Robust Underwat er Communi cation System This invention

relates to underwat er conmuni cati on systens. Mre
wes@satahé y but not exclusively it relates to pObGBR005/001668

underwat er conmmuni cation systens, which facilitate

posi tioning and/or navigatign in or under water.
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the @ obal Positioning System (GPS). However, in
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acoustic signaling. In these systens there are
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measurement, velocity measurement and communicating underwater is
by using ultra-sound or acoustic signals. Modern systems are often
highly integrated with inertial / attitude sensors and above surface
radio navigation positioning systems such as the Global Positioning
System (GPS). However, in practice, the underwater part of these
systems uses acoustic signaling.

In these systems there are several, sometimes conflicting
requirements for data communication. For example in the case of a
command, control and navigation system requirement relatively small
volumes of data must be delivered reliably, securely and with
minimum latency in a wide range of conditions and in the case of a
sub-sea recording instrument large volumes of data, typically in file
structures, should be retrievable using a minimum of ship time.

It is generally recognised that high performance communication
underwater is more difficult than in equivalent systems using radio

signals. This is due to the presence of high acoustic noise levels in and
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In communication systems different signals represent different
symbols that in turn represent different data sequences and thus a
major problem with underwater communications is inter-symbol
interference. The problem can be avoided by using symbols with long
time duration but this limits the data rate, which is an important
performance parameter. Another technique is to use time or frequency
domain “equalisation” to order the data and thereby to remove a
significant amount of interference. Most known embodiments use a
pre-amble sequence of known data for training purposes which is
complex and requires a minimum time period to transfer any data
which makes the method more suitable for the transfer of large
volumes of data typically in file structures.

Complexity can however be something of a problem in

underwater systems because underwater navigation beacons and most
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fluctuations in signal amplitude and power. The effect is commonly

referred to as fading which may be mitigated by using wideband
signals.

It is an object of the present invention to provide an underwater
communication system wherein the foregoing problems are mitigated
at least in part thereby to provide a system which is not unduly
complex and yet capable of efficient operation in difficult working
conditions.

According to the present invention an underwater
communication system is provided, for communication between an
acoustic signal transmitter and a remotely positioned acoustic signal
receiver, wherein transmitted data is carried by a plurality of symbols
having two components one of which comprises a distinctive bit code
and the other of which appertains to the character of the symbol as a

whole wherein the character of successive symbols is changed through
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not unduly conplex and yet capable of efficient
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to the present invention an underwater conmunication

systemis provided, for conmguni cation between an

acoustic signal transmtter and a renotely positioned
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spurious signals and noise which might otherwise interfere with
reception.

In particular the effect of spurious signals due to multi-path
effects are substantially obviated because such signals will have died
away by the time the sequence is repeated and preferably the sequénce
used comprises several step changes so that it does not repeat until
sufficient time has elapsed for any significant multi-path component of
its previous occurrence to decay substantially to insignificance.

The bit code which comprises the first component of each symbol
may be transmitted using phase shift keying (PSK) and the character of
each symbol may be changed from symbol to symbol by hopping the
carrier frequency on which it is transmitted through the said
predetermined continuously repeating stepped sequence.

The transmitter may comprise PSK modulator means, and means

for hopping the frequency carrier carrying the signal thus modulated,



In particular the effect of spurious signals due to
multi-path effects are substantially obvi ated because
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sequence i s repeated and preferably the sequence used
conprises several step changes so that it does not
repeat until sufficient time has el apsed for any

the macgiver caneprising fpeqhenoydpiese détedorpmennsuor detecting
occurrence to_decay substantially to insignificance.
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paths in time as required for each application in view.

Synchronisation may be achieved using a wideband header
signal.

A similar tail signal may be appended at the end of each
sequence.

For short data packets and modest data rates, compensation for
relative motion between the transmitter and receiver is not a necessity
but for higher rates compensation may be achieved using time of
arrival estimates of the head and the tail signal and comparing the time
difference with the known “as transmitted” time difference, the
comparison for compensation purposes being applied after signal
detection.

Alternatively the relative motion compensation may be

implemented using time of arrival estimates of each symbol and a



Ideally the signals should have sufficient bandw dth
to resolve paths in time as required for each
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- using a wi deband header signal. A simlar tail signal
may be appended at the end of each sequence. For short
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located on a noisy work vessel or platform.

One embodiment of the invention will now be described by way
of example only with reference to the accompanying drawings in
which;

Figure 1, is a schematic block circuit diagram of an acoustic signal
transmitter and,

Figure 2, is a schematic block circuit diagram of an acoustic signal
receiver for use with the transmitter of Figure 1.

Referring now to Figurel, an acoustic signal transmitter
comprises a data store 1, for data which is converted to a
corresponding binary signal format in a binary converter 2, 3. In order
to facilitate error correction at the receiver, which may be affected in
any known manner, appropriate additional redundant data is added in
a code generator 4, which is re-ordered to a format suitable for

synthesis in a signal processor 5. The signal thus processed is further



In particular this invention facilitates the

transm ssion of nodest sized data packets with a
woreosee®©f del ay, with mnimuminpact on the PCT/GB2005/001668

navi gati on system through a nmulti-path environnent to

a receiver |ocated on a noi 9y work vessel or platform

One enbodi nent of the invention will now be described
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acconpanyi ng drawings in which; Figure 1, is a
recognh@ont irc tihé aekebiercaf thdisagraof af sequenocesinid si gnal
transmtter and, Figure 2, is a schematic block
synchirpsizatignagf she dgraasmicrsand digneteivereData damprises
i.t h t%e. transmtter of Figure 1. Referring nowto
enco\ﬁl@arlé ity At A HIRE USIBE g 1t PRAhlStisr 2 gepRating sequence,

whicEREE Far EsRaga Biafed opsp rﬁﬁggfﬁretaevghi& js frequency

) facili .
hop QT Bbiigtthe sp e T A imfinthEy sililifing oxthpgonal
B T T
apperfiéd 48" £ HrbeedsdP8 BN F the dRlkE] (¢ s;ié?ltaﬁ% 'fgd: \gﬁaaa digital

si gnal processor 5. The signal thus ocesse

to arfalogher coaveresd Pyahllea gsiver amplifieaatie! uhé 'oudghBSf which

adder 6, which facilitates recoghition inh the recelver
is mafichiery ot antaciustic sigrealcaraansd sodrcfootiamrhivsioh dfhehe
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Turning now to Figure 2, at the receiver, the analogue acoustic
signal is received by a transducer 12, amplified in an amplifier 13, and
converted to sampled digital format at a suitable rate in an A to D
Converter 14. The digital signal thereby produced is mixed down to a
convenient intermediate frequency in a phase quadrature detector,
which comprises mixers 15a and 15b fed with signals in phase
quadrature generated by a local oscillator 15c. Phase quadrature
related signals from the mixers 15a, 15b, are decimated using filter 16
to another suitable rate. The decimated signal is fed to a bank of
complex correlators comprising matched filters 17.

For each epoch in the signal sequence, the filters are matched to
the head signal, the 2" symbols or tail as appropriate. A symbol present

decision is made in an amplitude detector 18, which is made on a



appended in a processor 8, and the resultant signal is
fed via a digital to anal ogue converter 9, and a power
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acoustic signal transducer for transm ssion of the
acoustic signal through the®water to a receiver as
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the two components are also possible.



data and an error report is formatted in a processor
20 and delivered therefromin an appropriate format.
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enbodi nent herei nbefore descri bed wi thout departing
fromthe scope of the invenbyion and for exanple the
nature of two conponents may be defined using other

CLAIMShni ques as will be well known to those skilled in
the art. To give just one exanple, the first conponent
conprising the data may conprise pul se code nodul ati on
and the second conponent defining the repeating

1.  ségquendemegtercrgmimanptadenmydiem, for. commildichdon
appreci ated that other suitable conbinations of
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sequence of distinctive steps each of which occurs

repeating sequdece efutincitictivie set g ahc hasPWEhSEdirs once in
operated synchronously with the signal transmtter and

the sequenicsi, thecsignal atoeiverabsing sparated syatdhrtondébsybivicth
code and to the character of received signals for

the signaktranradiedang compriging vorgekatprunaiainsyresponsive
both 6 it Bit S0de i tonthd ehguastar obcecaved Signals for
effecting demodulation and having a plurality of outputs one for each
symbol, so that as each symbol is detected a signal on the output to
which it corresponds predominates and amplitude detector means
responsive to the outputs from the correlators for providing an output
signal corresponding to the data transmitted.

2. An underwater communication system as claimed in Claim 1,
Wherein the sequence used comprises sufficient step changes for
enough time to have elapsed to allow all significant multi-path
components to decay to insignificance before it is repeated.

3. An underwater communication system as claimed in Claim 1 or
Claim 2, wherein the bit code which comprises the first component of
each symbol is transmitted using phase shift keying (PSK) and the
character of each symbol is changed from symbol to symbol by
hopping the carrier frequency on which it is transmitted through the

said predetermined continuously repeating sequence of frequencies.
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detector neans responsive to the outputs fromthe
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corresponding to the data transmtted. 2. An
underwat er conmmuni cati on syépem as clainmed in Caiml,
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PSK nodul at or nmeans, and means for effectively hoppi ng
trangputégchquency carrier carrying the signal thus

nodul artbcid, t he receiver, conprising frequency/phase
5. déRMUCHVAR Fommattearion bysteramokemed oh Claeém 4,
“wh rece'{veg Si anal ?ln ch detector neans is arranged to
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correlation processing of the signals and thus continuously generates
replicas of all the possible signals at each epoch in a bank of
correlators, thereby to facilitate' symbol recognition based on a
maximum likelihood detection principle.
7. An underwater communication system as claimed in any
preceding claim wherein synchronisation is achieved by transmitting a
wideband header signal at the start of each signal sequence, means for
the detection of which is provided in the receiver.
8. An underwater communication system as claimed in any
preceding claim wherein a tail signal is appended at the end of each
signal sequence.
9.  An underwater communication system as claimed in Claim 8,
wherein compensation for relative motion between the transmitter and
receiver is effected in dependence on the relative times of arrival of the

head and the tail signals.



precedi ng claimwherein the correlator of the receiver
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correlators, thereby to facilitate synbol recognition
based on a maxi num | i kel i hood detection principle. 7.
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wherein relative notion conpensation is inplenented

using time of arrival estimates of each synbol. 11. An

underwat er navi gati on system conprising a

comuni cati on systemas clainmed in any preceding

claim 12. An underwater positioning system conprising

a conmuni cati on systemas clainmed in any of clains 1,

to 10.



