltpll.~S "Jilli ."Ill.I. ·1:;is ili'lpJo.i,'\j ll:'l'iOlll11p.idno,,: 1nnll ,"IJ,"I,'\\ 
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SECRET 

~Sil!nal-tn-11c.1i'\1..' r;11ios '""'fl' d1.•11.•r111i11t.'d tin th1.• n.•:11-tinu.· spc1.·1ru1n .inuly1:.-r 
1r.1hk• 11 :\I 5 anti 111 r1111i. lh1..• 11nis1.• \V:1' nL':trly :1111.:h1.lrth \'ound"i proj1..•..:11.•d hS· thi' •(•sh.'11\. 

1\1.!O11n1i. :1111hh.•111 '"'a 11ois1.· :1hove 1 kllz 111ask1.·d 1h1.• Sil!nals. Hc.•1.·1.•iv~tl IC:-\'cl as a fun1..·1io11 
ol l°fl''\111.•111.:r j..; sho\\'11 in li!!ur1.· 5. Fnr r1.·1'1.•Tl'n1.·1..·. thr: ,011r1.·1.· 11.•\'1.•l of th1: 4.4-kl 11 ~ig:nal '' :1' 
21lO dB h' I µl';1. <lur 1111.•:J'.'UH'llll'lll" lit Uri1..·k\ a1h•n11:11.ion In"' 1nodcl ln:li:n.•11..:1.• .3.11. 

k!1'( In 1\pril J tl75, :I L>IJ-S1..'l.' 1a1i1.•·n··:ord1.•d Sl.'llUl'IH.'I.' or ni111.· ('()~IBC) pikJI wllak· 'iig· 
11.1h \\'ii' projc.·l.'t1.•d al r;.ang1.•s of~- 9 :inti l l1 nrni. The.• 11:11ur:1I 1011~1'.\ nn.:urn..•d in ;:1 fn..·,1u1.•111:y 
1...111'1 frn111 ~.5 lo-~" kl It. ll~ part or ;a rl'Jlislit" .:hun1'. 1n~lrtlllll"lll:11inn \\';I' lhc ~lllll' iJ' ror 
pil'\"iuu' ll''l!<o. Su11rl\.• l1.•\'l0 ls :inti 1r:insdu1.·l·rd1.•p1h.; arl' l!h'l'll in !;ibk 2. 

J.81 R1.•1.·ord1.·d '1.'qt11..·n1.·1.•.; \\11.•r1.· pJuy1.·tl into th1.• CSl~-11 sy.;tc111 otfh.•r JHU1.'l!!-.Sil11! \\"ilh 

:1 ll':il·1i111i: 'i1''•_·1n1111 ;,111:1ly11.·r :111tl li1u:-onkr 1r:i1.·k1.•r,. 1\·lc:~.;aii.C".; \vc:r1.• r1.•1.·og11i11.·d pl·rf1.·r1\y ill 
:Ill r:lll!h'" and "i!!llill·lcl·llOis1.• r:1tius flal1h· ~ l. Th1.· l"l'l'l•h•1.•d ,;,1!11:11-1 u-noi.;1.• rat Ith :1gn•1.· \\ii h 
lltr ph·1hLli1111 fur ,1kllz11:1hk· .~). 

~In lht• C'Sl{-11 ")':0!1.·111. ho1h lh1.· hi1 r:ilt' :ind th1.· ,jgn:.il-10-noio;C" nt1io l\.'quin·tl 
for 1111.'''"').!1.' d1.·11.•clio11 ar1.· fn•qt1l'IH'Y d1.·pi.•11d1.·11t. Fur 1.·x:irnplt.-. a~'t11ni11~ pro..:i:!\:o.ing g:iin i:qui· 
\itl1.·111 tu lhal 1.1f !ht.• C'Sl{-11 :oyo;,t1.·111 and :1 llO-pl'n.:c.·111 proh:1hili1y or d1..•l1!"''lion. il lh-dB 
-.1µ11:1l-10-11ni't' r:11io !'or Ila• sp1.•1.·tr111n ll•v1.•I j.; r1.'llllin·d for :1 pilot whall• \Vhi,111.• at 3 kllz 111:11 
l:t'I' Cl . ., 'l'1.'. For a ~00-d B ~our1.·1.• kv1.•I. lhl' ,jµ11:_1I is tht..·on.·1 ic.·;1lly t!C"li:l.:t;1hli: hy CSl~-n 1.Hll 
,,; 100 nn1i lllltk•r >l\'1.•r:1~l' 111nhk•n1 11oi,.1.· :111d prop:iJ!oilion 1.·01uli1ion' (l:1hlC' J1. \Vilh lh1.• 
'anH' 111"l1L'1.'''in,.: 11.•t..·hniq11l·~. thi..· <i.il!IHil-111-nnbc r:.1lin di:1.·rl':t!'ol'~ \Yilh fr1.'tJlll'll1.'Y· hul lh1.· Jal:i 
r:i lt' j,_ r~·1h1L·~·d h'-·1.·;111!1.L' l\HH'l' l i11ll' is r1.•q uir1.•d for r1.•..:ng11 it inn ;1 I l1.l\V1.'r l"r\'tj\lC'll1.'it.-". For 1.·~:1111-
pl1.0. \\ha k• "llllhl, hd11\\' J(j() 111 fl'llllirt.• :1 Si!!:1;1!-lo·1H'i't.' r:11i11 o!"-4 dB. hut l:ikt..• 100 li1111.•, 
11111!!1.'I lu h1.· d~·tL·l·t1.·d 1h:111 lh1.· .\-kll1 pilol \\'halt.• -..i~11;1i. Thu,_ 1.h1.· hil r:111.• is fl'dt1i.:1.·d hy a 
1.!l'l11r11/ 100. 
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~ TL''l'i. ith.;o \Yt.'fC' i..·ouliut•lc.•d to di..•11.•nnint.• llh.' 11lili1y or .;onohuoys. c.'Slll!1.0 i:dly lht..···
SSC)-1,IA, :is n·t..·ch•c.•rs. 'l"ht.• only lin1i1ing f:tl'tor was r:1dfo r11ngi:. \vhich.is line.• ofsiµhl. ('(11\IBC> ~ 

'i!-!11;1l" r1.•1.'t..•i\'1.·tl :11lll rt..'lay"'•d hr "onohuny Wt.'I\' JH01.'l'~s1.·d. r1.•1.·ogni;iot..•d 1111d dl!t..'Odcd 11on11i1Jly •. 	
"iui.:1.·1.•,,ful ll''I' uf CSR-U \V1.•r1.· 111:1th• in th1.• 1:1hnr:1lnry u"illJ.! d:t1~1 proi1.•1.·11.·tl up lo.\ 11111i 10 
''1nnh11ur' ~ 111 7 111ni olT'\hon• . 

~ ·r,·,1-. \\"ilh p;1r:1n11.·1 rk· 'iullrt"t.'' \\'t•r1.• 1n:id1.· in 1.·oop1.·r:11ion \Yilh pi:r,01111d of 1hi;­

'\:1\·;1I tJ111h•n\'illl'r Sy,l1.·111' (\•n 11.•r l l'\llSC' I. A pri111:11y fn.•,1u1.•111.·y ol"''' k111 w:.i~ 111ix1.•d with 

( l )\JIH> 'ound' :ind proj~·1.·1i..•d in !ht.• Nl.ISC' 1.1u:1rl)' :ii :1 !-OUrt..·C' ll·v1.·I nf 173 dl3. \\'I.' Jt..'1.·otlt."d 

1hl· r1.·n1nh.·d "i!!ll:il' \\'ii h I h1.· C'SR-1 \Vil h '>1>1ll'r1.·1.·111 prnhahilil)' of ..:orrt..'t..'I d1.?l1.'t..'I icn. Sound!-. 
.1h11\1.' I kll1 \\'1.'R' rl'1.'1.•i\'C"d \\"ilh hi!!h fid1.•li1y. hut ~0-111 to l-kll1so111ul'."1:11.·kc.·d lltli:lily. In 
p:irli1.11l;1r. kilk·r wh:1lt• ;1nd pilot \Vh:1k• ,nu1Hl .. 1ra11..;111itt1.•d wi..·IL \Vh1.•r1.•:is hl11c \vhalt.• .ind 
\\\·dl·ll ,1.•:il ,ou1u1, \Yt'ri: !!•1rhk•li ;1111.! <ll'µn1tll·d hy noist•. 
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:\v~rag..·: 1•1.0 IX~ 
 I s.o· 12.h 1~.N J~.7 

\';,1h11.·:-. rc-:1d Uir..·~1ly fn1111 1h1..• C"RT t.li~pl;1y of the.• real 1i1ne ""Pl'l'lrun1 a11<.1l~·1l:'r afh.•r X ;l\·..·ro1!,'!l''· ·rh..· analy1h.·
haruhvidlh is <10 Jlz. 

S ·~ r;.llio d1..0 ll:'nnint.·~I dir1..•1..:lly fro1111n;.1!!1h:ti"-'1:1p1..• ll'>L'LI for tr;:111,n1i.;.,jo11. l:a..:h r<iliu r1..•prc~..·111' ~111 t1\'1.'ril!!l' fro1n h 
!'ounds at L"al."h fn.·4uL"nl"y. 

ll':<CLASSIFIED> 

Cl!) Table I. Signal-10-nuise ralhls 'd~)1 fro1n f>rojec1 COM BO 1rans1ni!'.si11n 1cs1s. Septc-mhc-r 1973. 

'.:. 

·-----1,i~ 
.:.:...-:-,~..........:-a:~~...._.,..!".~:.:.·.•~-··i·.--.;~~Cl::.;s~;i.:::~:.~t.v~~&:...i:~~~~...... -,..L··,-.···• ··..:;~..;:;;:._.,...:.tti.,~~~;.;·c,.;··11ilir'14''"·;.:;·\·rz1·'i<'ir~~~ 


< 
-~·~~%~f~~~~,;i~·~..(.~~~j~"'=f~;;·o;;?:"".~~-=-:o.'!','jo;~··~·~,:.·.~"':"'~,...,,...-- ....·r•. ··• ,._..,,. ·, ·· 

. ···-~"T 


·. •!'--"--'fl<M•:



.iffe. 

·\ 

·.~. 

·~ 

SEeRET 

* o~ . i:c 

170 15.5 m if ----o "'-. 
~ {C 

0 
0 0 

'· 

- 120 

5 NMc.. I'll 

=. .... 
... 

-
Cll 

ID 

_, "Cl 

w 
> w_, 
c 
w 
> 
w 
() 
w 
a: 

'8~ -"8"-o{I:.­

0 {i: .~·· 
110 0 

~ . 
0 

10N~o 0

i:c{l "'o
~ 

0 
0 

~100

{l 0

20N~o 
..,,."""0~ 

90 
{I· 

*PREDICTED 
i 

0 OBSERVED 

80 
4 5 6 

FREQUENCY (kHz) 
1c;:o>1r11~1)~f1,,t. 1 

(Lil Figure S. Received level or COM HO signals me:1s11rl'.'tl in CSR·l 1cs1s and prec..liclcd lt>vels from 
Uric~ (reference 3JJ. l·.:u:h plu11ed 1nc:1suremcn1 is an average from C> CO~IUO signal 1ra11smissio11s. 
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~ Signal-10-~oiSL' su111111:1ry for s,,;-;1 Il'sts \Vilh L"OtlL·d pilol \Vhall' o;;ounc..1:-. in April 1975. \raluc.;. an: the n1ngc for CJ 
1L"OtlL•l! sign:1fs 1rans111i:1 ..... t1at >tliffl'rl'nt fn.•quL•ni:iL•, hct\Vccn ~.5 and J.5 kJ11.. SourL·c anJ n.'c.:eh·L·r \\'L'rc at 90111 in 1300111 

of \\';,1tcr. Rct:i:h·cd hroallbantl ainbiL'lll noise \\";,1s 102 to 107 llB rc­ l µPa. SourL'C IL'\"t:I\ \VL~fl' fron1 J?Q to J9R dlJ. Strnn!! 
1:1ul1ipaths OL'c.:urrL•d at thL' ~and l) nmi range5.. Four trials \Vere run at each r~ngc. All messages were correctly recognized 
with th< C-SR-11 oprorotus. 

Si!!nal-;o-7'oh.L' Ratio (dlJI 

Ran!!L' BroadhunJ ~oisc in 1 I lz PrL·tliL'tl..'d:i. 
lnmil ~oi;..~ 1 nan~' 11 Ji!!hCst I l/\VL'f:IJ.?CI 

2 4 to I~ SS 10 h-l 45 h~ 

<) · I.\ to 0 .\.\ to :x _";Q 57 

lh -17to-1 40 to 56 ~ ..~ ;;o 

Rro;.ulh;ind noi!-t.\!' fro1n :!O 111. to I Sk 111.. n1l'ot!<>UTL'll f ru111 l·;ilihr;,1tt.•d rL'l"Onlin.::?s takL'n at st·:1. 

J Predicted Spl'l"lflllll k•\"CI or \\'l'llZ nui:-.c \"alut.'\ for J l)O till \Ollf~L'. 

tC:Q?"FIQE~"Tl.*1bJ 

( l' I Table ~- Sign:tl-10-ntiisc sumnl:ny. ,\pril 19;s. 
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.i1li!JI lll!M '\,i~1:ss;ltll ·'llJ!S<tiotl OtO) JO ·'UOJO "'\ll:Uii)s li: J!lt1su1:JJ n1 .i,is ();:' 111oq1? .·up1h\IJ pun
.~:1SHt 0~ ,(tAA."t 11.1;•11r.~l 1n\IU! ur. :1i1:pdn lllllC.IA\ 11lt!Pl'·"l•,))~~.J1?cl ·,1iir.\s:1111 .1ur~JfU UIJ~I' ;1!J~nl.l:tr. 

JO ,,,,, oei J'ir.,i1 1r. s.iJ!nll.u ptn: ·'lll! 1 1: 1n h\OJUIJM ·'·,"'·()I ,.,uo ,\111:p.is SJ!lUsu1:.i 1111.i1sAs 1J-}I S.) 
;'Ill.I •ittt!PO:i;ip \llll! 5UH1\l;l 1'111\:Jl:d &lll!Sll ,\q p;i:inpJ.l .iq un:i ;'\\ll!l llO!S'!UISUIUJ . .J..5-t' 

'JHlllll .\:iu;inh;iJ.f q.,1:,"I JoJ P·'"n .iq JlJlllllJ"' J!>V .i11:J1?<l.i1,: 1: 'lltfl :A.iu.i11h.1J.l l!l!h' "'·'!ll'A ,i<ti!O:-.J. 
·u!r.if ·'f\p:1"'11fpr. .\111:i1ur.111 .it11.iJtHl!Hl!J·,111no1t' t.>~>VJ ftlJJllO.) u11:~) .ipr.1uo111v y.6 

'SJJJl!J J:>ptM i<tl p.11>sr.c.I \ls1ou p~sr..;"IJ~U! ~lll JOJ \'1Jr.su:;,du10:-i AtJr.~u 
o;;,ipu;inh.iJ.I J,"ltfii!I! ·'Ill 1r. '\f,,,\,,I .1"i!llll 111,"lftJIUI! p;"l,11lp.i}J ''·'!·'t1.it1h:u,1 J,"lqifJlf JI! SIJ!l!S J,"IJdllop 

J.i11~.,Jfl' .i1r.11ou11110."l."ll: 111 P·'P·'·'u .;;! lllP!"'ln11:q ifu!sr..iJ.iur ·p.i"'n .iq 111:.' lllP!"'Ptn!q ii'u!s1~;iJ.i 
·ll! .10 \J,'lltl 2u.i.i1:fpr. I;: Ul!t{I .iJ1lt11 ·o;;11:uil!!i> ·'ll:l!A' JOIJLI pu1: s1t111~ (}lJ .11, 'P·'·'ds 11:!JU.1.l."IJ.l!P 

;111111111..;!i>V ·,ptn:q ""'r.d J.i11u J.'Jl!"' 811!'.:111\q p.i,\lJJthllJ .iq 111:.i ,i.iui:J,,[111 .l.)/tidocJ JM 

.'()t()!) 01. lJ llllUJ !',"lfh~'\ 
•..;,,u1 ,,l•IJS!r'od .10 J.iqu111t1 ·''II 1n1!: L 01 f u1tu.1 ..;p:uif1s 1t11:punp;-iJ.,"lldp1 Jn J;'Jtflll!lU ·''II ;is1:.iJ.'tl! 

PJ110A\ I~ lll 6 llHJJJ llllJ'S!W"'llJ!JI 1: ll! o;;,11:iu.1nh.'JJ jl:LfilJS JO Jilqtunu ,1q J ilu!sr..iJ,iu! ',11du11::<J 
. JO.I 'S,"l!:llf;'Jflh,"IJ.1 jlHlil!'i ,iJUUI 'SUJSll .\q p.1s1~;1J,"lll! ·'ti u1::i S:'lii'1?ss:;1_u Jll J,"llJllll111 ,"Ill.I. ~ 


''<il\IJJ!io,\S 
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;8'l The synthesis of pilot whale sounds r<quires an ability to des<ribe the sounds 
microstructure and to choose. the generated frequencies. For applications not requiring rcal­
time generation, sounds can be tape .rocorded. Recorded sounds would haw an uppor fre­
quency limit about 7 kHz. Methods of sound synthesis involve signal generation techniques 
and computer software but the upper frequenc·y of synthesized sounds is limited by hardware. 

TRANSDUCERS (U) 

BACKGROUND (UJ 

~ Transducers for transmitting and receiving COMBO low-data-rate messages 
should have the following characteristics: · 

o A frequency range of 20 Hz to I 0 kHz. 
o A source level of 160 to 200 dB re I µPa at I m. and 
o A projector signal-to-noise ratio of at least 55 dB. 

Diffe.rent transducers may be required to transmit different .types of.soumls. 

CU) We surveyed ~?·transmitting and 9 receiving systems to identi!"y transducers 
acceptable l'or COMBO use. 

-tS1 Sound projectors trans111it 111ost cffi:ctively in a rl!lativcly narro\v fn.·qucnl'y 
band. For some projeciors. the effective band is wide enough for COMBO application wilh 
certain sounds. but no projector is suitable for all COMBO sounds. Fur example. COM BO 
codes tonals in pilot whale phonations from I to 3 kHz. but the animal's sonic repertoire ex­
tends i"rom 300 Hz to 15 kHz. The COMBO sd1cm.e is directed toward use of tlcct sonar 
equipment. but other transducers were surveyed because tleet equipment docs not fulfill all 
COM BO requirements. 

(.{?)' No lleet sonar system projec·t.s effectively over the frcqllenc·y hand rrqllirc·d for 
all low data rate transmissions in the COMBO sd1cme. so we considered projectors with re· 
gard to the kind of sounds ihat could be projected. The sounds' animal sources wen.· dassi· 
lied by fn:quency limits. High-frequency animal sources produce sounds in the 500- to 8000· 
Hz r•ngc. Small whales and porpoises. spccilicall>: l>elu~a. killer and pilot whales. arc hi~h­
frcqucnt::y sources of C'Oi\I BO sounds. C"o1nponcnts or s1n~ll \vhall!s· signals 1nay cxcL•cd S 
k11z. but attenuation lilnits co1nn1unh:a1ion utilily or the signals' high~r (rcqu..:ncics. ?\rlid­
fn.·ql1-=ncy anitnal sources pruduc..·c sount.ls in th..: 70- tq.J000-1-lz ran,g..:. Soni..: larg..: \Vhah.·!-o. 
s'.11.·h as hun1 pbacks. and n1ost pinnipcds arc 111id-frcqucnc:y COM BO sources. Lo\Y-fTl'CJ uc111.. y 
anintal sOurc~s produce sounds in the ~0- to :!00-l·lz range. Large \Vhali:s. Slh.:h as hluc. fin ba1.:k 
and gray whales, are low-frequency COMBO sources. Because the frequency limits overlap. 
so1nc unin1als are sources in two cat.cgorics. 

FLEET PROJECTORS CUI 

J.&r Fleet sonarsapplkable to COMBO applicalionsare list<d in table 4. lnallcquai.: 
Jo\v frl!qucncy rcsponsl! lilnits 1nost of th1..• units. Clnly GNATS satislil.!s :J l'Ol1\p\ct1..· sub1:1,k 
l"atcgory. na111ely th!.! 111i<.l-frcqucncy scgn11..•11ts. Th1..• c;NA1'S systCJ\l USl"S thrcL· transllth."1..'l':­
:tllJ t:ac:h lransd th.:cr operates in a J ist inct frcqu1..•111.:y rangi: Iri:f1...•rcn1..·1..• 351. 
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;8i The;- \VQC-~ lo\v-band projt'C:tlng transdtii.:t."r systc1n t:ould bi: cqualizl!d to pro­
vide adoquatc resp onso from I. I to al least 5 kHz. at a sour« !owl of approximately 190 dB 
n.· I µP:i at l n1. Alternatively. sounds c:ould bl!' prcc:qualizt?d ror use wilh th~ sys1c;on1. Use of 
the \VQC-~ tlriving.a1nplili.:r in a C'OM BO schcn1c would require auxiliary input fron1 a tlat 
rl'sponsL' L'ircuit. The \VQC-1 is installed on sub1narincs and surfuc:~ vess.:ls for c:onununil·a­
tions. 

J..S1' 'l"hc fn:quc:nC:)' n:sponsc: of the! \VQC-~ is too n:.inO\V for lht' entire rJngc of the: 
hi~h-l"rcqu\.'nc:y L'atcg.ory or sou1u..ls. but is aJcquah.' l"or C'Q?-itBO trans111issions of killer 
\Ylrnlc. fabc killer \VhalL". l>clu~a. and bo11!cnosc porpoise sounds. 

"' .-t51" ·rllL' frc:qucn1.:y response or the SQQ-~3 \Vitl1 :.111 auxiliary un1plilicr and of lhc 
BC.)S-1 J in :1 l"u1nnn111h:a1ions111olle nc;1rly equals the response of tl1c \\'QC"-~. The BQS-13 
is lhnih•d hclo\V ~-=' kJ Jz :1111.J is thus li1nitL0 c.l to 1rans1nitting porpoisc-like sounds in a ('{)M BO 
L

0 01n1nu;1i1.;a1ions application. 

;.S1' l"hc c;NA'fS systc111 freque11cy range is suitable for trans1nitting high- und n1id­
frc<1uc11l")' L'alcgory unilnul sounds. hut the sys1cn1 has a nu1xinn1111 I'10-<lll !-.Ource lc\'c.:l L'a· 
puhility. C'Cl~11JO soun<l). require 180- to (QQ.<.JB sourc:c ll!\'cls lo achieve :.u.!cquatc con1111uni­
i:a1ions r.1ngL'. Ano1h1.:r Jlo~siblc Jisac.lvan(:1ge to COl\1HO ap11ih.·atio,n of lhr.! l;NATS ~YstL'111 

-is that uni)' 10 CrNAl'S sets \Vr.!rc huill. anc..l lhl' :1vuibhility of 1:nits is qur.!slion.ihlc. · 

)k1 Our survey in<lic:1tcs th<it 11ecl sonar projeL·ton. arL' 111ost sui1oiblL· for projec1ing 
('{)~IBO anirn:li signLils in the high·frcquency l'ategory. 

OTHER PROJECTORS (U) 

ft{ CJ1her prujeL'lors surveyed llll'L'I 1x•r1ain C'Of\·IBU critcrh1. Si:\·eral prujl'l'lors 
h:.i\'L' potcnl ial use for aL"l'l'pt:1hlc ('()~1 BO ·1n111sn1issions (table 5l. 1:xl·ep1 for the l luncy\\'l'll 
llX IR~-/\. lh•· listcJ projector.; an: small and lightw<ight. The NOSC' Pllll IV i> the ouly 
lr•ui~lu,:.:r \Ul''.'l'YCtl lhill i.:illl 1noj;,,.·;:1 hru~dbanJ·~llUl1ll at ffl"l]U1.:'1ll"h:~ ,,!. IO\'l .J~ ~o u·~. w11h 
nu >ignilkont distnrtion t figure )Ol. IJisaJvant:iges uf th•· NQSC' l'llD IV for Cm!BO 
,,·n1n nl1Lriii·:.11.iiu1 •i:11ppli.a.·1~li1.ln-ii .irL1:i.lja1 •.:J1)· ~~)1.'t o\t.1ur1\•',!1·.,.!I dl1u'ii i• •f !I .c:;t, ., Ill. i'li.··•lh"'~'11 ·1.' t)f 

OIL'liVl' depth co111pcn~•1tion. •1nU a 111ininn1111 frcquenL'Y li111it thLil inL·n:asc~ with c..lcplh. 
.,

pf ·rhc 11·c· ~O I 0 <11Hl ~O I I prujc~tors i:uvcr u hrouU fn:qucnL'Y hand <1nd operuh.' 
al an :1dL'C)Uatc soun.·c IL•vcl. ·rhl' Jl"C' unit~ arL' sn1:ill :ind «n11nidirl'L'tion:1l in the pl:inc nonnul 
to I heir ;iX(.'S. ·ro~cthcr. llJL' 11"(' projeL'lors have hl'cn SLIL'L'e!<>sl'ully used in ('()~IBO seu 1~·s1s. 

.....r:')f" 
bro~tlh:nuf aho\'L' I kl lz and is suilahlc for pn>jcc:ling ('()l\l BO sounds uf puq1oiscs and s1nall 
\Vhali..·~ Cli!!Urc I 11. "J'he p:1n1111etril· sys1c1n b very tlirL'L"I io11<1l and 1nay projL'L'l Url\VLJlllL'c.I 
nu11n11 :.ii prh11<1ry !"rcqUL'nL·iL·~ Iii.II \Viii fall \Vithin the dL'IL'l'liun r:1ngl' ol'C'CJ~IUO ~i1!11:1I 
ll.'L"ll~ni1icu1 in,1n1111L'nt:-. . 

.....tS'l Till' I lolll'y\\'t:ll I IX 18~-A JlrOjl'l'IOr UJll:r.atL·d sutb-.fac:luril)' ut frl'<]Uelll il'\ rron1 
(1() lo I I on IIL Ilil!Url' I~). "l"h•.: projl'l'IOr h inLltll·qu;ilc for {'Oi\1 BO !l.ign:1b in the )U\V- or 
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---- -- --

Maximum Undis1or1,·d 
Source Level. 

~··pl'!_}_!~.'] I. Frc~~:.'''·y_, k~:~ -~~~ I µl'a a!_l_i_~-. __ 

I·. WQC-2 I Low llamll S11rfai.:C"/Suhn1:1rin(" 1.5 - 5 llJO 

' SQQ·2-~ S11rf:.u:C" l('!)-8 200+ 

J. BQS: 13 I Comm Mo1k > Subnrnrinc 2.5 - 8 200+ 

' 
4. C.NATS Snhnrn rinc 0.0Ci - ,, 160+ 

CCCl~'l'IQENTIAL) 

(li) Table 4. Fleet sonars considered for COMBO-like applkalioiis. 

Frc11ucncy Oper:iling 
Response Sourt:(' Lcvl•I Deplh Ap1>roximatc 

Transtlut.:~r k 1-17. dB re I µP~.:_ 1_!11 LiIllii . Ill ~-_?~ f!i?~J'!'I iO_!I. Size. 111 
·---- . - - ---·--- --------­

NUC l'HD IV 0.01 -0. I 15<• No data Cylinih-r 0.4 Dia x 0.5 

!·IX 182-A O.Oh - I. I I CJO 2.rn Cylinder 0.C> Dia x 1.8 

ITC 2010 I - 4 180+ Unlimilcd . Ring 0.5 Dia x 0..1 

ITC2011 4 - l) 190+ Unlim i I ••ti Ring 0.2 Dia x 0.1 

Nusr· P61r::inh.·iril· I - 20 llJ5+ <JI Disc 0.9 Dia x 0.1 

(UNCLASSIFIED) 

! ll) _Table 5. Non-flccl JlTojc.:hlTS i:nnsidcre<.I for ro~tBO-likc a11111ica1iuns. 
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40 

INPUT 

-­
OUTPUT 

..:-~e-

Ilil Figun: 10.. Sonng:ams uf blue wh3.le sounds rr·rKorded direcl1y from the playback lape recorder 
('"inpul .. , abo\orl and afler pr,ljei:tion hy the PltD 1\1 1ransduccr at Q rn Jep1h 1--uu1puf'. hclo\\'I. 
The effci:iive :i.naJ~·sisfiltcr band\\idth i:; I.I Hz. 

60 

.~~~~~~~~~~-'---~--'~~~~~~~~~~~~~~~~~~~~~~--~~~~.~~ •. ~~~~~~~~~ 
i,.t,;,,., ·-­ •. --··-··· .....___ :.:;..,·......:...-..... _,___ ....,_tl'a...:-_, ....~~~ ···~ -~~-~--· <•'.. ·' .• ..,,_, • !i .. _.,,. 

f. 
.I: 
.~~ 

"~:· 
--~ 
l 



t

..

 

.~
.0: 3 4 5 ·6' 7 9 'Q. 

~Hz 

SPECTRUM ONE 

TRANSMITT.ED RECEIVE(? 
ll '< r \S~ll 11 fll 
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(U) 	 l'igure 12. l~csponsc ofl!X I B2·A projector in series with a l l lJ.lo·20G 1lz bond 
rejection filter. TI1e input signal was J00 Vmts at 400 Hz. 1l1e source dep1h \\ii~ 
62m. 

,. 
'~ 

' .•. 
..' 
·1, 
.! 
'· 
• 

l 

180 

~-

J 

·-· 

' 

.. 
I~ ., 
~: 

., 

36 

SECRET 



,.,.. ..... _f" .~-· 

., 
' 
; ... 

SECRET 

111id-fr...·q111·1h:~ ...·ah.·~01i\·,, .-\ lll· ...·r"111;11 11,\.,1in111111111h 1i1111" i1li :111 JI\ I·'-~·:\ Jilli a 1'111>-J\' 
\\'UU!d "l'l'<l)l~hil' Ol°l'll~llHJ 11;111 ... rllh'll'll'.1l lr1•qth.'lll"h.'' 110111~I)111111.lllJJl111 

l.OW-FIU:QlJl·.Nl'Y PIH>Jl-("JOl!S 1U1 

!l1J Si;.. l11\\·fr1.·1111l'lh.') pn1j"•1.:tnr' '111'\l')'l'd :Ill' d...·,,·11h1.•1I 1111:1l1l,·11 I h1• ll)d1;111Ji, 

llh.'1,.'h:lll l,IJ1' Ur 1lh.' Ii) tli O;t ~'OU'' h_• I Ii,•\ kl'' li'h.'d pflld Ill'\' ll IJ1ll l'l'j' (i1hl1• 11.ff:llllllh. dI'( Iii 1lllll 

.11ul l·xlr;111"·n11.' "·0111p11111.·ut,. I Ill· I IX ~~-1-B "'"''' :1 d111 ...·11·111 pn.•,,111 ...· ,·111up ...·11,;11i11:i ,~,1 ...·111 

th;111 1!11· I IX IX~- ..\. ,.\II proj1.•1·ti11"'. li'l"'d in 1:1hk• t1 h;i\1' ~h.·;11'.:1 ... 111111.· ...• l..·\ ...·I, and 1 ....,, d1.·pll1 
.,~·11 ... il1\ll) 1ha111lh.' PIII> JV. 

FLEET RECEIVING Tl!ANSlllJCERS 1 ll I

-+St- ( >ur ... 11r\1..') 111d1l al1..'' 1h:11 11..'l.\1 i\'l'l'' ll:\•1·1111J.? <'<J~I BC) l·1111..•11a :Ill' ;1\ail.1bl\· 111 liil' 
fk1..·1 I whll· - I I h\· 1\'\'l'I\ i.11µ ll''l'' ''1"•.' 111 I lil' ~\"lJI ·-~ j, 11:11 n1\\ c'I •11 I ltl' ... 11n 1') 1·tl 111111, l·11r 
l'\hi 111,µ 11;111,tl111 '\'I'. i/h' '°'l)I )- ~ .~ j, ht·"1 Iur I < ) \I IH J ;1 pp!i, .rl 1011 lt11 '111 I:11 1' ,111p' :11t1i 11 h' 

IH,I R- 7 1' up 1111\;tl lor 'll h111a I II\\''· I 1h\'\'tl ;.trr.1) ' J! I\\' \." :\ h'lhl\ l1 luw· I 1 ..., )\l\.'11'') \., '' \0 1.1~1". h111 
lhl'lr ll'l' '' fl''1ri1..·1h\'. r\ hr11:111il:111tl hy1iruphtuh.' \\•ill h...· 11._· ..·1..•,,:1ry fur ...11rr'.K1' 'hip' In 

n·..·1..0 i\'... ('(J~llHl ''u111d-.. I h ..• B<JH-7 t'nahJi·, 'uh111:1nn1..·, Io 1v1..·1°l\'1..' <"<):\llH> 'ountl' ;ii 
frl'tJLll'll1..'il'' "' ln\v :1, 50 111 

-tSt- Su1f:i..·1..· ,111p....·:111 :iJ,1111,...• ...1111obuo}' 1-111\'\'l'l\'1..' ('()~!UC> ... 1!!11:1(, i11lh1·1•111in· 


.:!O· lo 10.()CJO·! l1 'r1vq111..'lh'} r;111~t· ,\ ... u11uh1111~ d1·1,luy\·d :1\v:1> lr111n ,1 'url'al'l' ,111p \\111dcl

li1'1..•I) rt·1..·l'in• k'' 11\\'11·,hip 11oi,1..· than h11ll·n1n1111h·cl i..·1·l·h,·r.. 1\11h·n11;1 hl'l;.!111 /111:i1, ,11110· 
huny r;uliu r:UlJ.!l'. l>t'J'1..'llllilli! 1111 'l"il ,l:JIL'. :1 ... 1111'.1l'l' ,hjp 11111\inp :ii ~CJ hi ,Ji1~l.tlf rl'1'l'h'l' 
<'.<>~IU<> ,j~fliiJ, J'ro111 a 'lllllOhUP) ft\f 15 lo .lO 111i11 . 

DEPLOYMENT Sl:CUIUTY 1U1 

·ft ('ia·..·rt :and "''1..'llfl' :ipplkatil111 111' 11!..• ( 'c'Jl\1 IH > ,·n1111111111k·:11111~1' ,l·l1\'!1H' r,·111111''' 

1h;1l Iii·: hio;i,·nu!'>li..· 'i)!ll:iJ, h:i\·,· :uh:q11:1ll' 11.1111r:d q1mht1..•.... ,\ ..·111i...li1..· l'rill'l'ia !'111 '1t::11:il n;il· 

11r;1ln'''!'> indudt• li1ll·Ji1~ • ...inir .....• h•\'L'I. 1'1cqu,·11..·~ ..·1u11cn1. w:1L·,·ro1111. ;1111ph1 udt· ;uul tlur;111011 .

Spl'l'ili,· "'t!nal' ;1(,u 11111'1 11._·1..·ur :•I tillll'' :11111 lo..·:1tip1i... 11rnJll'r fur ...i111r~'l' :111i111:1h. 

TRANSIJIJC"ERS IU1

J}i1'" ~o 1111cl1..0 r\\':1h·: '01111tl 1'rok,·1i11J!. l'l[llit'lll1..'111 \·~111 1r:111,11111 h111:1l·11u'lh ''~11:.i, 
·\\·itlt :1i1,olut..· l'il/1..•lit). Siµnal analy'i' 1..·:111 l't'\'c;d 1!i...• p\·i·111rhatinn' 1h;11 1r:111,du\·,·r '}'l\.'111' 
ir11 pn~1..· on lr:11l!1olll b'i1lll' :I lid ._·:111 id ..·n Ii fr U11!l;il•11.11 bit 1:11.·1111,t j._· ,jg11 ii t.... I r:1n\tlt1\.\' r' Ih;1 t 

prujL'L'I hiu11t·o11 ... 1i ..• ,j~u;.t... for ~·on111111ni,·ati1111' 11111 ... t li1ni1 1h,• lraibntilll'd pcrlurl,;1ti1111' 'o 
111..• ,j~11:1l \'Otri:1l,ili[}' u..·l'llr.- \Vithin nnnna\ lin1il' fur :1 kn1nvl..·dg1..•:1l,ll• li,t1..·111..·r· 

SOURCI: LEVELS I U I 

ffi ('01111111:11k:ili1111 :1pplk.1ti1111'.c1I hio:t..·1111 ... 1i,· '111-!U:tl' 111;1y r\'IJllll\' ~iiph1..·1-1h:111· 
11:1111ral "1111v~· k\~·1, 111.11\,·n:1111'1l· pn1paJ.!ati1111 111,, l:1d11r, ancl 1i1 ,1\·h11..·\~· ... urr'1d1..·1111.·c111111111­

11k;1f1011' 1:111;.:1..·,, I lh· ...i1ul\·1..· 11.'\'1..•t... nl pl11111,11it111" h) l;1r~1 ".·.hall'' ;11\• :1tk•q11;1h· f111· 11111,\ 
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Frc11th!ncy 
Ri:sponsc. Sotirce L~\·~1. 

Transdth:cr Hz d_B re I µPa_._a~ ~m 

Hon('y\vell 
. HX 25-1-B 

Bender Bar ~5- l[lll 180 

~1aunavox t, Bc-ntlcr Resonan1 ·at 

· B.ir SO Hz 180 


(;l?ncral Dyna111ics 
Hydroal.."oustics hO·- 105 180 

~·loo~ Hydro-­
acoustic 40 ~ 400 180at55Hz 

~Vcsringhousc I 90 ( Broadh::ruJ I 
Flexural Di« · I 0 - I 00 :!00 (Discrete Freq, 

Aerojl!l Electro-­
systcn1~ Fh:·SUral 
llis,­ 25 - 95 ' \99 

Op;:ra1ional 
Dt:nth 

Lin1il. 1ll 

91 i.:111 Dia x I ~O i:n1 plu~ 
450 JcrHh co111pcn~ator. Ql)Q kg. to\_ycd 

450 4J i:1n Dia x 81 cnl. I J5 kg 

4(•0 53 l.:'111 J)ia X 2..15 Cl_ll. 730 kg. lO\\'Cd 

155 -\SS kg 

No data 1800 kg 

No data 0.2-lm3 _ 455 kg 

!C8NFIBEPITIALI 

pS Table 6. Low-rrequcnc:y p1ojec1ors surveyed for possible COhlBO·like applic;itions. 
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Systc-111 DL1 plU)'lllt!'lll Ftl!qut!'nc.:y. kllz 

SQC)-~.1 	 Surfac.:i: O.:<i - '' 

llQR-7 	 Suh1u;.1rin ..• Cl. I - 7 

UQS-C1. I.~ 	 Suh1nari1h.· 0.$ - x. 
.i 

SQR-17 1Ti\SSl Suh111:1rin..• U.lll - I.I 

llQR-IS iSTASSl Suh1?1arinl• U.05 · ~5 

(Sl:fl~l:'f, 

IU) Tuhle 1. Fle ~I rc1.:ci\•ers s11i1oiblc for JIUSSib1e roMBO-like app\ka1ions. 

('()~1Bt> appli1..·t1tion!l. ('0111111uni..·:11io11 !lign:tl!l th:.it us..· phonalion·, of (ilhl'r 111:.inn..• 1n:.111111wl~ 
111:.iy ha,·w: I<l t::<l'l'1..'d n:tturnl soun.:c h.'vl'ls hr up to .10 dB. StnirL·c )l'Vc.'I b ;,1 fun1..·11011 uf th ..• 
transq1i:r"'sion \ c:od ..·d l'n:qlll'llL'Y i111d inll'Jllll'd rJll!?L'. Use or unn:1 tur:illy high "110llfl'C' ll'\'l'b 
should hi! lin1i11..•d to shurt-durilti<.111 tr:1nsn1is~ion!"ll :11ul lcHv frl'lllll..'nt:y !"llt'Ulld!"ll. 

SIGNAL SYNTHESIS (U) 

, ~ Sign:tl syn1l11..•s1s lu1s r1..•1,rodu1..·l'tl 1,ort itJns of pilol whall' sinusoidal \vav,..funn 

., 
:~ 

. 	
I• 
~· 

'· I .' 	

I 

\Vhisll1..•s. Thl' sountb of f:lfl!L' \Vh:1k•s haVL' nut h1..·c11 synthl'"il.l'll. Adt.>11u:llL' "Ynthl'!"llh. of hio­

:11.'0UsliL· ~ig11:1ls for l'nv1..•rl con1n11111it.·~tions fl''1tlir1..•s quality n.'L'ordi11gs of 11:11ur;1I M)und~. 

Synlhi.:~it.cd sign:1ls lHL' l'Onstn11..·1cd J'rnn1 :ind L"C)lnp:1n.:d with !he na1un1l l1..·1npl:11L•s. SynlhL•-' 
sizl'd si~nillS n1ust :1ppcar natun1I on suni!rdisplay~ and 111us1 so11111I na1ur:1l tt1 khow!L·dgl'ahll'
liSll'llL'l'S. 

~ "fhc ronnuls prl'Sc.'111ing hiorn.::ou~ti~· 1..·01111nunk·oitio11s signab 1nu~t <1lso hl' natural. 
·rhl' in1,,•rcas1..• in critical ha111.hvidth \Vilh frl'tJllCllC'Y in :111i1naJs' nuditory runc.:tion i1111>!ic:-i th:1t 
hanclwitltl1 ufanii11;il :-iuunds also i111..·rcoiS\!S \Vitl1 fr1..•q11cn ..·y. ·1·11us. synlhcsizctl anjm:1I ~ign:il~ 
th:1t S\Vl'l'il ·;.11..·rOl\."i l'n.·quL'l1L')' should h:1\'l' llltH'l' l'rl'tJlll'flL'Y variance in till' hii:h-fn:tllll'llL"Y por· 
lion. Sonll' fornu11s. !"lolll'h :ts lhl' ;,11nplitul1L1 ri~ :.uul dl'l'OIY or L"horu~·!"ll. ch:JJl~l' gniJually and 
·.•:try randn111ly. C>thcr fonn:1l!'ll. sU..:h as 1lu1npht11..•k \YhaJ1,,• Ml!ll,!~. 01..·1..·ur in distin1..·t rh~·th111ic 
Sl'IJ11l'f1~·i:s th~I i1rl' r1..'f'l'OJll'd :.is !\t.inzn~. 

%J l~nscn1hk·!\ upon \Vhi1..·h 1..·o<IL·d ~i~n;1J" ;ir1..· !"llllpl'rh11110~1..·d 11n1,1 hL' ra11dun1ly i.:011­ .:
stn1ct1,,•d. Thi.: lihr:.1ry of 1..·01111ull~l'nl synllh:!"lliZL'd "ountl!l 111u!'!I hl' loirp:c c11011gh thi.11 long-IL'r111 
i.111:1101! .rl'l'onling.s an· nunrl'Jll'<ll in!!. 

m J)uring Sl.0:1 trfails or ('()f\1 BC> l'<1uipn11..•111. tr<1ll!ril1li,~ici11 or synth1..·!\iZl'd pilo1 \\1h:ilci . 
sounds :Jllr:1L'tcd pilot \Yhall'!ri. to 1hc tn1n~1nillL'r. "l'hl! \vhuiL'!l0 

phnnation~ add\!d to thc :-.onic 
"'11viron111en1 \Yithoul dl'gr:nlinl! lhci ,.,,111111u11ic:1tion~ 1..•1Tor1. 
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SIGNAL OCCURRENCE (U) 

)S'i Bioacoustic communication signals must occur at the proper time and place. 
No marine mammal is pan-oceanic and many distinct phonations occur only at certain times 
or places. The frequency with which a bioacoustic communicat.ion will be used" depends upon 
the communicators' activities. More common signals·should be used for more frequent com­
munications . 

.fB"f A guide to biologics has been produced to familiarize sonanuen with bioacoustic 
signals. bioacoustic sources, and marine mammal distribution (reforence 12). 

FLEET IMPACT (U) 

.i-&r A six-week study of Project COMBO and of the effects of bioacoustics on fleet 
ope mt ions concluded that both the U.S. and the Soviet Union would have' the capability to 
apply bioacoustics to communications tasks after 1975 (reference 36). Covert active sonar 
using marine animal sounds requires changes in fleet sonar hardware and operating doctrine. 
Reliable. relatively covert communications possible through Project COMBO also will affect 
submarine tactical deployment . 

.f5r Poor communications disrupt·coordination in submarine escort or ASW opera­
tions. Even a limited covert communication ability will enhance coordination between sur­
focc ships and submarines. Project COMBO provides covertness unavailable with presently­
dcployed iwo~way con11nunication syste1ns and thus enhances 1.:"0ordination in critical 

scenarios. 


--fS-r- U.S. Sonarmen typically tune out biologics as interference. but Soviet use of 

bioacoustics for communications is likely. so fleet sonannen must become more familiar 

with bioacoustic signals. Past biologics classification was basclf on NASTAD training tapes. 

aural memory and the som1m1cn's experience. Anne-lated BQR-20/22 displays and bio·. 


~acoustic indic~s Ire-fcrcn·~·c 12) now aug1ncnt the classification effort. 

-1&1"" Marine animal sounds are ubiquitous (reference 37) and likely well-known to 

Soviet sonarmcn. Signal processing fci:lmiqucs will aid anu advance underwater n1ilitary 

co111n1unicatinns. but U.S. forces 1nay fncc ;in incrcusingly costly race to stay below pn.·­

!1.'lllllcd lli:tcction thresholds. ('.overt con1n1unici:1tion by natural disguise is ii JlSYL"l1ologically 

confounding alternative approach that can convey considerable advantugc to tilt? adversary 

first c111ploying the technique. 
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