SUBSEA MEASUREMENT SYSTEM AND METHOD OF DETERMINING A SUBSEA
LOCATION-RELATED PARAMETER 5 [0001] The present invention relates to a subsea measurement
apparatus of the type that, for example, determines a range and bearing in relation to a beacon. The
present invention also relates to a method of determining a subsea location-related parameter, the
method being of the type that, for example, determines a range and bearing in relation to a beacon. 10
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practical reasons, monitoring systems are typically self-powered and 2 _ _ _
[0002] Systems such as an offshore mooring system used in the field of oil and

gas production, are large and complex. They have a design life measured in
decades and they have to withstand loading introduced by extreme weather
conditions. Structural failure of any component within the system may have
15 serious fiscal, safety and environmental consequences. To improve the
understanding of the mechanical loads within this type of system, it is critical that
the motions of components within the mooring system are monitored by a

monitoring system.

20 [0003] Typically, the parameters that need to be measured in respect of a
component of the mooring system include: X,Y, Z displacement time series
compared to an origin mean or some fixed reference, velocity time series, an
acceleration time series and/or a rotations/attitude (roll, pitch and heading) time
series. Ideally, it is desirable to measure additional parameters in respect of the

25 component of the mooring system, such as water current in the vicinity of the

component, pressure depth, temperature and/or inclination.

[0004] A given component of the mooring system may be anywhere in a so-
called “water column” and therefore no part of the structure of the mooring system
30 is necessarily above the surface of the sea. Therefore, surface navigation
systems, such as a Global Satellite Navigation System (GNSS), are of little or no

use. For practical reasons, monitoring systems are typically self-powered and



operate largely in an autonomous fashion. The intervals between servicing by remotely operated vehicles
are typically 6 months or more. Therefore, the energy efficiency of the monitoring system is important.
However, there does not exist a large number of suitable technologies upon which to base the monitoring
system. 5 In this regard, suitable technologies include: iRertial sensors, an acoustic position system or a
combination thereof. [0005] Typically, the components of the mooring system to be monitored are large
mechanical systems and the period of the motion to be monitored can be up 10 to 150 seconds, or more,

and the amplitude BEfIRENBIESHS ERRNHYBRAMAS da8NhettBe HIEMAISMIFMASD PREIFHAGNM e of the
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inclinometers or accelerometers, a better 20 solution is based on high grade inertial sensors, such as an
Attitude and HeadPgRBRIERATRIAN (REIRY). Such a measurement system uses a gyrocompass
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acoustic positioniregreystems @hxist tegrean, bad sedrty eetueiasginometers do not produce heading
15 information. However, in order to monitor motion of the component of the mooring

system adequately, displacement measurement accuracy is typically required to

be in the order of 0.1m.

[0006] As an alternative to using simple inclinometers or accelerometers, a better
20 solution is based on high grade inertial sensors, such as an Attitude and Heading
Reference System (AHRS). Such a measurement system uses a gyrocompass
algorithm to obtain roll, pitch and heading data in a north up local level frame, but it
also estimates heave surge and sway in the so-called “platform frame”. The heave
surge and sway calculation is based upon an assumption that the displacement of
25 the component to be monitored is mean zero. However, the large period of motion
of the component of the mooring system makes it difficult to realise practical

sensors that are sufficiently accurate.

[0007] Another solution employs an Inertial Navigation System (INS) to compute
30 displacement, velocity, acceleration and attitude. In normal circumstances, this
solution can yield satisfactory results using a Zero Velocity Update (ZUPT)

procedure, which defines initial conditions in respect of displacement, velocity and



5 an aiding input for the INS or as a stand alone system or a combination thereof. However, such a
solution is costly in terms of power budget. Consequently, a very large battery pack is required to power a
monitoring system that uses the INS/acoustic positioning system combination or the number of hours
during which the INS can be used has to be limited in order to support a sufficiently long 10maintenance
interval. [0008] According to a first aspect of the present invention, there is provided a subsea
measurement system comprising: a first reference beacon disposed at a first known location; a second
reference beacon Yi4HE8eHIANVE G cohdNEnEMTT 25 ForhHEM G BrTHAIVRIGE PO AN GidiModule for
coupling to a subsaatktrMent ibbeenose@radisthestplstis sopprenRicatiansNsodite Seingarmable of
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the 30 second reféhendéSheanohe 40N ORF He flvst ngesl datardey tosypisetadistiftineotipn@ugsine angle
and a secondfiregtign cosine angle-and/or the second angle data may comprise a third direction cosine
angle and a fourth direction cosine angle. 5[0011] The system may further comprise: another acoustic
communications module for coupling to the subsea element to be monitored; the another acoustic

communications mMoobag Mardrgicgrabierpsimaypad vhee iprosent ahatvada, theefiskrefereinsg Reacon
and the second refebence beacon: Wh(tarein the another acou§tic copmunicgtions mdodule may comprise
| e eacon a

another processin%u esg&Pa%agH&emen system comprising: a Tirst reference iIsposed
first known location; a second reference beacon disposed at a second known

15 location; and an acoustic communications module for coupling to a subsea
element to be monitored, the acoustic communications module being capable of
moving, when in use, relative to the first reference beacon and the second
reference beacon; wherein the acoustic communications module comprises a
processing resource and is arranged to determine first range-related data to the

20 first reference beacon in response to receipt of a first signal by the acoustic
communications module from the first reference beacon and second range-related
data to the second reference beacon in response to receipt by the acoustic

communication module of a second signal from the second reference beacon.

25 [0009] The acoustic communications module may be further arranged to
determine first angle data to the first reference beacon in response to receipt of
the first signal by the acoustic communications module from the first reference
beacon and second angle data to the second reference beacon in response to
receipt by the acoustic communication module of the second signal from the

30 second reference beacon.



10 may be arranged to determine third range-related data to the first reference beacon in response to
receipt of the first signal by the another acoustic communications module from the first reference beacon
and fourth range-related data to the second reference beacon in response to receipt by the another
acoustic communication module of the second signal frofh the second reference 15beacon. [0012] The
another acoustic communications module may be further arranged to determine third angle data to the
first reference beacon in response to receipt of the first signal by the acoustic communications module

from the first referEiObo el dRElfodaif ARG CRITPISSnE SEloiEidnerrese 288t PEsponse to

receipt by the acogstieneoon@stiinalsymanacyle ahdner seecedsignal jrematbensscoothpétsreneerdeacon.

[0013] The third agﬁlle tti‘lgr'%a (r)gﬁ}/ com eriélsr? daaf' Ct)nrg;rgﬁgg{? cosci)g% a%%Iq éamd a 25sixth direction cosine
angle and/or the fOURN anéie ata ngay comprise a Seventh girectich eosine angle and a eighth direction

cosine angle. [0014] The system may further comprise: a further processing resource arranged to

calculate at legst W'ﬂcaﬁﬁé'nﬁgéf% %@“ﬁfﬁﬁé?féﬂﬁf%éﬁ%ﬁé%%?n&&%ﬁi@%ﬁﬂﬁ&ﬁ%ﬂé@ow] The

location-related parameter may be a position associated with the acoustic communications module.
module for coupling to the subsea element to be monitored; the another acoustic

communications module may be capable of moving, when in use, relative to the
first reference beacon and the second reference beacon; wherein the another
acoustic communications module may comprise another processing resource and
10 may be arranged to determine third range-related data to the first reference
beacon in response to receipt of the first signal by the another acoustic
communications module from the first reference beacon and fourth range-related
data to the second reference beacon in response to receipt by the another
acoustic communication module of the second signal from the second reference

15 beacon.

[0012] The another acoustic communications module may be further arranged to
determine third angle data to the first reference beacon in response to receipt of
the first signal by the acoustic communications module from the first reference
20 beacon and fourth angle data to the second reference beacon in response to
receipt by the acoustic communication module of the second signal from the

second reference beacon.

[0013] The third angle data may comprise a fifth direction cosine angle and a
25  sixth direction cosine angle and/or the fourth angle data may comprise a seventh

direction cosine angle and a eighth direction cosine angle.

[0014] The system may further comprise: a further processing resource arranged
to calculate at least one location-related parameter for the subsea element to be

30 monitored.



[0016] The location-related parameter may be a heading associated with the 5 acoustic communications
module. [0017] The location-related parameter may be a roll and/or pitch associated with the acoustic
communications module. 10[0018] The location-related parameter may be an attitude associated with the
acoustic communications module. [0019] The acoustic cémmunications module may be capable of being
coupled to or integrally formed with a subsea element. [0020] The subsea element may be a buoyancy
can. [0021] The system may further comprise: a third reference beacon disposed at a third known
location. [0022] T @%u&ﬁec&?ﬁﬂﬂﬂi A RREBINRIGH Y Be BFréh §Oa I BT ARIERMW HANGE related
data from the acoustiogiaardnigatiamnsmeaodelte the third beacon in response to receipt of a third signal
by the acoustic communications module from the third reference beacon. 25 [0023] The acoustic
communications module may be arranged to determine fifth angle data to the third reference beacon in
response to receih0oi éhe thiedlsiptianbie ke hgruistiteteymmayn kit e atdelulessoniated thith tbference

beacon. 30[0@24] Jhe systemmaydUrhisy soapeEse an inertial sensor. [0025] The system may further

comprise an inclinometer. 6

[0017] The location-related parameter may be a roll and/or pitch associated with

the acoustic communications module.

10 [0018] The location-related parameter may be an attitude associated with the

acoustic communications module.

[0019] The acoustic communications module may be capable of being coupled to
or integrally formed with a subsea element.
15

[0020] The subsea element may be a buoyancy can.

[0021] The system may further comprise: a third reference beacon disposed at a
third known location.

20
[0022] The acoustic communications module may be arranged to determine fifth
range-related data from the acoustic communications module to the third beacon
in response to receipt of a third signal by the acoustic communications module
from the third reference beacon.

25
[0023] The acoustic communications module may be arranged to determine fifth
angle data to the third reference beacon in response to receipt of the third signal

by the acoustic communications module from the third reference beacon.
30 [0024] The system may further comprise an inertial sensor.

[0025] The system may further comprise an inclinometer.



[0026] The system may further comprise a temperature sensor. [0027] The system may further comprise
a depth sensor. 5 [0028] The first beacon and the second beacon may be respectively fixed at the first
known location and the second known location.  [0029] The first and second beacons may be fixed to a
seabed or a permanent 10fixture of a sea floor. [0030] TRe first and second beacons may be acoustic
beacons. [0031] The acoustic communications module may be a USBL module. 15 [0032] The USBL
module may comprise a plurality of spaced hydrophones. [0033] The USBL module may comprise a
transducer. 20 [0034] The USBL module may be a USBL transceiver. [0035] The first beacon may be a

first transponder g002bE SEHe®BEEEACHAYMAYHRE CORRLRRMGIEENTRIAURE SHOG36] The first beacon may
be removably mounted in a first mount and/or the second beacon may be removably mounted in a

second mount.
[0027] The system may further comprise a depth sensor.

[0028] The first beacon and the second beacon may be respectively fixed at the

first known location and the second known location.

[0029] The first and second beacons may be fixed to a seabed or a permanent

10 fixture of a sea floor.
[0030] The first and second beacons may be acoustic beacons.
[0031] The acoustic communications module may be a USBL module.
15
[0032] The USBL module may comprise a plurality of spaced hydrophones.
[0033] The USBL module may comprise a transducer.

20 [0034] The USBL module may be a USBL transceiver.

[0035] The first beacon may be a first transponder and the second beacon may

be a second transponder.

25 [0036] The first beacon may be removably mounted in a first mount and/or the

second beacon may be removably mounted in a second mount.
[0037] The first mount and the second mount may be frames.

30 [0038] The another acoustic communications module may be another USBL

module.



[0037] The first mount and the second mount may be frames. 30 [0038] The another acoustic
communications module may be another USBL module. 7 [0039] The acoustic communications module
may be associated with a subsea element in order to measure motion of the subsea element. [0040] The
system may further comprise a water current measuremént device. 5 [0041] The water current
measurement device may be arranged to generate a velocity vector associated with a velocity of the
water current measurement device. The water current measurement device may be a Doppler velocity
log. 10[0042] AccPaRy tol A ECOHEISSHRBIHMITE18S R HR Aiidh DR AT REIHE i NEHh LR %8nding
hybrid riser (FSHR)eappar afusdzomphisiaguiikensothiseaf theasiiesaantsystem as set forth above in relation
to the first aspect of the invention. [0043] According to a third aspect of the present invention, there is
provided a 15 constellation of free standing hybrid riser apparatus for coupling to a floating production
storage and offlod@P¢0(F RO systese nvanipribeiganepiiee staatinguiignidnéssuegparatsyiws set forth
above in relatjon to the second aspect of the invention. 20[0044] According to a fourth aspect of the
present invention, there isgprovided a method of determining a subsea location-related parameter, the

method comprisin Uishodiify WaIRSt FHFETBh B BRAESRCAL 4G ARVNPR LRI ShP HSHSEMS & second

reference beacon ailecigcosctdasonaaiidvipioxidispeity aepusEcwamMenieationfapeheciar coupling

lem . .
to a subsea ele %1etvt|8epq'he water current measurement device may be a Doppler velocity log.

10 [0042] According to a second aspect of the present invention, there is provided a
free standing hybrid riser (FSHR) apparatus comprising the subsea measurement

system as set forth above in relation to the first aspect of the invention.

[0043] According to a third aspect of the present invention, there is provided a
15 constellation of free standing hybrid riser apparatus for coupling to a floating
production storage and offloading (FPSO) vessel comprising the free standing
hybrid riser apparatus as set forth above in relation to the second aspect of the

invention.

20 [0044] According to a fourth aspect of the present invention, there is provided a
method of determining a subsea location-related parameter, the method
comprising: disposing a first reference beacon at a first known location; and
disposing a second reference beacon at a second known location; providing an
acoustic communications module for coupling to a subsea element to be

25 monitored, the acoustic communications module being capable of moving relative
to the first reference beacon and the second reference beacon; and determining
first range-related data from the acoustic communications module to the first
reference beacon in response to receipt of a first signal by the acoustic
communications module from the first beacon and second range-related data from

30 the acoustic communications module to the second reference beacon in response
to receipt by the acoustic communications module of a second signal from the

second reference beacon.



25 monitored, the acoustic communications module being capable of moving relative to the first reference
beacon and the second reference beacon; and determining first range-related data from the acoustic
communications module to the first reference beacon in response to receipt of a first signal by the
acoustic communications module from the first beacon ahd second range-related data from 30 the
acoustic communications module to the second reference beacon in response to receipt by the acoustic
communications module of a second signal from the second reference beacon. 8 [0045] It is thus

possible to providEP&sténiSHRTRAFIRIEIR RiRYiYRse SVeIRSY EBHSTRIPRETNHETUBN0IBREBY battery
life. Furthermore, ddaquessiie, tardetdynipeleecigtatriath #tbtude@nshposition o amasiprnast to be
monitored, for example a buoyancy can, as well as hi uality velocity, acceleration, roll, .5 pitch and
entiing dats, AlSAETHINS Aaal e AELES SN R R TR Koo RiC
assumption is reqifireekag et hisopeacy tan nrsiovel cfaHedugyaliyyvedecifpoacialenatian.adlantages of

the invention gre ajioySghQUidRIRY iBislaliaD 1 ibs aRberinaRiRACSSHRed 1RO e AIBE Skilled

person should appreciate that these advantages are not confined to the embodiments described and are
also applicable to HMyZ%eMbBdiectit GES RIS AT IH TR LIPS AUiIred REPAP f_IER O R BUMHMS: of the
invention will now dreriesgopaskyoyaway of 15example only, with reference to the accompanying drawings,
in which: Figure 1 is a schematic diagram of a subsea monitoring system constituting a first embodiment
of the invention;  Figure 2 is a schematic diagram of a subsea monitoring system constituting a
20second embodiffie#blof Wesi duseatdointRips ©f3the dansendioradced@gpagatafud betnyeannelatiorirtg system

constituting g4hirdiemhadiarnt At tBedBYEEHORowever, the skilled person should appreciate that
these advantages are not confined to the embodiments described and are also

applicable to any embodiment as set forth in the claims.

[0047] At least one embodiment of the invention will now be described, by way of

15 example only, with reference to the accompanying drawings, in which:

Figure 1 is a schematic diagram of a subsea monitoring system constituting a first
embodiment of the invention;
Figure 2 is a schematic diagram of a subsea monitoring system constituting a
20 second embodiment of the invention;
Figure 3 is a schematic diagram of a subsea monitoring system constituting a
third embodiment of the invention;
Figure 4 is a schematic diagram of a subsea monitoring system constituting a
fourth embodiment of the invention;
25 Figure 5is a schematic diagram of a hybrid subsea monitoring system constituting
a fifth embodiment of the invention; and
Figure 6 is a schematic diagram of a hybrid subsea monitoring system

incorporating redundancy and constituting a sixth embodiment of the invention.

30 [0048] Throughout the following description, identical reference numerals will be

used to identify like parts.



Figure 4 is a schematic diagram of a subsea monitoring system constituting a fourth embodiment of the
invention; 25Figure 5 is a schematic diagram of a hybrid subsea monitoring system constituting a fifth
embodiment of the invention; and Figure 6 is a schematic diagram of a hybrid subsea monitoring system
incorporating redundancy and constituting a sixth embodiment of the invention. 9 [0049] Referring to
Figure 1, a free standing hybrid riser (FHSR) or riser tower (not shown) for coupling to a floating
production storage and offloading (FPSO) vessel of a subsea oil field is supported by a buoyancy can

102. Although not!SR8RIn, TSRy darfistiisak G HeRROMRR MBI ESSa fdihe PyDridSeEdRYE 5 subsea

measurement sys{aot $A6vs efopleyasiiy relaiianadribemstyaioey tarade 2t stRiatngqrrg@yotion of
the buoyancy can 102efPr ]c%mspz%]rlson \Izmlré% predicted m tbona{ %rder to monlt%gg%][%% of the riser tower

with respect to pré’gﬁed ?atlgug e IR this eigﬁﬂfé?qﬁg u¥yar:1bcy°¥%ﬂc¥o%af% an exampHaggf PSubsea

element. Howevershhwrskth\eqrisersoan_shemral_gb amonsititatitraothisatsstalOiv gl bykiiv gigarsplé of a
subsea element. [QQS0]nHEIE GRRRAINERER H6Y RAEHPI eSS IR HE BIRERE BN 102

comprises a first transponder 104, constituting an acoustic’communications module, coupled to a first

side of the buoyarfeyXERME> HIMECERGHAr A sPn BePYatY6CeBNsARIIRY SPBRREISABoYdiR 2

communications mestite¢onpteshtinacaepnd sidaiafthiatigueyaneyCcardOd et apitiseedpdesiied, the
first and second transponders. 104, 106 can be integrally formed with the yancy can 102. The first and
R A S S A et d

re ue 'lite. IS, Example gyanc S. anf example
second transpond%rs 956 tierdore’I GEAIRH Ve & Qedhan “Fs. 1if thig examp %, tfe frst and

second transpondeubsER4eiedeateHevemibessRilddqitsangoaldsplesndarsr¢aMEShal tibikkefrom
Sonardyne Ipternatigna) miiﬁ%él%fTJ‘EJyﬁéeféﬁ%?ﬁ.nd transponders 104, 106 each have a processing

resource, internal batteries and respective internal memories to store range information or range-related
data, for example time-of-flight data. Although not shown in Figure 1, the first and second transponders

104, 106 include rewmegtive ingireAbet@ment, a first part of the subsea measurement system 100
comprises a first transponder 104, constituting an acoustic communications
module, coupled to a first side of the buoyancy can 102 and a second transponder

15 106, constituting another acoustic communications module, coupled to a second
side of the buoyancy can 102. Of course, if desired, the first and second
transponders 104, 106 can be integrally formed with the buoyancy can 102. The
first and second transponders 104, 106 are therefore located above a seabed 108.
In this example, the first and second transponders 104, 106 are Autonomous

20  Monitoring Transponders (AMTSs) available from Sonardyne International Limited,
UK. The first and second transponders 104, 106 each have a processing resource,
internal batteries and respective internal memories to store range information or
range-related data, for example time-of-flight data. Although not shown in Figure 1,
the first and second transponders 104, 106 include respective inclinometer

25 sensors. As the inclinometer sensors measure the direction of a gravity vector
relative to the first and second transponders 104, 106, respectively, the
inclinometer sensors are affected by motion of the buoyancy can, causing errors in
the region of 0.1°. Optionally, the first and second transponders 104, 106 can
comprise a pressure sensor and a temperature sensor.

30
[0051] On the seabed 108 or a permanent fixture of a sea floor, a first beacon

transponder 110 is located at a first known location, a second beacon transponder



25 sensors. As the inclinometer sensors measure the direction of a gravity vector relative to the first and
second transponders 104, 106, respectively, the inclinometer sensors are affected by motion of the
buoyancy can, causing errors in the region of 0.10. Optionally, the first and second transponders 104, 106
can comprise a pressure sensor and a temperature send8r. 30 10 112 is located at a second known
location, and a third beacon transponder 114 is located at a third known location. The first, second and
third beacon transponders 110, 112, 114 constitute reference beacons. In this regard, any suitable

calibration techni dérlloﬁét@%ﬁi(ﬁ/é@cﬁqeé@%m@ﬂq@%céﬂg%thrﬂ@ef?r%?nsté%?RPQHBrtMﬂ I% heacon
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second transpondiectrainiee CB8, i drtiptoptrttd datemiranisiedndations dfithedirsthreactnlg dispthieed in a third

ransponder fiame, 30 NS AR e st seeancand Wis BRAGARKANSAINIE R eH 2 114

are wideband transponders for example Type 8159 Wideband Transponders available from Sonardyne

International Limitedd TR/, r§@c’i‘ﬁ?{ﬂ"§t’?&l ‘?ﬁl%etfﬁﬁ'sﬁ@ﬁaﬁg framhEUrdeaces, YarseaRdsESah Ssuitable

transponder frames, Zoriexante fast OBdac 00 Lukbimshiamelav adl alele dremib angieyee Internadenal
Limited, UK. [005 In o tion, the first.an seco ond transponders 104, 106 opgerate autonom usly The
% Boaa @s doReaaeloh ofﬂﬁé

first and second transp%n 5'5“‘310 entd an m?gproga?on S|gn§f1§00821c |rs{ secon Yand third

beacon transpondédigpddd] il 2, daebrrDteastoageodessing ¥8sanctéweotined hiescandreespndder
transponder%&°%%9§sl°?éﬁ%%8l;{%%’&%éblr?ﬁ%'fh\’?’é”ﬂr&%%ﬁ&%ﬁﬁ@ Fapeoi 3be firgtisecompiangthird

beacon transponders 110, 112, 114 he respective locations of the first and second transponders 104,
106 relative to thelb3loy8pRS Garrnd2tald kﬁ@ﬁﬁ?rthg FnspandritnsPonddid 1644 1862 &RRAPPed with

respectlvg mclmomnaﬁ@fﬁ)rmws Zi)m@xmﬁs:h tm@@c@imwagn?ﬁastrmddmd tﬁwgﬂl@ﬂe\cmm
transponders 110, 112 nown, the.ra erate e first and second transponders 104,
106 an be wssd SRR LR R oL Bl SRRETE A vy S RCRAA TR, or
example trilateratidh6 Aﬁkﬁtldﬂallm létemativishl| thzassponden dasueenientsgstpld 400842080 estimate
attitude assogiateg with e SPAHAMRYHALAQIALNIREAXESHEPLiRiSh @i heading), which are

examples of

[0052] In operation, the first and second transponders 104, 106 operate
autonomously. The first and second transponders 104, 106 send an interrogation
signal to each of the first, second and third beacon transponders 110, 112, 114
20 and the processing resources of the first and second transponders 104, 106
perform a ranging function with respect to each of the first, second and third
beacon transponders 110, 112, 114. As the respective locations of the first and
second transponders 104, 106 relative to the buoyancy can 102 are known, the
first and transponders 104, 106 are equipped with respective inclinometers, and
25 the respective locations of the first, second and third beacon transponders 110,
112, 114 are known, the ranges generated by the first and second transponders
104, 106 can be used to determine the location of the buoyancy can 102 using any
suitable technique, for example trilateration. Additionally or alternatively, the
subsea measurement system 100 can also estimate attitude associated with the
30 buoyancy can 102 in three axes (roll, pitch and heading), which are examples of

location-related parameters.



location-related parameters. 11 [0053] Although, in this example, three beacon transponders have been
employed, the skilled person should appreciate that a greater or smaller number of beacon transponders
can be employed, for example four beacon transponders, in order to increase accuracy. 5 [0054] As
mentioned above, the beacon transponders 110, 112, 134 are mounted in frames to allow, inter alia, easy
replacement, for example replacement by a Remotely Operated Vehicle (ROV). Similarly, the first and
second transponders 104, 106 can be recovered by the ROV and replaced with spare 10transponders in

order to access th0Rth sEARRHBY-tn8 fifBiSarfXBEHd AR pbREERS 152NERRNHEHS 5N Y aNBaTEr

embodiment (Figusemployibe, o yRriley parsomosishowadpretgateetRis coemiedoiosaniéai subseaf

measurement sysien 200, Indbis, smbadiment, 15 e sybsea mensyioment syslem 200 cqmprises a
data acquisition ands orage Fodule 262 coupel‘edploya attery moddule 2bATRaTServePR0 G power supply.

The data acquisitiordantp sterageenacdulac02 constitutes a processing resource and is also coupled to a
first Long Basgline (LBL) transceiver module 206, constituting an acoustic communications module,
coupled to a first side of the buoyancy can, and 20 a second LBL transceiver module 208, constituting

another acoustic &Qﬁﬁﬂhnﬁ:%ltiﬁ‘r%"i‘ﬁBGIe?}l‘be‘ple@% besceBnd I AR bidPantizcahlAngSuitable
LBL transceiver madulteziim heigeptoyadw onsvara the HVaptsasapondrisaxenirnepRiberrare

configurable to function gs transceivers, and s, in this %‘Qfle AMT trangpongders of the type mentioned
above are used, th’1¥ 2%0?)%?{89%%% to 885%%% asﬁpé%chF\&/er .'[Oﬁ%aﬁﬂhougﬁw n'(r)sttsr?gvc\J/:l ?ﬁ‘y %Bg;e 2, the
first and second LBansposdeisct§L208)Qaanbridecaspedtibg theliRivetardseeplarsdAwithespinometer

Sensors 10 transponders in order to access the data stored by the first and second
transponders 104, 106.

[0055] In another embodiment (Figure 2), the buoyancy can (not shown in Figure
2) is coupled to another subsea measurement system 200. In this embodiment,
15 the subsea measurement system 200 comprises a data acquisition and storage
module 202 coupled to a battery module 204 that serves as a power supply. The
data acquisition and storage module 202 constitutes a processing resource and is
also coupled to a first Long Baseline (LBL) transceiver module 206, constituting an
acoustic communications module, coupled to a first side of the buoyancy can, and
20 a second LBL transceiver module 208, constituting another acoustic
communications module, coupled to a second side of the buoyancy can. Any
suitable LBL transceiver module can be employed. However, the AMT
transponders mentioned above are configurable to function as transceivers, and
so in this example, AMT transponders of the type mentioned above are used, but

25  configured to operate as transceivers.

[0056] Although not shown in Figure 2, the first and second LBL transceivers
206, 208 include respective inclinometer sensors. As the inclinometer sensors
measure the direction of a gravity vector relative to the first and second LBL
30 transceivers 206, 208, respectively, the inclinometer sensors are affected by

motion of the buoyancy can, causing errors in the region of 0.1°. Optionally, the



measure the direction of a gravity vector relative to the first and second LBL 30transceivers 206, 208,
respectively, the inclinometer sensors are affected by motion of the buoyancy can, causing errors in the
region of 0.1. Optionally, the 12 first and second LBL transceivers 206, 208 can comprise a pressure
sensor and a temperature sensor. [0057] On the seabedd08 or a permanent fixture of the sea floor, the
first beacon 5 transponder 110 is located at the first known location, the second beacon transponder 112
is located at the second known location, and the third beacon transponder 114 is located at the third

known location. THEHRS SEE0RE LR HRRPERIMRGHAYEANSPEBIFAESOMPISE 8 PIeSStEmSEilRe B Ence

beacons. In this regmiskranysdiéable. calibration technique can be employed to determine the locations of
10 the first, second and third beacon transponders 110, 112, 114. In order to avoid unintentional
displacement and facilitate replacement of the first, second and third beacon transponders 110, 112, 114,
the first beacon tré@@panden 119 seabetblOb lyr dissoseum antifistéirstat drespeaderframdilst ®edensecond

beacon transgondes did epmavRhl (EREeAin e AREORAJAN TBERRA MG aNgedcbihe third

beacon transponder is removably disposed in the third transponder frame 120. In this example, the

first, second and tHRBSPERESH LrsthpdriRirs 1Alothe19eCOMM! AreoliddpeiiP raRRP SRBERIGReaeple Type
8159 Wideband Tremspondersi ayadabiafsaratSoeatgvne bvarieoal rneited:, deediatasgannd and third

transponder frames 116, 118, 120 ané) a uitable transponder 20frames, for example as available
ftom Sonardyne ARG A TIRNAES O [Oe s o SHLTE IHEEHASE Sy L L DL SR i ers 206,
208 are externallyacynstotbdebgalie atmma wotnisitio cam d &tenzyeyen tulderdPhared thee at® nengfes or

other range-kejateg, DFFAMEIRIS, Uy ARitMSs bl LrelbrgsRest & 118 fifsl. in order to avoid

unintentional displacement and facilitate replacement of the first, second and third
beacon transponders 110, 112, 114, the first beacon transponder 110 is
removably disposed in the first transponder frame 116, the second beacon
transponder 112 is removably disposed in the second transponder frame 118, and
15 the third beacon transponder 114 is removably disposed in the third transponder
frame 120. In this example, the first, second and third beacon transponders 110,
112, 114 are wideband transponders, for example Type 8159 Wideband
Transponders available from Sonardyne International Limited. The first, second
and third transponder frames 116, 118, 120 can be any suitable transponder

20 frames, for example as available from Sonardyne International Limited, UK.

[0058] In operation, the first and second LBL transceivers 206, 208 are externally
controlled by the data acquisition and storage module 202 and measure ranges or
other range-related parameters, such as time-of-flight, with respect to the first,
25 second and third beacon transponders 110, 112, 114, which are examples of a
location-related parameter and respectively accurate to about 0.1m. As the
respective locations of the first and second transponders 104, 106 relative to the
buoyancy can are known, the first and transponders 104, 106 are equipped with
respective inclinometers, and the respective locations of the first, second and third
30 beacon transponders 110, 112, 114 are known, the ranges generated can be used
to determine the location of the buoyancy can 102 using any suitable known

technique, for example a trilateration technique, for each of the first and second



25 second and third beacon transponders 110, 112, 114, which are examples of a location-related
parameter and respectively accurate to about 0.1m. As the respective locations of the first and second
transponders 104, 106 relative to the buoyancy can are known, the first and transponders 104, 106 are
equipped with respective inclinometers, and the respectife locations of the first, second and third 30
beacon transponders 110, 112, 114 are known, the ranges generated can be used to determine the
location of the buoyancy can 102 using any suitable known technique, for example a trilateration
technique, for eachBf HRAFENGHS g@@oﬁ&éﬂ@ﬂ%ﬁé‘:@@@%@f adacalineHs LG SARPRIYT a
location-related paiigumedersvedist@ceoratedot aborh 0. hudifcsktionaly aré@ltetialiyelyhéhesubsea
measurement system 200 can alsot est%qte %t"[éiude e}lsnsw%fe'atﬁﬂu ith the bu%)éar%%\{s‘%]an 102 in three axes

. measurement system ca SO €S € associat uoyan .
(roll, pitch and head‘lené'f, Which a8 examples o 82ation- brefate parameters. ei‘Itt)Jrn}/ng W Figure 3,

in a further embodiereif)ahe Buegaaxsschnlll idh enaplehding)firghishrioot £xanhtesobdecatiwasurement
system 300. Ig thiﬁe%&o]ggm{é@ subsea measurement system 300 comprises an Ultra-Short 10
Baseline (USBL) transceiver module 302 coupled to a side of the buoyancy can and constituting an
acoustic communications module. Although not shown, the USBL transceiver module 302 comprises a

processing resounmmsy) intermiagbeiteryaaamintginalgnempodipnaialyecaupiemty dihprogassing

resource, As can be seen in Figure 3, the USBL acoustic transceiver 302 is posjtion lose ta 15 or
towards the base 87t ie ut(g)ygnﬁ)r/%a%aﬁoalﬁﬁ orLHEtlerfe[B %Lr%\sne e |neea-%lf'-rgirg?ﬁf1 i‘osgﬁ{g&t?sg)(ﬁ tr&s%bsnders and
avoid adverse acarstiogiséotmtieces dassse diipasefiectin ssirsien it of thepbesey amtyldtia-S02r0060] In

this example, ghe 5Bk fEansesiver MrdWIeI3da AT RINERIRR RaYRIcHERYSREjesRNd an

USBL receive array, for example a low power USBL transceiver module available from Sonardyne

International Limitedd SRNHHAIRERAnFNRYtHE BT YRICaAR SrFA9qEI8 phidiglbniateriiydfshhones.

The USBL transceigBImadhiz&0&risrotaveprguer diipdeanscoiwestnttyl ecdinircemanspieanaid-range

Digital Signal PrOﬁaﬁor D%P rocessor, which uses little moredegje{ﬁé 25than a sin%e channel acoustic
466 sea

receiver. [0061] ORthE % 155513 BEMON SRTRRNYSH BB FAHE S A

can be seen in Figure 3, the USBL acoustic transceiver 302 is positioned close to
15 or towards the base of the buoyancy can 102 in order to provide line-of-sight to all
seabed transponders and avoid adverse acoustic performance caused by

reflections from walls of the buoyancy can 102.

[0060] In this example, the USBL transceiver module 302 is a combination of an
20 acoustic transceiver and an USBL receive array, for example a low power USBL
transceiver module available from Sonardyne International Limited, UK. In this
example, the USBL receive array is a plurality of spaced hydrophones. The USBL
transceiver module 302 is a low power USBL transceiver module that comprises a
mid-range Digital Signal Processor (DSP) processor, which uses little more energy

25 than a single channel acoustic receiver.

[0061] On the seabed 108 or a permanent fixture of the sea floor, the first beacon
transponder 110 is again located at the first known location, the second beacon
transponder 112 is located at the second known location, and the third beacon
30 transponder 114 is located at the third known location. The first, second and third
beacon transponders 110, 112, 114 constitute reference beacons. In this regard,

any suitable calibration technique can be employed to determine the locations of



transponder 110 is again located at the first known location, the second beacon transponder 112 is
located at the second known location, and the third beacon 30 transponder 114 is located at the third
known location. The first, second and third beacon transponders 110, 112, 114 constitute reference
beacons. In this regard, any suitable calibration technigdé can be employed to determine the locations of
14 the first, second and third beacon transponders 110, 112, 114. In order to avoid unintentional
displacement and facilitate replacement of the first, second and third beacon transponders 110, 112, 114,
the first beacon triMHbFd P9I SREMBNA RGP S RPINE R dPaddBorddér farider®, a8'decond
beacon 5 transpon@gitddibisalenspiaiinditporetholithe sepritdiianspomdeiriiaedd® aaadihe third
beacon transponder 114 is removably di se%li thzfet irg transponder frame 120. In thi ample, the
fret, second and SR Ba LA R AR T2 15 14 M (R SAGar CLIShER ol Bale Type
8159 Wideband Tramspehtierdispestablnfrhe Siatdnspontendtonal LikbitetieTheckry, $eeond 10 and
third transporler {fameddéh 1i5icleMeaRlie AoRAR T LEBRNIRIEONR: fRb ARl A 0842-001

type frame available from Sonardyne International Limited. [0062] The beacon transponders 110, 112,

114 are mounted EHEFFMRTSPH TBRRRAGIRHidth iR FRMGSHACERRPReST tRNSeBUsh ANs98H8Ers 110,
112, 114 and easyrsgpdaceonent: e eeinisie cxanipie, reptaaaraantthydns RN 1imparvetsel USBL
transceiver module 302 be recoyered by the ROV and replaced wjth g spar B sceiver
module 302 in or elr:%b éftz%j:-s%r ewé% gasrtlcc)ﬁeté n)? Qﬁg%gBLf?rgn%)éaeq]\Pe're ma'aé[g e%@ 2%@8%%%% order to
minimise deploymEnspsizdassaviated aifrotheSirsardgeeridtemctibird Heed@a trahgdirstrseictid1 12, 114,

the deploymep! thergofigan Ak RiAGR AH IR iMesS 9pPloymERtalA JHEBlBHaN PoRISrng

system and/or a Top Riser Assembly monitoring system. 25 [0064] In operation, during a measurement
cycle, the USBL tf&#8ESivelPicABB62 ttehPSGatd9abPdf fhapstayataplg akarthiraBeadye
transponders 110;ddehatibhandnpitegesses the replies received by the multiple elements of the receive
array of the USBL transceiver module 302. The processed data from each beacon 30 transponder is in
the form of two angles constituting angle data, for example direction cosine angles, and a range or
range-related datd06s2¢xdinglbeaneroffighpdadars\Vbdh reldliesIfoatehreri otechanetiarispoesidos are

processed t%‘ath%{void unintentional displacement of the beacon transponders 110, 112, 114 and
easy replacement thereof, for example replacement by the ROV. Similarly, the
USBL transceiver module 302 can be recovered by the ROV and replaced with a
spare USBL transceiver module 302 in order to access the data stored by the

USBL transceiver module 302.

20
[0063] In order to minimise deployment costs associated with the first, second
and third beacon transducers 110, 112, 114, the deployment thereof can take
place at the same time as deployment of a Turret Buoy monitoring system and/or
a Top Riser Assembly monitoring system.

25

[0064] In operation, during a measurement cycle, the USBL transceiver module
302 interrogates each of the first, second and third beacon transponders 110, 112,
114 and processes the replies received by the multiple elements of the receive
array of the USBL transceiver module 302. The processed data from each beacon
30 transponder is in the form of two angles constituting angle data, for example
direction cosine angles, and a range or range-related data, for example time-of-

flight data. When replies from three or more transponders are processed together,



15 the subsea measurement system 300 can estimate position in three axes and attitude in three axes
(roll, pitch and heading), which are examples of location-related parameters. There is also redundant
information available to estimate bias errors in the system. 5 [0065] In order to conserve electrical power,
the USBL transceiver module 302 is arranged, in this eximple, to "wake up" at predetermined intervals
and initiate a set of measurements and store the data internally. In order to avoid interference with any
Turret Buoy and Top Riser Assembly position monitoring systems, in this 10 example the USBL
transceiver modul'803 BpRAHBEEELEIRIMA A HerYq KRM elMeie ResHifR rEhiWake2tpSarnd
positioning frequeatiegiéoithageeiss@dyramy pitar edriBunyaanty Y, opHtisedrAseemipie pasitiosatpnitoring
systems. 0066] Althaudl el siown in.Elaure 3. dhe Bl ranscolyer modils 202 ean Lgopgnally
comprise sensors,ef‘or exgmglré1 an iriclinometer, such as a dual-axis inclinometer, a?empera uré sensor
and/or a depth sersorsOf tsusysiaidesired the optional sensors can be provided external to the housing
of the USBL tgansceiver module 302. However, it is more convenient to include any optional sensors in
the housing of the USBL transceiver module 302. Additionally, as 20 accelerations at the base of the

buoyancy can be [898%halRARS {8/50PIRE/B EFHAEY CAYVSh ths BRI HIRISHRVEp P IScHEIS are

mounted in the hoasinig el the HSBIxamprcayenaiedule 30Drédidiionaby, ptaliarnativelyitidte subsea

measurement system can include other m aguremenc} Qevi es fﬁr xamgle: awat%r current
o€t of measurements and store the. datg |tnaemaey rder’to_aval erferenc
measurement devicCe, such as a single point measurement device 25 (for éxample a Seaguard(r) current

meter available frmmémwmymmﬁm&sesmaw msﬁimpmeﬂmmgdgsmrﬂpdhﬂ@ (for
example an apparaiys RMHbYBIKIAIRE SIS AROUIC BRPRAIR FAUKSH! PIRIRISRYaAMe from

Teledyne RD Instruments, Inc., USA). Attitude sensors are not required as attitude can be deduced from
the acoustic measténieitdiFRadiEesBrENEE -k 08 PASHIBRHG A ERUATIS BRAMhNesSerreehRy oN

transponders havg heensRivpyed o riskiladseaibRpeknida ApRMREiates s agreater or smaller number
of beacon transponders can be employed, for example four beacon transponders, in order to increase

accuracy. If a smaller number of beacon transponders is
[0066] Although not shown in Figure 3, the USBL transceiver module 302 can

15 optionally comprise sensors, for example an inclinometer, such as a dual-axis
inclinometer, a temperature sensor and/or a depth sensor. Of course, if desired
the optional sensors can be provided external to the housing of the USBL
transceiver module 302. However, it is more convenient to include any optional
sensors in the housing of the USBL transceiver module 302. Additionally, as

20 accelerations at the base of the buoyancy can be less than at the top of the
buoyancy can, in this example, any optional sensors are mounted in the housing
of the USBL transceiver module 302. Additionally, or alternatively, the subsea
measurement system can include other measurement devices, for example: a
water current measurement device, such as a single point measurement device

25 (for example a Seaguard® current meter available from Aanderaa Data
Instruments AS, Norway) or a Doppler Velocity Log module (for example an
apparatus from the Workhorse range of Acoustic Doppler Current Profilers
available from Teledyne RD Instruments, Inc., USA). Attitude sensors are not
required as attitude can be deduced from the acoustic measurements made

30 above.



5 employed, the part of the system 100 comprising the USBL transceiver module 302 has to comprise
another measurement device, for example the optional inclinometer mentioned above. [0068]
Advantageously, the subsea monitoring system 300 provides a relatively 10 low cost way of monitoring
the motion of the buoyancy can 102, whilst minimising eHergy consumption, thereby prolonging battery
life. Furthermore, it is possible to determine accurately both attitude and position of the buoyancy can 102
from the acoustic measurements made, as well as high quality velocity, acceleration, roll, pitch and

heading data. EvdQ@ decRRi8P: tHE s%?erﬁ)@iﬂpé%h|@\f@%p@‘éﬁ’é?ﬁte@i@@%g%eﬁa&ﬁom’l Hz and

about 1Hz and nogpriglogssLMPERINES IRstsdediasio Hp@n@atar@mﬁtmegmz@m@iﬁh&d@mmmman 102.
[0069] Referring t% Fleure 4,1n et another embod 8 sub sea measuremen 6%stem 400 is shown

relative to the seasurface 285 %rg'a edbfogmln His 2 ERBOC men{J "REX s egsduerement system

400 again compnﬁdqhéQJSBLeaws@qweawwmle mllﬁjnwmbﬁg thie keanastidrenspaodarations
module, coupled t@rﬁg%g'éc?fﬁ#@ YANRE CRRIAL T VOB ALY @D - U@ﬂl'str%%%%"i\)%rtﬂﬁ)&{%?"-

acoustic transceiver 30 sitioned close to or towards the base of the buoyancy can in order to
provide line-of-sigh?fo %@HSS HeUPASSpBRAEIE aMG 3G BIaH ddBYiE adBL e rtharRieagsed by
reflections from wallgigdifedrunyaicyeepabd08. [0070] In common with the previous embodiment, the
USBL transceiver module 302 is a combination of an acoustic transceiver and an USBL receive array, for
30 example a low power USBL transceiver module available from Sonardyne International Limited, UK. In
this example, the [0868] rebdvwaatageglisiya pheralilysefs monitoring system 300 provides a relatively

10 low cost way of monitoring the motion of the buoyancy can 102, whilst minimising
energy consumption, thereby prolonging battery life. Furthermore, it is possible to
determine accurately both attitude and position of the buoyancy can 102 from the
acoustic measurements made, as well as high quality velocity, acceleration, roll,
pitch and heading data. Even in deep water, the system can achieve update rates

15 of between about 0.1Hz and about 1Hz and no prior assumption is required as to

the nature of the motions of the buoyancy can 102.

[0069] Referring to Figure 4, in yet another embodiment, a subsea measurement
system 400 is shown relative to the sea surface 402 and seabed 108. In this
20 embodiment, the subsea measurement system 400 again comprises the USBL
transceiver module 302, constituting the acoustic communications module,
coupled to a side of the buoyancy can (not shown in Figure 4). In this example, the
USBL acoustic transceiver 302 is positioned close to or towards the base of the
buoyancy can in order to provide line-of-sight to all seabed transponders and
25 avoid adverse acoustic performance caused by reflections from walls of the

buoyancy can 102.

[0070] In common with the previous embodiment, the USBL transceiver module
302 is a combination of an acoustic transceiver and an USBL receive array, for
30 example a low power USBL transceiver module available from Sonardyne
International Limited, UK. In this example, the USBL receive array is a plurality of

spaced hydrophones. The USBL transceiver module 302 is a low power USBL



spaced hydrophones. The USBL transceiver module 302 is a low power USBL 17 transceiver module that
comprises a mid-range Digital Signal Processor (DSP) processor, which uses little more energy than a
single channel receiver. [0071] A battery module 404 is provided and coupled to a data acquisition and 5
storage module 406. The data acquisition and storage mddule 406 constitutes a processing resource and
is coupled to the USBL transceiver module 302. In this example, the data acquisition and storage module
406 has a system control function comprising pre-programmed procedures that I!g)ower the various

sensors and driveS3AEFRE A BRAHAHEH EMNICATsATTYLERARES MR BNNeriaes S ciRition and

storage module 4Qeode89ct Wnitheuseaherd hiX®endpgymaneaiiigleerefihel seeefle@or, as in relation to
the previous embodiment, the first beacon transponder 110 is located at the first known location, the
second beacon transponder 112 is located at the second 15 known location, and the third beacon
transponder 114 i§00¢aked\ datienhirddwewi®fosanonide dingt coaptat taral dalid despisitianaarponders

110, 112, 114;consiiiisrHBERME 266 2FRBS Ak IS (RIAEH A0 StuFabie RBHRIAUATS IEGREYHIBLaN be

employed to determine the locations of the first, second and third beacon transponders 110, 112, 114. In

order to avoid uniROSESHROTEEREEMBRE 47 FAPraLifRatReré Rl e HRAMCSMPoMAStul8eBBRd Aribishird

beacon transpondexarigle, khe, ddt, tlirstioeaoan tmnspondetditO4ssengvablydisposeatnithe first
transponder framt? 11 bthe second beacon trans%oencper 112 is remO\t/abI%1 giéﬁosed.in the second
y

transponder framd"T£8°3ric? R Y BEAREIAMLSSHRE T 4= rEIR6 DSBS dip SRl S e

transponder framen@Qlrivesitherariop rcahiee? Brfirstatse vdnehaisdl dgige b ézicomaamsparidés dde, 112, 114
are Widebangotrang,&ﬁngﬁ% gwdegfgmggerﬂ'(ym@;g@_ Wideband Transponders available from Sonardyne

International Limited. The first, second and third transponder frames 116, 118, 120 can be any suitable
transponder frames, for example as available from Sonardyne International Limited. 30 18

[0072] On the seabed 108 or a permanent fixture of the sea floor, as in relation to
the previous embodiment, the first beacon transponder 110 is located at the first
known location, the second beacon transponder 112 is located at the second
15 known location, and the third beacon transponder 114 is located at the third known
location. The first, second and third beacon transponders 110, 112, 114 constitute
reference beacons. In this regard, any suitable calibration technique can be
employed to determine the locations of the first, second and third beacon
transponders 110, 112, 114. In order to avoid unintentional displacement and
20 facilitate replacement of the first, second and third beacon transponders 110, 112,
114, the first beacon transponder 110 is removably disposed in the first
transponder frame 116, the second beacon transponder 112 is removably
disposed in the second transponder frame 118, and the third beacon transponder
114 is removably disposed in the third transponder frame 120. In this example, the
25 first, second and third beacon transponders 110, 112, 114 are wideband
transponders, for example Type 8159 Wideband Transponders available from
Sonardyne International Limited. The first, second and third transponder frames
116, 118, 120 can be any suitable transponder frames, for example as available
from Sonardyne International Limited.
30
[0073] The beacon transponders 110, 112, 114 are mounted in the frames to

avoid unintentional displacement of the beacon transponders 110, 112, 114 and



easy replacement thereof, for example replacement by the ROV. Similarly, the USBL transceiver module
302 can be recovered by the ROV and replaced with a spare USBL transceiver module 302 in order to
access the data stored by the USBL transceiver module 302. 5 [0074] In order to communicate telemetry
data from the subsea part of the subsea monitoring syst&n 400 to a Floating Production, Storage and
Offloading (FPSO) vessel 410, the subsea part of the subsea monitoring system 400 can comprise a first

part of a robust spread spectrum or high %)eed acoustic telemetry 10 link 408 and the FPSO vessel 410
can comprise a s&bHd'FRRTITIFRIMREAAY, A05 RGP PaffRIBRAN L RYEB 1¥3\0 0B e tifnal

Wideband Transceigel availetiééiomodoragopnea sy natonaedimyiece BIOVTairiabowsdtaproaedure for
data acquisition to be chl{_;}g%?[d if desired and A(@) gl d data fortgrgggs%nﬁ]befogg tSP}Srdgt ga,[?gqé“s'tlon

and storage modut 46618 re rfcraa\‘/résg %‘y’%{n (5rJ/Eﬂr8)%rcourse, itan ﬁé’@ Is availab

communicate withth8lteiamsseyaamsekileed@sociated with the buoyancy can, assuming the ROV is
equipped withsa counterpart telemetry transceiver and associated communications apparatus, the
telemetry data stored?it%i)the data acquisition and storage module 406 can be 20 communicated using the

part of the commuRE&ton iAKISEJ8CRRBIMNMAICAR KIFNEINpaiaE: theuihse 2 HReRRIPAY §stefn 400.
[0076] In operatiogubsingnameasyreyassih ambeidhe kIS dgransseiien odueg SCa intermogaies each of
the first, second a ird beacon trangponders 110, 112, 25 114 and processes the replies received by
the multinle clemdhE M INE e 0T, SIS T e RO RIGH THa A0 ot from
each beacon transponiseisi ifirshpddrof afrobostisglesdczpestitutingrangifiespatn acnliatiateenagtry

range-relateqdlatafor, 6xarmplg ieoh gbl daiao Was R sRRIRS fHoR dBFREAFBPIRdTANSRgRdarS are

processed together, the subsea measurement system 300 30 can estimate position in three axes and
attitude in three axY43PHR, HREFCEHE hdadin§IPHHLRURORLEmBIERCHP TS aYBRERABEE I FRlerRRMRTs. There

is also redundant ifaranaionavsiableyaeriarataitns Bfmksdinuke Bystanwi MOQrdiAltheugh not
shown in Figure 4dgt]§ g:%ﬁiléiﬁroann% ie\:/%%rann%%u %%Iggirce%qand to upload data for processing before
the data acquisition and storage module 406 is retrieved by an ROV.
15
[0075] Of course, if an ROV is available to communicate with the telemetry
transceiver associated with the buoyancy can, assuming the ROV is equipped with
a counterpart telemetry transceiver and associated communications apparatus,
the telemetry data stored by the data acquisition and storage module 406 can be
20 communicated using the part of the communications link associated with the

subsea part of the subsea monitoring system 400.

[0076] In operation, during a measurement cycle, the USBL transceiver module
302 interrogates each of the first, second and third beacon transponders 110, 112,
25 114 and processes the replies received by the multiple elements of the receive
array of the USBL transceiver module 302. The processed data from each beacon
transponder is in the form of two angles (constituting angle data) and a range or
range-related data, for example time-of-flight data. When replies from three or
more transponders are processed together, the subsea measurement system 300
30 can estimate position in three axes and attitude in three axes (roll, pitch and
heading), which are examples of location-related parameters. There is also

redundant information available to estimate bias errors in the system.



optionally comprise sensors, for example an inclinometer, such as a dual-axis inclinometer, a temperature
sensor and/or a depth sensor. In this example, any 5 optional sensors can be disposed in the data
acquisition and storage module 406 or the USBL transceiver module 302. Additionally, as accelerations at
the base of the buoyancy can be less than at the top of fife buoyancy can, in this example, any optional
sensors are mounted in the housing of the USBL transceiver module 302. Additionally, or alternatively,
the subsea measurement system can include other 10 measurement devices, for example: a water
current measurement device, such as a single point measurement device (for example a Seaguard(r)

current meter avafledpre fromtHbaigtienad Shaiarnatrigiesta Abe NBBRY} Oisadiepniesdieosdy tag module
(for example an agﬁrgratqﬁ/ from the Workhorse range of Acaustic %Dng)(le?r Curreﬂnt Profilers available from

Teledyne RD Instr ien S, Ir?g.rf]ﬁrécﬁ).sﬁﬁlst%ﬁé %sensrgps!ea%nn@tc r'gquwe M8 BiiGetan %léaé'éc'duced
from the acoustic imelisumnetatnastataperabioresgosrshndtho@gtie rthtrisneainipléhith @i orny

transpondersEbavg&mpggﬂgqygcgaw%élgpﬁgggﬁﬁq@gg{g FERIRARIE dNAAFEGRIRIRIURNANET number

of 20 beacon transponders can be employed, for example four beacon transponders, in order to increase

accuracy. [0079] RAVARHGEbUERNIFRIGITEEY HeortorNElRtety 30 FerIRIeE A et ileIVISR Host way of

monitoring the motfierbabie BuexaneyeantAs? anmhistopishtAisIgoyareargy, @ by miiapidhaigby
prolonging battery life. Furthermore, it is possihle o determine . acc ly both attitude an ition of the
i passh Teyaey ARy

é)Pthﬂ% Sensors are mo In the Ou(fln%Of ranscF{ver 6] .
buoyancy can 102 from the acoustic measurements made, as well as quality velocity, acceleration,

roll, pitch and headmtmlﬁ%‘miwd@éipe)mtm tﬁ@osy@temmmhmveyamtmﬂesloﬂbmem about
0.1 Hz and apput Hdz apdmoPrarResUBPLRRHIEMBEAS IR SRR Jatmah e RRliepsPhthe

buoyancy can 102. In relation to the update rate, the use of a Kalman filter incregses the update rate.
a single point measurement device (for example a Seaguard™ current meter

available from Aanderaa Data Instruments AS, Norway) or a Doppler Velocity Log
module (for example an apparatus from the Workhorse range of Acoustic Doppler
Current Profilers available from Teledyne RD Instruments, Inc., USA). Attitude
15 sensors are not required as attitude can be deduced from the acoustic

measurements made above.

[0078] Although, in this example, three beacon transponders have been
employed, the skilled person should appreciate that a greater or smaller number of
20 beacon transponders can be employed, for example four beacon transponders, in

order to increase accuracy.

[0079] Advantageously, the subsea monitoring system 300 provides a relatively
low cost way of monitoring the motion of the buoyancy can 102, whilst minimising
25 energy consumption, thereby prolonging battery life. Furthermore, it is possible to
determine accurately both attitude and position of the buoyancy can 102 from the
acoustic measurements made, as well as high quality velocity, acceleration, roll,
pitch and heading data. Even in deep water, the system can achieve update rates
of between about 0.1Hz and about 1Hz and no prior assumption is required as to
30 the nature of the motions of the buoyancy can 102. In relation to the update rate,

the use of a Kalman filter increases the update rate.



20 [0080] In yet another embodiment (Figure 5), a hybrid subsea measurement system 500 is employed.
In this respect, the subsea measurement system 500 is a combination of an inertial navigation system
and the acoustic measurement system described above in relation to the preceding embodiments
employing, for 5 example, an LBL or USBL technique. [3881] In this example, the subsea measurement
system 500 again comprises the Ultra-Short Base Line (USBL) transceiver module 302 coupled to a side
of the buoyancy can gnot shown in Figure 5) and constituting an acoustic 10 communications module. The
USBL acoustic tr el’B@Qtisaﬁﬁgglﬁbrf‘éHbae%e@ JF tBWErdd tiie ALK ot HRESSUBIRARYERMh order to
provide line-of-sighydteallsmnigashipinianna s anshavoithadverseaaneastic peiiosyseesorLised by
reflections from walls of the bug}/a(,3r11r%:3/irg:arrt1I ]‘02 15([38082]Slnscommr%1 \mith the previous embodin%ent, the

% <]

. compina al. navi 1on e a acoustic suremen
USBL transceiver module IS a compination oran acous |cn%ransce|ver ané’ an ng%q_ receive array, for

example a low poskstersBeserhederborenndiietinmilaliie froacShngeiphedimentatnaldyimdieidr UK. In
this example, ghe H%ﬁlgf@%V@B@@W§§L%ﬁH%g spaced hydrophones. The USBL transceiver module
r USBL : i '

302 is a low powe L 20transceiver module that comprises a mid-range Digital Signal Processor
(DSP) processor, which uses little more energy than a single channel receiver. [0083] A battery module

404 is provided andosaypled tisadiaiapeqtisitiubsew slessgemestuly 4em The dgianacomisitier’ and
storage module 4%%(:8,?%1 t%?t%ase Line (USBL) transceiver module 302 coupled to a side of the
buoyancy can (not shown in Figure 5) and constituting an acoustic
10 communications module. The USBL acoustic transceiver 302 is positioned close to
or towards the base of the buoyancy can in order to provide line-of-sight to all
seabed transponders and avoid adverse acoustic performance caused by

reflections from walls of the buoyancy can 102.

15 [0082] In common with the previous embodiment, the USBL transceiver module
302 is a combination of an acoustic transceiver and an USBL receive array, for
example a low power USBL transceiver module available from Sonardyne
International Limited, UK. In this example, the USBL receive array is a plurality of
spaced hydrophones. The USBL transceiver module 302 is a low power USBL

20 transceiver module that comprises a mid-range Digital Signal Processor (DSP)

processor, which uses little more energy than a single channel receiver.

[0083] A battery module 404 is provided and coupled to a data acquisition and
storage module 406. The data acquisition and storage module 406 constitutes a
25  processing resource and is coupled to the USBL transceiver module 302. In this
example, the data acquisition and storage module 406 has a system control
function comprising pre-programmed procedures that power the various sensors
and drives them to acquire the data which is logged into memory of the data
acquisition and storage module 406.
30
[0084] The data acquisition and storage module 406 is also coupled to an inertial

navigation system module 502, for example a Lodestar AHRS / AAINS system



25 processing resource and is coupled to the USBL transceiver module 302. In this example, the data
acquisition and storage module 406 has a system control function comprising pre-programmed
procedures that power the various sensors and drives them to acquire the data which is logged into
memory of the data acquisition and storage module 406230 21 available from Sonardyne International
Limited, UK. The inertial navigation system 502 is coupled to a Doppler Velocity Log (DVL) module 504,
for example an apparatus from the Workhorse range of Acoustic Doppler Current Profilers available from

Teledyne RD InstMAGHIE i BRrhdealtegeaii! s Wimbr 62! RAYVIgRIGH SV 6t can be
used as an input fep2nd NSupgeritbna impfre Netbbinthe nesial navigrilie bevsten exacipr 502, thus
contributing towards the accyracy gf the subsea measure t system 500. Additionally gr alternatively,
the DVL module CIPBASS BT Sy o A i e b PGS the
frequency of acoudtiailaidasiiveméatethypiiRid tost@meaistaincactiffacydversbyaeidilingoveyall system

power consurBptigRRAFKOEENGRING NG SE ThIAWEhPRWeBALIOWRT iRBSE RFTUA| REESAIGoARRRS] Whilst

it is beneficial to dispose the USBL transceiver module 302 at the base of the buoyancy can, it is

beneficial to dispo SRR FERHalMalli§altfiis)s M 93t YRIEND 2erHYIG ovidrd iR ESPEPHHEBUoyancy
can where it is easigvd@isnaiptaiccantgast henBabiregenesaaieraiinnsydiethisexaniaichsapleris

therefore routed from the. data acquisition storage module 406 to the USBL transceiver module 302.
20[0086] On the SSCTHAY ol 2T nATEL o oro s MR8 <o LGSR VEISTEK PH (RO
embodiments, thewhisthbeztodr traedponeducel Disfleqatbnofrrcivstikroaasioeatmns tiesgsigedina beacon

ransponder 12 iIagee A4 SECHRARP RIS P ST DBRRE I HABORICIAA s located

at the third known location. The first, second and third beacon transponders 110, 112, 114 constitute 25
reference beacon§NAPHNES 1R HRE AOWEHitBBNCE MSHIRIRT RRHAIERE8ANSE"Employed to determine the

locations of the first, second and third beacon transponders 110, 112, 114. In order to avoid unintentional
tne frs boacon (rAIRnLl 110 A1) Shoant I D e S0 g P AL 2! The second
beacon transpondeaskELQf i echuoyabhby dispoitésl henkécsadormtispanspbeades franmavid &jemdyisterthird
beacon transpondgh bl igsmavaPblyHisRRSeRd tdRe dhifkBNSRande L fmm dre0it I i fxatpple, the

maintain and can monitor larger accelerations. In this example, a cable is therefore

routed from the data acquisition and storage module 406 to the USBL transceiver

module 302.

20 [0086] On the seabed 108 or a permanent fixture of the sea floor, as in relation to
the previous embodiments, the first beacon transponder 110 is located at the first
known location, the second beacon transponder 112 is located at the second
known location, and the third beacon transponder 114 is located at the third known
location. The first, second and third beacon transponders 110, 112, 114 constitute

25 reference beacons. In this regard, any suitable calibration technique can be
employed to determine the locations of the first, second and third beacon
transponders 110, 112, 114. In order to avoid unintentional displacement and
facilitate replacement of the first, second and third beacon transponders 110, 112,
114, the first beacon transponder 110 is removably disposed in the first

30 transponder frame 116, the second beacon transponder 112 is removably
disposed in the second transponder frame 118, and the third beacon transponder

114 is removably disposed in the third transponder frame 120. In this example, the



22 first, second and third beacon transponders 110, 112, 114 are wideband transponders, for example
Type 8159 Wideband Transponders available from Sonardyne International Limited. The first, second and
third transponder frames 116, 118, 120 can be any suitable transponder frames, for example a 10842-001
Stype frame available from Sonardyne International Limi#éd. [0087] The beacon transponders 110, 112,
114 are mounted in the frames to avoid unintentional displacement of the beacon transponders 110, 112,
114 and easy replacement thereof, for example replacement by the ROV. Similarly, the 10 USBL

transceiver modulB8p25e5AHh AULVEVEY BPaceRABNSRATERIacddWithlE spaté (FEBLHdFR M ver

module 302 in ordesiepaeerss, ther datarapmeetypetisa S45Blidedaacevensutiders02/d0088] fim@rder to
communicate telemetry data from the supsea part.of the 15 subsea monitoring system 5Q0 to a Floating
Production. Storag Hid DR UARTHG (L0 VLo e b SR O . L eCa R A S tom 500
can comprise a firsfl paitlsf 4 26nat bpreay sptahietiamshiyidepfemasolmtiexamineeayl 08k208the FPSO

vessel can compr%@f%@_ry,gfgggf}gﬁl%gp Hkeaniesi thatiggscribed above in relation to

Figure 4. A suitable transceiver is a type 20 8139-000-02 Directional Wideband Transceiver available
from Sonardyne International Limited, UK. This allows the procedure for data acquisition to be changed if
desired and to uplpag data her psaceasinmbssatribe datal agquisitianeant stasagie MeditendiSts retrieved

by an ROV. If more than one data acquisition and storage module is employed, separate telemetry
anscovers can B0 SENHIS EE 1 TP gL RO A L AGe TR A i bl He e ater
herein in relation teabigueplac¢089] D¢ eodrder iEsanRE\éplaveitadie ty dbmiiRMicdanwitiyththeelemetry

transceiver agsocigige Wit he DHoNRINCaPR F3FHBENE 0GR RA st wered it SladPiniepart
telemetry transceiver and associated communications apparatus,
spare USBL transceiver module 302 in order to access the data stored by the

USBL transceiver module 302.

[0088] In order to communicate telemetry data from the subsea part of the
15 subsea monitoring system 500 to a Floating Production, Storage and Offloading
(FPSO) vessel, the subsea part of the subsea monitoring system 500 can
comprise a first part of a robust spread spectrum or high speed acoustic telemetry
link and the FPSO vessel can comprise a second part of the link, in a like manner
to that described above in relation to Figure 4. A suitable transceiver is a type
20 8139-000-02 Directional Wideband Transceiver available from Sonardyne
International Limited, UK. This allows the procedure for data acquisition to be
changed if desired and to upload data for processing before the data acquisition
and storage module 406 is retrieved by an ROV. If more than one data acquisition
and storage module is employed, separate telemetry transceivers can be
25 employed for each data acquisition and storage module as will be described later

herein in relation to Figure 6.

[0089] Of course, if an ROV is available to communicate with the telemetry
transceiver associated with the buoyancy can, assuming the ROV is equipped with
30 a counterpart telemetry transceiver and associated communications apparatus,

the telemetry data stored by the data acquisition and storage module 406 can be



the telemetry data stored by the data acquisition and storage module 406 can be 23 communicated using
the part of the communications link associated with the subsea part of the subsea monitoring system 500.
[0090] In operation, during a measurement cycle, the USBL transceiver module 5 302 interrogates each
of the first, second and third beacon transponders 110, 32, 114 and processes the replies received by
the multiple elements of the receive array of the USBL transceiver module 302. The processed data from
each beacon transponder is in the form of two angles (constituting angle data) and a range or

range-related datE£OBENUFAIRE tHREDiAfyMaTaE WRerPRRIKEGERIhIEE FSEO5RGE tYARspeRders are

processed togethelibeaspdrsed tieasbsemeinkysies g8 magvestimate position in three axes and
attitude in three axes (roll, pitch and heading), which are examples of location-related parameters. There

is also redundant information available to estimate bias errors in the system. 15[0091] In this example, the
INS generates pofiS®hnd apenaiéodatiutng freneesiogobat kyate, 1041 IBLE dsanaphiyrissdedale 100Hz.

However, in this examplerthisalaeriiatnayigrlina SuslemdaAAYIS AR o fahBRdBIe TRstenbasis with

a period of about 30 minutes for inertial data generation. 20[0092] The generation of the inertial data is

substantially in syhefr8RRRIAeTSSeSnipRe "GRIGS FRRCVRth BiethR JULtiPISateaIRaRed Hj) ®S&¥8ociation
with the acoustic datayobrtenaadssracancesiviier@ay s BungT lecpinedinedaiatwifd Blach bssBbriata

collected and improvin thg (}1ualiit;}/t féhe ineg'al data suc thahf_w's betterI tzde\q tpe acoustic data alone,
even at update ra RO AL N0 U0 A B 225" B3NP ORI e ThEHEF AN bé Lr%%%eaourring, for
example, post-processiriglaiestdiateo duterxainplpdsiioidiidhitiide bhéor exaiepléothetimesyancy can.

The acoustic, datafglleqiak|s,alaa U5ed (UG e BYSIHRIC GRS S EL FRSIR GAEISCL O BiTefR IN
position and attitude data calculated when using the inertial data. Consequently, estimates of the attitude
are virtually free of¥a8iRse3gosition in three axes and attitude in three axes (roll, pitch and

heading), which are examples of location-related parameters. There is also

redundant information available to estimate bias errors in the system.

15 [0091] In this example, the INS generates position and attitude data at a
frequency of at least 10 Hz, for example less than 100Hz. However, in this
example, the inertial navigation system module 502 is “run” on an intermittent

basis with a period of about 30 minutes for inertial data generation.

20 [0092] The generation of the inertial data is substantially in synchronism, for
example within 1ms, with the acoustic data obtained and an association with the
acoustic data obtained is recorded, thereby “fusing” the inertial data with LBL or
USBL data collected and improving the quality of the inertial data such that it is
better than the acoustic data alone, even at update rates as low as about 0.1 or

25 about 0.05 Hz. The inertial data can be used during, for example, post-processing
in order to determine position and attitude of, for example, the buoyancy can. The
acoustic data collected is also used during the post-processing in order to correct
for errors in position and attitude data calculated when using the inertial data.
Consequently, estimates of the attitude are virtually free of bias error.

30
[0093] Indeed, collection of the inertial data on an occasional basis is useful to

provide very high quality data to characterize the motion of the buoyancy can and



24 to estimate any bias errors in attitude estimates derived by the acoustic component of the subsea
measurement system alone. [0094] The DVL module 504 is, in this example, optional, although use
thereof 5allows estimation of a current vector in relation to the buoyancy can with respect to the seabed
108. [0095] Advantageously, the subsea monitoring systm 500 is capable of generating high quality
velocity, acceleration, roll, pitch and heading data. Also, 10 the system can achieve update rates of about
10Hz or greater. Furthermore, in respect of the inertial measurement data, the acquisition of the acoustic

data provides so-¢2IIEFHRRENtAVerbiRe tRIfATSHdt 2HEUYS pRRitBSEmPREVER BYuisd 88A8Sfe nature

or spectrum of thecomponsndbiitadsigysancyheasutoRehbReahAlhrerigh not shown in Figure 5, the USBL
transceiver module 302 can optionally comprise sensors, for example an inclinometer, a pressure sensor,
a temperature sensor and/or a depth sensor. [0097] In this regard, the pressure sensor can provide data
concerning the 200994knidet DMhenodoledO¢ danintthe exatitzieasistionah attbaraty usfe fireegaimple,

about 3 cm, by virye,pf 3 HIRAGEBFALY FHHMNBRHESSRISH DRG0 HMe AN AmFIes 5a& Rovide

information concerning the tilt of the buoyancy can, for example to an accuracy of about 0.05 degrees.
However, as menﬁi’ﬁé@%i’fﬂ%ly, inclinometers are subject to errors caused by accelerations of the 25
buoyancy can, which are likely to introduce an error of about 0.1 degrees. By post processing the
acoustic data to d@S%n m/%n cceleraponaqgt tgdabtlme of an mclmome{er m 88urementag%mgfof this

ageous . ea_ monitoring system 1S "
error can be remove his exar%p?e, é’ny optional’ sensors can e dYspose in the océafg acquisition and

storage module 4@énerdtng BB malaﬂt}eimimitmda@@emtle_mw@brPWa@nélémeﬂg dataeAase of 30 the
buoyancy canybe Ifgsdhania! s IORRLNERHRYAARCANaiIh i3 GHEDP Greath OPURRBHABRECRS 2

mounted in the housing of the USBL transceiver module . o _
respect of the inertial measurement data, the acquisition of the acoustic data
provides so-called “incontrovertible truth” data and no prior assumption is required

as to the nature or spectrum of the motions of the buoyancy can 102.

15 [0096] Although not shown in Figure 5, the USBL transceiver module 302 can
optionally comprise sensors, for example an inclinometer, a pressure sensor, a

temperature sensor and/or a depth sensor.

[0097] In this regard, the pressure sensor can provide data concerning the
20 movement of the buoyancy can in the vertical axis to an accuracy of, for example,
about 3 cm, by virtue of a high accuracy strain gauge sensor employed. The
inclinometer can provide information concerning the tilt of the buoyancy can, for
example to an accuracy of about 0.05 degrees. However, as mentioned
previously, inclinometers are subject to errors caused by accelerations of the
25 buoyancy can, which are likely to introduce an error of about 0.1 degrees. By post
processing the acoustic data to determine the accelerations at the time of an
inclinometer measurement, some of this error can be removed. In this example,
any optional sensors can be disposed in the data acquisition and storage module
406 in the USBL transceiver module 302. However, as accelerations at the base of
30 the buoyancy can be less than at the top of the buoyancy can, in this example, any

optional sensors are mounted in the housing of the USBL transceiver module 302.



25 [0098] Although optional use of the Doppler Velocity Log module 504 has been described herein, the
skilled person should appreciate that other types of current measurement apparatus can optionally be
employed, for example a single point measurement device, such as an Seaguard(r) current meter
available from 5 Aanderaa Data Instruments AS, Norwa¥® Attitude sensors are not required as attitude
can be deduced from the acoustic measurements made above. [0099] Turning to Figure 6, in yet a further
embodiment of the invention, the hybrid subsea measurement system 500 of Figure 5 is augmented by

10 incorporating rERARlarfty PHERRPUGERHSREhEE DPERFIASHIEG SUbRB NG Y602eh RReL8FBment
system 600 comptigesrid&isishéndiickiseB&fia ¢ pavsbmisiadian appieriL02eh alie sipeiwedaride hybrid

subsea measurementgl}/setem 00 of {gure 5 angloa}]g %Z(rg#%%g[é%s&btsea comrpunlcatl ns st?m 604 of

sUrenTer “second HybHd £53ubseR ™"

a like structure to m%ahy Al SUb SR REasdrement Sys
measurement systeeas02rsentinderigerodidenretiurrianSgapvenis’ exarraie, theteespetallendtery modules

404 of the first and srgeneh B BURSRRMS 2K SBANLYY SIGME RO S ROG @15 £ ABERAYEY i their

neighbouring data acquisition and storage module 406 as well as being coupled to their own respective
data acquisition aRHTYBRR RS A6R1E68 TSI ERFAHTYINPRSHERIBRN SONARSIRROY S04 also facilitates

operation whilst certain modules are changed out by the ROV. [0100] Again, on the seabed 108 or a

permanent fixture &%‘gs a floor, as in relatjon to the previous embodiment I} first beacon fransponder
120t tocated at 20T o0 Ao BER, tnd S LEbre DLE, SRR ORI ol re second
known location, ahghtié tisbidssacomeasnspendesidiens |66&edfatRlguthird kimwaugroeatited Thie first,

second and tjrd heagop UARSPARIEIRALD: e L4 spasiiutpEsiarence Aaacavyndiipsagryd. any

suitable calibration technique can be employed to determine the locations of the first, second and third
beacon 30 transpSHBERS MEASLTOMEN] SKFISMAD FUBRI SRR MXPHR SHRIGAGATARY T4aTiPRe

replacement of theyistmsegenst anmkéhsdueaaeon tansRordeaishb, rhédsditmehe Siysidpe B0Nof
transponder 110 i]girgeurpeovg?\ be%éj i%p%%%(c)lr% tﬂye/bfrilrgtszuﬁbsea communication system 604 of a like
structure to the hybrid subsea measurement system 500, the second hybrid

15 subsea measurement system 604 serving to provide redundancy. In this example,

the respective battery modules 404 of the first and second hybrid subsea

measurement systems 602, 604 are cross-coupled to their neighbouring data

acquisition and storage module 406 as well as being coupled to their own

respective data acquisition and storage module 406. Such coupling to the battery

20 modules 404 also facilitates operation whilst certain modules are changed out by

the ROV.

[0100] Again, on the seabed 108 or a permanent fixture of the sea floor, as in
relation to the previous embodiment, the first beacon transponder 110 is located at
25 the first known location, the second beacon transponder 112 is located at the
second known location, and the third beacon transponder 114 is located at the
third known location. The first, second and third beacon transponders 110, 112,
114 constitute reference beacons. In this regard, any suitable calibration technique
can be employed to determine the locations of the first, second and third beacon
30 transponders 110, 112, 114. In order to avoid unintentional displacement and
facilitate replacement of the first, second and third beacon transponders 110, 112,

114, the first beacon transponder 110 is removably disposed in the first



transponder frame 116, the second beacon transponder 112 is removably disposed in the second
transponder frame 118, and the third beacon transponder 114 is removably disposed in the third
transponder frame 120. In this example, the first, second and third beacon transponders 110, 112, 114
are wideband 5 transponders, for example Type 8159 Witleband Transponders available from Sonardyne
International Limited. The first, second and third transponder frames 116, 118, 120 can be any suitable
transponder frames, for example a 10842-001 type frame available from Sonardyne International Limited.

10[0101] The beatBAIPANESHNtIRRREL 166118181 BEERBINBERET i ANSRRRABS thldvdid (RMREAI¥Nal
displacement of thiidpeaeanrinhespsuitter $rddshdnddr ¥lhrntisasy deipla teiraes dberewintgroeample

replacement by the, ROV, Similarly, the USBL transceiver module 302 ¢ e recovered by the ROV and
eplaced with 2 spEkd BET DA e L e R e R e i st
transceiver modultr02s¢000d] Bndrdbireo beananinicanepesiekstryl data¥i@n fHid salsewigabeotthe

subsea monitgring, SySKIRRIY R Elating Hiy rjassane ipargRaiabresish the

subsea part of the subsea monitoring system 500 can 20 comprise a first part of a robust spread

spectrum or high SIEEINESUSIERAERNEIN- Iikedn d bselEP stscRE AN EEse e eEditiINGSrt of the

link, in a like mannaetoltigit desedhak abgveditamétiandeontgrr & dmAsSidiable tiprsael v s-aoty pe

8139-000-02 Diregtioen%Widg\%%%lgr ansc ivner vaélafmgrfrgpn%?ﬂﬁrﬂ%lae International Limited, UK. This
allows the procedt}f% FOPUALE ach|S|t|onn}o BEXEX angeg nI 68ired'and to upload data for processing

before the data acquisition and storage module 406 is retrieved by the ROV. As more than one data

acquisition afl stpgageMeru!e i3 SMPIYRoFRIBALAIE GeSROCtVE tEleMBBY NS aNE B R8s

employed for each data acquisition and storage module 406. 30[0103] Of course, if an ROV is available to

communicate withPRIdeIBINEHanahstepriemer LfdbeiherrantransrrriRRc) Oard Ksstiftirgdhe ROV
is equipped with aeggynigRaéiRIaMekbanpeeivanild assacairthconmenrationsi@iarly, the

USBL transceiver module 302 can be recovered by the ROV and replaced with a
spare USBL transceiver module 302 in order to access the data stored by the
15 USBL transceiver module 302.

[0102] In order to communicate telemetry data from the subsea part of the
subsea monitoring system 500 to a Floating Production, Storage and Offloading
(FPSO) vessel, the subsea part of the subsea monitoring system 500 can
20 comprise a first part of a robust spread spectrum or high speed acoustic telemetry
link and the FPSO vessel can comprise a second part of the link, in a like manner
to that described above in relation to Figure 4. A suitable transceiver is a type
8139-000-02 Directional Wideband Transceiver available from Sonardyne
International Limited, UK. This allows the procedure for data acquisition to be
25 changed if desired and to upload data for processing before the data acquisition
and storage module 406 is retrieved by the ROV. As more than one data
acquisition and storage module is employed, separate respective telemetry

transceivers 408 are employed for each data acquisition and storage module 406.

30 [0103] Of course, if an ROV is available to communicate with the telemetry
transceivers 408 associated with the buoyancy can, assuming the ROV is

equipped with a counterpart telemetry transceiver and associated communications



apparatus, the telemetry data stored by the data acquisition and storage module 406 can be
communicated using the part of the communications link associated with the subsea part of the subsea
monitoring system 500. 5[0104] In this example, the data acquisition and storage module 406 has a
system control function comprising pre-programmed protedures that power the various sensors and
drives them to acquire the data which is logged into memory of the data acquisition and storage module
406. 10[0105] In operation, it should be appreciated that each of the first and second hybrid subsea

communication sy30@R18E62 I II5HReHe At SERBERY HFa0ftd ACAWRITAD and SsarBeBodRe in

relation to Figure 306 @asebelesilymionitaeesaksing cangiaansisthef dheseripiicians ik assotitaedistract
from the teachlng%v%t{ﬂ]ee e bodlments,f erein, the rcT)]p%rftlon of the reéa.épdancy equipped subsea

15measurement system Wil Hgtnboe Ssered in fur ﬁgp%gyeﬁﬁ%remf [0106] In any of the above

embodiments, data recorded by transceiver modules or data acquisition and storage modules is

post-processed ingigaf 1q,gHe ADeRAAMELE MG M SR UERASYSH U ARANGES frRncerning, for

example, 20 motion of the buoyancy can. In this regard, the data acquired can be post processed by a

computer coupled¥ £ Het S EI6H2eCaBRES b REBTRIRY AMTRFePIAtREESH J1RISBANE. Hse further

processing resourggrioaB berpisrvidad triaenaisia uessqlirearanthiasarthiasilidygal (e thémsiation to
the embodiments gfet%%rl ed abov.e.corr]ngrlglsr{g the USE@ mé)éiéj_le, it should be appreciated that although a

single USBL module’is eg%ﬁﬁga',sg'%rea ernuRbels |§ rmodules can be employed, for example two

USBL modules. 30[0108] It should be appreciated that whilst various embodiments of the present

invention hayg hergigfere ReghraRGhiPEhHAPERPE I LIS SARE EWEN ¥R e first and second

hybrid subsea communication systems 602, 604 operate independently in a like
manner to that described above in relation to Figure 5. Consequently, for the sake
of conciseness of description and so as not to distract from the teachings of the
embodiments herein, the operation of the redundancy equipped subsea

15 measurement system 600 will not be described in further detail herein.

[0106] In any of the above embodiments, data recorded by transceiver modules
or data acquisition and storage modules is post-processed in order to derive the
parameters required by mechanical system analysts concerning, for example,
20 motion of the buoyancy can. In this regard, the data acquired can be post
processed by a computer coupled to a mass data storage device, constituting a
further processing resource. The further processing resource can be provided in a

marine vessel or a land-based facility.

25 [0107] In relation to the embodiments described above comprising the USBL
module, it should be appreciated that although a single USBL module is described,
a greater number of USBL modules can be employed, for example two USBL

modules.

30 [0108] It should be appreciated that whilst various embodiments of the present
invention have heretofore been described, the scope of the present invention

should not be interpreted as being limited to the particular arrangements set out



should not be interpreted as being limited to the particular arrangements set out 28 herein and, instead,
extends to embrace all arrangements, modifications and alterations thereto, which fall within the scope of
the appended claims. 29 Claims: 1. A subsea measurement system comprising: a first reference beacon
disposed at a first known location; 5a second reference Bacon disposed at a second known location; and
an acoustic communications module for coupling to a subsea element to be monitored, the acoustic
communications module being capable of moving, when in use, relative to the first reference beacon and
the second refereREEEHEAEBh; WFHEALN SFERISCELSIRRIBRSIhiBHRHAS RSB COM5I08%: BRdkessing
resource and is arsasgeidhe theirsiaing s tanngeireladast dadeotatibe fipsihriereapadeacon in response to
receipt of a first signal by the acoustic communications module from the first reference beacon and
second range-related data to the second reference beacon in response to receipt by the acoustic
communication module of a second 15signal from the second reference beacon.



2. A system as claimed in Claim 1, wherein the acoustic communications module is further arranged to
determine first angle data to the first reference beacon in response to receipt of the first signal by the
acoustic communications 20 module from the first reference beacon and second angle data to the
second reference beacon in response to receipt by the &oustic communication module of the second
signal from the second reference beacon. 3. A system as claimed in Claim 2, wherein the first angle data
comprises a 25 first direction cosine angle and a second direction cosine angle and/or the second angle
data comprises a fH#rection cosine angle and a fourth direction cosine angle. 4. A system as claimed
in Claim 1 or Claim 2 or Claim 3, further comprisi}gl#é 30 another acoustic communications module for

coupling to the subsea ﬁﬁ’gﬁ?ﬁ)r%%aﬂgﬁmtos, ASRBH 3 ustic communications module being

capab!e of moving, whem iﬁrstsrefeez_.‘atieeb&ad:b(_a ﬂispme@ehee‘itﬂdmowaﬂmtﬂ’nbmecond refe_rence beacon;
wherein 30 ¢ the a”OtQ%%%RH?H%F&EEQ‘H&%%W]E;J’&QQ&‘Pﬁ 8%?6#&&@%‘18&&1{8&?&&5"9 resource

and is arranged to determine third range-related data to the first reference beacon in response to receipt
of the first signal by the ARRRRHHECERTEEHHAAIGAR SIRMHdiBtER S P8 friisRicienRebinbsn and

fourth range- 5 refptpddiate tectheRetRND FRIRIBREANRASRA I BSRENSH D EEERbINEN & REPTREr
acoustic communication module of the second %ignal from the sgc nd refere};gce beacon, 5. A system as
ti

claimed in Claim 4'SihéfaH 4he QriBthdFlcsstRo REAGHH ARl F56a0f FERIRRGS HF44884 1o

determine third angleedtata to the first reference beacon in response to receipt of the first signal by the

acoustic corrl@unicationﬁ@ggbjlh%tf&oge uf iﬁﬁfﬁfﬁﬁﬂﬁ&ﬁ’g% ﬁg@sfg ,Igg glﬁ gaomctg &
il R Stion Fhsdule e acsand

cond
reference beacon in response to recelp the acoustic communication e second signal from

the second refereffc@FRE%h A SleterNifsfat sanariraledet daiantostheHERs iFefRECINitdRasgR At
comprises a fifth disegAseCRSIRRAPO anfit sigHadhEaeRcOsNe 2oR @NesabHef Rt ansle data

comprises a severﬁh ?lirecti n cosirbe angle alad a eighth direction cogine an%le.
the first reference beacon and second range-related data to the second reference
beacon in response to receipt by the acoustic communication module of a second

15 signal from the second reference beacon.

2. A system as claimed in Claim 1, wherein the acoustic communications
module is further arranged to determine first angle data to the first reference
beacon in response to receipt of the first signal by the acoustic communications
20 module from the first reference beacon and second angle data to the second
reference beacon in response to receipt by the acoustic communication module of

the second signal from the second reference beacon.

3. A system as claimed in Claim 2, wherein the first angle data comprises a
25 first direction cosine angle and a second direction cosine angle and/or the second
angle data comprises a third direction cosine angle and a fourth direction cosine

angle.

4. A system as claimed in Claim 1 or Claim 2 or Claim 3, further comprising:
30 another acoustic communications module for coupling to the subsea

element to be monitored, the another acoustic communications module being

capable of moving, when in use, relative to the first reference beacon and the

second reference beacon; wherein



20 7. A system as claimed in any one of the preceding claims, further comprising: a further processing
resource arranged to calculate at least one location-related parameter for the subsea element to be
monitored. 258.A system as claimed in Claim 2, wherein the location-related parameter is a position
associated with the acoustic communications module. 93R system as claimed in Claim 7 or Claim 8,
wherein the location-related parameter is a heading associated with the acoustic communications
module. 31 10.A system as claimed in Claim 7 or Claim 8 or Claim 9, wherein the location- related
parameter is a roll and/otBitcAHEEE afPYHS thEARBNEAESRTMURRAENS FABRIRE S 1 R0 8Rtem as
claimed in Claim ‘hrodesin thestecadentelaiatapgemetaeisrainattifiderasgedieitad dvititahe ageustic
communications mogule 12,8 Syem, &% RITIEHda 1Y SnsRI PG SrE g AP By greifdhe subsea
element is a buoyancy can.

acoustic communications module from the first reference beacon and fourth range-

5 related data to the second reference beacon in response to receipt by the another
acoustic communication module of the second signal from the second reference

beacon.

5. A system as claimed in Claim 4, wherein the another acoustic

10 communications module is further arranged to determine third angle data to the
first reference beacon in response to receipt of the first signal by the acoustic
communications module from the first reference beacon and fourth angle data to
the second reference beacon in response to receipt by the acoustic
communication module of the second signal from the second reference beacon.

15
6. A system as claimed in Claim 5, wherein the third angle data comprises a
fifth direction cosine angle and a sixth direction cosine angle and/or the fourth
angle data comprises a seventh direction cosine angle and a eighth direction
cosine angle.

20
7. A system as claimed in any one of the preceding claims, further comprising:

a further processing resource arranged to calculate at least one location-

related parameter for the subsea element to be monitored.

25 8. A system as claimed in Claim 2, wherein the location-related parameter is a

position associated with the acoustic communications module.

9. A system as claimed in Claim 7 or Claim 8, wherein the location-related
parameter is a heading associated with the acoustic communications module.
30



10 13. A system as claimed in any one of the preceding claims, further comprising: a third reference
beacon disposed at a third known location. 14. A system as claimed in Claim 13, wherein the acoustic
communications 15 module is arranged to determine fifth range-related data from the acoustic
communications module to the third beacon in response®to receipt of a third signal by the acoustic
communications module from the third reference beacon. 15. A system as claimed in Claim 13 or Claim
14, wherein the acoustic 20 communications module is arranged to determine fifth angle data to the third

reference beacon 1 respbRSe8 RTEIBIBEHE HRIMsTgRFRThE At SovheieiditdRsaldRiule from

the third referencedlerepnpammesystem as alaimeddroanyiadte aidbecRiecedimghclaias, dusinsic
comprising: 25an inertial senEs%or. 17. A F(%ystem as claimed in any one of the preceding claims, further
S

comprising: an inclNOMeter: %’1%%0339 ém as claimed in any one of the preceding claims, further

comprising: a temperature sensor. 32 19. A system as claimed in any one of the preceding claims, further

comprising: audepih) Sensoty <20 Asysimitrn Srmed INAERIHOTdasRredian Halleharein the
first 5 beacon and the second beacon are respectwely fixed at the first known location and the second
known location. an attitude associated with the acoustic communications module.

12. A system as claimed in any one of the preceding claims, wherein the
subsea element is a buoyancy can.

10
13. A system as claimed in any one of the preceding claims, further comprising:

a third reference beacon disposed at a third known location.

14. A system as claimed in Claim 13, wherein the acoustic communications
15 module is arranged to determine fifth range-related data from the acoustic
communications module to the third beacon in response to receipt of a third signal

by the acoustic communications module from the third reference beacon.

15. A system as claimed in Claim 13 or Claim 14, wherein the acoustic
20 communications module is arranged to determine fifth angle data to the third
reference beacon in response to receipt of the third signal by the acoustic

communications module from the third reference beacon.

16. A system as claimed in any one of the preceding claims, further comprising:

25 an inertial sensor.

17. A system as claimed in any one of the preceding claims, further comprising:

an inclinometer.

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

a temperature sensor.



21. A system as claimed in Claim 20, wherein the first and second beacons are fixed to a seabed or a
permanent fixture of a sea floor. 10 22. A system as claimed in any one of the preceding claims, wherein
the first and second beacons are acoustic beacons. 23. A system as claimed in any one of the
preceding claims, wherein the 15 acoustic communicatiGAs module is a USBL module. 24. A system as
claimed in any one of the preceding claims, wherein the first beacon is a first transponder and the second
beacon is a second transponder. 2025.A system as claim in any one of the preceding claims, wherein the
first beacon is rerﬂ&rabl\f‘rﬁﬁﬁ@@?'rf:?m@dﬂb@w QR8O HeREEBARDERHDS! |§~'F@ﬁb9‘é‘6‘l@rﬁi89nted ina
second mount. 26. AasyspeimsaRgeaimed in any one of the preceding claims, wherein the 25 another
acoustic communications module is another USBL module. 27. A system as claimed in any one of the
preceding claims, further comprising a water current measurement device. 33 29.A constellation of free
standing hybrid ris¥}. appasysieforasotipingadnadityating pfdoeigtiepestoaglaiar] vifle@ing¢FPSO) vessel

comprising the fregsaskliag:vyicalat aRRRIH. 5 @5 CIABARID FBlsethe A AmBRIRIGAligRtemining

a subsea location-related parameter, the method
and the second known location.

21. A system as claimed in Claim 20, wherein the first and second beacons are
fixed to a seabed or a permanent fixture of a sea floor.

10
22. A system as claimed in any one of the preceding claims, wherein the first

and second beacons are acoustic beacons.

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

15 acoustic communications module is a USBL module.

24. A system as claimed in any one of the preceding claims, wherein the first

beacon is a first transponder and the second beacon is a second transponder.

20 25. A system as claim in any one of the preceding claims, wherein the first
beacon is removably mounted in a first mount and/or the second beacon is

removably mounted in a second mount.

26. A system as claimed in any one of the preceding claims, wherein the

25 another acoustic communications module is another USBL module.

27. A system as claimed in any one of the preceding claims, further comprising

a water current measurement device.

30 28. A free standing hybrid riser (FSHR) apparatus comprising the subsea

measurement system as claimed in any one of the preceding claims.



comprising: disposing a first reference beacon at a first known location; and disposing a second reference
beacon at a second known location; providing an acoustic communications module for coupling to a
subsea 10element to be monitored, the acoustic communications module being capable of moving
relative to the first reference beacon and the second reféfence beacon; and determining first
range-related data from the acoustic communications module to the first reference beacon in response to
receipt of a first signal by the 15 acoustic communications module from the first beacon and second

range-related datg from thERIGLRLEL AR AR S 185E 8PPGFRIYR{ERE L BIEKLSR

response to receiploayirijeproaustiorceoragsicaitnsivadutg (fRSEraedsigranigisitge thecead reference

beacon. standing hybrid riser apparatus as claimed in Claim 28.

5 30. A method of determining a subsea location-related parameter, the method
comprising:
disposing a first reference beacon at a first known location; and
disposing a second reference beacon at a second known location;
providing an acoustic communications module for coupling to a subsea
10 element to be monitored, the acoustic communications module being capable of
moving relative to the first reference beacon and the second reference beacon;
and
determining first range-related data from the acoustic communications
module to the first reference beacon in response to receipt of a first signal by the
15 acoustic communications module from the first beacon and second range-related
data from the acoustic communications module to the second reference beacon in
response to receipt by the acoustic communications module of a second signal

from the second reference beacon.





