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' SYSTEM FOR UNDERSEA DIGITAL ACOUSTIC COMMUNICATIONS

TO ALL WHOM IT MAY CONCERN:

BE IT KNOWN THAT (1) SUSAN M. JARVIS, (2) FLETCHER A.
BLACKMON, (3) RONALD P. MORRISSEY, (4) NIXON PENDERGRASS, (5)
| DEAN J. SMITH AND (6) KEVIN C. FITZPATRICK, citizens of the
| United States, employees of the United’States Government and
residents of (1) Westport, County of Bristol, Commonwéalth of
Massachusetts, (2) Forestdale; County sf Barnstable; Commonwealth
i o of Massachusetts, (3) Randolph, County of Nsrfolk, Coﬁmonwealth
- of Massachusetts, (4) Nashvilie) County of Bfown,.Stste of
Indiana, (S) Dover—FoXcroft, County of»Piscataquis, State of
Maine, and (6)‘Suwanee;'Coﬁnty of Gwinnétt, State of Georgia .

has invented certain new and useful improvements entitled as set

forth above of which the following is a specification:

JEAN-PAUL A. NASSER -
Reg. No. 53372
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Attorney Docket No. 78704

SYSTEM FOR UNDERSEA DIGITAL ACOUSTIC COMMUNTICATIONS
STATEMENT OF GOVERNMENT INTEREST
- The invention‘described herein may be manufactured and used
by or for the Government of the United Statesbpf America for
governmental purposes without the payment of any royalties

thereon or therefore.

BACKGROUND OF THE INVENTION
(1)  Field ofvthe Ihvention‘/ | |
This inVeﬁtion generally_relates‘to bi—directionelv'

commenicatiOn systems and-mere Specifieelly to communication
systeme capable of conducting bi;directional communicetions in an
undersea environment. | |
(2) Descripﬁion of the Prior Art

| AcOueticbcommunications in undersea applications'are,subject
to multi-path effects in the water. Multi-path effects are
produced:by aeoustic propagetions from a transmission point that
travel-either directly to aniunderwater receiver‘qr may reflect
from the ocean surface and ocean floor or even ereas of‘differenﬁ
temperature and’density to create cancellation ahd'distortion of
the direetly propagated transmission.

Some suggest that these multi—path‘effects can be overcome

by the transmission of data over a number of different

transmission frequencies. This improves the chances of clear
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communications as one or more of the transmitted signals may

ultimately be received without severe.multi—path distortion.

However, such systems tend to be compléxband difficult to

implement. They also make certain .assumptions abdut
" transmissions that may not be accurate in an actual operating

environment. -

There are a number of other . approaches for undersea acoustic
communications that vary with different applications. United

States Letters Patent No. 4,563,758 (1986) to Paternostor

“discloses an underwater communicator device that permits acoustic

communications between divers by using a voiceé synthesizer and an
acoustic transducer. A display is provided to visually

communicate a message. The diver can communicate stored messages

bby activating a single key or by keying in an actual meésage.

Other preset messages can also be sent based on different -

.sensors.

United States Letters Patent No. 5,018,114 to Mackelburg et
al. (1991) discloses another type of acoustic communication

system in which an operator'has adjustable frequency diversity so

‘data rates can be tailored to speéific multi-path envirdnments.A 

Transmitted messages are sent with precursor

transmission/reception synchronization data and transmission

~ parameter data so the receiving communication end can recognize

when message data starts by means of tone length as well as

frequency diversity in the transmitted message. Timing is

extracted from the data to compensate for Doppler shift.
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'Unitéd States Leﬁters Patént.No; 5,303;207 to Brady et al.
(1994) disclbses an acoustic ldcél area nétwork for oceanographic
bbservatibn and data acquisition. A network node has telemetry
equipment for transpbfting data to a final destiﬁation. Each of
a plurality oflsensors has an acoustic modem to transmit

information to the network node. Transmissions are in the form.

.of BPSK input signals. The data channels occupy a bandwidth of

about 5-10 kHz while control channels occupyAa frequency

bandwidth of about 1 KHz. .
United States Letters Patent No. 5,523,982 to Dale (1996)

discloses communication apparatus for diver-to-diver

‘communications. This system uses ultra-acoustic transmission

means and reception means. When the transﬁisSion means is
activated, a‘pfedetermined signal is‘transmitted that is Suitabie
by reception at another diVér’s apparatus. » |

United States Letters Pétent No. 5;469,403 to Young et al.
(1995) discloses a digitél sénat system that identifies multi—
frequency underwater aétivating sonar éignals received from a

remote sonar transmitter. A transponder includes a transducer

‘that receives acoustic waves, including the activating sonar

‘signal, and generates an analog electrical receipt signal. This

signal converts to a digital réceipt signal that is cross-
correlated with a digital transmission signal pattern
corresponding to the activating sonar signal. A relative peak in

the cross correlation value is indicative of the activating sonar

' haVing been received by the transponder. In response to
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idenﬁifying the activating sonar signal, the trénsponder.J
transmits é responding multi;frequéncy sonar signal, :

United States Letters Patént No. 6,058,071 to Woodall et al.
(2000)'discloses a magneto—inductivehSubmarine‘communications

systems and buoy to proVide two-way signal communication between

‘a submerged craft, such as a submarine, and a remote command

statioh'that may be airborne, bn the'sﬁrface or oh,land.i A buoy
feleased from the submarine and floating on the surface of the
ocean and a.satellite-aré.included to éomplete bi—directional
communicationsﬁ Messages and'commaﬁds‘between the submerged :
craft and the buoy are commﬁnicatéd by magneto—inductive meSsages
signals and magnetq—inductive~command signals in an ektremely low'
frequency to Very low frequency ranges. Messaging cémmand |
communications betweén'the buoy and the satellite to the station
are transferred via radib.frequency‘signals or laser emiSsibns.

Each of the foregoing techniques provides some method of

- undersea communication, but not a system that provides reliable

undersea communications. United States Letters Patent Nos.

5,469,403 and 5,303,207 disclose bi-directional acoustic systems,

however they do not use incoherent Signal processing. What is

needed is a system that provides reliablée undersea communications

- at reasonableldata rates

SUMMARY OF THE INVENTION
Therefore it is an object of this invention to provide an

acoustic bi-directional undersea communication system.
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- Another object of this invention is to provide an acoustic

bi-directional undersea communication system that overcomes many

~ of the problems of multi-path effects.

Still another object of ﬁhis invention is to provide an
acoustic uﬁdersea bi—directionai communication system that
provides high telemetry rates.

Yet still another object of this invention is to prévide an
aéoustic undersea_bi—direcﬁional.éOmmuniéatiOns system that -
provideé reliable communications_in bdth.deep‘water and shallow
watervénvironmenté.

In accordance with\one aspect of this invention an undefsea
épmmunicatidns sYstém includes a tfansmitter,at artransmitting
location and a féceiver at a receiving location. ' The transmitter

includes a transmitting module for transmitting as an output

. signal a-modulated signal in a given frequency band and for

generating a continuous wave pilot signal having a“frequency :
adjacent said given frequency band. The receiver includes a

receiver for processing the pilot signal, a demodulator, a cross

correlator that processes the received pilot sigﬁal and modulated

signal to produce a cross-correlated demddulated'éignala A
decoder'converts‘the cross correlated demOdulatedﬁsignal into a

received message signal.

BRIEF DESCRIPTION OF THE DRAWINGS
The appended claims particularly point out and distinctly

claim the subject matter of this invention. The various objects,

'~ advantages and novel features of this invention will be more
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fully apparent from a reading of the following detailed

description in conjunctlon w1th the accompanylng draw1ngs in -

which like reference numerals refer to like parts, and in wh1ch

FIG. 1 depicts a 1and¥based site and an undersea—based‘slte

adapted for using this invention;

FIG. 2.fs a block system diagram thatvdepicts various'
modules and components for forming a communications system
located at_each site'shoWn in FIG. 1 that incorporates this
invention; |

FIG. 3 is a diagram that depicts data packets useful in this

-invention;

FIG. 4 is a block diagram of aftransmitter module useful in
this invention; “ o |

FIG. 5 is a block‘dfagram of a.receiver module useful in
this invention; |

FIG. 6 is.a morevdetailed'schematic of a synchronization
pulse detector that is adapted for use in the receiver of FIG. 5;

FIG. 7 is-a more detailed schematlc of a complex demodulator
that is adapted for use in the receiver of FIG 5; ‘and

FIG. 8-1s a more detalled schematlc of a decision feedback

equallzer that is adapted for use. in the receiver of FIG. 5.

DESCRIPTION OF THE PREFERRED EMBODIMENT
FIG.1l depicts a communlcatlons system 20 constructed in
accordance with this 1nvent10n that establlshes communications

between two sites 21 and'22 Slte 21 typlcally is a shore s1te;

A although it can be an offshore site as on a surface or other
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- ship. S8ite 22 is a ship site, typically at a submarine or other

~undersea vehicle.

In this specific embodiment the shore site 21 includes a
transceiver 23 that receives inputs from a receiving acoustic
tranSducer 24 and that transmits acoustic signals from a :

transmitting acoustic transducer 25. The transceiver 23 is

computer-based and transmits signals in response to messages

input at a terminal 26 and displays messages on that same
terminal 26.
'Site 22 has a similar organization with a transceiver 27

that receives signals from a receiving acoustic transducer 30 and

transmits signals from a transmitting acoustic transducer 31. A

terminal 32 serves as an input device for messages to be

transmitted and a display for received messages.

Incorporating ﬁransCeivers, such as‘the_transceivérs 23 and
27 at'each‘éf two sites along Qith'separate transmitting and
receiving écoustic transducers‘enables bi—diréctional or full
duplex communicatioﬁé. It'will be apparent to those of ordinary.

skill in the art that the system 20 in FIG. 1 is also adapted to

_prbvide uni-directional or half-duplex communications.:

Each site has the same basic construction so FIG. 2 depicts
SITE 21 as a representative site in which the transceiver 23

comprises a CPU-based modem 33 with a CPU 34 that interfaces with

‘a source of transmitted messages, such as the terminal 26. A

transmitter module 35 responds to messages from the terminal 26

26

by encoding the data for transmission to a digital to analog

(D/A) converter 36. The converter 36 generates an output from
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the transmitting acoustic transducer 24 in the form of a
transmitted radiated signal 37.

Forvfull.dnplex operations the receiving acoustic transducer

25 receives signals,40 in an analog form for transfer to an

'anaiog—to—digital (A/D) converter 41. The A/D converter 41

generates signais that are compatible with a receiver module 42
that, with the CPU 34{ prOvides decoding and message display at
the terminal 26. | b

Thus, mesSaQes generated at theAkeyboard of terminal, suth
terminal.26, are encoded and transmitted as the signals 37.
Inééming éignals 40 are converted and displayed on a display unit
with the terminal 26.' The Specifiérhandling’of the incoming
messages'at'either terminal 26 or 32 is not important to this
invention and could take any of several known implementatidns;

In one embodiment of this invention, a data message is

‘encoded into a pair of redundant, fixed-length data packets, such

as shown in FIG. 3 as PACKET O and PACKET 1. _In FIG. 3 1like
reference numerals refer to like portions of the message With a
suffix “0” for PACKET 0 and “1” for PACKET 1. Thus FIG. 3
depicts.PACKET 0 as packet 50(0) and éACKET 1 as packet 50(1).
Each packet includes a ieading synchronizing éignal nr pulse
51(0) or 51(1) tnat could be a phase shift keyed (PSK)ftarget |

identification Signal._ The duration and form of the

"synchronizing pulse can betvéried and generally will be

determined by outside characteristics that form no part of this

invention.
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Dead time intérvals 52(0) and 52 (1) follow the synchronizing

pulses 51(0) or 51(1). Each dead time interval allows any

reverberation to dissipate before data is sent.

Next the packet includes a quadrature phase shift key
(QPSK) or like modulated data block that includes a sequence bf
symbols, like characters, orgaﬁized as traiﬁing symbols 53(0) and
53(1), data symbois 54(0) and 54(1) and padding symb¢lé_55(05 and
55(1). Imn Qne specific embodiment eéch'data paéket.has 200 |
training symbolsf The_balance'domprises 1800 symbols with a
symbol duration of 400 midroseéonds and a QPSK modulating signal
of‘5 kHz. Of these 1800 symbols, the padding symbols 55(0) and

55(1) provide a full number of.daté bytes even though the actual

message may require fewer symbols.

' Now referring to FIG. 4, initialiy the transmitter module
35, also shown in FIG. 2, begins ﬁo form the data packets by
genefatiﬁg thevtraining symbols in step 60 and the data, or
information, symbolé including the padding symbols in step 61.
Steps 62 and 63 represent»optional convolutional encoding and
interleaving processes 62 and 63. As one éxample, step 62 can be
implemented by means Of-a”convolutional encoder with a constraiﬁt
1en§th of 6 or higher and/é coding factor of 2 or higher for
providing error correction. Block coding and tréllis coded .
modulated processes are examples‘éf alternatives to the
convolutional encoding brocess;. Interleaving step 63 provides a

means for combating any burst errors. During interleaving, a bit’

- pattern is deterministically scrambled for transmission. If a

burst of errors occurs during the transmission of the interleaved
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packet, errors will be distributed across the packet when the
receive packet is de—interleaved.b'This increases‘the likelihood
that a convolutional decoder ean“correct the’bits in error. |
OnceAthese eteps'are complete, step 64 represents a prbcess
by which the CPU 34 in FIG. 2»modu1ates-the corresponding bit
stream by quadtature pulse'shift keyed (QPSK) modulation. étep

65 provides the initial synchrenizing.pulses or pulse, such as

synchrqnizing signals 51(0) and 51(1). Step 66 appends the dead .

times represented by pulses 52(0) and 52(1) in FIG. 3. Then the
modulated bit stream ineluding the training symbols 53(0) and
53(1),-the'data symbols 54(0) and 54(1) andApadding symbols 55(0)
and 55(1)‘are appended. A guard time is then added in step 68.
After the first data pecket SO(O) is processed, step 70

returns control to step 65 to transmit data packet 50(1).

'Step 71 represents the simultaneous transmission of a

 continuous wave (CW) pilot signal at a frequeney that is at the

edge of the QPSK signal band. As described later, a receiver
module, such as the receiver module 42 in FIG. 2, uses this tone
to estimate Doppler:shift_in the reeeived.signal; |

| The trahsmitted signalvfrom the transmitter module 35 is in.

digital form. The D/A converter 36 in FIG. 2 then transmits a

4 cdrresponding analog'signal t0'the transducer 24 to prodﬁce the

radiated acoustic signal 37.

Referring now to FIG. 5, the incoming received acoustic
signal, such‘as the signal 40 in FIG. 2 is converted from its
analog form in the A/D conVerter 41 to a digital form compatible

with the process of the receiver module 42 process. More

10
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specifically the receiver module 42 includes a first band pass

filter (BPFl) 72 and a second band pass filter 73 (BPF2). The

‘BPF1 filter 72 provides an input to a synchronization pulse

detector 74 While the BPFZ filter 73 provides'the input to a data
bﬁffer 75. ”The reeeived signal is also applied to a boppler |
estimator 76 that provides en input te the synchronizatioﬁ pulse
detector 74 and to a complex demodulator 77. The output from the
deﬁodulator 77 drives an adaptive decision feedback equalizer 80
in reSponse to vafidus parameters and to a multipath signal from
the Synchronization pulse detector 74. In tﬁrn,Athe output from

the adaptive decision feedback equalizer drives a deinterleaver

" 81 and a decoder 82 to produce an output from which the,data

signale; such as the signals 54(0) and 54(1) are recoveredAwhen.
the transmitted signal incorporates these fuﬁctions,‘

In order to properly decode the ihcoming signal,'the |
detection of the syﬁchronizihg signal must be'generated frem the
first threshold crossing at the synchronization pulee detector

74. FIG. 6 depicts a synehronization pulse detector 74

. constructed as a clipped correlator. In this case the received

input y[n] passes through the BPF1 band pass filter 72 into the
correlator 74. A limit circuit 83 provides gain control and a

divider 84 provides an appropriate sampling of the incoming

sighal.

The.incoming signal is then demodulated in the complex.
demodulator 77 with the sine and cosine functions with a
demodulating frequency that is twice the Doppler shifted

frequency. This demodulator is represented as two demodulators

11
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86 and 87 that operate at a frequency fa. A low pass filter 90
and a "divide-by-16" circuit 91 process the output from the

demodulator 86. A low pass filter 92 and “divide—by—16”‘ciréuit

93 process the output from the demodulator 87. The outputs from

the circuits 91 and 93 drive summing circuits 94 and 95 that
connect to corfelators 96 and 97, respectively; _Absolute values .
are then 6btainéd from each-correlatoﬁ in circuits 100 and 101
before being cdupled through\thfeShold detectors 102 and 103.

| The»threshold circuits 102 and 103 providela‘detect signal
for théAdecisiqn feed back'equaliZer\BO,to preserve time
diversity péiring.of the data packets. vSpecifically, two
synchrohization~pulses_are used fbr data transmission, one from

each packet. The complex demodulator 77 does not accépt a

detection flag from the’synchrohization pulse detector 74 unleés

both synchronizations are present. The complex demodulator also
blocks any further signals if the synchronization detectors_do
not produce'the synchronization pulses at the appropriate -

repetition rate. This minimizes the potential for missed packet

detections and false alarms.

As previously indicated, at step 71 in FIG. 4 the
transmitter module superimposes é CwW Doppler'tradking signallon’
the QPSK signal. This tone.éan be started brior to the
initiation of the data stream. In one specific example‘thg cw
tone starts oﬁe secdnd before the first packet begins
transmiésioﬁ and remains on continuously throughout the duration
of the transmission. VThus, the CPU 34, transmitter module-35,

D/A converter 36 and tranéducer 24 transmit,_as an output :signal,

12
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_.a modulated signal'in a given frequency band and a continuous

~pilot signal having a frequency closely adjacent the given

frequency band.
The Doppler estimator 76 in FIG 5vreceives this Doppler
tracking tone, or pilot signal, and constantly samples this tone

to estimate the Doppler shift of the incoming QPSK data packet.

'A narrow band pass filter centered at the frequency of the'CW

pilot tone samples the data. The bandwidth of the filter is set

to pass the tone assuming frequent Doppler shifts in the

frequenc1es shift range of + 1%. A dec1mator processes the

_output from the‘bandpass filter, and a multi—p01nt Fast Fourier

Transform (FFT) is then performed on the decimated data to

provide an accurate Doppler estimate. Using a decimating factor

of 48 to 56 and a 512 point FFT, for example, yields a Doppler

_resolution of less than 0.02%.

As shown in‘FIG 5, the ‘output of the Doppler estimator is
transferred to the synchronization pulse detector 74 and to the
complex demodulator 77. The synchronization pulse detector 74
uses the information to tune the'frequency of its space_banding

routine. When a synchronization detection occurs, the receiver

42 buffers the incoming data packet in the data buffer 75. The

'first Doppler estimate received after packet detection occurs is

assigned to the Doppler estimate of the buffered packet With'

_ the next packet detection, the presently buffered data and its

estimated Doppler shifted center frequency are passed to the

. complex demodulatOr 77.

13
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The compiéx demodulator 77 in FIG. 5vrecei§es the Doppler
shifted center frequency signal'frbm’the estimaﬁor 76 and decodés
the information in the data‘buffer 75. FIG. 7 ié.a diagram of
this complex démodulatdf.  It shows two input signals.

Specifically, a signal x[n] represents the data taken at a

" nominal sampling rate and a signal fq is the Doppler compensated

bandwidth frequency. Demodulators 104 and 105 receive these
signals.
The advantage'of using the Doppler compensated continuous

wave tone as a demodulating signal becomes apparent in terms of

 analyzing a specific signal. Assume that the transmitted signal

has a bit duration of 400 microseconds with a nominal bandwidth
of 2500 Hz. If the Doppler shift is #0.1%, the Doppler shifted
signél has-a bandwidth of,2562.5 Hz and its dufation is 0.999 to.
Aséume further that both the original signal and theiDoppler
shifted signal are sampled at é Nyquisf rate4of 5 kHz, so to
equa1.800'millise¢onds. All the éower and information.in the
original analog signal is contéiﬁed within 4000 samples.
However, éll.the iﬁformaﬁion in the Dopplet shifted’signal is
cbntained invonly 3,996 sampiés. Now it will becoﬁe apparent.
that once é signal has been sampled, the ‘time axis assigned to
the samples is arbitféry; If.the clock of the A/D converter 42
in FIG. 2 Were‘adjustéd éuch that the Doppler shifted signal were -
sampled at 5,005 Hz, there would«be 4,000 samples Within the time
interval tgq. In the absence of'noise, these 4,000 samples would
be identical to the 4,000 saﬁples form the'original signal

sampled at 5AKHz.

14
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Referring again te FIG. 7, low pass filters 106 and 107 pass
the 51gnals from the demodulators 104 and 105 to Doppler
compensation clrcults 116 and 111, respectlvely to produce
signais‘Re{s[n]} and Im{s[n]}'representing the.real and imeginary
components of the complex vector signal x[n]. |

This’citcuitry approximates’the previousiy described
methodology but uses a fixed sampling :ate. ‘In this case, the
sampling rate is set to 50 KHz so that.the original signal has
40,000 samples. For the above-identified Doppler shift,: the

Doppler shifted signal contains only 39,960 samples. ‘If the

_original signal were then decimated by 10, the resulting sequence

would’again COntainv4,000 samples with two Samples per QPSK

symbol to create 4,000 samples in'the Doﬁpler'shifted sample, the
signal would have te be decimated‘by 10/d=9.99.' The compeneetors
110 and 111 do not decimate by an integer value. Instead they
find the most evenly spaced 4,000 samplee within the 39960

samples. No interpolation between samples occurs. For example,

the flfth entry in the decimated Doppler shifted sequence should

have an 1ndex in the over sampled sequence of five tlmes 9.999 or

49.95. No such sample ex1sts.' The flftleth sample in the

oversampled sequence would be used. For the 57™ decimated

~sample, 57 x 9.99 equals 569.4 so eample 569 would be used. This

.proéess assumes that the difference between the closest sample in

the oversampled sequence and the actual value at the fractional

‘index is small and that the closest sample is a good

approximation of the actual value. However, this assumption is

only valid when the original fixed Sampling rate is much greatef_

15
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than the desired decimated rate. Oﬁersampling by a factor of 10
appears-sufficient, but obviously Other.overéampling factors
might be used. |

FiG. 8 depicts the'adaptive aecision feedback équalizer in
greater.detail{ It contaihs a plurality of feedforward sections
shown as feedforward sections 112—1, 112—r and'llZ—R.' Such
feedforward sedtions are known in the art and receive an input to
bé summed and proceséed through a numbér of circuits to prodﬁce a.
phase cémpensated output a£ a modulating junction'1135r.

A summingAjunction 114 receives all these input siQnals
along with a feedbackvsignalyfrbm a feedback section 115. A
decision rule circuit:116 provides an output signalf(os—symboi
sequence) 117 thét is’coﬁveyed to the de—intérleaﬁer circuit 81
in'FIG.:4.f. |

Sucﬂ an adaptive équélizer'forms an effective receiver
compénent because it'has the abiiity to reduce.severe tiﬁe
varyiﬂg intersymbol.interferencé. ,The‘feedforWard sections>112
use fractional spacing to compensate'for any packet
synchronizatipn'misalignménts:as_well as deiay>and amplitude
distortion. Diversity ihputs are included to offset the

significant performance degradation that can occur in a single

input receiver due to fading. The digital phase locked loop

'section that includes the feedback section 115 provides adaptive

carrier phase recovery and maintains receiver performance in the

underwater acoustic environment where rapid phase shifts can

introduce errors. The phase shifts are often too rapid to be

tracked by only adapting filter coefficients that‘are required in

16
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other circuits. Without implicit phase correction, where,er(k)

'is the phase estimate for the r'" channel, the decision feedback

equalizer would fail in most undérwater applications{
More specifically, the estimate of the received symbol can

be written as:
'.Z(k)=W"(k)U(k). o (1)
W@ﬁﬁmAMJWMBJ%m@meM@h&Lm&W' o '(m.

U(k) = [x(2k + Meff" 192k + M)e "\ Ok ~ My P xr(2k + M)e 0.
w2k +M)e POz, -1)..Z(k-L) . (3)

Adaptlve decision feedback equallzers for processing signals 1n,
accordance w1th equatlons (1) through (3) are well within the
skill of a person of ordinary skill in the art. In some
appllcatlons a standard recursive least squares algorlthm adjusts
the weight factor W(k) with input U(k) to produce minimum mean-

sqﬁare error in the symbol estimate Z (k). However, standard RLS

algorithms introduce complexities and make it undesirable for

this particular application. Consequently FIG. 8 depicts a
structure in which fast transversal filter (FTF) algorlthms

prov1de an 1mplementatlon of the RLS update equatlons to reduce

- the computational burden. FTF algorithms offer convergence ‘and

tracking performahce without the computational load of

conventional RLS algorithms.
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Referriﬁg again.to FIG. 5, the_butput signal il7_from the
adapﬁive decisioﬁ'feedback‘equalizer-80 is a synchronized
démbdulated signal basedbupon the.received'pilot signal and theA
modﬁlatéd Signal frqm the received signal. The receiver 42
transfers this equalizer output to a de—inﬁerleaver circuit 81
that is a first component in the decoding process for generating
the received meSSagelat the terminal 26; . The de-interleaver :
circuit 81 performs the reverSe_fuﬁction performed by the
interleaver 63.in FIG. 4. 1If data is encoded using for.example a
convolutional code, a decoder 82 coaVerts the signal ffom the de-
interlea&er 81 to a decoded output message. Thé specific
implementaﬁion of the decoder 82 will be dependent upon the
specific implementation_of the encbder 62.

'As‘wiil now be apparent; a system constructed in accordance
with this inveﬁtiqn_meets_several objectiveé of this invention.
Speéifically, a communiéations system constructed in’accordanae
with this invention provides an acoustic bi—directional undersea
communicatiqn system. The system overédmes or minimizés‘many of
the problems introduced by»multi—path effects. As a result, the
system provideslhigh telemetry rates and providés reliable
communications in both deep water and shallow water environments.

Thisiinventian has been disciosed in terms of certain‘
embodiments. It will be apparent that many modlflcatlons can be
made to the dlsclosed apparatus without departing from the

invention. Therefore, it is the intent of the appended clalms to

cover all such varlatlons and modifications as come within the

true splrlt and scope of. thlS 1nvent10n
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Attorney Docket No. 78704
SYSTEM FOR UNDERSEA DIGITAL ACOUSTIC COMMUNICATIONS

ABSTRACT OF THE DISCLOSURE
An underseavcommunications'system in which a message is
converted to a redundant fixed-length data packet and transmitted

acoustically>as a quadrature phase-keyed signal in a frequency

‘band with a continuous pilot signal at a frequency closely

édjacent to the frequency band. A recéiver uses the received
continuous pilot signal to Doppler compensate the incoming'

quadrature phase keyed signal by estimating any Doppler

" distortion in the received piiot sigﬁal. The resultant redundant

signals are then robustly prOCessed‘coherently and jointly by the

adaptive decision feedback equalizer and decoder to provide the

original transmitted'data.
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