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AQUATIC TIME SYNCHRONISATION SYSTEM AND METHOD OF DETERMINING A TIME
OFFSET

[0001] The present invention relates to an aquatic time synchronisation system of the type
that, for example, comprises an aquatic first acoustic communications apparatus and a dynamic
aquatic second acoustic communications apparatus. The present invention also relates to a
method of determining a time offset, the method being of the type comprising an aquatic first
acoustic communications apparatus communicating with a dynamic aquatic second acoustic

communications apparatus.

[0002] WWhen operating in a subsea environment, it is sometimes desirable to achieve time
synchronisation in respect of nodes in a network of communications-enabled nodes. In this regard,
data logging applications and navigation applications require time synchronisation. In relation to
data logging applications employing a multiple distributed node system, nodes need to be
synchronised so that events recorded on one node can be related to events recorded on another
node in the system. Without an ability to determine a common time frame, the data recorded by the
nodes is unusable. For navigation applications, subsea instruments need to be synchronised so
that a receiving node knows when a transmitting node has transmitted a signal and therefore can
use one-way time of flight data for navigation purposes. An example of a synchronisation method is
set out in the IEEE Precision Time Protocol (PTP) standard 1588-2002, entitled “Standard for a

Precision Clock Synchronisation Protocol for Networked Measurement and Control Systems”.

[0003] Itis known for nodes to measure time using local clocks, driven by oscillators of varying
quality. However, due to random phase shifts and drift rates of the oscillators, the local time kept at
each node in the system will begin to drift independently of each other, resulting in a loss of

synchronisation in the system if no corrective action is taken.

[0004] Vessels carrying USBL transceivers are known to communicate with transponders
located on the seabed in order to determine time offsets between a clock located at the vessel side
and an internal clock of a seabed-based transponder. Measurements are initiated and made with
respect to the vessel-side equipment and so due to movement of the vessel, full inertial systems
are employed vessel-side in order to determine movement of the vessel so as to compensate for

such movement when calculating clock offsets.

[0005] According to the present invention, there is provided an aquatic time synchronisation
system comprising: an aquatic first acoustic communications apparatus capable of communicating
acoustically with a dynamic aquatic second acoustic communications apparatus, the first
communications apparatus comprising a first time source and the second acoustic communications

apparatus comprising a second time source; and an offset calculator; wherein the first acoustic
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communications apparatus is arranged to communicate a first acoustic signal to the second aquatic
acoustic communications apparatus and the second aquatic acoustic communications apparatus is
arranged to communicate a second acoustic signal to the first aquatic acoustic communications
apparatus in reply to the first acoustic signal; and the offset calculator is arranged to use data
associated with the first and second acoustic signals in order to determine a time offset between

the first and second time sources.

[0006] The first acoustic signal may have a first acoustic propagation path associated
therewith; and the dynamic acoustic communications apparatus may be arranged to calculate a
Doppler shift observed thereby in respect of propagation of the first acoustic signal along the first

acoustic propagation path.

[0007] The second acoustic signal may have a second acoustic propagation path associated
therewith; and the first acoustic communications apparatus may be arranged to calculate another
Doppler shift observed thereby in respect of propagation of the second acoustic signal along the

second acoustic propagation path.

[0008] An average Doppler shift may be calculated using the calculated Doppler shift and the

another calculated Doppler shifts.

[0009] The second acoustic signal may be communicated in reply to the first acoustic signal
after a predetermined period of time.

[0010] A translation distance in respect of movement of the dynamic aquatic acoustic
communications apparatus may be calculated using the average Doppler shift calculated and the

predetermined period of time.

[0011] A time shift may be calculated using the translation distance calculated and an acoustic
signal propagation speed in respect of water. The data associated with the second acoustic signals

may comprise the time shift calculated.
[0012] The second acoustic signal may comprise first time data.

[0013] The first time data may comprise transmit time data in respect of the second acoustic

signal.
[0014] The dynamic aquatic acoustic communications apparatus may be a transceiver.

[0015] The dynamic aquatic acoustic communications apparatus may be located, when in use,

remote from a seabed.
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[0016] The first aquatic acoustic communications apparatus may be located, when in use,
substantially adjacent the seabed or tethered to the seabed. Movement of the first aquatic acoustic

communications apparatus may be substantially immune to surface wave motion.
[0017] The first aquatic acoustic communications apparatus may be a transponder.
[0018] The dynamic aquatic acoustic communications apparatus may be a transponder.

[0019] The dynamic aquatic acoustic communications apparatus may be operably coupled to a

surface vessel and, when in use, is immersed in water.

[0020] The system may further comprise a submersible vehicle comprising the dynamic

aquatic acoustic communications apparatus.

[0021] The submersible vehicle may be an autonomous underwater vehicle or a remote

operated vehicle.

[0022] The first aquatic acoustic communications apparatus may comprise an output port and
may be arranged to communicate, when in use, time data associated with the determined time
offset via the output port. The system may further comprise a processing node coupled to the

output port and arranged, when in use, to receive the time data.

[0023] The processing node may be a seabed recoding node.

[0024] The first acoustic communications apparatus may comprise the offset calculator.
[0025] The second acoustic communications apparatus comprises the offset calculator.

[0026] The system may further comprise a surface-side computing apparatus comprising the

offset calculator.
[0027] The first aquatic acoustic communications apparatus may be substantially static.

[0028] According to the present invention, there is also provided a method of determining a
time offset, the method comprising: an aquatic first acoustic communications apparatus
communicating a first acoustic signal to a dynamic aquatic second acoustic communications
apparatus; the second acoustic communications apparatus communicating a second acoustic
signal to the first acoustic communications apparatus in reply to the first acoustic signal; and an
offset calculator determining a time offset between the first and second time sources using data

associated with the first and second acoustic signals.
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[0029] It is thus possible to provide an aquatic time synchronisation system and a method of
determining a time offset that provides improved precision with respect to maintaining
synchronisation within an aquatic communications system. This is achieved by minimising the time
during which measurements are made, thereby minimising the time during which the dynamic
aquatic acoustic communications apparatus can move. The use of Doppler-shift data improves

precision further.

[0030] At least 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 schematic diagram of a time synchronisation system constituting an embodiment of the

invention;

Figure 2 is a schematic diagram of another time synchronisation system constituting another
embodiment of the invention;
Figure 3 is an event sequence diagram representing a method of determining a time offset

employed by the system of Figure 1 or Figure 2;

Figure 4 is an event sequence diagram representing a method of determining a time offset with

improved accuracy over the method of Figure 3;

Figure 5 is a schematic diagram of a first example of movement of a dynamic aquatic acoustic

communications apparatus relative to a static aquatic acoustic communications apparatus;

Figure 6 is a schematic diagram of a second example of movement of a dynamic aquatic acoustic

communications apparatus relative to a static aquatic acoustic communications apparatus;

Figure 7 is schematic diagram of a further time synchronisation system constituting a further

embodiment of the invention; and

Figure 8 is a schematic diagram of yet another time synchronisation system constituting yet

another embodiment of the invention.

[0031] Throughout the following description identical reference numerals will be used to identify
like parts.

[0032] Referring to Figure 1, an aquatic time synchronisation system 100 comprises a

navigation sensor hub 102 that is operably coupled to a source of GPS derived signals 104, for
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example a date and time data stream 106, and a one Pulse Per Second (1PPS) data stream 108
for providing a source of a one second interval to a nanosecond level of precision for use with a
GPS time reference signal from the source of GPS-derived signals 104. The navigation sensor hub
102 is capable of timestamping data streams, for example units of data, such as packets of
acoustic data, and uses the time information in order to associate other data, such as inclination
data, to the units of data, thereby ensuring that the other data is time-relevant to the units of data,
such as the packets of acoustic data. Of course, other configurations are possible that use other
functionality and/or functional units in place of the navigation sensor hub 102 as will be described
later herein.

[0033] In this example, in order to support the Ethernet connections described herein, the
aquatic time synchronisation system 100 comprises a top-side Ethernet network. However, the
skilled person will appreciate that individual point-to-point communications links between units of
hardware operating in accordance with a suitable Ethernet protocol can be employed as the

“Ethernet connections” described herein.

[0034] The navigation sensor hub 102 is coupled via an Ethernet connection to a Personal
Computer (PC) 110 or other suitable computing apparatus. The PC 110 is also coupled via the
Ethernet connection to a transceiver interface unit 112.

[0035] A substantially static aquatic communications apparatus 116, constituting a first
communications apparatus, for example a transponder beacon, such as a Compatt 6 transponder
available from Sonardyne International Limited, is fixed or secured to the seabed 118 or tethered to
the seabed 118 by a tether line or strop (not shown). As such, the substantially static aquatic
communications apparatus 116 is substantially immune to surface wave motion. The transponder
beacon 116 comprises an offset calculator 117 and a first internal source of time data 115. The
transceiver interface unit 112 is coupled via, for example, an RS-422 interface to an aquatic
dynamic communications apparatus 114, for example an acoustic transceiver, such as an HPT
Ultra-Short BaseLine (USBL) transceiver or a Dunker 6 Long BaseLine (LBL) transceiver available
from Sonardyne International Limited, UK. In this example, the transceiver 114 constitutes a
second communications apparatus. The transceiver 114 is capable, when in use, of communicating
acoustically with the transponder beacon 1186, the transceiver 114 also comprising a second source
of time data 119, for example an internal clock. The aquatic dynamic acoustic apparatus 114 is

operably coupled to a top-side vessel and is immersed in water when used.

[0036] In this example, the range and degree of movement of the transponder beacon is limited
and not as extreme as the dynamic communications apparatus 114 and so can be considered to
be substantially static. In this example, the substantially static communications apparatus 116 is
restrained with respect to its ability to move, whereas the dynamic communications apparatus 114

is unrestrained. Indeed, in this example where one communications apparatus is substantially
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static and another communications apparatus is dynamic, the differentiation of the two statuses can
simply be a matter of relative degree of possible movement. For example, when an apparatus is
described herein as “substantially static”, it should be appreciated that the apparatus is not
completely deprived of the ability to move by a physical connection to a fixed feature external to the
apparatus, and movement of the apparatus may occur within the above limitations by other
influencing forces external to the apparatus, for example movement of water. Although, in the
above example, the transceiver 114 is described as dynamic and the transponder beacon is
substantially static, the skilled person should appreciate that, more generally, in other
implementations, the first communications apparatus can be dynamic and enjoy the same or
similar freedom to move as the second communications apparatus as will be described later herein

in relation to another example.

[0037] Referring back to the PC 110, the PC 110 supports a suitable operating system in order
to execute, for example, navigation software available from Sonardyne International Limited, and
an offset calculation unit 120, the navigation software providing, in this example, position
referencing functionality.

[0038] Another example of a system architecture (Figure 2) comprises a Surface Interface Unit
200 that provides power and communications conversion functionality. The PC 110 is operably
coupled to a source of GPS-derived signals 104, for example a date and time data stream 106. The
source of GPS-derived signals 104 also provides a one Pulse Per Second (1PPS) data stream 108
to another type of aquatic dynamic communications apparatus 122 to that described above in
relation to the previous example, for example another transceiver, such as a Dunker 6 LBL
transceiver available from Sonardyne International Limited, UK. In this regard, the source of GPS-
derived signals 104 is operably coupled to the transceiver 122 via, for example, an RS-232
communications link. The Surface Interface Unit 200 is coupled to the PC 110 or any other suitable
computing apparatus via, for example, an RS-232 communications link, and to the transceiver 122
via an RS-422 communications link. The transceiver 122 is capable, when in use, of
communicating acoustically with a substantially static aquatic communications apparatus 116, for
example a transponder beacon, such as the Compatt 6 transponder mentioned above, comprising
an offset calculator 117 and a first source of time data 115. The transceiver 122 comprises a
second source of time data 119. In this example, the transponder beacon is fixed or secured to the

seabed 118 by a tether line or strop (not shown).

[0039] The above hardware configurations are, of course, examples only and different
configurations are contemplated. For example, a minimalist configuration can comprise a first
underwater transceiver and a second underwater transceiver, at least one of the first and second
transceivers being dynamic and the at least one dynamic transceiver being capable of responding

to a received message from the other transceiver. If synchronisation to a reference external to the



10

15

20

25

30

35

WO 2015/136291 PCT/GB2015/050723

first and second transceivers is desired, for example a GPS clock reference, or an atomic clock
reference, a TIME message in conjunction with the 1PPS data stream 108 can be used. In this
respect, the TIME command message is provided by a communications protocol of Sonardyne
International Limited, the protocol being supported by the hardware units described above.
Alternatively, the transceiver 122 can be arranged to support Ethernet connectivity, or replaced by
a transceiver supporting such connectivity, and having Precision Time Protocol (PTP) capability so

as to use time distributed in accordance with the PTP standard.

[0040] In operation (Figures 1 and 3), the offset calculation unit 120 supported by the PC 110
initiates via the navigation sensor hub 102 an offset calculation session by sending a TIME
command message to the transceiver 114 to set (Step 300) the time of the internal clock 119 of the
transceiver 114 based upon time data provided by way of receipt of the date and time data stream
106 from the source of GPS-derived signals 104. Thereafter, the transceiver 114 sets the internal
clock to the time received from the navigation sensor hub 102 and then sends another TIME
message (Step 302) to the navigation sensor hub 102 confirming the time set by the transceiver
114. The PC 110 then sends via the navigation sensor hub 102 a TSYNC command to the
transceiver 114 (Step 304), which instructs the transceiver 114 to obtain a calculated offset value
from the transponder 116. Whilst the above operations (Steps 300 to 304) are employed in this
example, the skilled person should appreciate that they are not necessary for all implementations.
Where an implementation requires setting the time of, for example, the transceiver 114 from an
external source, the skilled person should appreciate that other techniques can be employed, for
example using the PTP mentioned above. In such an implementation, the navigation sensor hub
102 can serve as a clock grandmaster in accordance with the PTP standard.

[0041] In this respect, at a first time, Ta1, the transceiver 114 sends a first TSYNC message to
the transponder 116 (Step 306). The first TSYNC message is an “empty” message in the sense
that it does not contain time data, but contains other parameters, for example address data, a
command to get or set the time and/or an instruction as to whether to compensate for Doppler
effects. The purpose of the first, TSYNC, message is to initiate a process of synchronisation. The
transponder 116 receives the message from the transceiver 114 at a second time, Tg;. At a third
time, Tg,, after a first predetermined “fixed”, i.e. a known constant, turnaround time, Frar, for
example of 320ms, the transponder 116 sends a first reply message (Step 308) to the transceiver
114, which constitutes a first acoustic signal having a first acoustic propagation path for the
purposes of the calculation to be performed in this example. At a fourth time, T,,, the transceiver
114 receives the first reply message from the transponder 116. At a fifth time, T,s, after a second
predetermined turnaround time, Frar, the transceiver 114 sends a second reply message, including
first time data, for example the fifth time, Tas, to the transponder 116 (Step 310), which is received

by the transponder 116 at a sixth time, Tg;. The second reply message constitutes a second
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performed in this example.

[0042] Upon receipt of the second reply message, the offset calculator of the transponder 116 is
able to calculate the time offset between the first clock 115 of the transponder 116 and the second

clock 119 of the transceiver 114 in the following manner.

[0043] One way time-of-flight, Teag, is calculated using the following equation:

Trag2 = (Tes — Te2 — Frat)/2 (1)

[0044] Once the one way time-of-flight has been calculated, the offset is calculated using the

following equation:
Offsetga = Tes — Tas - Tras2 (2)

[0045] The above calculations are based upon an inverted model for calculating the offset
between the first clock 115 and the second clock 119, namely the calculation is performed in
respect of a communication originating from close to the seabed 118 and a reply thereto as
opposed to a communication originating from beneath but close to the sea surface, for example
from a surface vessel-mounted underwater transceiver, and a reply thereto. In this regard, and as
mentioned above, the transceiver 114 is dynamic and so moves under the influence of motion of
the sea. Consequently, measurements made are influenced by the opportunity for the transceiver
114 to move. This can occur during the turnaround time, but also during the propagation (times-of-
flight) of the signals between the transceiver 114 and the transponder 116 if the offset calculation is
to be based upon a two-way communication originating from the top side. In contrast, the inverted
model requires measurements to be made that are only influenced by movement of the transceiver
114 during the second turnaround time, Frar. Hence, inaccuracy caused by movement of the
transceiver 114 during the times-of-flight of communications between the transceiver 114 and the
transponder 116 is mitigated.

[0046] In another embodiment (Figures 4 to 6), Doppler shift data is used to improve accuracy
of the offset calculated above. Referring to Figure 4, the offset calculation unit 200 supported by
the PC 110 initiates, via the navigation sensor hub 102, an offset calculation session by sending a
TIME command message to the transceiver 114 to set (Step 300) the time of the internal clock 115
of the transceiver 114 based upon time data provided by way of receipt of the date and time data
stream 106 from the source of GPS-derived signals 104. Thereafter, the transceiver 114 sets the
internal clock to the time received from the navigation sensor hub 102 and then sends another
TIME message (Step 302) to the navigation sensor hub 102 confirming the time set by the
transceiver 114. The PC 110 then sends, via the navigation sensor hub 102, a TSYNC command
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to the transceiver 114 (Step 304), which instructs the transceiver 114 to obtain a calculated offset
value from the transponder 116.

[0047] In this respect, at a first time, Tay, the transceiver 114 sends a first, TSYNC, message to
the transponder 116 (Step 306) from a first position 400 (Figure 4). The first TSYNC message is an
“‘empty” message in the sense that it does not contain time data, but contains other parameters, for
example address data, a command to get or set the time and/or an instruction as to whether to
compensate for Doppler effects (which in this example is required). The transponder 116 receives
the message from the transceiver 114 at a second time, Tgy. The transponder 116 is equipped with
hardware capable of making a fine estimate of Doppler shift along an acoustic path of a signal

being received and therefore calculates a first Doppler shift, Dopg;.

[0048] At a third time, Tg,, after a first predetermined turnaround time, Trar, for example of
320ms, the transponder 116 sends a first reply message (Step 308), which constitutes a first
acoustic signal having a first acoustic propagation path for the purpose of the calculation to be
performed in this example, to the transceiver 114. At a fourth time, T, the transceiver 114
receives the first reply message from the transponder 116 from a second position 402 (Figure 4).
The transceiver 114 is also equipped with hardware (not shown) capable of making a fine estimate
of Doppler shift along an acoustic path of a signal being received and therefore calculates a second
Doppler shift, Dopaz, in respect of the acoustic path from the transponder 116 to the transceiver
114.

[0049] At a fifth time, Tas, after a second predetermined turnaround time, Frar, the transceiver
114 sends a second reply message, which constitutes a second acoustic signal having a second
acoustic propagation path for the purposes of the calculation to be performed in this example,
including first time data, for example the fifth time, T3, to the transponder 116 (Step 310) from a
third position 404 (Figure 4), which is received by the transponder 116 at a sixth time, Tgs.
Thereafter, the transponder 116 calculates a third Doppler shift, Dopgs, in respect of the acoustic
path from the transceiver 114 to the transponder 116.

[0050] The transponder 116 also calculates an offset, Offsetga, between the internal clock 115
of the transponder 116 and the internal clock 119 of the transceiver 114, 122 in the following
manner, which differs slightly from the calculation set forth above due to the use of Doppler shift
data.

[0051] In this regard, one way time-of-flight, Teagz, is calculated using the following equation:

TFABZ = (TB3 - TBZ - I:TAT)/2 (3)

[0052] Using the second and third calculated Doppler shifts, Dopa, and Dopgs, the transponder

116 then calculates an average Doppler velocity using the following equation:
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Doprs = (Dopss + Dopaz)/2 “4)

[0053] Once the average Doppler velocity has been calculated, a first difference, d;, in respect
of the dynamic acoustic communications apparatus 114, between an outgoing propagation leg
(from the transponder 116 to the transceiver 114) and a return propagation leg (from the

transceiver 114 to the transponder 116) is calculated as follows using equation (4) above.

di = Frar * Dopre %

[0054] Using the difference in distance, dy, calculated, a time shift component of an averaged
Doppler shift calculated at the transponder 116, Tpope, €quating to half of a propagation time for

sound in water can be calculated using the speed of sound in water, SS:

Toops = d1 /(2 *SS) ®)

[0055] If a Doppler shift has occurred, then the one-way time-of-flight Teag, calculated above
will be a mid-point between the transmit and receive times assuming the Doppler shift is linear over
the turnaround time, Fra7. Half of this movement therefore needs to be subtracted from the one-

way time-of-flight, Teag>.

[0056] Once the one way time-of-flight and the half of the propagation time, Tpoes, have been

calculated, the offset can be calculated with improved accuracy using the following equation:

Offsetga = Tgz — Taz + Tragz - Toops (7N

[0057] The transponder 116 then communicates the second time, Tg;, the offset, Offsetg,, the
third Doppler shift, Dopgs and the first Doppler shift, Dopg;, to the transceiver 114 (Step 312).
Thereafter, the transceiver 114 receives the second time, Tg,, the offset, Offsetg,, the third Doppler
shift, Dopgs and the first Doppler shift, Dopg,, from the transponder 116 from a fourth position 406
(Figure 4) and then calculates a fourth Doppler shift, Dopas.

[0058] The transceiver 114 then calculates another offset, Offsetsg, in the following manner.

One way time-of-flight, Teag., is calculated using the following equation:
Trag1 = (Taz = Tar — Fran)/2 (8)

[0059] The transceiver 114 then calculates an average Doppler velocity using the following

equation:
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Dopra = (Dopaz + Dopg1)/2 ©

[0060] Once the average Doppler velocity has been calculated, a second difference, ds, in
respect of the dynamic acoustic communications apparatus 114, between an incoming propagation
leg (from the transceiver 114 to the transponder 116) and a return propagation leg (from the

transponder 116 to the transceiver 114) is calculated as follows using equation (9) above.

dz = Frar * Dopra (10)

[0061] Using the difference in distance, d,, calculated, a time shift component of an averaged
Doppler shift calculated at the transceiver 114, Tpepa, €quating to half of a propagation time for

sound in water can be calculated using the speed of sound in water, SS:

Toopa = d2/ (2 *SS) (11)

[0062] If a Doppler shift has occurred, then the one-way time-of-flight Teag, calculated above
will be a mid-point between the transmit and receive times assuming the Doppler shift is linear over
the turnaround time, Tta7. Half of the time in respect of this movement therefore needs to be added

to the one-way time-of-flight, Trag.

[0063] Once the one way time-of-flight and the half of the propagation time, Tpopa, have been

calculated, the offset can be calculated with improved accuracy using the following equation:

Offsetag = Te1 — Tar + Trag1 + Toopa (12)

[0064] Thereafter, the transceiver 114 communicates a TSYNC reply message to the navigation
sensor hub 102 (Step 314), including the locally computed Offset,g, the remote computed Offsetga,
the second Doppler shift, Dopa, in respect of the communication from the transponder 116 to the
transceiver 114, the first Doppler shift Dopg,, in respect of the communication from the transceiver
114 to the transponder 116, and the third Doppler shift, Dopgs, in respect of the communication
from the transceiver 114 to the transponder 116. Optionally, the fourth Doppler shift, Dopas, can be
communicated from the transceiver 114 to the navigation sensor hub 102. The navigation sensor
hub 102 passes the received data to the PC 110. The offset calculation unit 120 then
communicates the offset data to other applications supported by the PC 110, for example the

navigation software or a monitoring system.
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[0065] Referring to Figure 6, the above-mentioned methods and apparatus can be employed in
relation to an environment where the water is shallow and horizontal velocity of the transceiver 114

is high, for example up to 20ms™', such as 5ms™.

[0066] Turning to Figure 7, in another embodiment, a number of transponders are disposed in a
spaced manner in an underwater environment. In contrast with the previous embodiment, the
transceiver 114 is replaced with a first transponder 500 having an accurate internal clock 502 and
the offset calculator 117. A second transponder 504, a third transponder 506 and a fourth
transponder 508 are located in spaced relation with respect to each other and the first transponder
500. The second, third and fourth transponders 504, 506, 508 each have less accurate internal
clocks than the internal clock 502 of the first transponder 500. In contrast to the configurations set
forth above, the aquatic time synchronisation system does not comprise surface-side equipment,
for example the navigation sensor hub 102, the source of GPS-derived signals 104, the PC 110, or
the transceiver interface unit 112. Using the methodology set forth above in the previous
embodiments, the second, third and fourth transponders 504, 506, 508 each independently
communicate with the first transponder 500 in the manner described above in order to calculate a
respective offset and clock drift rate in order to maintain synchronisation with the first transponder
500. Each of the first, second, third and fourth transponders 500, 504, 506, 508 are each equipped
with suitable hardware to implement communications therebetween. In this regard, the first
transponder 500 is designated a responding acoustic communications apparatus that is dynamic
and receives a first acoustic signal from, for example, one of second, third or fourth transponders
504, 506, 508, and replies, with a second acoustic signal, to the one of the second, third or fourth
transponders 504, 506, 508 from which the first acoustic signal originated. This general principle of
a dynamic acoustic communications apparatus performing the role of responding to the first
acoustic signal will be described in greater detail hereinafter. Optionally, where a given two
communications apparatus are moving, both can comprise a motion detector in order to determine,

which will serve as the substantially static apparatus for the purpose of calculating the time offset.

[0067] The first transponder 500 can be tethered underwater or coupled to or integrated in or
with a submersible vehicle, for example an underwater Remotely Operated Vehicle (ROV) or an

Autonomous Underwater Vehicle (AUV), or any other suitable underwater platform.

[0068] The skilled person should appreciate that other implementation to those set forth above
are possible. In this regard, the above examples take advantage of the presence of an aquatic first
acoustic communications apparatus that is capable of communicating acoustically with a dynamic
aquatic second acoustic communications apparatus. The first acoustic communications apparatus,
being substantially static or dynamic, is capable of transmitting a first acoustic signal to the second
acoustic communications apparatus. Although being dynamic, the second acoustic

communications apparatus is capable of providing a second acoustic signal in response to the first
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acoustic signal in a relatively short time, thereby minimising the change in position of the second
acoustic communications apparatus between time of receipt of the first acoustic signal and
transmission of the second acoustic signal. As the distance travelled by the second acoustic
communications apparatus between the time of receipt of the first acoustic signal and the time of
transmission of the second acoustic signal is only of relevance during the turnaround time, a clock
offset calculation, for example in respect of an offset between a first clock of the first acoustic
communications apparatus and a second clock of the second acoustic communications apparatus,
is influenced less by movement of one or both of the first and second acoustic communications
apparatus. Whereas, existing systems have allowed a transmitting acoustic communications
apparatus to move over a round-trip time with the effect that the movement significantly impacts
upon time offset calculation results, designating a dynamic acoustic communications apparatus to
respond to the first acoustic signal instead of having the role of transmitting the first acoustic signal
and receiving the second acoustic signal in response to the first acoustic signal, improves the
accuracy of the time offset calculated when using a substantially static transmitting acoustic
communications apparatus to transmit the first acoustic signal and receive the second acoustic
signal. In this respect, the dynamic acoustic communications apparatus that receives the first
acoustic signal and transmits the second acoustic signal can be disposed underwater towards the

surface of a body of water or can be submerged further towards, for example, a seabed.

[0069] Referring to Figure 8, the example of Figure 2 can be varied to support an underwater
dynamic platform, for example an AUV 700, where top-side equipment 702 is substantially static,
for example as a result of use of an anchoring rig or a boat maintaining station using a dynamic
positioning system. In this respect, the top-side equipment 702 comprises the surface interface unit
200, the transceiver 122, the source of GPS-derived signals 104 and the PC 110 arranged in the
manner described above in relation to Figure 2. The AUV constitutes the second, dynamic,
communications apparatus, and responds to a TSYNC message during a turnaround time as part
of the process described above in relation to operation of Figures 1 and 2. As such, the offset
calculation unit 120 of Figure 7 can calculate the time offset in accordance with the method set
forth above in relation to Figure 3, for example. Optionally, in order to determine whether the
transceiver 122 or the AUV 700 is moving least, and so serve as the substantially static apparatus
for the purpose of calculating time offset, the AUV 700 and the transceiver 122 can each comprise

a motion detector.

[0070] In the above examples, time data, including time offset data, has been communicated
top-side acoustically. However, the skilled person should appreciate that data stored subsea by
apparatus can be retrieved directly, if desired. For example, the first aquatic acoustic
communications apparatus can comprise an output port and can be arranged to communicate the
time data associated with a determined time offset via the output port. In this respect, a processing

node comprising the offset calculator can be coupled to the output port and be arranged to receive
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the time data; the processing node can be a subsea processing node. The processing node can
then either be retrieved subsequently or can communicate data, retrieved and/or calculated, top-
side.

[0071] The location in the aquatic time synchronisation system where the offset is calculated
can vary depending upon desired implementation. The offset calculator can therefore be provided
in the second acoustic communications apparatus, or in the PC 110.

[0072] Alternative embodiments of the invention can be implemented as a computer program
product for use with a computer system, the computer program product being, for example, a
series of computer instructions stored on a tangible data recording medium, such as a diskette,
CD-ROM, ROM, or fixed disk, or embodied in a computer data signal, the signal being transmitted
over a tangible medium or a wireless medium, for example, microwave or infrared. The series of
computer instructions can constitute all or part of the functionality described above, and can also
be stored in any memory device, volatile or non-volatile, such as semiconductor, magnetic, optical
or other memory device.
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Claims
1. An aquatic time synchronisation system comprising:

an aquatic first acoustic communications apparatus capable of communicating acoustically
with a dynamic aquatic second acoustic communications apparatus, the aquatic first acoustic
communications apparatus comprising a first time source and the dynamic aquatic second acoustic
communications apparatus comprising a second time source; and

an offset calculator; wherein

the aquatic first acoustic communications apparatus is arranged to communicate a first
acoustic signal to the dynamic aquatic second acoustic communications apparatus and the
dynamic aquatic second acoustic communications apparatus is arranged to communicate a second
acoustic signal to the aquatic first acoustic communications apparatus in reply to the first acoustic
signal; and

the offset calculator is arranged to use data associated with the first and second acoustic
signals in order to determine a time offset between the first and second time sources; wherein

the aquatic first acoustic communications apparatus is substantially static.

2. A system as claimed in Claim 1, wherein

the first acoustic signal has a first acoustic propagation path associated therewith; and

the dynamic aquatic second acoustic communications apparatus is arranged to calculate a
Doppler shift observed thereby in respect of propagation of the first acoustic signal along the first

acoustic propagation path.

3. A system as claimed in Claim 2, wherein

the second acoustic signal has a second acoustic propagation path associated therewith;
and

the aquatic first acoustic communications apparatus is arranged to calculate another
Doppler shift observed thereby in respect of propagation of the second acoustic signal along the

second acoustic propagation path.

4. A system as claimed in Claim 3, wherein an average Doppler shift is calculated using the

calculated Doppler shift and the another calculated Doppler shifts.

5. A system as claimed in any one of the preceding claims, wherein the second acoustic

signal is communicated in reply to the first acoustic signal after a predetermined period of time.

6. A system as claimed in Claim 5, when dependent upon Claim 4, wherein a translation
distance in respect of movement of the dynamic aquatic second acoustic communications
apparatus is calculated using the average Doppler shift calculated and the predetermined period of

time.
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7. A system as claimed in Claim 6, wherein a time shift is calculated using the translation

distance calculated and an acoustic signal propagation speed in respect of water.

8. A system as claimed in Claim 7, wherein the data associated with the second acoustic

signals comprises the time shift calculated.

9. A system as claimed in any one of the preceding claims, wherein the second acoustic

signal comprises first time data.

10. A system as claimed in Claim 9, wherein the first time data comprises transmit time data in

respect of the second acoustic signal.

11. A system as claimed in any one of the preceding claims, wherein the dynamic aquatic

second acoustic communications apparatus is a transceiver.

12. A system as claimed in any one of the preceding claims, wherein the dynamic aquatic

second acoustic communications apparatus is located, when in use, remote from a seabed.

13. A system as claimed in any one of the preceding claims, wherein the aquatic first acoustic
communications apparatus is located, when in use, substantially adjacent the seabed or tethered to

the seabed.

14. A system as claimed in Claim 13, wherein movement of the aquatic first acoustic

communications apparatus is substantially immune to surface wave motion.

15. A system as claimed in any one of the preceding claims, wherein the aquatic first acoustic

communications apparatus is a transponder.

16. A system as claimed in any one of Claims 1 to 10, wherein the dynamic aquatic second

acoustic communications apparatus is a transponder.

17. A system as claimed in any one of the preceding claims, wherein the dynamic aquatic
second acoustic communications apparatus is operably coupled to a surface vessel and, when in

use, is immersed in water.

18. A system as claimed in any one of the preceding claims, further comprising a submersible

vehicle comprising the dynamic aquatic second acoustic communications apparatus.
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19. A system as claimed in Claim 18, wherein the submersible vehicle is an autonomous

underwater vehicle or a remote operated vehicle.

20. A system as claimed in any one of the preceding claims, wherein the aquatic first acoustic
communications apparatus comprises an output port and is arranged to communicate, when in

use, time data associated with the determined time offset via the output port.

21. A system as claimed in Claim 20, further comprising a processing node coupled to the

output port and arranged, when in use, to receive the time data.

22. A system as claimed in Claim 21, wherein the processing node is a seabed recoding node.

23. A system as claimed in any one of the preceding claims, wherein the aquatic first acoustic

communications apparatus comprises the offset calculator.

24, A system as claimed in any one of Claims 1 to 22, wherein the dynamic aquatic second

acoustic communications apparatus comprises the offset calculator.

25. A system as claimed in any one of Claims 1 to 22, further comprising a surface-side

computing apparatus comprising the offset calculator.

26. A method of determining a time offset, the method comprising:

an aquatic first acoustic communications apparatus communicating a first acoustic signal
to a dynamic aquatic second acoustic communications apparatus;

the dynamic aquatic second acoustic communications apparatus communicating a second
acoustic signal to the aquatic first acoustic communications apparatus in reply to the first acoustic
signal; and

an offset calculator determining a time offset between the first and second time sources
using data associated with the first and second acoustic signals; wherein

the aquatic first acoustic communications apparatus is substantially static.
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(57) Abstract: An aquatic time synchronisation system (100)
comprises an aquatic first acoustic communications apparat-
us (116) capable of communicating acoustically with a dy-
namic  aquatic  second  acoustic  communications
apparatus(114). The first acoustic communications apparatus
(116) comprises a first time source (117) and the second
acoustic communications apparatus (114) comprises a second
time source(115). The first acoustic communications apparat-
us (116) is arranged to communicate a first acoustic signal to
the second acoustic communications apparatus (114) and the
second acoustic communications apparatus (114) is arranged
to communicate a second acoustic signal to the first acoustic
communications apparatus (116) in reply to the first acoustic
signal. The first acoustic communications apparatus (116) is
arranged to use data associated with the first and second
acoustic signals in order to determine a time offset between
the first and second time sources(117, 115).



