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FOREWORD (U)

¢ eer g AN

7 Project COMBO* uses coded marine animal sounds for a covert underwater
communications system with ranges to 50 nmi. The Project COMBOQ concept originated in
1959 at the Navy Electronics Laboratory. Collection and analysis of sounds suitable for ul-
timate use in Project COMBO began in 1965. We recorded marine animal sounds, measured
sound source levels, obscrved animal behavior and initiated acoustic analyses. In 1970, the :
Defense Advanced Rescarch Projects Agency (DARPA) sponsored analysis and duplication
of sonogram patterns of marine mammal sounds we had collected and the Naval Ship
Systems Command (NAVSHIPS) sponsored the Project COMBO communications applica-
tion of the sounds.

tgf During Project COMBO, we developed a coding technique that uses temporal
and frequency patterns to convey messages. We also developed a recognizer/decoder instru-
ment. the COMBO Signal Recognizer (CSR). and produced the improved CSR-i{ from it.
" We developed methods for computer sound synthesis and investigated communications ap-
plications of entire sound sequences. Laboratory and sea tests used six demonstration mes-
sages based on coded pilot whale sounds: messages werce received correctly underwater out
to SO auii.

€7 The Project COMBO effort was coordinated with the Low Data Rate, Quick
Response Program of the Integrated Acoustic Comniunications System pian. In this report
we review Project COMBO and relate the project concept to advanced development and
fleet use. We present background information and discuss the Project COMBO plan.
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,_ | SUMMARY (U)
OBJECTIVE (U)

€Y Develop a covert communications system with a bioacoustical message format
using animal sounds as message elemems that are recogmzable with existing fleet signal pro-
vessing equipment.

'RESULTS (U)

(,Q)’ A coding technique, a computer program for elemental sound synthesis and
a recogmzer/decoder instrument that is compatible with fleet low-datzwate communications
equipment were deveioped. i

2. €Y Pilot whale sounds were synthesized and coded to convey six demonstra-
tion messages. Messages were received correctly underwater out to 50' nmi.

RECOMMENDATIONS (U)

(&Y Coordinate progress and results from Project COMBO into the Integrated
Acoustic Communication System Plan, especially the Low Data Rate/Quick Response
Program.

2. (,Q‘f Develop techniques and equipment to synthesize large whale sounds and
small whale screams and to process wideband clicks and frequency-swept signals.

3. {&r Modify the COMBO signal rece ver system to utilize more message frequen-
cies. Increase the CSR processing bit rate to 0.07 bits/sec. Use automatic gain control and a
wider filter pass bund on the receiver system. Adapt parallel coding/decoding to the CSR:
update the input pattern every 50 msee

4. () Perform an error analysis on the triplerredundant message format.

5. LY Develop and muintain a reference collection of recorded marine animal
sounds. Collect information on the distribution and habits of bicacoustic source animals.
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INTRODUCTION (U)

t,(/'( Project COMBO was a four-year research amd development effort to produce u
covert-by-disguise underwater communications system using coded undenwater sotimls of
marine animals, The coded sounds are generated at one platiorm and received and decoded
at another tliguare 1 Marine animal sounds are common and prominent components of the
natural underwater sonic environment, Military communications hased on natural animal
suunds confound detection by even informed envmy surveillanee because the messuges are
but a sall portion of the total biologicul chorus, As part of Project COMBO we character-
ized marine animal soumds, devised a distortion-free coding scheme, identified signal process-
ing techniques, developed o method to project. detect and decode signals, and synthesized
sounds with computer algorithms. Project development can be traced in references 1-4.

COMBO RECEIVER

"IN THE FLEET TO BE DEVELOPED
P o e N —
p SL;)EF::/'?::L COMBO SIGNAL DECNDED
PROCESSING , RECO‘GNIZER MESSAGES
SHIP (- MESSAGE SYNTHESIZED
SONAR FORMAT ANIMAL SOUNDS
CONEHENEAL

(U) Figure I. COMBO system concept,

)8‘{ Project COMBO relates to the Integrated Acoustic Communications System
GACS) Plan Creference $) especiatly the Low Data Rate, Quick Response Program { LDR/
QRPy treference 63, The project provides g system for submarines to commanicate LDR
messages up 1o a SO nmi range without revealing their location, Such LDR messuges muy be
uselul i Identification Friend or Foe (1FF) functions. during escort or 1o coordinate sup:
port, trail. barrivr or fire controd activities. The system also provides submariues a covert
mesns (o trensmit sweep finds (o surface unils and to contact other submarines prior to
conventional -communication. Use of natural underwater sounds makes the COMBO system

o relatively covert solution to LDR communication tasks. '

7
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BACKGROUND (U}

CONCEPT (U)

3 SET The project’s objective is to develop o vovert conununivitions system with a
s hivscoustic messge Tormat using animal sounds as message elemenis, Messages can be
received with existing signal processing equipnient in the fleet. The system will confound -
intercepton by presenting an t,vurwhclmmg tsk of analyzing all mgrine mammai sounds
encountered in order (o jcentify possible message clements.

AUTHENTICITY (U)

77 Fidelity of transmitted sounds depends on signal-to-noise rutio uhd transmission
bandwidtin Sounds recorded for communications applications must have a high signaf-to-
toise ritio or andergo subsequent noise removal. Transmitters must maintain sutticient
bandwidth to preserve the sounds’ naturaf qualitics.

{4y Improved fidelity fuctons resull from betler recording techniyues, -mpmvuf Nig-
il processing and synthesis and advanced trunsducer development. '

L7 The trunsmissions’ wemporal and geographic comistency depends on detailed
knowledge of distribution and habits of Bioacoustic source unimals.

UTILITY (U)

M The COM B\O communivition systemutilizes recciving and processing cquipment,
such as the WOC-5 already i fleet use. System implementation requires miesage recogni-
tion equipment, trunsducer optimization and signal generation capability. Tape recordings
ot real time signal-synthesizing computers can generate the signals.

Z: PROGRESS (U)

3 HARDWARE CONFIGURATION (U)

L“ Uy The configuration of the Project COMBOQ equipment is described in this section.
Z 8T The wavetorm generator is a magnetic tape recorder that plays cassettes contiin-
3 g caded analog recordings of pitot whale phonations in naturst choruses.

% Uy A speciallydesigned 1-kW amiplifier drives selectable-impedance transducers at

NN

full power in the frequency band from 20 Hz to 10 ke,

1 Acoustic sources included a free-flooded cylindrical transducer (o reproduce
pifot whade sounds, Critical charscteristics of the transducer were broadband response. high
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power capacity, depthomsensitivity, small size and Jight weight. Parametric transducers were | ‘*g

also used in test pools and ut sea in cooperation with personnel from the Naval Underwater [

bl

Systems Center. %

b

'X‘

51 Chanoels up to 50 mni long were established during sea tests, Coded pilot whale e

B . - . ) 53
soupds in the F3-10 £.0-kH2 hand were projected at levels up 1o 200 dB re 1gPaat | m. Pro- | 2

. . . . . . Wl

. Jector and receiver depths varied fron near surface to 132 m, The water column was well- Y
mixed. §

! =N

€T Acoustic seasors are cablesconnevted, calibrated hydrophones or military sono- g

< . . . . N 54

huoys, Modilied siof buoys provide an cjectable ranseeiver to extend the sarface or airborne 4]

i

o

communication range without incteased trnsntitted acoustic power,

R
N

AT The cading employs frequency shilt keying (FSK 3 using natural toaals inherent
in the signils within 3 chorus of animal sounds. Triple-redundant transmission is used 10
overcomie interference. A message is repeated Hisee times in three different ways in 1 90-
second interval, The message format is determinitic and provides a choiee from six different

N nressages with assignad meaning, :
577 The message detector is Tae moditicd COMBO Signal Recognizer, CSR-I1 The _

CSR-1 has an operator-set threshold calibration. error-correcting logic and external circuil {
testers. The instenment shiths automatically to account for missing up to two o the three g

stgnals in the first sigrat set, The CSR=HE o accotnits for missing signats and for random
signal occurrence within i specific time interval, The instrument recognizes multiple qualify-
ing signaks preceding messages and extracts the messiges from the trinsmissions.

HEEREL

¥ wtal

i

i
e
el

FOT
e

,(.(2')/ The signal bamd is not Himited in this plan, Analog voltages input to the CSR-11
may represent any preprocessing slgorithm and thus do not confine the encodingecading

method to tanal preprocessing, The decoding scheme accommodaies broudband animal 8
. . - . . . .

sounds with rapid FM sseceps and rich harmonic structure. The CSR=1 uses standard speciral 5
. N . - : 3
processing instrunnnts refated to the AN/BOR-20/223/23 cquipment widd 10 the WQC-S

tLDR/QRPY conmmumnication system {referenee 64,

SIGNAL SECURITY (U)

A&7 Covert use of the COMBO communication scheme requires cosmputer synthesis k2

of animat soands, Marine animal signals recorded in natare are insepurably imbued with ‘
- ' - o v . . . 0 . . g3
noise and cannot be used directly as a signal wavelorm, Non-unitorm spatial distributions in 4

3T
R

the noise field projected with natural animal sounds would destroy the communications’

vovertness. The code format requires a unique, ever-changing sequence of background sounds :
to maintain the code™s natural quality. In tie COMBO scheme, all sounds would be »E‘j
g : synthesived. u
X : i
3 e' ' #8177 The COMBO plan provides six possible messages wliich can be assigned arbitvary \-
eg meaning that can be changed at any time, A “code of the day™ is possible with the plan,

The pumber of messages cun be increased by ising different equipment configurations and
other signal processing technigques, The CSR=H bt rate is about 0,035 bits/sec and can be |
doubled 10 0.07 bits/see by using sweep limit control treference 71 1
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diverse signals over greater ranges.

ENVIRONMENTAL FACTORS (U}

snecufations presume a knowledgeabie intereeptor.

guarantee populations at leust as lurge as present ones,

SYSTEM COMPONENTS (U)

SIGNALS (U}

|
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457 Trunsducers and amplifiers used in the COMBO schente must be compalible
with flect equipment. We surveyed transducers in fleet use and other low=frequency trans-
ducers that could be used in the COMBO system (reference 8, 9). With minor modifications.
Ueet transducers are marginally seceptuble for COMBO transmissions in certain frequency
bands. For example, the UQC-2 transducer is the best Heet trunsducer for pilot whale
sounds. The flect transducers surveyed have fimited fow- frequency capability. The extended
low-frequency response of the other transducers surveyed would umhle tramsmission of more

T Covertness of COMBO communication depends upon signal fidelity and the
naturainess of the animad sounds. Fhe sounds’ physical characteristios. such as source level
and tonad componerts, must be proper, Preferred sounds are fron marine mammals, such as
pilot whiles or Killer wihales, with o cosmopolitan occurrence, The sounds must be used in
an appropriate coptext. For instanee, mating signals transmitted in g
could arouse the saspicion of a knowledgeable monitor. The sounds from g single species
may vary regionally, Thus, well-known dialects should not be used out of context. These

nOn-Mating season

(€7 The COMBO plan requeres natural sounds to provide @ “cover™ for communics-
tion signals. by some arcas certain species of whales have become scarce 1
ing. but conservation measures have alfowed other populations to increase, For example, the
southern right whale is nearly extinet but the grey whale populition is increasing. Population
size is not necessarily directly related to acoustic presence. For example, the humpback
whule population is smull but the species is purticularly soniterous. Similarly, the killer whale
(Oreinus orca), is Trequenty heard even though its population is depleted. Thus, the use of |
COMBO sounds in the ocean requires relatively few whales, and conservation measures should

hrough overharvest-

(U1 The following sections present six aspeets of the COMBO system: Signals, Signal
Detection (CSR), Signal Synthesis. Transducers. Deployment Security. and Fleet Iimpact,

LA Three categories of marine manmmals produce sounds with potential COMBO
application: large whales, small whales £ .cluding porpoises), and pinnipeds (scals and sea
Hiona), The listed sounds are common and contain tonal components, Within the whale cate-
gorics. animals are discussed in order of probabie potential applicability to the COMBO
communications scheme frone most 1o least likely. Pinaipeds gre not so ordered, because
most oceur in non-overlapping geographical arcas, and nearly afl are very vocul.
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17 Large whales produce low-frequency sounds with high source levels. The low-
frequency sounds require special trunsducers. The sounds could be used in a COMBO com-
i s ocbene wiilian intendod range bevoml $0 wuil o for sturer distances vidos
very noisy conditions. Sounds from small whales snd from pinnipeds ure higher in frequency
and therefore easier to reproduce with transducers, In a COMBO communications scheme.
sounds from small whales and pinnipeds are timited to ranges below 50 nmi unless source
levels are at feast 20 dB over natural. The most suitable farge whale sounds for COMBO are
from humpback, right. and finback and from pilot. killer and beluga among the small whales
(se¢ figure 2).

LARGE WHALES (U)

{U) The humphack whade, Megaprera novecangliae. produces a varicly of under-
witler valls - iwduding howls. moans -grunts eejes -yelps, mnd fowslrequency pulser. Funda-
mental components cover frequencies from 20 to 2000 Hz. with hurmonics as high as 5000
Hz. Sound duration varies from 0.2 sec 10 over fsec, and souree level may exceed 180 dB
e ! ;A’“ Hirmpback whahe phoitaloms are cfen Moy ret oy trodudisted.

{Uy When not migrating, humpback whales oceur voastally und are distributed in ail
oveans, The whales oceur in fower [atitudes during winter and spring and in higher Lititudes,
including poluarseas, during summer, In the breeding areas around Bermuda, the West Indies,
Hawait, and New Zeatand, humpback whale sounds are grouped into “songs™ that last up to
30 min. contabrsections of repetitive. stervotyped nhr.ms. and nmy tie repeated for hours

{reference 100

tUy The right whale. Fubalaena glacielis. produces sounds similar 1o humpback
whale soundx' moans, grunlts. andl belows intermingled with pulses and rasping sounds
(referenve 11), Line components vary between 50 and 1500 Hz. with durations from 0.2 to
t Jeast 4 see. Most of the energy in the phonations oceurs below 500 Hz. Sound source level
is over 180 dB re | gPa, Right whales are widely distributed in small numbers. in coustal
waters, in latitudes poleward of 25 degrees. Right whales migrate to lower latitudes during
the winter.

{U) The finback whale. Balacnopterg plysdlus, produces pulses and moans in the
sange Tron 10 160 100 Ma, with Tess thain 1 sec dwiation! Soiid Fnbadk whisle sownds we Tie
quency modulated (references 12, 133 Finback whales produce pulse trrins centered at 20
Heowith-regular inter-pabse: intervals of @ few seconmds traderence T The 200z pubses
occur in doublets with intru- and inter~doublet intesvals of 10 1o 25 sec. The pulse trains
continue for hours, and constitute well-known interferences at SOSUS stations. Anather
finhwel Whale svembiy g Jove ban compeivd- ol s 68 He b 8 xee R PO foMewed Wy
34-Hz vomponent varying in kength up 10 1.8 sec. Source levels of finbuck whale sounds
range up 1o 18O dB re § pPu treference 13), The finhack whade oceurs in all oceans, cspc

cially in polar seas during stmmier months. i

N - L
467 Off Chile, the blue whale, Bulaenopters muscualis, produces 37-se¢ sequences of

three moans. The interval between the Tirst fwo mouns varies up to 2 sec. and between the
second and third frem 1.5 10 3.5 sec. A 390-He tonal pulse occurs just belore che last moant
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The blue whale moans average 188-dB source level. and are amplitude-modulated st 3.9 and
7.8/sec. The strongest components occur at 26 He. and others extend to about 200 Hy
Sequences ty pically repeat every 1.7 min. but the silent interval may be as fong as 3.3 min
{reference 15). In the eastern North Pacific. blue whales produce simitar moans of two 1y pes.
with the most energy near 20 Hz. Biue whales occur in ald oceans. They concentrate al high
latitudes during summer months and ofF Califomia in autumn. T'he long, 20-1t, phonations ate
well-known at SOSUS stations from southern Catifornia to the Bering Sea (reference 120,

+7 The sperm whale. Physerer carodon, produces trtins o short clicks. At slow re-
petition rates, the sperm whale click trains are called “carpenter fish™ sounds by Navy sonar-
men. The clicks have asource fevel as high as 175 dB and miost energy between 200 and
10.000 Hz. The click repetition rate ranges from 1 to 100 per second, Short click tiains ma
have distinet chythmic paterns, and may be repeated treferences 1o, 170 Sperm whales e
uswaily found in groups that produce clicks in chorus, 1he sperm whale is distributed in all
aceans, especially in tropical and sub-tropical waters near the Azores, Peru, the Galapagos.
and off Central California. Because of their ubiquity, high source fevel and commaon vecia
rence, sperm whale sotnds are familiar to sonarmen of all nationalities and are excellent
sounds for COMBO appiication,

48T The click structure of sperm whale signals is incompatible with present COABO
methods of narrow frequency band processing and coding and requires instead, wideband
threshold detection and simple temporal coding patterns. Nevertheless, sperin whitle sounds
are ideal for biologics communication applications.

SMALL WHALES (U)

LT The pilot whale, Globicephata meleena, G, scammaoni, and G, macrorhicneha
produces i varicty of sounds, including clicks, whisties, sqacals, warbles, and grunts treic
ences 18,19 and 20). Some pilot whale whistles are pure-tone, and othiers are rich in hi-
monics. A whistle may remain at a single Trequency for up 1o a second., or sweep ovet seve el
kltz in the same time. Whistie and squead energy is distributed from 500812 to 153 &, a0y
source tevel of at least 175 dB. A Large proportion of whistles and squeabs are hefow ~ K1y
Fxeept for polur seas. pilot whales occur in every farge body of marine water. Pilot whale
sounds are suitable for COMBO transmissions of 25 to 50 nji.

(U In the castesn North Pacific. kitler whales, Orcinas orea . emit nartowband chicks
of 10 to 25 msec duration (reference 21 The fundamental resonant click frequency isin
the 250- 10 SO0-Hz range. The clicks occurin short bussts of (0 to 5. or in much fonger,
high-repetition-rate, raucous screams, SCreams occtis in two parts, one at o tepention e
about Q.5 kllz, and the otherat about 2 kHz. Both seream pasts have many harmonies. In

‘ Antarctic waters, Kitler whales emit click trains similar to those of novthesn siimals tietes
ence 22), Antarctic Killer whales do not produce the stereoty ped sereinms cliaracteristic os
their northern counterparts, Killer whales occur worldwide, especiadly near coasts at fughicr

) latitudes and in polar regions. :
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(U Belugas, i)c‘!plmzapwrmivmm may be the most soniferous sea mammals (red-
crerce 230, Belugas emit i vam‘!y of sounds. including whistles, warbtcx chirps. clicks,
brpds cries sl arems o nagiencits e 00 K Botuge sounds typicatly contain
energy in narrow frequency bunds. Belugas occur mainly in the Aretic Ocean. The whales
oceur seasonaily as ar south as SO°N, and are abundant in the Davis Stiaits. Hudson Bay.
Guil of St Lawrence. and along the coasts of Aluska. Norway, and the Soviet Union,
Belugas do not ocenr in the southern hemisphere, '

(U Fualse killer whales, Pseadorca crassidens, produce whistles in the 2.5- to S-kHz
frequency band, with some energy up to 8 kil FFalse kitler whales also emit clicks and
buzzestreterence 200, Except in polir regions, false Killer whales occur in open scas through-
out the world,

tU The bottlenose porpoise, Tursiops trancatis ., clicks at frequencies up to 200
klHz and whistles in narrow bands between 4 and 15 kiz treference 24). Bottlenose porpoise
chick trains can sound like boarks, yvelps, squeaks. squisvks. or rusty gates, The bottlenose
porpoise occurs widely in the Attantic and Indian Queans and is common along the cousts of
the Americas and Uurope. Related species (77 gifli and 7. e} occur in warmer pafts of
the Pacific, particularly in the China Sea and in coastal American waters,

(U Atlantic spotted porpoises, Stenella plagiodon, produce broadband clicks and
whistles in the §- to 15-klz frequency range trelerence 20). The spotted porpoise occurs
along the Atlntic cousts of Larope snd America, and in the Indian Ocean. A refated spevies.
Sieuctla graffinani. wlso calied “spatted dolphin™. occurs in the eastern tropical Pacilic.

(U Pacilic whitessided porpoises. Lagenorlyuclus obliguidens. may occur in herds
of up 10 2000 animals. Pacific white-sided porpoises produce broadband clicks and whisties,
The whisthe may ocour in pulse treins or os o raucous Bleat with independent dudl compo-
nents (relerence 281 Pistinet line componentsextend as low as 1.5 ki l? in Pacific white-sided
" paaBusiae s Padifieowiiiesibad gompiiie ruvur fown Baje Calitermia we e Albutian
: Ishands and in Japanese waters, A related species, Lagenorhyuclue aeutus, oceurs in colder
. waters of the North Atlantic, and Lagenorhynchines obscurus, occurs in the South Pacitic and
South Atiantic oceans, The different species probably produ e distinet sounds,

Uy The saddieback porpoise, Delplinus delphis, produeces broadband clicks amd
narrowhand whistles that have been recorded in the 10- 1o 20-ki1z band and as low as § klz
(reference [8) The saddleback porpoise oceurs in large groups in warmer waters ol the
Atlantic. Indian, amd Pacific ocvans,

' AST At sl whales praduce sonwe sustained narrowhand signulbs that could be used
a C GMBO commun’ition schene for ranges less than 10 nmi. The sounds” high frequen-

3 cies are sabjéet 1o high attenuation, Smail whale soumds might have utility for short-runge

é communication #t Jow levels 1o limit the chances of distant interception.
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PINNIPEDS (U)

(U) The Weddell seal, Lepronychores weddelli, emits narrowband pulses at repetition
rates from above 140 sec to one in several seconds (reference 26). The sounds’ frequency
range is from 50 to 10.000 ilz. The pulse trains typically start at 1 1o 2 kHz with a fast

repetition rate and end ut about 0.1 kHz with slow repetition. Individual pulses in a train are

frequency modulated from 2 kilz at 10 kHz to 50 Hz at 100 Hz. Weddell seals also produce
howls, with fundumentals ranging from 50 to 4000 Hz and with strong harmonic structure.
and ringing sounds in the 1-to 3-kHz range that last up to 10 sec. Weddell seals oceur in the
southern hemisphere around the Antarctic continent and its adjacent pack ice. Weddell seals
migrate as far as 30°S 10 Soulh America. to Australia, and 1o New Zealand.

(U} The bearded seal, Erignathus barbatus, emits a whistle with a tremolo charac-
teristic caused by fast frequency moduwlation of a few hertz, The whistle is modulated Turther
over severil hundred llertz at rates ol about 1/see to one in several seconds as the whistle
drops 3 to 4 kHz to 0.2 kHz over a period of a minute (reference 27). The bearded seal is
circumpolar innwaters of the Aretic. Ocean and the adjacent Adantic and Pacific regions.

(U) The ringed scul, Pusa hispida. produces a number ol sounds. including a steady
discrete-component, downward frequency sweep imbued with harmonics (reference 28).
The sounds last from about | to 4 sec, range from S kllz to 0.2 kHz and have at [cast four
strong harmonics which may extend above 10 klz. This seal also makes a broadband ringing
sound in the frequency range from below 2 kHz to about 6 kllz, with durations up to 15
see. The ringed seal oceurs widely in the Arclic Ocean and on the north coasts of Europe.
Greenland, North America and the Soviet Union. :

(U) The ribbon seal. Phoca (Histrioploca) fasciata, produces two principal under-
water sounds coincident with spring reproductive activities: an intense 1--10 S-sec ([0\\'11\\';|rx|
frequency sweep in the 7- 1o 0.1-kilz region and a 0- 1o S-kliz breathing-ty pe sound of al-
most | seeduration but at 20 to 25 dB lower in pressure level (reference 293 This scal is
distributed from the northeast Bering Sea to the Sea of Okhotsk and into the northern Sea
of Japan. Ribbon seals also occur on the coasts of Korea and northerr Japan.

(W The Culifornia sea hon Zalophas califindaus. emits o variety ol usbeewales
sounds includinb barks, groans, growls. and bleats (references 28 and 30). The barks” main
components ogdur between 0.5 and 1 kilz. Harmonics extend up to about 5 kllz. Most of
the - other Califemia'sca Hon sowtds boom inthe Siyfehey raipe of 0.4 ot k. A Calt!
fornia sca hion occurs along the California coust, Baja California, the Galupagos Islands .md!
the coast of Jupan, Bulls oceur as far north as Washington in the wintertime.

i
(U) Pinniped sounds usually occur within lOnnu of coasts, ice packs or dnflm;. e,
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SIGNAL DETECTION (U)

M The COMBO Signal Recogniger, Second Generation. CSR-1L tfigure 2. was
dusigned and assembled. and then tested both in the {aboratory und at sea. The signul recog-
nition device can decode properly even i seven of the nine signads are lost. Information
extraction logic uses read-only memory anits ( RCMs), The CSR-1 can il in missing infor-
mation clenments, average and weigh results, and display the best possible output. The ward
“BADT appears in light<mitting diode (LED1 displuys when duata are insufticient or do not
canform to one of six message formats, The CSR-H accommodates broadband-processed
biocavoustic signals. That is, given a technique to process sweeping signals, the CSR-1H ype

&

zp decoding would also suffice tor browdband data,
Ry

¥

B

258 ¢ TEST TEST
i DATA STORE
B, ‘

ity s
'E”M s

INPUTS

74 : READ

& RECODER o STORAGE [+ INPUT | of oy | DUTPUT

43 O1SPLAY | yemoRy | | DISPLAY

5, I 3 i

i MY GROUP THAING )

‘3 MASTER DETECTOR

i’ GAIN ' S o

*OUTPUT DISPLAY FORMAT
TIME FRAMES

1|1]2]3
GROUP 11| 4 |5/ 6

ml7 8|9 :

(UNCLASSIFIED)

(U} Figure 3. COMBO Sigaal Recognizer, CSR-, elements and configuration.

OPERATING FEATURES (U)

A&7 The CSR-H signal formuatis three mutually exclusive clements.each trsinitted

three times at ditferent frequencies, The CSR-TT produces six possible messages. using nine i v
diflerent transmitted frequencies. To compensate Tor frequency shifts during message trans : .
mission. U receiver aveepts frequeney “bands™ coentered on the possible transmission fro- : I
quencies. The aine fregueney Ismds are adjusted to mateh natural components in nipe dif- | i

ferent pilot whale sounds, preselected according (o the cade of the day. The Trequency bands
are randomly arranged between 2.5 und 3.5 kHz and the CSR=H recognizes nine aninal ]
sounds spaced throughout o “natural™ chorus of phonations (figure 4). i
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}gl Pre-recognition processing in the CSR-I1 is 1onal analysis with a real-time
spectrnm analy zer that is sweep-imited at 24510 3 5 kHz and with an ensembie ave-ager
that useseight averages. The analyzer is o Spectral Dynamics SD 201 andis the same analyzer
used in the WQUC-5 (LDR/QRP) fleet communication system, FThe averager is a Spectral
Pyaamics 309,

}S’f The entire spectrum in a selected format of animal sounds is projected into the
witer. Received data are Tirst bandpassed between 1.25 and 5 k7. We also use u three-
dimensional waterfadl display to characterize the received signals and ambient noise and to
compare signals 1o natural sounds as they would appear to sonarmen on the BQR-20 or 22,

e Lach of the nine frequency bands is represented by an analog voltage from
Spectral Dyvnamices Line Order Trackens that monitor the power spectra within a 36-Hz band
about the center frequency. Analog voltages ire compared 10 preset values und separated
into a sequence of nine time friames divided into three time groups. Incoming data dre dis-
plaved in LD displays corresponding to cach time rame if the data coincide with the
proper time group. For example, data shown by L1 s 1. 2. 3 are obtained during time
Group L LEDs 4.5, 6 during Group [l and LED's 7.8, 9 during Group HI (figure 3).

A Time frmne generation begins when qualifying data in Group 1 are acquired.
Additional qualifying inputs are sequentially strob.d into the proper LED displiy and stored
in memory for subsequent majority/complementary logic analysis. A Group I data acqui-
sition during time Group Lindicates that some previous data were missed and an automatic
shift oceuns to move the display to the proper frame.

£ Tinting frianes for which po data dre acquired display an 1™ for empty. Mul- X
tiple acquisitions during a time frame are indicated with a point to the lelt of the number L
displaved in the Trame. The Tirst number received is displayed and the multiple acquisition 5
is also stored in memory for later message ex truction. After time frame 9, ROM passes hori- 1
sontal, complementary logic in sequence on the rows of stored data and attempts 1o [ill sin- '%
gle voids accompinicd by two bona fide inputs. For example. it the data for Group | were ;;

3L in dme frames 1, 2 and 3, respectively, o 2 will replace the I during the initial comple-
mentary logic pass 1o produce mutuadly exclusive message clenents, By similar processing,
other single voids oy multiple acquisitions will be changed, e.g.. 2B to 320 or 221 to 321,
Multiple voids remain unchanged and serial multiple acquisitions display cpiy. e, 3013
becomes IEE, Majority logic scans each column of processed dati sequentiafly and places
the majority character for cach column in a final best-message matrix. For example, il the
tirst columan contains 313 in Frames 1,4, and 7, respectively. a 3 will ocear in the first
position of The T ast-message mateix. Simifarly. 2.32 in the second column produces a 2 in
the second position of the best-message matrix, and ELL in the third column produces an b
in the third position. A second complementary logic pass on the best messige matrix at-
templs to {3l voids before results are <lisplayed in LEDs, I the final message is uncertain be-
cause of insufticient or conflicting duta, the letters “BAD™ are displayed in the LED insteacd
ol d final message. Single-bit, even parity is maintained throughout the fogic passes, A poim
displayed in a linal message frame indicates an inoperative ROM. After fingl message assem-
bly. a decoder network activites solenoids or tape recorders 10 announee messages.

o .’Ui,’.g~'-'_"n.;5;r'.!'& A L% uvi-m‘am,i::??, Tt
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( ywenty hours af bioacoustic recordings with high signal-to-noise ratios were
plaved ainto the CSR=H without false alarm, The recordings included many pilot whale
sounds because pilot whale sounds constituted the coded category ol sounds, At times during
the test, o single time window would qualify, but the message disphay was always “BAD™,

L ower signal redognition or triggering thresholds will increase incorrect messiage aceeptance
or "BADT display. but a slow attack and slow release automatic gain control prevents this
probiem, The tests indicate that the chances of receiving spurious signals of the required
frequencies in the right order and at the right times are infinitesimal. T he fime conditional
cading ol the COMBO scheme suppresses alse alurms, Actual false alurm ratestEFAR)Y depend
upon cquipient configurations for specific applicutions and conditions.

SEA TESTS (U)

45T Uhe COMBO concepts. systems and processing schemes were tested in the lubo-
ratory and at sea 1o improve trmsmission tidetity and measure pecformance, Initial tests used
the CSR-L A tatal of 76 consecutive repetitions of three different COMBO messages were
correctly recognized and decoded by the S-windowed CSR=Fina test it the Transducer
Fyaluation Center on Point Loma. Sounds were played from a frec-lloaded eylinder ta an
ompidirectional hydrophone and i tape recorder at source fevels up to 200 dB re 1 uPa. Sig-
nals were synthesized pitot whide sounds superiniposed o i chorus recorded at sea. The
CSR=1 i described and discassed in references 31 and 32,

LT I July 1973, preliminary sea tests occurred of T Caaling Iskand. The sounds,
projector, receiver, processing technique and decoding method were the same as used in the
TRANSDEC tests. The projector and receiver were at a depth of 150 1 and a1 ranges of
0.01.0.13.0.25.0.5. 1 and 2 omi. The water column wans wellsmixed. Source levels were
approxinmtely 175 dBre | pPa. All recorded transmissions were decoded in the laboraton
without ¢rror.

&7 In September 1973, the same COMBO message format was projected at levels
(o 200 dB re | pPa at sea to ranges of S, 10, und 20 nmi. Instruments were the same as tor

‘ previous tests. The receiver was i Wilcoxon hydrophone. MU90A and the projector was o
free-Mooded eylinder, ITC 2014 Both instruments were al 250 11, A specially designed 1-kW
'1‘: ampliticr projected synthesized pifot whyle sounds at source Jevels 25 dB above natural

" fevels. Preprocessing and decoding were the same as in the previous ficld tests. The five

’ signals were distributed through the frequency band rom 4.4 to 6 kllz,

,_: ) 1 The CSR-1 correctly detected alt recorded messages (coded animal sounds) at
’ the $- aad [0-mni ranges and 90 pereent of the messages at 20 nmi. Ambient noise condi-
tions were near maximum Weng shipping noise levels. Signal oss occurred at two of the five
; . frequencies transmitted at 20 nmi.
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ST Signal-to-noise ratios were detervined on the real-time snecteum analyzar ;
dble T AE S and 1) ami, the noise was nearly sl choras sounds projected by this <ystem, ! ; )
AL 2O nmianbient wea noise above 1 kHz masked the signals. Received level as g function .
; ot frequency i< shown in figure S, For reference. the source level of the 4.4k117 signal was -
; 2000dB e T pbas Our measurements it Urick's attenuation loss model (reference 331 5
43 . ABT In April 1975 2 90sec tape-recorded sequence of pine COMBO piut whale sig- k
1 fabs wins projected at ranges of 2,9 gnd 16 amis The nateral tonaks oceurred in fresuency .
Band from 2.5 1o 33 kHz as part ol a realistic Shorus, Tnstrumentation was the same i for ;
previous tests. Source levels and transducer d eptits are given in table 2. T
. ' : “ :4
b # Four COMBO sequences and 3 3602 calibration-tone were transitted ol ciach y
ke g, ik
i j
1 W Recorded sequences were played into the CSR-H system after processing with 3
& worvaltime spectrum anady zer and ine-order tracken. Messages were recognized perfectiv at Q
g atl mnges and spmal-to-noise vatios (able 20 The received signal-to-noise ratios agree with ;
Hee prediction for X k2 (table 2, b
{":’ K
, 43 I the CSR=H system, both the bit rate and the signal-ta-noise ratio resquired
by for mesage detection are frequency dependent. For example, WWLINgG provessing gain cqui-
1} vident to that of the CSR-H system and a Y0-percent probability ol detection, g 16-dB 3
% siaakto-neive ratio Tor the spectrum fevel is required For a pilot whale whistle 21 3 kHz that K
fg; Enta L7 see Fora 200-dB source level, the signal is theoret ity detectable by CSR-31 out ;
' Foa 100 i winder average ambient noise and propagation conditions (table 20 With the 2
Name provessing kechniguies, te signal-to-noke ratio decreases with frequency. but the data b
f e is reduced hecause more time is requined For recognition it lower (requencies, for exame- &
' B ple, whale sounds below 100 2 reqaire o sigaal-to-noise ratio of =4 dB. but take 100 timds i
El oneer 1o be detected than the 3k pilot whale signal. Thus, the bit rate is reduced by a '
; taetor ol JHL X
il , ]
A3 Tests s were conducted o determine the atility of sonobuoys. especially the 2
SSOQ=LIA, as receivers. The only limiting factor was radio range, which is line of sight. COMBO _
% signals received and relayed by sonobuoy were processed. recognized and decoded normally, ,’k
{ Succesful tests of CSR-M were made in the Jaboratory osing data proiccted up to 2 ami o :
‘IE‘ sapohboys 3 1o 7 nmi offshore, i
f* - Tests with parametric sotrees were madve in cooperation with personnet of thy
" Naval Usderwaster Sysfems Center iNUSCL A primary frequency of 66 kilz was mixed with b
i CONBO sounds and projected in the NUSU guarry at o souree Jevel of 173 dB. We decoded 3
{ the recorded signads with the CSR=1 with 99ercent probability of correct detection. Sounds
é abuose TRz were received with high fidetity, but 20-Hz 10 -k sounds Ticked fidelity, In
.c, particutar, kidter whale and pilot whale sounds transmitted well, whereas blue whale and i
3 Wodelh sead sounds were garbled and degraded by noise,
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In June 1974, COMBO sounds were trunsmiticd between ihe submarine
Dedplin and a receiving ship 0.5 10 4.5 ami away. Al COMBO signais were revognized by
the CSR-IL In a long-runge test, the signals were too weak 10 be automativally detected mt
50 nmi. ‘

RECOMMENDATIONS FOR DEVELOPMENT (U)

&y CSR-H i o test systent (o evaluale message taies. {fequency consiraints, ranges.
and covertness availuble through the COMBO concept. The CSR-H requires modification 1o
incredse message content, provessing speed and coding variability 1o be computible with flect

sysienis.

57" The number of messages can be inereased by using more signal frequencies, For
example, incregsing the gumber of signal frequencies ina transmission fram Y to 21 would
increase the numiber of triple-redundant signuls from 3 (o 7 and the number of possible mes-
sages {rom 6 to 5040,

BT Doppler tolerance can be improved by using wider 1iler pass bands. Assaming
ditferential speeds of 6f) knots and pilot whale signads, more than 21 adjacent filters of in-
creasing handwidth can be used. Tncreasing bundwidth is needed 1o accommodate greater
doppler shifts at higher frequencies. Reduced ambient noise fevels at the higher frequencies
nearly compensate for the increased noise passed by wider filters, ,

Autonutic Guin Control tAGCY would eliminate the manusdly adjustable gain,
Naive varies with frequency: thus @ separate AGC should be used Tor cach Trequency band.

A5 Transmission time can be reduced by using paralle! coding and decoding. Fhe
CSR-1T system transmiits serially one [0scc window at a time and requires gt feast 90 e of
auoasti: data for one essape. Paralleleading wotdd update an imput patterm every SO dseo
and require about 20 see to transmil 271 signals. or onge of SO0 possible messages with triple
redondancy. Actual transmissions will be longer thun 20 sec to add the realismy provided by
rarsibimtimeed srspiibode varialioss of wtaral chofees

SIGNAL SYNTHESIS (U) B

ANALYSIS OF MARINE MAMMAL SOUNDS (U} S

A48T Synthesis of naturally-oceurring sounds depends upon the analysis ol recordings
from the sea. Proper analysis includes real-time spectral estimation. digital and analog wave-
Form studies. digital filtering. and instantaneous amplitude and zero-crossing estitnation. The
sounds’ spectrum contains information about the sounds’ frequency range and barmonic
content. The wavelorm suggests souree generition mechanisins and, hence. possible syithe-
sis procedures. Operatorinteractive digital flering isolates individual sounds and eithances
signal-to-noise ratios. :
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~SECRET

48) The synthesis of pilot while sounds requires an ability to describe the sounds’
microstructure and to choose the generated frequencies. For applications not requiring real-
time generation, sounds can be tape recorded. Recorded sounds would have an upper fre-
~ quency limit about 7 kHz. Methods of sound synthesis involve signal generation techniques
and computer software but the upper frequency of synthesized sounds is limited by hardwurc.

TRANSDUCERS (U)
BACKGROUND (U) '

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

o A frequency range of 20Hz 1o 10 kHz.
o A source level of 160 to 200 dB re 1 uPaat | m. and
0 A projector signal-to-noise rutio of at least 55 dB.

Different transducers may be required to transmit different types of sounds.

(Uy We surveyed 27 transmitting and 9 receiving systems to identily transducers
acceptable for COMBO use.

487 Sound projectors transmit most effectively in a relatively narrow frequency
band. For some projectors. the effective band is wide enough for COMBO application with
certain sounds. but no projector is suitable for all COMBO sounds. For examiple. COMBO
codes tonals in pilot whale phonations from | to 3 kHz. but the animal’s sonic repertoire ex-
tends from 300 Hz to 135 kHz. The COMBO scheme is directed toward use of fleet sonar
cquipment, but other transducers were surveyed because fleet equipment does not fulfitl all
COMBO requirements.

&5 No fleet sonar system projects effectively over the frequency band required for
all low data rate transmissions in the COMBO scheme. so we considered projectors with re-
gard to the kind of sounds that could be projected. The sounds’ animal sources were classi-
ficd by frequency limits, High-frequency animal sources produce sounds in the 500- to 8000-
Hz range. Small whales and porpoises. specifically beluga. killer and pilot whales, are high-
frequency sources of COMBO sounds. Components of small whales™ signals may exceed 8
kHz. but attenuation limits communication utility of the signals’ higher frequencies. Mid-
frequency unimal sources produce sounds in the 70- to 3000-Hz range. Some large whales,
such as humpbacks. and most pinnipeds are mid-frequency COMBO sources. Low-froquency
animal sources produce sounds in the 20- to 200-Hz runge. Large whales, such as blue, finhack
and gray whales, are low-frequency COMBO sources. Because the frequency limits overlup.
somie animals are sousces in two cutegorics,

FLEET PROJECTORS (U)

457 Fleet sonarsapplicable to COMBO applications are isted in table 4. Insdequats
Jfow frequency response limits most of the units. Only GNATS satisties » complete subtusk
category. namely the mid-freguency segments. The GNATS system uses three trunsducers
and each transducer operates in a distinet frequency range treference 350,
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}87 The WQC-2 low-band projecting transducer system could be equalized to pro-
vide adequate response from 1.1 to at least § kHz, at a source level of approximately 190 dB
re I uPaat 1 m. Alternatively. sounds could be preequalized for use with the system. Use of
the WQC-2 driving amplifier in « COMBO scheme would require auxiliary input from a flat
response circuit. The WQC-2 is installed on submarines and surface vessels for communica-
tions.

157 The frequency response of the WQC-2 is 100 nanow for the entire range of the
high-frequency category of sounds. but is adequate for COMBO transmissions of killer
whale, false killer whale, behuga. ind bottlenose porpoise sounds.

48T The frequency response of the SQQ-23 with un auxiliary amplifier and of the
BQS-123 in a communications mode nearly equals the response of the WQC-2, The BQS-13
is limited below 2.5kl 1z and is thus limited to transmitting pomom -like sounds in a COMBO
commuaications application.

AST The GNATS system frequency range is suitable for transmitting high- and mid-
frequency category animal sounds. but the system has a maximum 160-dB source level ca-
pability. COMBO sounds require 180- 10 190-B source levels to achieve adeguate communi-
cations runge. Another possible disadvantage to COMBO application of the GNATS system
is that only 10 GNATS sets were built, and the availability ol units is questionable,

ST Our survey indicates that fleet sonar projectons are most suitable Tor projecting
COMBO animal signals in the high-frequency category.

OTHER PROJECTORS (U)

,h‘?\/ Other projectors surveyed meet certain COMBO criteria. Several prajectons
have potential use for acceptable COMBO transmissions (tabie $). Lxcept Tor the Honeywell
TN IR2-AL the listed projectors are smalf and Tightweight. The NOSC PHID TV iy the only
tratisducer surveyad that can project broadband soumd at freguencics as fow as 20 H2 with
na significant distartion (figure 10). Disadvantages of the NOSC PHD IV for COMBO
commnairaticns applicetions itciude go-appee sanrcedevel imibofd Shadl teibwniee of
active depth compensation, and a minimum frequency limit that increases with depih.

M The ITC 2010 and 2011 projectors cover a broad frequency band and operate
at an adequate source devel, The ITC units are small and omnidirectional in the plane normal
1o their axes. Together. the ITC projectors have been successfully used in COMBO sea tests.

KT The parametric system from the Naval Underwater Systems Center (NUSC) s
broadbamt above | klz and is suitable for projecting COMBO sounds of porpoises and stall
whales tligure | 1), The parametric system is very directional and may project unwanied
output at primary frequencies that will fall within the detection range o COMBO signal
recognition instruments.

8T The Honeywell HX 182-A projector operated satisfactorily at frequendies from
60 to 1100 He tfigure 12y, The projccl/or is inadequate tor COMBO signals in the low- or




Maximum  Undistorted
Source Level,

System © Deployment  Frequency. kHz _ dBre 1 uPaat T
: ' 1. WQC-2 (Low Bandy Surtuce/Submarine 1.5-5 ‘ . 190
2 800-23 Surface HH-8 200+
-3, BQSLi 3 Comm Mode)  Submarine 25-8 200+
/4, GNATS Submarine 0.00 - 6 160+
—CONEIDENTHALY-

(U) Table 4. Fleet sonars considered for COMBO-like applications.

W
w N
Frequency Operating )
Response Source Level Depth Approximate
Transdueer _kHz_ . dBrelpPaim  Limitm  Configuration Size.m
NUC PHD IV 0.01-0.1 150 No data Cylinder 0.4 Diax 0.5
HX 182-A 0.06-1.1 190 20 Cylinder 0.6 Diax 1.8
ITC 2010 1-4 180+ " Unlimited ~Ring . 0.5Diax 0.3
ITC 2011 4.9 190+ Uniimited Ring 0.2 Diax 0.1
NUSC Parametric 1.20 195+ 91 Dise 0.9 Diax 0.1
(UNCLASSIFIED)

(U} Table 5. Non-fleet projectors considered for COMBO-like applications.
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11 Figure 10. Sonograms of bluc whale sounds re-recorded directly from the playback tape recorder
{“input™, above) and after projection by the PHD IV transducer at @ m depth (“output”. helowy.
The effective analysis filter bandwidth iz 1.1 Hz.
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SOURCE LEVEL (dB re 1 yPa @ 1 M)
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180
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180

140
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110

HX-182A

10

100

FREQUENCY (Hz)
{UNCLASSIFIED)

1000

{U) Figure 12. Response of tiX 182.A projector in series with a 110-1¢-206 12 band
rejection filter. The input signal was 100 V rms at 400 Hz. The source depth was

&2 m.
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pid-Trequency citegorios, A 1Teed sonar ised in compun tionwith an X E32A el o PHD-IV
woukd be capable aF COMBO transsssions A freguenvies from o 10006 Hy

LOW-FREQUENCY PROJFCTORS W

7 U Six lowbrequenay projectons sunveved ae dosenbed mtahibe 60 Fhie iy diauli
A ) mechuannms of the iy droscoustic devices isted produve uiacceptable harmeomie distorton
: » C o and extrmwous components, fhe HN 2338 asev i ddieient pressure compensatio svsivi
thian the TN ER2-A DA projectors listed in table 6 hine preater sounce fevels and loss depsth
sensilivity than the PHD TV,

i‘Llili'I" RECEIVING TRANSDUCERS tU?v "

=t Cur survey pdicates that receivers mseeting COMBO coters are snatlable m the
et Quble 71 Fhe recenving esponse ol tHhic WOU=2Y s narrosest of the sunvesed anals bor
exibing wsdueers, the SOO=2 30 st Tar COMBO apphoation 1or sinbce ships amd he
BOR-7 sooptunad tor subiarmes, Towed arnas s give ostendod fow-tregueney voveiase, b
thess wse s resinictive, A bromdband hvdrophone will be accessary for surfine ships o
receive COMBO soands. Phe BOR=7 enables subnanines o recene COMBO sounds al

freguencies as low s 30 1,

-~

== Sustace ships can also nse sanobaos s ta receve COMBO sipuads in the entire
20- 1o 10.000-H, Trequency range A sopobuoy deploved away Tront o sartaee ship wouhd
likely receive loss ownsdiip noise thas ballbmounied eccihers, Antenna heghit ity sono.
buoy rindio range, Depending on seinstate, osarface ship mosviog at 20 Koshowld receive
COMBO signals rom s sonohuey Tor [3 1o 30 min ’
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AT Covertand sevure application of the COMBO contmunications sclieme setines T
i that the bioscaustic signads have adequate natural gqualifies. Acoustic criterta for signal nat- 175
‘} -~ b o . . . . ‘:
5. urtliness include fidelity souree Tevel, frequency content, wavelorm.anplitude and duranon, 18
d Specitic sgnais also srust occur ot times and locations proper for saurce aninub, {34

e

Qrpe
T

TRANSDUCERS (U

A% No ounderwater sound projecting cquipment can transiit bioacoustie signalbs
‘with absolute fidelity, Signal analysis can vevead the perturbations that tansducer sy stems
impase on ransmissions amd can identify unnastunal bioacoustic siguads, Fransducers than
projedt hioacoustic signals for communications must it the tomsmitied pertucrhations so

the signab variability occurs within norsal Himits tor o knowledgeable Tistener

SOURCE LEVILS (U) ]

RT Communication apphications. of hioacoustic signabs may regoie higher-than- :
patnral souree levels to overcome propagation loss bctors wnd 1o aclnes e suficient cotrmae

givations tnges. The souree levels of phonations by farge w hades are sdequate for siosd
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s
Honeywell
B HX 254-B 91 ¢m Dia x 120 cm plus
f\g Bender Bar 25-100 180 450 depth compensator, 900 kg. towed
3 ; Magnavox Bender Resonant at
il Bar SO Hz 180 450 43 ¢em Dia x 81 em. 135 kg

: s General Dynamics

Hydroacoustics 00- 105 180 460

S3 em Dia x 245 ¢m, 730 kg, towed

Moge Hydro-
acoustic 40 - 400 180 at 55 Hz 155 455k

Westinghouse 190 (Broadbzns)
Flexural Disc -10-100 200 (Discrete Freq)

No data 1800 kg

Acrojet Electro-
systems Fluxural
Dise - 25-95 199 Nodata  0.24m?.455 kg

—~CONFIDENFAT—

}6 Table 6. Low-frequency projectors surveyed for possible COMBO-like applications.
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System Deployment Frequency, kllz
SQ()-I.‘\ Surlace 0.5-06
BOQR-7 Submarine : 0.t -7
BQS-0. 13 Submarine 05-8
SQR-17 (TASS) Submarine 0.01-1.1
BOR-15 (STASS) Submarine 0.05-25

(U} Table 7. Fle:t receivers suitable for pussible COMBO-like applications.

COMBO applications. Comnunication signals that use phonations of other marme mamals
may have ta exceed natural source levels by up to 30 dB. Source level is a funcnion of the
transmission’s coded frequency and intended range. Use ol unnaturadly high source levels
should be limited to short-duration transmissions and low frequency sounds. :

SIGNAL SYNTHESIS (U)

Y Signal synthess has reproduced portions of pilot whale sinusoidal waveform
whistles. The sounds of kirge whitles have not been synthesized. Adequate synthesis of bio-
acoustic signals for covert communications requires quality recordings ol natural sounds,
Synthesized signals are constructed fram and compared with the natural templates, Synthe-
sized signals must appear natural on sapardisplays and musi sound natural to khowledgeable

listeners,

A8T The formats presenting bioacoustic communications sigials must also be natural,
The increase in eriticat bandwidth with frequency in animals’ auditory function implies that
bandwidth of animal sounds also increases with frequency. Thus. synthesized animal signals
thit sweep across [reguency should have more frequency variance in the high-frequency por-
tion. Some formats. such as the amplitude rise and decay of ¢choruses, chunge gradually and
vary randomly. Other formats, stich as humpback whale songs, oceur in distinet rhythmic

sequeitees that are repeated as stanzas.,

}J.H/) Easembles upon which coded signals are superimposed inust be randomly con-
structed. The library of componrient synthesized sounds must be large enongh that fong-term

:
!
analog recordings are nonrepeating. |

A7 During sea triads of COMBO equipment. transmission of synthesized pilor whale
sounds sttracted pilot whales to the transmitter. The whales' phonations added 1o the sonic
environment without degrading the communications eilort,

N
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SIGNAL OCCURRENCE (U)

,(87 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 communication will be used depends upon
the communicators’ activities. More common signals should be used for more frequent com-
munications. ‘

£587 A guide to biologics has been produced to familiarize sonarmen with bioacoustic
signals, bioacoustic sources. and marine mammal distribution (reference 12).

FLEET IMPACT (U)

45T A six-week study of Project COMBO und of the effects of bioacoustics on fleet
operations conciuded that both the U.S. and the Soviet Union would have the capability to
apply bicacoustics 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.

457 Poor communications disrupt coordination in submarine escort or ASW opera-
tions. Even a limited covert communication ability will enhance coordination between sur-
face ships and submarines. Project COMBO provides covertness unavailable with presently-
deployed two-way communication systems and thus enhunces coordination in critical
scenarios.

—5r- U.S. Sonarmen typically tune out biologics as interference, but Soviet use of
bioacoustics for communications is likely. so fleet sonarmen must become more {amiliar
with bioacoustic signals. Past biologics classification was based on NASTAD training tapes.
aural memory and the sonarmen's experience. Annctated BQR-20/22 displays and bio-

“acoustic indices (reference 12) now augment the classification effort,

57 Marine animal sounds are ubiquitous (reference 37) and likely well-known to
Sovict sonarmen. Signal processing technigues will aid and advance underwater military
communications. but US. forces may uce an increasingly costly race 1o stay below pre-
sumed detection thresiolds. Covert communication by natural disguise is o psychologically
confounding alternative approach that can convey considerable advantage to the adversary
first employing the technigue.

H
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