SUBSEA MEASUREMENT SYSTEM AND METHOD OF DETERM NI NG A SUBSEA
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measur enew0 2appeEpmbUS of the type that, for exanple, detrerriBreny/@oosange and
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anplitude o tions can vary b etvve ew netres or tens metres
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[0004] A given component of the mooring system may be anywhere in a so-called “water
25 column” and therefore no part of the structure of the mooring system 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
30 monitoring system is important. However, there does not exist a large number of suitable
technologies upon which to base the monitoring system. In this regard, suitable technologies

include: inertial sensors, an acoustic position system or a combination thereof.

[0005] Typically, the components of the mooring system to be monitored are large mechanical
35 systems and the period of the motion to be monitored can be up to 150 seconds, or more, and the
amplitude of the motions can vary between a few metres or tens of metres. The magnitude of the
acceleration of a given component being monitored can be in the order of a few milli-g. If roll and

pitch is measured using simple inclinometers, distortion in the gravity vector introduces an error of



accel eration of a given conponent being nonitored can be in the order of a
fewmlli-g. If roll and pitch is nmeasured using sinple inclinoneters,
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[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 disposed at a second known location; and an acoustic communications
module for coupling to a subsea element to be monitored, the acoustic communications module
30 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 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

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

[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



receipt of a first signal by the acoustic conmuni cations nodule fromthe
first reference beacon and second range-related data to the second

r ef er encewbeanarmien response to recei pt by the acousti cPCOGB20I0NENOISN
modul e of a second signal fromthe second reference beacon. [0009] The
acoustic comuni cati ons nodul e may be further arranged to determ ne first
angle data to the first reference beacon in response to receipt of the
first signal by the acousticconmunications nodule fromthe first reference
beacon and cSBEHHEAIRRY MEdYSTam: iBe ik rdYBRITPEREI e PEhRASOIE 3% IFMR 19 HenRiTe’d t o
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novi ng, V\heﬁwrthtduremen casekeabhglve to the first reference beacon and the second
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signal fromt econd reference beacon angl e a nmay
conpri se a'¢PPRite R¥PEAeti on cosine angle and a sixth direction cosine angle
and/or the fourth angle data nmay conprise a seventh directi on COSI ne angl e

and a ei ghi& ﬂ#rectl on cosi ne an | e. [0014] The system may fur
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| ocati @6- remraltm@lepdaatarncetrerﬁrétcrefetdmee dedreedn edspomsat totrecdie afftire firetr gighal p@AHS]

The | ?Cat ' %@onﬁ(l %rﬁmurﬁérhé\gertn&fulﬂgm t[ﬁe ﬂrsp%?’érgﬁcgrbegé&ogﬁd%ﬁ% \Af']élg' dthQO the
acoustic second reference beacon in response to receipt by the acoustic communication module of the

second signal from the second reference beacon.

25 [0013] The third angle data may comprise a fifth direction cosine angle and a 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

30 least one location-related parameter for the subsea element to be monitored.

[0015] The location-related parameter may be a position associated with the acoustic

communications module.

35 [0016] The location-related parameter may be a heading associated with the acoustic

communications module.



comuni cati ons nodul e. [0016] The | ocation-rel ated paraneter may be a
headi ng associated with the acoustic conmuni cati ons nodul e. [0017] The

| ocat i on-wel2atoedogsar anet er may be a roll and/or pitch agsvamvshsvwssh t he
acoustic communi cations nodule. [0018] The | ocation-rel ated paraneter may
be an attitude associated with the acoustic communi cations nodul e. [0019]
The acoustic comruni cati ons nodul e nay be capabl e of being coupled to or
integrally forned with a subsea el enment. [0020] The subsea el enent nmay be a
buoyancy cdf017logthe]locptien-relpiadeprareaferfragt teea rallamgior gikch agseditadawitnethe peaiisiic
beacon di spesedniadtiors hdduled known | ocati on. [0022] The acoustic

communi cations nodul e may be arranged to determne fifth range-rel ated data
fromthe acoustic comunications nodule to the third beacon in response to
recei pt of [6018] rthesiogatiah-rdiyted hpareaouSihbye beo arrLHltited bessiated duitre tHer abaustie
thirdr fe%8@%ﬁm9ﬁ%ﬁ9ﬂ m%9023] The acoustic communi cations nodul e may be
arranged to determ ne ?I th angle data to the third reference beacon in
response to receipt of the third signal by the acoustic comrunications
modul e frompdis tielHobsat e5RNGRcRERRMuId RB2Hd caHaBle Y BLIRITEARNL A frd bt @K rally
conprise an inéertial sensor. [0025] The system may further conprise an

i ncl i nomet &M WEBFULPRRCIEYEMem may further conprise a tenperature sensor.

[ 0027] The system may further conprise a depth sensor. [0028] The first
beacon, and gg?mf ondbbeaFon FQ%”pe L=t ectively fixed at the first known

| ocati Of ah e SECORTRTOWA TOcHT 018Y*106%9] The first and second beacons
may be fixed to a seabed or a pernmanent fixture of a sea floor. [0030] The

first and Y/ St - |
commun; cat 1002 MroRcr g am PR BATHEE e Ry SRR ffed SOt Bt four
conprise algpPifnality of spaced hydrophones. [0033] The USBL nodul e may
conprise a transducer. [0034] The USBL nodule may be a USBL transceiver.

[ 0035] ,The first beacon nay be a first transponder and the second beacon
4" b8 i

may be 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.

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

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

25 [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.

30
[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 fixture of a sea
35 floor.

[0030] The first and second beacons may be acoustic beacons.



transponder. [0036] The first beacon may be renovably nounted in a first
nmount and/or the second beacon may be renovably nounted in a second nount.
[ 0037] Thwofwreatrozeeunt and t he second nmount may be franmesT/R2083)500B8e

anot her acoustic comuni cations nodul e nay be anot her USBL nodul e. [0039]
The acoustic communi cations nodul e may be associated with a subsea el enent
in order to nmeasure notion of the subsea el enent. [0040] The system may
further conprise a water current measurenent device. [0041] The water
current neasurenent device nmay be arranged to generate a velocity vector
associ at ed [0031] arneekastié sonthuridagons@icalle ¢iay beatusBeasddueent device. The
wat er current neasurenent device nmay be a Doppler velocity |og. [0042]
According to a second aspect of the present invention, there is provided a
free st andi[0@32ly brhed) SBLS@IduleRBlylldpmpnparmdralsy «f pgued sydiaphbikes. subsea
nmeasuregent systemas set forth above in relation to the first aspect of
the invention. [0043] According to a third aspect of the present invention,
there i s pl0033edrhe UsBhstaleatayenmpisefart@esdcendi ng hybri d riser apparatus
for coupling to a floating production storage and offl oading (FPSO vessel
conprising the free standing hybrid riser apparatus as set forth above in
relation t d00%H sEedfBLavgeletmayberHSBLIRasRelvein. [ 0044] According to a fourth
aspect of the present invention, there is provided a nmethod of determ ning
a sub53§ Iiéﬁé\jgon-re_l ated paranmeter, the nethod conprising: disposing a
first refe bgdH Pggcoq mayrke @ biRnsPaEst dinhe S7RINYPEFE8 MY P8 S&REBHY
ref erence lveagpondeat a second known | ocation; providing an acoustic

comuni cati ons nodul e for coupling to a subsea elenent to be nonitored, the
acoustic communi cati ons nodul e bei ng capabl e of noving relative to the
first refel@d3@ bemdion beardn ntag bs aeramvdbly efoanted dea firetapeumt ardiet tikesespmd pranen
first rangegdyekadkdadfhRulttPMalddbor@Gdat i ¢ communi cations nodule to the
first qgference beaconh in response to receipt of a first signal by the
acoustit conmuni cations nodule fromthe first beacon and second

range- r el affe03Zat meffifsd Aotih @n@®e¥sddne moomImMHYive&iamesls nodul e to the second
ref erence beacon in response to receipt by the acoustic comruni cations
nodul e of a second signal fromthe second reference beacon. [0045] It is
t hus possi [j0@38Jo Pravitte saossyis tam aretiortnivadie niEgtbe Rstheri USBLemen gy
consunption, thereby prolonging battery life. Furthernore, it is possible
to determne accurately both attitude and position of a conponent to be
moni t o2ed, [0039]exthepceustic tamyuniveiions aredulg snayesk lassesiated glith gsabsen glement in order

to measure motion of the subsea element.
[0040] The system may further comprise a water current measurement device.

25 [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.

[0042] According to a second aspect of the present invention, there is provided a free standing
30 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 constellation of
free standing hybrid riser apparatus for coupling to a floating production storage and offloading
35 (FPSO) vessel comprising the free standing hybrid riser apparatus as set forth above in relation to

the second aspect of the invention.



vel ocity, acceleration, roll, pitch and heading data. Al so, update rates of
bet ween about 0. 1Hz and about 10Hz, or nore, and no prior assunption is
requi red we 20m/d7hssonat ure of the notions of the buoyancycraB20{0dB4BE

Vari ous advantages of the invention are g so set out belowin relation to

t he enbodi nents descri bed. However, the skilled person shoul d appreciate
that these advantages are not confined to the enbodi nents described and are
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of the ris%hosyag(\yg wWith respect to predicted fatigue life. In this exanple,
t he buoyancy ca 02 is an exanpl e of a subsea el enent. However, the

skill ed person should al so appreciate that the riser is also an exanpl e of

a subsea el[@0B6Yt -various advantages of the invention are also set out below in relation to the
embodiments described. However, the skilled person should appreciate that these advantages are
20 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 example only,
with reference to the accompanying drawings, in which:
25
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 second embodiment
of the invention;
30 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;
Figure 5 is a schematic diagram of a hybrid subsea monitoring system constituting a fifth
35 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.



[0050] In this enbodinent, a first part of the subsea neasurenent system
100 conprises a first transponder 104, constituting an acoustic

conmmuni cavoaonry/amedbal e, coupled to a first side of the broyasyiwsmsg02 and
a second transponder 106, constituting anrother acoustic communications
nodul e, coupled to a second side of the buoyancy can 102. O 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 t hdP@48k eTtrayshets thedelioving sesssntisadidantigal referendsi numesaisll be userdo Kpmtist
and second jikd gaagponders 104, 106 are Autononous Mnitoring Transponders
(AMTs) avail able from Sonardyne International Limted, UK The first and
second transponders 104, 106 each have a processing resource, internal
batteri es §0049]espeatingie Fiugmteen,rsafreermamdrrigesbridmsst HSR)) angger ionko(noedhoan) for
range-rgl atd t in
Figure I, ﬁ@m&?h@af@%@ econﬂ tra gﬁ%8ﬁ$&@% Fg%%gvaf$|£ egggggé%ﬁgggp

i ncli nomet éPPF@éﬁ%b\f 3 bUW@”QW@”Hﬁ%IA"‘I"I@Wﬁé‘t@F showRs B §Sereas e @att Aka epnsisbation s’ of
agravity \freéts(arndlh@h@&rldvlﬁsefso At silsdd hﬁésuaéhﬁbnsey‘dw}ﬁj 100 @nsRCIBEEris rél&i%n td Qs

respectivel t he ingclino el Sensor fected b i on of .t he
buoyancy cabxnoyan%}’u%"’?nnﬁ:dze'P rooresIr ?rﬁ“ i nP%'Ol oﬁthc?f Pugyqncy d?)'%(ﬂg%té mp?r'son W'th &

and second ptqde@tﬁsﬂrmm@rrsorqmo meQuiipr f?émuecqfrmﬂssetowerpw@srsﬁneet tg@r@mtedefmuahfe

tenperapur ¢, &%ﬂé@ﬁqple[ @Q%Mya%y &her OQ%Q@QxaIT% &fa éhb@e,%r ér&ﬂ&ﬁtHJV\}e%rUﬂ% Riile
sea floor, a fir is | ocat t known

0
Coaation Rshn R REacan e Neb B e S I aRa Ao B EBtRnd Known

| ocat i on, and a third beacon transponder 114 is |located at a third known

| ocati on. -[8 ?(Sell rﬂms %r%&o%ﬂ]nden?‘gqlrstt bl r[g‘ tfpee?‘% o ea%n%Pr% g t?mllil)g lco 18?%%% %‘;‘rst
constitute rence % Cia E) rB
t echni que éféﬂﬁpl@@deéﬁﬁ‘I dipadlitutiog e@taéﬂp%tmeommmqab@mm@m& gpurfeqeofy frrsttSIdeséélaﬁ\d

and thipd tba@,%aasy &arnar@a@a@egesonmt&nsﬂohaer 1bé4conlstnutmg@abthé@cam&:@ommumcat.ons

t ent | t d t . d
and i rd BESUBnLPRRSRaNaETE SEro 0Ty TR AE e ok et B Zpb At
110 i s rensya yradipopdese t04, MOGcan resintegnatynfopmaddeth the buryarkcy@an t1hz The ficsh eind

beacon tr a@é&ﬁa%ﬁspéad?erg fo4r W@mebéfdﬁé RPRRSESbdvE a%es&‘e@qeg 13 ﬂﬁsrb%@@iﬁgetﬁe F.wsam%‘
118, and the thlrd beacon transgon er 114 is renovah In athird

t ransponde®f SEFPRY $965POPGErs A% 18R ZFfpfuoNqTHRYS fHqndering ¢l 6%}?80’5% f*MT?)da"ﬁ‘&aabé%n
t r ans pafdefremlSkardfrie?intefribloret Emited] elamios firstems [secutie transpboderex@NoOGeeary heve3 159

W deband Tr, aBr%B&sﬁﬂ?r %‘Nc%' liRBhg Eét%ﬂ%ss%ﬂé‘eré’dé@tuJe“FnFern{é@tnhé?ﬁ@les Lib, Ndtdr€ dhandde

first, second transponder franes can be an
Sui tabl et ﬂ’ﬁ?fg‘ﬁﬂ)?fb%rrarfgﬁéﬂ%@d d?tarfo’é%@ffﬁleé'”é? ‘?ﬁﬂ@h‘zd%%f“'ﬂ%}ﬁﬁ NPl HREN AVEHPYrad! e
from Sonar ayanérsi Bbde se@iht araabpontdrs t1ed, 108Kinclud® s&dpettive dpain@hdtensenkdre. As risd

and second |&c[|r%ﬁ%?e9 %g@g()% ;ngéwrel 91% SRES o"?llt ﬁlIaQR/ \%%"6? lrg atlvlhﬁ tﬁeI ﬁr?thar%n%cgr?oc ond

transponders an interrog a
SecondZéndtransponders 104, 106, respectively, the mclmometer sensors are af'fected 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.

[0051] On the seabed 108 or a permanent fixture of a sea floor, a first beacon transponder 110
30 is located at a first known location, a second beacon transponder 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 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
35 replacement of the first, second and third beacon transponders 110, 112, 114, the first beacon
transponder 110 is removably disposed in a first transponder frame 116, the second beacon
transponder 112 is removably disposed in a second transponder frame 118, and the third beacon

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



third beacon transponders 110, 112, 114 and the processing resources of the
first and second transponders 104, 106 performa ranging function with
respect twoeant7edest he first, second and third beacon t ramsymncarsso3sl10,

112, 114. As the respective |locations of ghe first and second transponders
104, 106 relative to the buoyancy can 102 are known, the first and
transponders 104, 106 are equi pped with respecti ve inclinoneters, and the
respective locations of the first, second and third beacon transfponders
110, 112, £§¥Pndaad I%*Pi@\/\??ac%gaﬂsa?@@? Henéiat'dd %%/WtdﬁBaﬁdr tragEPagAgrs siat GxanPle

tr ansponderrspe’LMSg Nebean Thaespwedds tagaikdbit effom Sendrdyee | Ioteakiiamal bifnitédh eTHeufdstancy

can 102 us's@&)na% %Wdttr%psp%n%qqgﬁr'ﬁgq% 1f18r12%@mr|_e23n% shlla%’:eetraﬂ%lé ﬁg%r frames, fi r

Additionally or alternati ibsea neasu can a
estimate ateWT‘Ql%ié1%4§r9@1 arpééramptarﬁ"ﬁtﬂ%frm@@ﬁrwe@ﬁ?rnqtma' '—H“"Leﬁr% axes (roII
pi tch asd heading), which are exanples of location-related paranmeters.

[ 0053] Al tﬁﬁ@% II nthis exErrEI e, three beacon transponders have been_
enpl oyed, ki'T PRYYR8Y BB ASSHE L BrPErd e ' 4 A0 pepieatiuemarsy daf first

nunber of taedusc_zmnu tranppadede t 3, d 66 sérel @nipleoygtion Signal éx eampl of tHeofirst, beracdand
tr anSpondertrﬁrd BBl %s%c;ngeﬂsnﬁbi?@e 186 GHd ﬁ'féyproéeggnrqlﬂesgtﬁcése&tthé)ﬁ@parﬂp&\égmd the

beacon transponders 11 are npunted rames to all I nter
alia, easy'Peppratashiif ] GfR?Fforé‘k%lFﬁﬁG'ég fuagion “dhEspethip eackahibe E’Fﬁvsﬁ%ﬁi apadgird
Vehi cl ¢0( RBsconSiranispatidbig, 1100e112] rs4. andhs eeprdiver laosipendertse 1idd,antOgecosn be

recover ed l?é {p%ﬁde%qmaﬂgs r@EW&? ad bY)’!;}aﬂ 23"82 %Fe%&ﬁr? ’PrQeeff 51 a'nE' igrﬂfggr&ig%q 04,

access the stored rst secon trans on

[ 0055] In dﬁ@?f@eﬁ?quaoﬁ%mtmﬁwe%'ﬁ @elrnemzyers ?Prétheuw&ﬁt«y '@arpnér%fhesfﬁﬁmcw
Flngug e 2) liafd @%pieg@bnttwnama&r@m1@Uhsea14rraa&gd(s)@rrr&mu rasy&t @dﬁb%&@ byl the FiRt &nd

e (0] |nent supse S C ta acqw S on
oot oo setald (RIS BT TR HBE T be Y B MR D bsa BB geLat!
power é@ppluymg Fhe sdigble tadupsiusi for @mmtrw@a@geAdmmab' @Oﬂtemh\@ﬂm thet eubsen

processi Ng fRsQLheR s?d?éjn h &0 (%ln%%o%%hﬁgt@ﬂtlﬁr@e assbdisted wikPhg pRasdyicas 161iBkokee
transcei ver comruni cati ons nodul e,

utin
coupled to éesf(fqﬂs‘i"tcéﬁ?ldehe@g'”?)h@%' gﬁ '%Saﬁ?ocatr?a TSR RYAUCEBL t r anscei ver

nodul e 208, constituting anot her acoustl c comuni cati ons nodul e, coupl ed to

a second si y, n able LBL transcejver du an
e ool oy ed0 OBl AEFN AR AL 1ngE et WAoo B E SYBe HR L
to funéPi ometsn shet @pwregiate thaida sgoearem qrrﬁn@ll@rxaufmee of Amtorrrtaarsmarér@nowe t he

type nenti QARRyahRYexaMigk Msrqﬁacd@]uran%ﬂaérgwr 8ett®ineiR8scAdceurasy. t r anscei vers.
[ 0056] AIthougK not shown in Figure 2 the first and second LBL

transcei vers 206, 208 include respecti ve i nclinoneter sensors. As the
i ncl i nomet §0054In 4 BeriiB@RILHbEVE, e ItHat@Ctdneponaérsa1Qirae] 11 are mounted in frames to

allow, inter alia, easy replacement, for example replacement by a Remotely Operated Vehicle
25  (ROV). Similarly, the first and second transponders 104, 106 can be recovered by the ROV and
replaced with spare 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
30 to another subsea measurement system 200. In this embodiment, 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
35 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



vector relative to the first and second LBL transceivers 206, 208,
respectively, the inclinonmeter sensors are affected by notion of the
buoyancy wenpiwEesikng errors in the region of 0.1. Opti ecaldBepioidseossi r st
and second LBL transceivers 206, 208 can onprise a pressure sensor and a
tenperature sensor. [0057] On the seabed 108 or a permanent fixture of the
sea floor, the first beacon transponder 110 is |located at the first known
| ocation, the second beacon transponder 112 is |ocated at the second known
| ocati on, &ACPCENEStHE LA NBSCHIRIS AN JEERANIS'E 4T the type mgpliogec fbav A are Ysed Ut
known | ocatcbafigured ieoperatesss trebectmecs. and t hi rd beacon transponders 110, 112,
114 constitute reference beacons. In this regard, any suitable calibration
techni que can be enployed to determ ne the |ocations of the first, second
and third f80826In Althevghpohsiems il Figure 1 the fitst 4nd bgrond LR transceivass 206, 208 include

uni nt engi Orﬂ@s'peéhé mcﬁf%ré?é?tseﬁé%% %@-Qhé |nkl%ﬁue{e€9ér%6@rrﬁéﬁsur%fthé RRedibd f a gﬁﬁrgpnd
and third beacon transEonders first beacon transgre%tﬁgr

110 is remyEHI 'yl Siio8 st At ﬁee@O'F‘i F'%Lc ‘rf"?sz&ﬁ'%%%ﬁ%rzo?r SReCCIVRY; teniacly
beacon tr ansporsder iffe2ted sbyr mntinnabli thedhuepase tbanncdusing seoenth thearegipo red e 1°.
frame 118, Gshdifiend fibiflaREarenst aneAradebe %gcér%cam ¥ abltsdlt SBRSFLN
the third transponder rame : hi s exanp first, second

third beacdHReFaEpoIvaer s 110 112 114 are w deband transponders for
exanpl e0Type 8159 W deband Tr ansponders avai | abl e from Sonar dyne
Internatio imted. The first, second and third _trans der f arres 116,
118 150 caA0TE D P& patan bt b s e BORUB I Pte Sof gpora RN ecsket GOERHl o
from Sonar dytés Ibetet aicthe firstkndwinripdagal), thgksecp@DB&icon hramsperdat il this lodagedf at rtist
and second LBlng t(dnaRs Gl e tr?rQ%eé&fﬁ farlsBodaal hya rsoraegtga Iare@hebm.ré Reaiat a

acqui sition and storage nodul e 202 and neasure ran es or

range- r el at®giPar At ecord, apd H‘érdtqeﬁ’éonorfa’FP‘?’Hﬁ'ts i r@ép@@ft'“ﬂt% refRegnce
first, 15ecdascoandntthis nehaok ang rsutabinsgtibatear eclddle dbZe diidoyeditb cletearniae the
exanpl es OfocBtidr@ G i rsf, %E&aﬁrﬁdanB% @F&%{)n? gBﬁdsePse%d W‘%Eyrﬁcqﬁ%%?t f Qvo%bOUt

0.1m As the respectrve ocations o0 and second transponders 104,
106 rel at i veintegtiangle diselaseaisaly apd facjtate I{%W?meﬂ%@f fher Gret, pgePndr anes B¥H desasoL04,
106 are eqmemwddém 110, Mes paat ing Eirst B@édoﬁ(t)rﬁﬁdpehdiar 180G rbhevdb@s@m&ed/m the first

| ocati ons ?rfaPISé)onder frrar%g ’11()5?C0$e%8r%ﬂ'beac n tlr%sg%% t 4 raeIr]nSo r?d? |n the secbn 14
are known, nera e erm n ocat 1on o

t he bu89an¢r9n5tpande:[®2mas1ﬂ$rgandril9e i pedsoe trhmﬁmmer é&éhnrrqrn@vabb/orspesmrmltf@ third
trilaterativ@RsgoRgen rrranzelezo fl@fhrs%@eﬁr'ﬂpl@fthé et Eddord arﬁﬁlﬂrr@@é&é&dtr&r@boﬁdé@nﬁﬁe’lﬂter S

206, 208, ch ¥ a aneter an

e R e R AR S a6 T 2 R e Gl Jgieb rom
neasur enentSosgryrernt20@aianl Lahisd. st firstesegorat dndtthiddreasmodsrdtaeds Wid, 118,180 can
buoyancy cag F)2sdithbit Naf§ofdd StrdnieR! or datpR &NGvailable from Sonardyne International

25  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, second and third beacon transponders
30 110, 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 beacon transponders 110,
112, 114 are known, the ranges generated can be used to determine the location of the buoyancy
35 can 102 using any suitable known technique, for example a trilateration technique, for each of the
first and second LBL transceivers 206, 208, which is an example of a location-related parameter

and is accurate to about 0.1m. Additionally or alternatively, the subsea measurement system 200



headi ng), which are exanples of |ocation-related paraneters. [0059] Turning
to Figure 3, in a further enbodi nent, the buoyancy can 102 is coupled to a
first parwoabioz7diest her subsea neasurenent system 300. PaTidB2810a050a3di nent ,

t he subsea neasurenent system 300 conpriggs an U tra-Short Baseline (USBL)
transcei ver nodul e 302 coupled to a side of the buoyancy can and
constituting an acoustic comuni cations nodul e. Although not shown, the
USBL transcelver nodul e 302 conprises a processi ng resource, an internal
battery and®aA'sP PEEPHE PHHIGASTOUGRS WHI (e vasnen cb 194 tBﬁSSc?é%% Krﬂ'b Rtes 8t ce,
As can be seadting)whidhgue exadiples bhiecatiGBlelteriqpasdnmeaters.r anscei ver 302 i s
positioned close to or towards the base of the buoyancy can 102 in order to
provide line-of-sight to all seabed transponders and avoid adverse acoustic
per f or manc §0@2s ethriing todfduecy.iima furthercambediniest, dfe tuhanbyicaratiys ewnled @Pa first

[0060] &n thit9r £xARR! s%bséahﬁeésjgr‘r@hﬂeﬁtrs?&@ﬁ@oﬁaﬁ tﬂ@gr\’l!)&jlrﬁ)’&@ thés@s&é)ﬂ@ééﬁ@rﬂe‘ﬁﬂ Of
an acoustic transceiver ce

exanpl e a
USBL t r ansC&{S/BPY Wﬂ”éesﬁéf”iraaﬁh%t 5‘6}58'%%‘6%%#)&%%9'?’%&'B‘?‘W?ﬁoé Pl t‘ﬁ? t‘"@go
I n this exanpbuwyaricheadJsMl canetiteting enaacowsiic cemraurnidatiorsl meduleoAlttsjogic ek shown, the
hydr OphonesUSB[rl‘r%néég'mer ﬁéﬁﬁ%g'cgrﬁﬁns@g%lo%es%% rés%ur%eleﬁ’]‘%th‘H\-!l\ﬁ)ratté1J §I|Td an internal

transcei ver nodul e t hat conprises a m -range g|ta g rocessor
(DSP) pr oc &¥EWFY, ORGRARb crpled P jthe Pracessing reeTEy At REhPa Se§hil Fég%ﬁé*n Hs| USBL
acoust N0 r eceistietranst&CH Bp2 @pdshiensratedo b@&mrdsah@easrmeﬁﬁ blﬁdyxdidyl‘(ﬁn ab2 ﬁrhe

sea 1007, f1ef ihike 35 QML ANSRROIFEndlelSoBIRLA 1958 Shulle delEnlahts!

known | ocatl on, beacon 1 ransp e second
known | ocatchessd byrriletings fram vallsipb e GHoYeP@repdfder 114 | s | ocated at the
third known | ocation. The first, second and third beacon transponders 110,

112, 114 ngﬁé tute reference beacons In this regard, any suitable
calibratio hHPdUé S&3[APIp h%ﬁ‘bﬁ%ytéﬁ‘s‘f’%"eﬂéioél"ﬁ?ﬁ i ﬁecqnﬁ’('f?f"?rbﬂfsa’bﬁc‘f“ﬁ%c
first, 1Seconcscaineg &fi b UsBhceeita amsp dordeasplkld lowl pawerlUgBL kransoeidar module

avoi d uni ntagﬂ{aug%ln SinSR ﬁecﬁmtn(g?ang'nﬁ_t%id ' ir??h% %ﬁﬁbl@cﬁgﬁéﬁalﬁé ehB&rh) 154 -

second and t beacon tr ansponae 1 rst eacon
t ranspondePUialily pis SRager\AHPRNOAPS piselSEln tieAwel et Bdyle 303 jorfdiow PevTeUSELG,
t he second theasoer ﬁ]éc&llbsﬂh@tﬂdﬁfprlééb?a mm raRJEomigiell BigdalReGeshri(DSPgo&Ls®Nhich

transpondersfrlﬁ[re g h ] qgar;agntec A %gcogcr%requésponder 114 is renovably
di sposed in The tH'r etgyans on A50 0t hi s exanple, the first,

second2@nd third beacon transponders 110 112, 114 are w deband
tra”SPO“deréee‘f]oro@?ﬁ@@Féb%ﬂM@%r §B§rﬁ1 Mi%rﬂ‘ﬁﬁ%%f Tﬁeas%grﬂ&?&d{ﬁé ﬁgsﬁéf&’c&?{?&%g% 3

Sonar dyne I'nternafiona Irst, secon trans
frames 116,119 Bggainjerated pt fie fafi e ipeaiipe thg SPSPOPRICP" Franshyler { 1ris é%?%tﬁ‘ﬁ)?b a

10842- 001 tiypeechiidakm@waviedatiad lagd tHeOird beacon transponder 114 is located at the third known
location. The first, second and third beacon transponders 110, 112, 114 constitute reference

25 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
transponder frame 116, the second beacon transponder 112 is removably disposed in the second

30 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 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 type frame available from

35 Sonardyne International Limited.

[0062] 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



Sonardyne International Limted. [0062] The beacon transponders 110, 112,
114 are nounted in the frames to avoid unintentional displacenent of the
beacon t reopondeses 110, 112, 114 and easy repl acenentt ireraH2p10fos003exanpl e
replacenent by the ROV. Simlarly, the U$BL transcei ver nodul e 302 can be
recovered by the ROV and replaced with a spare USBL transcei ver nodul e 302
in order to access the data stored by the USBL transceiver nodule 302.
[0063] In order to mnimse deplo rrent costs associated with the first,

second and Hed-doRaepA V%H‘%%ﬁ@a“dé’é HQYy, Sinpitesly. the YSBL fransaeiptr (RATEIRSOE ARt Rof
can take plreoeered by the ROvnandireplared svithl e Bpay WSBL trafiscaivdrumadate 3BA dyort@ne baesng

syst em and/Qr & 498y @&gbsﬁﬁﬁ@%%%m%%é ng system [0064] In operation,

during a measurenent cycle, L transcei ver nodul e 302 interrogates
each of the first, second and third beacon transponders 110, 112, 114 and

processss Thee3 Hh'oﬁj%r t%%ﬁhﬂé@dde&bf n‘iéﬁ@c&!&' atshwua@eoe\buﬁﬂﬁé‘ﬁ@t Mcohd1End RifEhabBon
array of the U transceiver tégrocessed data from each

BL
beacon traf@pSHER 1% Tin 1 hd ‘??PWBF”W%“&H@] e RFwA feseRJMEAY PeP'YAtea!
for exanpl ef dilnret Buomardsiinyesystaglaed/pr afap Riser dagpenbdy mordtnge-sysbat ed data, for
exanple tinme-of-flight data. Wen replies fromthree or nore transponders
are processed together, the subsea measurenent system 300 can estinate
posi tion i M0@fdledn asresationd datingi feucheasurenent eevclax die (YRU trapscetyer ampgdule 302

hESdI ggbt W#r%at@f Baddvt iRl fﬁﬁ éé%oﬂdo&@tthlﬂrbeé&inaeﬁaﬁﬁboﬂ@é@m SLEE 111'8@(5 Ertobéss@sl SO
redundant information ias err ste
10065 1 JIREPISE eeBRGEY e TEBIR Frriale FaVEree rreblre BB P oM

302 i s arr angelhe provesded slaxfeompeash teacchwieekeponger imin the &detof twi angtes icostitutiad s
and initiatga d§t%t fonexdﬁ?p?eSH'iFe%f%“éo%m@%q%éé %&‘a rQrfPedcﬁtr%glerFél%@%Hanor Lxangider

to avoi d |nter erence with any Turret Ri ser %/96 osition
moni t or i ng TEYO-HERE daig, Whins re@'ﬂ?érfiﬂ”bthﬁ?eor E‘I‘f *f%“é??é‘é%fﬁxﬁé? PIGERTPR 6D ARF t he
beacon16r ansipeadeasurdhént sidén 300 4amnsdtinditd pazitiontn thedeeaxap aschaktitnos int th@niangs

frequenci ngroﬁ O,itRos8 Héaﬁﬂﬂ’gywrﬁ%ﬁy%gué%ﬁﬁgh @ué?ylo%{)ﬁgn e SEhnerd %rﬁg%yis ?I?]oe

position ntorin syste own i n leflgure
USBL t r ansé@dupéant isanstien guplalele o %Bmateﬁﬁﬁpvorémfb? p$EMsensors, for exanple an
i nclinoneter, such as a dual -axis inclinonmeter, a tenperature sensor and/or

a depth segaﬁﬁ X course, if desired the oBél onal Sensors can be rovi ded
ext er nal A HBOEehl Ghseryreclemise! paendre VR ARt masle 306 ged-in j s
nor e c@dvethieentantp, torfebkede” atpyredspdrindrd intedetssa Snitiate & bet ohmaasurumetnfs anh etotdSBL

transcei Verthé%ﬂé"n?erﬁﬂ% In AR td ﬁ@?& |ln§érfer?ﬁcea\9|ﬁ§$r§/rﬁfn‘ep§§o ndtﬂ)% Faéé eAsQJmanﬂe

buoyancy can ess than at anc , hi's exanpl e,
any opti onQPS'%%‘HE@F@f'@r%/SWB‘anPéHS |eha't‘FH%”}?dd§ﬁLn63'1§Fe"t%é“°8§BI§0? raﬂglélleel?e\?é?n
nodul e 302 trafspdhddrOmal, [1y2, 108 use different wake-up and positioning frequencies to those used by
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25
[0066] Although not shown in Figure 3, the USBL transceiver module 302 can 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

30 optional sensors in the housing of the USBL transceiver module 302. Additionally, as 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 (for

35 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 above.
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25 [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 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)

30 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 storage module
406. The data acquisition and storage module 406 constitutes a processing resource and is
coupled to the USBL transceiver module 302. In this example, the data acquisition and storage
35 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.
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system 400 to a Floating Production, Storage and Offloading (FPSO) vessel 410, the subsea part
25 of the subsea monitoring system 400 can comprise a first part of a robust spread spectrum or high

speed acoustic telemetry link 408 and the FPSO vessel 410 can comprise a second part of the link

412. 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 changed

if desired and to upload data for processing before the data acquisition and storage module 406 is
30  retrieved by an ROV.

[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
35  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 400.
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25 [0078] 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.

[0079] Advantageously, the subsea monitoring system 300 provides a relatively low cost way of
30 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
of between about 0.1Hz and about 1Hz and no prior assumption is required as to the nature of the
35 motions of the buoyancy can 102. In relation to the update rate, the use of a Kalman filter increases

the update rate.
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various sensors and drives them to acquire the data which is logged into memory of the data

25  acquisition and storage module 406.

[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 available from Sonardyne
International Limited, UK. The inertial navigation system 502 is coupled to a Doppler Velocity Log
30 (DVL) module 504, for example an apparatus from the Workhorse range of Acoustic Doppler
Current Profilers available from Teledyne RD Instruments, Inc., USA. Advantageously, the DVL
module 504 has an output that can be used as an input for an INS algorithm implemented by the
inertial navigation system module 502, thus contributing towards the accuracy of the subsea
measurement system 500. Additionally or alternatively, the DVL module can be use to determine a
35  velocity vector thereof, which can be used to reduce the frequency of acoustic measurements
required to maintain accuracy, thereby reducing overall system power consumption and/or enabling

the use of lower power and lower cost inertial sensors.
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and the thigps RRAQAGR hematRaANGai edl14 is renovably disposed in the third
transponder frame 120. In this exanple, the first, second and third beacon

transponders 110, 112, 114 are w deband transponder s, for exanple Type 8159
W deband Ti[e08Tjormher Bedau trembpadérs omoSonay dyneark ninedinat iionied  flaimds t davolhe

first, Sec%ﬂﬂte%%ai: E'iL&Qoan’éﬁ%f%Q%%%anr ﬁ%ﬁor?d%%’ 110, 112, 114 and easy replacement
25 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.

[0088] In order to communicate telemetry data from the subsea part of the subsea monitoring
30  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 8139-000-02
Directional Wideband Transceiver available from Sonardyne International Limited, UK. This allows
35 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 employed for

each data acquisition and storage module as will be described later herein in relation to Figure 6.



118, 120 can be any suitable transponder franes, for exanple a 10842-001
type frane avail able from Sonardyne International Limted. [0087] The
beacon t reogpomdeses 110, 112, 114 are nounted in the fraoesH2010205003d

uni ntentional displacenent of the beacons$ransponders 110, 112, 114 and
easy repl acenent thereof, for exanple replacenent by the ROV. Simlarly,
the USBL transceiver nodule 302 can be recovered by the ROV and repl aced
with a spare USBL transceiver nodule 302 in order to access the data stored
by the USBL transceiver nodule 302. [0088] In order to communicate
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recorded, thereby “fusing” the inertial data with LBL or USBL data collected and improving the

25 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 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

30  attitude are virtually free of bias error.

[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 to estimate any bias errors in

attitude estimates derived by the acoustic component of the subsea measurement system alone.
35

[0094] The DVL module 504 is, in this example, optional, although use thereof allows estimation

of a current vector in relation to the buoyancy can with respect to the seabed 108.



[0091] In this exanple, the INS generates position and attitude data at a
frequency of at least 10 Hz, for exanple |ess than 100Hz. However, in this
exanpl e, wbeoiomgpissal navi gati on system nodul e 502 is " Pam/GB20102030038
intermttent basis with a period of aboutg30 mnutes for inertial data
generation. [0092] The generation of the inertial data is substantially in
synchronism for exanple within 1ms, with the acoustic data obtained and an
association with the acoustic data obtained is recorded, thereby "fusing"
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ment i oned preV| ously, inclinoneters are subject to errors caused by
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25 can optionally be employed, for example a single point measurement device, such as an
Seaguard® current meter available from Aanderaa Data Instruments AS, Norway. 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
30 measurement system 500 of Figure 5 is augmented by incorporating redundancy into the system.
Hence, a redundancy supporting subsea measurement system 600 comprises a first hybrid subsea
communication system 602 of a like structure to the hybrid subsea measurement system 500 of
Figure 5 and a second hybrid subsea communication system 604 of a like structure to the hybrid
subsea measurement system 500, the second hybrid subsea measurement system 604 serving to
35 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 modules 404 also facilitates

operation whilst certain modules are changed out by the ROV.



determ ne the accelerations at the tinme of an inclinoneter neasurenent,
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can be diwpassd7p3s6t he data acquisition and storage nodece/GH2610/030038e USBL
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buoyancy can be less than at the top of the buoyancy can, in this exanple,
any optional sensors are nounted in the housing of the USBL transceiver
nodul e 302. [0098] Although optional use of the Doppler Velocity Log nodul e
504 has been described herein, the skilled person should appreciate that
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and facilitat nme irst cond and third beacon
transponde£t ‘%ﬁ)ﬁgi‘ig th_eL%BEErﬂ'ésc?Y‘?rérﬂo‘jﬂ'sé&@%n transponder 110 is renovably
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112 is regg& |9'o§d%P?oec%£4fﬂj 106 SEGARFadd AORRAABEed FAHS el S Hokifdfing

third bea rranspond
system 500 to a Floating Productlon 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 8139-000-02
Directional Wideband Transceiver available from Sonardyne International Limited, UK. This allows
30 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 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.

35 [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



renmovably disposed in the third transponder frame 120. In this exanple, the
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as not to

25 [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 herein and, instead, extends to embrace all
arrangements, modifications and alterations thereto, which fall within the scope of the appended

claims.



di stract fromthe teachings of the enbodi nents herein, the operation of the
redundancy equi pped subsea neasurenent system 600 will not be described in
further dwbabio/dreseei n. [0106] I n any of the above enbodiPoemdiBRp10dE0Ess
recorded by transceiver nodul es or data agquisition and storage nodules is
post-processed in order to derive the paraneters required by mechani cal
system anal ysts concerning, for exanple, notion of the buoyancy can. In
this regard, the data acquired can be post processed by a conputer coupled
to a mass &AESst or age device, constituting a further processing resource.
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recei pt-of the first signal by the acoustic comunications nodule fromthe
first reference Avgaonasacidmse droGina@giviserein the first angle data comprises a 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.

25 4. A system as claimed in Claim 1 or Claim 2 or Claim 3, further comprising:
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
the another acoustic communications module comprises another processing resource and
30 is 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 beacon.

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



data to the second reference beacon in response to receipt by the acoustic
comuni cati on nodul e of the second signal fromthe second reference beacon.
3 . A syswemss7gicai ned in Claim2 , wherein the first aoglaB208t@0@8NPri ses
a first direction cosine angle and a secend direction cosine angle and/or
the second angle data conprises a third direction cosine angle and a fourth
direction cosine angle. 4 . A systemas clained in daiml1l or Claim?2 or
Claim3 , further conprising: another acoustic conmunications nodul e for
coupling to the subsea elenent to be nonitored, the another acoustic
conmmruni cat ibons roghsleer detlaiged ap@bines,ofhenv thaghirdvirgie data teapriseeh difth dieection t he
first ref eranae.RRacon: Al Jhifo? ARG ELALENRE [RAASAD: MBEhGREL BSARR her
acoustic conmuni cations nodul e conpri sés anot her processing resource and i s
arranged t dreriPREFINGENgIARPYR PGt drecliPpatastic@ad!a to the first reference
beacon gn response to receipt of the first signal by the another acoustic
communi cat bons OgULE LLAMANE L) 48k FELRLENe I BRaG AR AR figh L h
range-rel ated da t0 THE second Teference beacon i n resp(.‘?nseg'to recei pt by
t he anot her acoaduther plopasaing cepiremaranded i celculaleat lsee onel losatipna¢lated parampler
second r ef ¢f@MCRLELATIM BNt B be dNEMSdem as clained in Caim4 , wherein the
anot her acoustic communi cations nodule is further arranged to determ ne
third angle data to the first reference beacon in response to receipt of
the fifdBt $ignalA bystenhes aest incClaionguwiarein itton pcatiodudiated perametee i b rosition
reference ReaeRRqAM tHbiddc ahgth&hidada hdufehe second reference beacon in
response to recei pt by the acoustic comuni cati on nodul e of the second
signal fromthe second reference beacon.6 . A systemas clained in Caimb5
, Wwherein Bhe tIN sydteangd gaichad in Claimp¥ ios €tira 8f iwhérhindhe Citioomnelates paremateglsea and
a sixth direct.l i he. angl e data conprises a
sevent h_di rhg%%"?gg%sgcgag?dr}@thgﬁ%‘%“%ﬁ%gﬁ‘é{"gﬁ? ﬁsoﬁ{;&r%éti on cosine angle. 7 . A
systenﬂés clainmed in any one of the preceding clains, further conprising: a
}‘ urther pr Gl()_ESSimgys[éaS@urc&&néﬁr inanigied 7tap Cﬂﬁ}nf&bat(lﬂairatg,hﬁéﬁdin ﬂﬁemcactiion-related
ocation-r r [ r en . nitored. 8 . A
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position associated with the acoustic conmuni cations nodule. 9 . A system
as clainmed1n Cabteh 8¢ clalnftdth &laimWelRidh thaGodaBemielaid- pRhmétedis RAr LT
is a heading assaqci. tted w th the acgusti ommuni cati ons nodule. 10. A
Rl i

Auf
systenfas & R AEPIRIG CHPME ' FI S ai m 9 , wherein the

| ocation-rel ated paranmeter is a roll and/or pitch associated with the
acoustic cQEMUNIACHLIRNS JHAARY iR -any one of the preceding claims, wherein the subsea element is a

buoyancy can.

25 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 module is
arranged to determine fifth range-related data from the acoustic communications module to the
30 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 communications
module is arranged to determine fifth angle data to the third reference beacon in response to

35 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:

an inertial sensor.



11. A systemas clained in AQaim7 , wherein the |ocation-rel ated paraneter
is an attitude associated with the acoustic comuni cations nodule. 12. A
syst em aswolaiomedsébn any one of the preceding clainms, werergsroionsosebsea

el ement is a buoyancy can. 13. A systemag clained in any one of the
precedi ng clains, further corrpri sing: a third reference beacon di sposed at
a third known location. 14. A systemas clainmed in Caim13, wherein the
acoustic com‘rum cations nodule is arranged to determne fifth range-rel ated
data from t'he adGiysieM@sCBRATHT %’a’tQ”SHEthFrBETﬁ?%”gtﬁ?”f‘ﬁé“r[hﬁi PPHEAE on i n
response to recehpiclimimetert hi rd signal by the acoustic comruni cati ons nodul e
fromthe third reference beacon. 15. A systemas clained in Caim13 or
Claim 14, wherein the acoustic communications nodule is arranged to

det er ni ne f18f t h AaEE® ag&telnaddn aveene R the Presediiaeiipinas. Méb??’ﬂpﬁs"ﬂ%sponse to
recei pts5of the themgkr&ugRahsoby the acoustic comuni cati ons nodul e fromthe
third reference beacon. 16. A systemas clained in any one of the preceding
claims, further conprising: an inertial sensor.17. A systemas clained in
any one of 1®he preeleniasglamediimany dngof the pregesisr dlaiins durthahcompesingionet er . 18. A
system as cl ai madiepth safywr.one of the preceding clains, further conprising: a
tenperature sensor. 19. A systemas clained in any one of the preceding
clainms, further conprising: a depth sensor. 20. A systemas clainmed in any
one of 10he 2fr ec édiynigmadsaiained intaey enenofttieprb¢adily claées eheraindhe firet ecarahdiilesacon
are respectsbdpl Beddox 8 r@gpegtnglyi”lké'd%tt tHE M WA GREL EraHE deBShaS@EMBctiBRWN

| ocation. 21. A systemas clained in Caim20, wherein the first and second
beacons are fixed to a seabed or a pernmanent fixture of a sea floor. 22. A
system as ehai nédsyistenraay cleimed ad Claine 2pr eloeeln g frbtaantssecovtietseaconst e fikddr ota and
second beagggb%dgpg ARAHSH FiGuRSRE NS00 3- A systemas claimed in any one of
t he precedl ng clal Prs erein the acoustic comunications nodule is a USBL
nodul e1924. A systemas clained in any one of the preceding clainms, wherein
the first eacom éBtet &d Elsimet nimampomder thamekceding samndh@e.aqumwarw sez6and

tr anSponde beacons are acoustic beacons.

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

20 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.

25 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 another acoustic

30 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.

35 28 A free standing hybrid riser (FSHR) apparatus comprising the subsea measurement

system as claimed in any one of the preceding claims.



25. A systemas claimin any one of the preceding clains, wherein the first
beacon is renovably nmounted in a first nount and/or the second beacon is

r enovabl yworurweesesn a second nmount. 26. A system as cl acwmB2or/@mssone of
t he preceding clains, wherein the anothepyacoustic conmuni cations nodule is
anot her USBL nodule. 27. A systemas clained in any one of the preceding
claims, further conprising a wat er current neasurenent device. 28. A free
standi ng hybrid ri serE&,FSHR par at us conpri si hg . the subsea nmeasurenent
system as ¢Pai nédCHeRON Orftee a”P'H%hﬁ?’@d@%ﬁ%@”@i“ﬁﬁ%"%”gN%M'ﬂ%?rf’%‘t‘#'% of
free standistgadeydui dfidadig r(FRPPAresselscoprisicp thel frevgsttadigy hbodtrisalgagpactiscas on
st or age anqla%é‘dl”q@gwgs(FPSO) vessel conprising the free standing hybrid
riser apparatus as clainmed in Claim28. 30. A nethod of determning a
subsea | ocation-rel ated paraneter, the nmethod conprising: disposing a first
ref erenge BBeacom réthat cffidét‘éimiﬂﬂﬁ@%d\léhHs@@ﬂbétﬁmrelélétﬂpdﬂérﬁél%ihegwefhoa ecapding:

ref erence beacor(]:ilsa(t) ma fergt q”(ejrehne V\eﬁc’}lclnoa(f\atflt‘SPEﬁOWRﬁOOCVEIO% an aCOUSti ¢

conmuni cati ons nodul € T or ¢ ? 1 3 to be nonitored, the
acoustic com‘runld@a@ﬁi'@rﬁssqudimférebeﬁ? bﬁyc@a@@tﬂe@fﬁfknmmﬁjw elative to the

first reference ph%crgrbraaa)ugtr&ecoﬁmmgndnsfnwdamsr E&@ﬁi@nbo £B6hseS R NioNE:
first r ang ata.fromth aCoustilI, C COI'TI'TUI’]I ons

first ref eHTE’HE%e“L 1% GROYSHC FRUBBHLLOS, MR PRI on"p%P% rE‘PV@? é%%lve BQ/?‘E%@“
acoust 18 cosfenanéedmatorend thechetendfreferenedeeaten; snd beacon and second

range-rel ated dat@rhihiRiFilhRnGERRd d‘at&f?m@' £BhdieRSmABALHEnd RodketoSRE ARA
reference beacon in response to recel t he acousti ¢ comruni cations

nodul e of éefgrﬁﬁ%?n'?faﬁ?’b'ﬁdFSpPPﬁ?rthtr?Fé'pé8@%ﬁrdy?'%’faéf’)éHl?é‘%‘é%l&&?f“mumcat'o”s 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

15  second signal from the second reference beacon.



