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WD 2004/ 059411 PCT/ N0O2003/ 000445 SYSTEM AND METHOD
FOR TESTI NG A CONTROL SYSTEM OF A MARI NE VESSEL. "

WO pdogos4ct i on. A control system can general |y PET/SO2003/000445
as a systemthat gives control signals to 5 a
physi cal process, and that receives nmeasurenents from
a device or a physical process or possibly from other
physi cal processes. The neasurenents and an al gorithm
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an apparent error in position.

Measurements to a control system.

A control system for a ship, with inputs from instruments that give measurements,
and with outputs to actuators, propelling devices and control devices that are to be given
control signals, is shown in Fig. 1 and in Fig. 3. This type of control system can receive
measurements in the form of sensor signals from a number of sources:
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- anenoneter for nmeasuring relative wind speed and

direction, - gyro conpass, - GPS sensors or GPS
w@eminsamni ng systens, '5 - inertial navigati onPGlNO0U8/000445

that on basis of acceleration neasurenents cal cul ate

velocity by integration with respect to tinme, and

position by double integration with respect to tine,

- hydroacoustic position sensors relative to fixed

Pa Blipiteti/nbEfe 883sdrs00r, - taut-wire system of which

the direction and Il ength of one or nore tensioned 10

wi ranenigragter fr measiuingtrelative mind speachand digttiony i s

ob: - .command signals for change of course or

deﬁrﬁé%@rgg&sg,& desired position, or desired velocity

of- GR8 seeseml or GPSpmkitioningasydtdresd on propel | ers and
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desi yes t e right position.
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assooirabed signalsvies changeosfraatise tredesiied couides desirédiposition, or
pitch an k}z_ 28 Pr obl e[Ts related to control for

dﬁﬁ”ﬁa"g ity PEHENESS. 1f the vessel is a petrol eum
dr-ishafti and36&d of prépalietd ah@HBrgrsoduct i on vessel , for
example a drilling ship or an drilling platform a

pet'HédRA ARG 88RRAN on ship or a petrol eum production
pl-%\;é?rsghsérg%lclegﬁﬁggltaﬁ%ﬁ em may al so receive

measur enent s of heavé npotion from a heave
acdellgstdenslsensarsd out put a control signal to an

g?itfgr.%(ﬁ%{é?igéﬁ’sgrgrconpensati on systemfor a riser, a

anes, etc. where mechanical equi pment
NB\engihecstate ebelkhd Wateh eriperahRe! oibpdsefirematcch it may
be_essential .to ,c?npensat ? for 2 WD 2004/ 059411
= PbFYRIBAVIS to give control signals to actuators like propulsors and
control devices. The propulsors may be ordinary propellers, tunnel thrusters or azimuth
thrusters, but is some cases also a mooring system that is designed to pull the vessel to
the right position. Control signals can also be given to ballast pumps and associated

valves to correct the roll angle or the pitch angle.

Problems related to control for dynamic positioning, DP.

If the vessel is a petroleum drilling vessel or a petroleum production vessel, for
example a drilling ship or an drilling platform, a petroleum production ship or a petroleum
production platform, the control system may also receive measurements of the heave
motion from a heave accelerometer, and output a control signal to an active heave
compensation system for a riser, a drill string, cranes, etc. where mechanical equipment
may be connected to the seafloor and of which it may be essential to compensate for
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the notion of the vessel, in particular heave. A

normal use of control systens for petroleumactivity
wa@eoogeso4is for dynam c positioning of the vesseCT/NOR@B/000445
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the ship inspector, that the ship inspector must bring equipment for interconnection to

the control system inputs for measurements, and equipment for interconnection to the
control system outputs for response in the form of control signals that are normally sent
to the actuators of the vessel, and in addition a data library that at least has to include
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WD 2004/ 059411 PCT/ N0O2003/ 000445 the configuration of
the actual vessel to be tested. Moreover, the travel

wao 2ove/0fHom a vessel that is to be tested and PCT/NO2003/000445
certified, to a next vessel, can nmake it difficult for
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! .
error%ﬁ?rg‘lrﬂ%@ss e m@lfﬁﬁﬁ ‘§Purcb§ é@é{figés p%(]’lufé&%l ﬁﬁg tfcargFeen to exist,
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orodl FHIGEitg o i TGRS St e

with aqaaptnaml V8 tahs, Tovingaatiotgtbr §|hﬂ=ﬁ|oh§ tﬁm'tﬁ’e rrrandumur@ﬁl of the
25 rudders or thruste
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Several events may e undesire e may experience

use PyEE ¥aSSebt or power for one or nore propellers or
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L ence ser Qus & re . the control
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i nventors have knowl edge of an instance where a
that the vessel keeps its position. Séveral events may be undesired. One may

experience loss of motor power for one or more propellers or rudders, and have to
increase the motor power on the remaining propellers and/or thrusters and perhaps
rotate the remaining rudders or thrusters. One may also experience serious efrors
where the control system loses some of the signals from the connected sensors so that
an undesired incident may occur. The inventors have knowledge of an instance where a
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4 WO 2004/ 059411 PCT/ N0O2003/000445 vessel, in this
case an drilling platform was |lying at a fixed
w@ominiam i n t he open sea and was drilling a BET/NDRIVG/000445
hole for a petroleumwell in the seafloor, where the
drilling platform held the desired position by neans
of so-called dynamc positioning or "DP', that is, the
control system was tuned to hol d the vessel in the
[ [
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software of the control system that require that such a calculated position must have

been stable in the preceding 5 minutes to be considered to be real. In this way sudden

changes in position due to erroneous signals are avoided. However, the new and
changed, but nevertheless stable position calculated from the DGPS receivers can after
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30 changes in position due to erroneous signals are
avoi ded. However, the new and changed, but
wmeowesdael ess stabl e position cal cul ated from PEENDSRS 000445
receivers can after 5 WD 2004/059411
PCT/ NO2003/ 000445 5 m nutes have been regarded as
stable and therefore reliable by the control system
and may have been given a higher priority than the
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o B 2 RRfR YA R bast pdf 1 e BvasebMet il mancases be
a née@ltfbpﬂédﬁé r@ﬁwrﬁiﬁg 'b?%da@lﬁaﬁoﬁ@tﬁéléﬁﬂw&r@ﬁn kHE &dHtrdt @?étéﬁwl The

system 15 When"the reprogramm ng or nodification
PUFRQ’-T‘»@ foneeing this |C§nW@n@%@rﬁhéﬂ@ng§U516}ﬁ@éhvahﬂ%'=‘r fQ‘Q?@tj ,tch@larm
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for té@lﬂig the aohtrbhsystamiis ebe H)ihé eManges aveegisen taf ihisndeddifect, and
ges. 20 Modific atlciqcic’ in an existing control

to clgg;g«(\ghgzthgr gew\aReHNItBNgRd RGOS NAYEAPRPRFThaS 8/5oPasqusise of the
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: t..Lh
ModicaR6fs s EQRIING Lo 's§ SRt ihehe
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Iargé 'éﬁfe?\t %é?ﬁ@ Rﬁ ?ﬁé‘?&t‘aﬁé@ Qe?lﬁﬁ ok HBsSHwdrBdf ?%fcérﬂfol ts?gcem which

e software t he crane cont
will m from one crane to another. Procedures have been estabhshed for the testing of

the mechanical design of such cranes. In contrast to this there are no established
systems or methods for the testing of the software of the crane control systems. The
reason for this is that the response of the crane will depend on the sea state and the
motion of the vessel in addition to the mechanical design and the control system of the
crane. A required detailed testing of a crane system on a vessel should therefore involve
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reason for this is that the response of the crane wl|

depend on the sea state and the 30 notion of the
weemgmes4in addition to the nechani cal design apdI/NDe003/000445

control systemof the crane. A required detail ed

testing of a crane systemon a vessel should therefore

invol ve 6 WD 2004/059411 PCT/ N0O2003/ 000445 both the

dynam cs of the vessel including the relevant control
bothzt*ié:uﬁg’érg?%néﬁﬁ% }:’lﬁsf%‘? krpé;h,ﬁil'gg E:Hoé}m féé/%'n{ L rol %gﬁeﬂﬁgﬁ%g vessel, and
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system 5 Wen sensors for a control systemare
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physi cal quantit an exa
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CoMeI OTRElUREI8s| . The reason is that

a NI‘FGW r@blaﬁ@ﬁ‘ieﬁt Sldmgglflééﬁd%f)én )AaﬂirV§ cntidifs g@r’eﬁ?g‘uay give a

~control action to the vessel an what was assuned |
signifigantlygdiffereap rRsponse fartiae &@meloTh% seasemis iat exnempoemotiified
IS t f,

actu%ic?)isriﬁ%élysg{{/é‘ a J}@\%r‘éﬁ?cc{?ﬁrg'i rgéw o} tﬁek\)rg \s/%iﬁé\?%‘éts Wap assumed in the
develpmraentadf thé eonﬁnmlwsm duadexdrapletdi rthusﬁs imthé use df ttousters for

el bob REnFRChela, BT Rloh SrhHE el et Bl sty anc e
thrustthmét Ib“etwmrn when trfeecdrhzrov §ystmyis |ﬂ§me§d1 FWPFustand o&r’éngéd then

be necessarﬁ/ to test the vessel with the control

the r§$¢§'9@rﬁe%e$'?ﬂf@s§ %P@egfo‘ctt%t@%‘?éﬁﬁ‘d the thrusi araydpgghanged, and
it wﬂﬁl?é hessafy td st tﬁ@%s&é\%ﬁ] e &nﬂ%ﬁ%ét% t8 lﬁUé'éﬁ%ate if the system

fective testin vessel control “systens,
still performs satisfactorily.

Thus there is a need for a more effective testing of vessel control systems, also in
the cases where the vessel has been modified from its previous configuration, and
where old and new components of the vessel have not been previously combined, and
has to be tested in the new combination.

Known art in the field.
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the cases where the vessel has been nodified fromits

previ ous configuration, and where old and new
w@eeosposmant s of the vessel have not been previ oRGI/X02003/000445

conbi ned, and 30 has to be tested in the new

conmbi nation. Known art in the field. 7 WO 2004/ 059411

PCT/ N0O2003/ 000445 The US-Patent 6 298 318 "Real -tine

| MJ signal emulation nmethod for test of guidance

I PR PS8R SBTA DB A1 st o
guidante gavigaticreand echtfol desperess deteribescaivemUBtiDofethod gdmtestlng of

a pids by SOl g M ton sk Raraaleh 8 gRYiearfeddbih I Bor) fight
simuteF éﬁb whaYs ki%ﬁhl@"frd?ﬁ’ argd-tArdahddinpidvi t@ngﬁﬁm@&@@ @M.dance
si mul ati on. atent does not | SCUSS

navigatio ard eontmfneystem @@Stpqqrg mehglr(yﬁftaarq ggg@qat@.chg SImulatlon This
us [S’éténbﬂac‘tﬂcfé% ﬁ&%&yb?gﬁaﬂém§ ?é‘iStéEittB nEﬁﬁ@“E%?o%ﬁ%bPBMsel in

1 on not nention
dnllm@mpgwtlona oofsomerntkertfedn @ﬁaatmaaryrop@qaﬁqmﬁrdoes not mention the

ose P BRERLAR o KRR hRnRE, b ARLER, FrEABTER b
RS T, B e e e
congiar e e Adnp Wl o e S R 0850 o has
restorﬁﬂq é’éfﬁinq{fi h*eﬁﬁél pMa Rt pichf@btigh.r craft flight

cont r ol describes an automated test apparatus for

t hEhe é@rpﬂgnwﬂzaﬂ% hiutasnated|tegtapparaius foraircraft fighbgentrols”

sesaRsB3fi ooty BB Sn Ty Aot SR At syt o

alrcnaﬁsas ;a;rpafrem megra!eutsystemfwyemmg z phurality beflighteontpl systems.

The Zufitae Spenpeitts RS H e i g Atnory fgrstoring

prog‘rémmeii IQS’dﬂﬁtﬁ:ohg shattdongrof dparatiors ohthech Bormgtideest fsdaratus, and for
ta. The aut omat d t est r at i nclu

storigg RIS Tight GRITI sYSGam 1oabta ﬂx?p@utemﬁ%é test apparatus includes

a ke?ﬂ?frﬁ' AGolHRstr é@f’i"”ﬂ\d @E%%énﬁvéﬁﬁﬁeﬁféﬁ (Eg mmed in gtr};ctlons and

ormation I nt e a test apparatus,
othes infpupatiangntodbe aydemateddast appapatusyan r@umuttrng test data from the

systgERRAc e el el e bR 16 pBBRRRS L] controlied
by tree gysiém domirollergenengietiesicigriats that arainpubtd thegm:raft's flight controls
oyotERL A8 SioriBY P g 08 B4 e B8F b ARcb3d pi i igntcontrols

systéirs ragauldrfatedttostRipparatas is srrneicaidisy & imemarstdisle &Y an onboard
an interface cable to an onboard central maintenance

centgyy ym@!ﬂ@naF’ﬁ% comeltar inglydedinitae gireraftriBe ceptralgnaintenance
com?ﬁgé?"ir?d@dléﬁsga rﬁgm ﬁ)rﬁ%rl}ir??% {rLég %l%ggés?{i?\éelté?%ﬁ BnBEA t¥sts of the
flight controls system and is controlled by the system controller during testing in
accordance with the programmed instructions to run the onboard tests.

US-patent 5541863 "Virtual integrated software testbed for avionics" describes a
virtual integrated software testbed for avionics which allows avionics software to be
developed on a host computer using a collection of computer programs running

simultaneously as processes and synchronized by a central process. The software
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flight controls system and is controlled by the
systemcontroller during testing in accordance with

W0 b@4psagr anmed i nstructions to run the onboarBCT/NORE3/000445
US- patent 5541863 "Virtual integrated software testbed
for avionics" describes a virtual integrated software
testbed for avionics which allows avionics software to
be 30 devel oped on a host conputer using a collection

ol QTR SOHETD SRR BALBEERUS S fom

aviosio$ desice to Be\(En2iidd 6§ SihuRtith mmngmanamsst mm'epthted or from

ccn GRS 4L STRE A MR SRR Gier avioos

hardwa@ iPéRtheRiectothei irtuaPbusg ééummﬂ)a@t@ ifh trie hestlcopmpumsi @ a real-
from actual equipment and data bus signals com ng

tlmefhaéiﬁ and going to actual avionics hardware is

s%étt&% 4087 "Alré’réfttflitﬂg ?é)%?érhsdéébﬁb% an aircraft

conputer on a real aS| s.” US-pate
test 5gzﬁem7tnat generatgsstimulighat emullam ir‘@rstnwtregweéw an aircraft when

5050 LB 536 o2 P B )Gt e

numbdker of prbt:esdmmontmllafdle gistrumBmes forgenefatingestimuliyeceived by an

aircrah e BiTGHto s SERemGss BN e NS F AR Lhts Hiat monitor
the @%B@ﬁ@é bﬂﬁe%hﬂ&'é blréréﬂQiovrﬁfbdéhtsat@ the sﬁmUﬁ lt@ﬁvhldmﬁ@ dif@raft is
The system al so i ncl udes a nunber of

expwaesi? ATEReSSOf bleSRense 1 therauipytesignsh ?@nbmetaﬁr@r%fwraegnems
direds & St{;rfnul‘?g i ﬁéﬁg‘rﬁxféh?% & prdbilibe SEmiM i eh’ﬁﬁate those received

aircr Cessor I n response t
by t!mjaipmraftasgirmbvés tbmmmgretm aic Thketsystamp dnsrg@erahesamtlsltna! set of

s YU R SEE B SRR PR TR, T ne
responye of tHy Sirgart td‘lmeati‘nul’ﬁbavmmtt &S?Emnsedgan@ natr&spame generates

an upgaled St SESUBULID 1S ARG Ther SyefHim SsQUREPBRING RRSPONSS of the
outpru? ?ég,?%ﬁ%é’&f élf@aﬁbéﬁxgéﬁén&%otthﬁt el Felid BomoRit6iad Hy péfsonnel

In response generates an updated set
chalsgenrmth inserinchibahihecaieoraft | BCHgNING: TOPCEY- re%éysdgmw also be

useﬂ(i: gosngg ﬁe rﬁrgfcgéo\pfﬁlggg'it%‘éh tfeeaﬁqif‘%gﬁagét 'élﬁ:rr |n the loop" during a

they cou noni
flighpemsitatioal  char ged W|th i nsuring that the ai rcraft |s

u %t' qmt;%e%?g%é\yﬁgl The z%ﬁ:c%%%gg @’8%955‘(5)?% d" describes

a méth@d Anucd §fsternifor flelBcingaiea stateiinguced Veriigdh nction! oita sl'ﬁpboard
US- pat ent 6505574 "A vertical potion conmpensation

or
crang'lpad &ising WaEh eneadars HeROM Angie: $RE0RAWMENGFRIle ﬁﬁﬂ%@r and motion
sen&ﬁ"iHﬁ(‘ aﬂﬁgé& edstrendME Wt ¥&itFdl pRdcedBéY 1Bt 8dntfbls the crane on

basis of the measurements and the commands from a crane operator.

A solution to the problem, short summary of the invention.

A solution to the problems described above in connection with testing of control
systems for ships is, according to the invention, a method for testing of a control system
in a vessel, where the control system involves control and monitoring of the vessel with
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crane's | oad using wi nch encoders, boom angl e sensor,
turning angle sensor and notion 25 sensor that all

wo emwd/osmgasur enents into a central processor thBECT/NO2003/000445
controls the crane on basis of the neasurenents and
the conmmands froma crane operator. A solution to the
probl em short summary of the invention. A solution to
t he probl ens descri bed above in connection with

contn{oiﬁghgg BloneYFniGe achiatEis d%%‘rse EH?J méﬁioﬂscdngms%%‘iﬁé fdllBGnng

invention, a rret esting of contro
stepsystem in a vessel V\,here the control systeminvol ves
control. and J tor of

C oM T s e R B SRR gng pemore

sensPfs GPéren st %ﬁr%ngn\ahmeﬁtdth@ ooRtrbosstampr i ses the
foll ow ng uisition in real tinme of sensar

© AR SoBRaT SOpadmMtPe SHTERSYSRTHEPE 2 COMEEANG Input
dnwgé/ Blert Sédatld s?@fé? flhe F SBﬁ‘ﬁnédd"”fi%ﬁél IthQo aRNEdrttol SYSteRT

aCQUISItIO conmmand to the control System
*f rmwtammmcwmmhalgmmnmtmm@l Sysiemdrs basialor ppe er more

o SRR R B8 ohd B g FRL A s B gt o

overwﬁirelmgrmlbmtcsﬂmfaobuatom nore of the acquired sensor
sendi ngﬁ of the control

|
The §’Plj%‘aw é}qh%mé’re”g oR ﬁ?'%&%‘f‘s‘%ﬂg%%"?\wggtsé %he actuators. 10

= Th@is@shtrction 6f oid6r indve BEhSUT sSMERN frédorieher hold sMhe@ensors or
* di sconnecti on of one or nore sensor S|gnals

of cqmmgnd SIOnG#s TRInOnGronmersselige camaandinpulFwieRs. 8P dnatitae
sele{:t%ﬁ'@eﬂgﬁr 'b? c8fnnidif éigrm%?e hoREnt Q’@iﬁ trob Qyétaﬁlt and

sensor sl gn or conmand gnals are
replacemesd of one or hore of theotlisegritesiad sensor srgpaawmmmemd signals, by

cor g T i ORGSR 9 B
rem@tegéftgal?cggtmmg?g?mc@ et \Pd;%sl mwsmrttwﬁga?ggrg?mgﬁtéon line
thro rrpon%gggnoge Bg‘?ﬁ%ﬁﬁg %P%?] dpn?rﬂf a?g?f'"bne or nore of

* & ritindBdcotriplfftichtn Eﬂl—?c@rﬂf&l sPdtehY St BAIs of Fééltahﬂll%@ simulated

conputation rn the control syStemon basis of real and
sengor signeaisen caremand sigsals ofi iniksighaleodthnd si gnal s of

* Cot?éﬁﬁ‘?lluttﬁl'\g%élcﬁntrrrﬁ%@s ovbf é‘ | wh l{dc?étgxﬁh hRe %8 "t“é f%!mote test

er a co catl on e renote
Iaboraatbr(yr atory In a preferred enbodi ment of the |nvent| on

t h% a”SFe? edt érlnbo'd#r?elnlf oF tﬁc’é %ax‘%on tﬂe retfiod will include simulation in a
simulator in the remote test laboratory by means of an algorithm of the dynamic new
state of a vessel on basis of the control signals.

Additional steps of the method of the invention are found in the dependent patent
claims.

When the testing of the control system is completed, the communication line
between the vessel and the remote test laboratory is disconnected, and the sensors and
the command input devices are connected to the control system in the regular way, and
the control system outputs for control signals are connected to the actuators, for normal
operation of the control system in the vessel.

10
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simulator in the renote test |aboratory by neans of an

al gorithmof the dynamc new state of a vessel on
wha®iesail t he control signals. 25 Additional SPEPNOQG03/000445

the nethod of the invention are found in the dependent

patent claims. Wien the testing of the control system

is conpleted, the communication |line between the

vessel and the renote test |aboratory is di sconnected,

SR8 e SRR SN St s vsse

wheré it déntrdisysient rscﬂrrangedewnomrqﬂmm momtmrdhe vebsali epraprising the
are connected to the actuators, for normal operation

followyRd $iPScont rol systemin the vessel. 10 WD 2004/ 059411

+  PGREND 293/ 2P94-%0n Bherdithy 98sdedarahged tarséndlene ar more sensor

~ systemfor testing of a control systemin a vessel,
signajhever a ﬁlénéUlﬁlert@Itg§9§ﬂfé?hﬁ)'§teHFranged to control and

* mi’:BHn‘?éné P\gui’ 88A6Ls ot BERM tﬁla %ﬁé&“‘arrafngbh Qs B8d 8ESIRS pdsition,

sensors on boar € VeSS arr anged to
courwrwzlmutgem aver & copmsand signaliligede sheoentrel SYsigl | i ne

* bangSenanbds PR Rrgien R T RarRRioABY sEo ¥nals tothe

vessél%dtﬁ@torslw basit Yf ebmsoraigalss commandisignala aior isending of the control

~ the control tem * an algorithmin the control
SlQ”@?@Y@n&ﬁ@ﬂalH’éf@éﬁﬁ@PﬁﬁWﬁ of control signals to the

n whiGs &l né\feﬁ %ﬁ‘ﬂ{ésﬁﬂerﬁ%‘é n@és%@ﬁﬁlbwﬁg@ét §, comand

! WSI ghal s r sendi ng of htﬁ)he contr ol gﬂl) nal s over §[1

* sianesdr mpmgecaramynisa Uéﬁ%fpgtranﬁmm%wft% %’O%ret%}meia ed

sensbpglgﬁéiﬁtaq{a F&@%h rr{a (d9fréinSPemate 86 18oratory to the
nor &€ contruni cati on | nes ansm ssi on of one or

controbsystemiul ated sensor signal s and / or sinulated

~ CESH atgy@g&;ﬁng&éﬁ a ggr@nﬂférjp%?ﬁ:ﬁﬂ%ﬁﬁﬁﬁﬁég R dyhalliEstate of 2

vessél Sehkl hasddosn & pee\sousdtatd, contedl sigradsy atyindymiamis pataeneters of the
vessel nodel based on a previous state, control

vessgl gnals and dynam c paraneters of the vessel, *

v e mﬁﬁ? cb mmmi&@huma id | éﬁéngéd forrRneatting back the new simulated

e new sinul ated state of
statevelsthe |veas>@lemoqlei in the foan of simwWaieg| senear signalsto m%%ntgcl system,

Y s

sensdrr gignalseot real and / or simulated command signals, of control signals to achieve

at last one of desired position, course, velocity etc., and
* where the communication line is arranged to transmit the response of the control
system in the form of control signals as control signals to the remote test laboratory.

Brief description of the drawings.

The invention is illustrated in the enclosed drawings in Fig. 1 to Fig. 7. The
drawings are meant to illustrate the invention and shall not be construed to restrict the
invention, which shall only be restricted by the attached claims

Fig. 1 illustrates a vessel with a control system. The control system receives
measurements of position, course and velocity from navigational instruments and

11
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sensor signals or real and / or sinulated command
signals, of control signals to achieve at |ast one of
walemuosdiposi ti on, course, velocity etc., and PCTINOR@®3/000445
the conmunication line is arranged to transnmt the
response of the control systemin the formof control
signals as control signals to the renote test
| aboratory. 25 Brief description of the draw ngs. The
recelv@!! %BFﬂn‘i’éhdssfréMdJﬁésmﬁi %)écﬂ’ icklién Géﬁlbésﬁétdéhﬁ‘éd Péifel bfithe control
Fig. Fig. raw ngs are nean
system| as'elosttxeswgﬂcpa’mrdeivm, and as)mqlt}'r%tShﬁﬁ speed ﬁP@@ﬁp&f@n device
for P fitr 161 PO FISE i ARIerd ekl by Biecifetso receive
measliensntatbrelativeasind directidn and miativel wingdsspered fdine an anemometer,
urenents. of é)(OSItI on

| .
and i 3h s8ceiie St SR UBRnI TR SPUU TR ARt mdt s Meigyation. ol
,,enoHl pmlﬁg%kboﬁﬁééémﬁg&?meéﬁ o aédineties geq@éwtmmm@ shaft

romaggosmlons ication device, the contro

spegshigdiropgliors,and @ngles| to ragdars sp thatthe slesigd BPRIEOM.i MR

V. gd velocity or shaft speed specification
velogg/ér‘éeac gg’rg the propeller or for possible thrusters.

THag cd ilusisatesyastE Aot arcoatrebsystaraiferca vessel whkeretbe comtrol system

s cdfeiel{S alliiPries Sk Rl ek sbRal 4y BB p6 YoMl system

gives ndsponas ilmtmea’ocmtof seatrdts&gnals @bt cennevted) adiwatats. on,

t .. Th trol t
o Bt s b loisit Bt s¥stel foc Aoy, iR ognscted ensors,
comiizRBehpLRdevited sndHRsatb® dfulseontrd@ybieat. t he desi red
position, course and velocity are achieved. Fig

i 1Figs4a ﬁﬂ%@atés itherbasic idesopiithe Iln\@ﬁélt)@,ﬂnﬁfb’mfha\)»’6§§@ISlmUlatOF 18
amat A4 a8 rﬁﬁl!a#)u?r%f acgeﬁ@hé\?vﬁh 'a%g%}”h gﬁ@eé}r@% \Aﬁgrtgmﬁ%} a first

erface W t ensor
real—timetmtelrfasgsat the sigivlater loestiam suithi ona tembre coromutipation channels

for s St SRR R BB SHLFer !, Rakfme ijerfaoes for rear-

timetcoatrol Binelash aed BYging wmcmisaﬁudthen poiingbeyd &es congol system, e.g.
act uat ors H?f t he ont r ol

4 | t
2 coflig nterit St n /EAR PO vepsehAfG AaLIGRs Idalion may be

e.g. §t§‘§b%taﬂéd bféss%@ci%fyé\ﬁ‘%@ in arenote sinulator
| ocati on, bot h connected through a

f ifrigt4b Hluatratemaeveslseg it 8 control systam whese @nemmre@ﬁthe real
st SR r o o S A0BRE A SBRBE ey rf el o
and freal a testriabionatery, andsvhiere oneaire mareof trencondfal signals from the
contgsldé g%t%fn' tg&gg ga%;daggrg'_o?%em\?es%%l ar‘c’e geunrttb Sgrn Q gg}n%?untlc%tlon line to
the test laboratory, preferably instead of being sent to the actuators of the vessel.

Fig. 4c illustrates a vessel where a set of sensors for pitch, roll, wind speed, wind
direction, GPS position sensors, DGPS position sensors, hydroacoustic position
sensors, etc., that are normally arranged to give measurements to the control system of
the vessel, are replaced by simulated measurements from a remote test system via one
or more communication lines, and where the control system responds to the simulated

measurements where the response would normally give control signals to the actuators
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a control and nonitoring systemon at |east one
vessel. The sinulator location may be 20 e.g. at a
w@esogabd4ed cl ass society on land. Fig. 4b il uBtT/HO®3@00445
vessel with a control system where one or nore of the
real sensor signals are replaced by simulated sensor
signals over a conmunication line to and froma test
| aboratory, and where one ore nore of the control
of thé'\/é@@élshlier €8 brePeliér@Nfudders YrRiNKrasteRe BFhudltARBLES, and where
he vessel are sent back over a conmunication line to
the YBSPQ%‘@ it sent vialseammwrpicagierling tha yemais: testiaberaterywgrere a vessel
. 0;
sl e £ it 08 16 LE of fih BEIcUERES e Winari benayior of
simulated vesselch mspedse W the c@tmésrgnalrfrorﬁ;lﬂ&b pevBotel cmmtrol system in the

rs os it on,sensor acous 0Si tion
vess3 Hrsenogifie nBgiate 1 eel packibr BRERHBlE SigR: for Shew
respaﬁgéwmeﬁmtrﬁof@pdé‘:@d@@ﬁ!ré!@ugrfa@temn of the vessel, are
>Apll aced bz si mul at ed measurenents froma renote

gemiliishatesanoyesyiewstdne yasaghmodiens in ihefegm °£ﬁ%|| P'tCh and
hegydlere the control systemresponds to the simlated
measurements where the response would normally give
cdrigr Blllusirgigslan quervinw cofdhe vesset motions\in swyge/ 989y and yaw, which

aro fihaC i el o Bt bRianvid. B cictorleBlignfh B crting

withaﬂﬂem@orirtg‘(er iresmnes:aséswsthmnoonr@)a conmuni cation |ine

L8, 7 SPOWE arskplen gt Kbt prabia £k w6 o e iVaaR Where a

contfl Bfstem |b@i@au lt@ bom‘rorca drﬂhr’i@ibl@tf@ﬁn uhgertyndinic poREoARgtwhile it is
the control gna fromthe renote control systemin

drilling, avhere é@%@ﬁua Higthard thecdesirgd positienaf are mapked with boldface
we back to the renpte system for a new response in the

"formof updated control signals, etc. Fig. 5

illustrates an overview of the vessel notions in the
ustrates an

S e—sway and yaw,
vvffrm:nvémcm xac!uapg et@etem fbrcamirwmeltmu Wrtéstﬂgrmm dontrol system
positio ion with oi

@) o s Dok o Sl ELTIERSEOIEh & RSB SPSHtonsgom, in
real #imelsVep adobiRlSBat®in éhénﬁie?(ff}nés BhAPh fah BVeM sy FPfolbh@a and in

[ nventl on where a contr ol syst emis used to control
moreyeietailim Bigs| 4b RBE ficuhbe coptiplaystenp (i may inciusiegantel and

monléénngf&f thé 'v@g%el’gﬁfg%sglﬁg of e ntrBP %&%@Rﬁfﬁ% ﬁq%de. the simulation

marked w
of ndbewt sta;bes amd extrere spate$ and admealcidinges te sudh hbmenal and extreme

statds' TOF {He' vessel (4), for example ordinary movement in a simulated calm sea state

(H4). In addition, one may simulate ordinary movement in a simulated exireme sea state
(H2), failure situations with e.g. loss of motor power on a single propeller (16) where the
vessel has only this single propeller (16), with subsequent dynamic simulation of rotation
away from a desired course (7b) and drift away from a desired position (7a). One may
also simulate the loss of one or more propellers (16a, 16b,...) where the vessel (4) has
one or more propellers (16b, 16¢, ..) that still functions, and study how the vessel will
react to the loss of one or more propellers.
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The invention includes a systemfor and a nethod for

testing of a control system (2) on a vessel (4), e.g.
w@2@hiop41a drilling platform a petrol eum pr odRCT/NOR003/000445

platform in 20 real time over a comunication

channel (6), as shown in an overviewin Fig. 4a, and

in nore detail in Figs. 4b and 4c. The control system

(2) may include control and nonitoring of the vessel'

(43 ¢t eTf“o%\M?@ ?Enéf‘b‘”es&ﬁﬁﬁdr% ghEH 6thé 3)st8RYas BhatdfAaltdiice

Si rru ation normal states and extréne states and
illustrabedrinl Fighdandesnd o, fontrterventien framd retedeborgiony ¢é40)fte control

th di
systeie (7 B ok e o BSe S PR AD. Rl Deert ron, | one may
SiThd Siseernadtaraing todhe i’rmmnonn lsaarsangﬂch’oe meebestiregref g eantrol
N ey g el T
monikAIAE hebas ( Wﬁetsbst%rrﬁaétﬁir@ng e B InvEntickBeempfigds the following

subsequent ‘dynam ¢ sinulation of rotation away froma
featuiessi red course (7b) and drift away from a desired

* p??r‘lé bPRhokd Q%nﬁog‘ ?)ﬁﬂagxg%%@bﬁéém gk Qeééé? zh%?ré a‘ﬁfangeé to send

nore propel e vesse
one ¢rinorensersDr sigaalsr(7rover psigpsl ur@r(éza msme cmérol systemna).

© L ompelipdbyeB o d dogfiht Vead e fgenaet Stna a

desirrAGHsARB4 EduBEVaIBRY(8) 8R04¥er a bombriandf sighalWha 1) to the control
brief description is given of the systemas a nateri al
systeB#ke illustrated in Fig. 4a, b and c, for

* rﬂr?érgeﬁﬁinﬁ)(sﬂwmeacdrﬂfa)b?stbﬁkm ﬁgéﬁahg(e@&br b@m@gn*sj ébntrol

systems (2) 1n one or nore vessels (4a,

signath ¢1 Y)totteervessed peiuatprs &kbﬂ_seldmrbtﬁeuaﬁnS%Slﬁmlar@e%ﬂ /g the
comf e G S Pl SRS o] B g oo
actuamré (33] and mﬁnl tor the vessel (4). The system
. r to the inventi ] ' .

£ &8, P 3tbré SolniieRiE ngE GOF BeRFRa e Sl ohg b B gmuiated
sensbhglsggré{‘ss(?b ﬁgﬂ)or%irﬁulafdcﬁém‘ﬂﬁxahd sliiﬁilmb (gtaﬁmzrne refriote test laboratory

Si s over a.signal. |line

(40) Efhes cantisy Syaiam (8], Thege i AR IApLNoY B Qranpayd gauipment for
real- ﬁﬁér&nﬁrﬁﬁm‘éﬁﬁ&ﬁlnuéﬂ? al8ilabid BHGAH the labBRslod arftesh éﬁ@h vessel

ositlon, course ocity (9) etc. over a command
that!§|tgmtesieﬁle (11) to the control system (2). * An

* ?Lﬂ?%e%% ﬁ%%&réfgﬂf dfudeg I’Hgénx ula%?{ﬁ%%ﬂr{cﬁ%%@aﬁ% Il (32) for the
simutationadfdhe né\'&)dynam state {Heofsevessel giogabl4dd) t(aTS)adaJmpramous state
. oot BRI, Aol S B8 i et

* The communlcatlon line (6) is arranged for sending back the new simulated state
of the vessel model (4') in the form of sensor signals (7°) to the control system (2), for
continued computation in the control system (2) on basis of the real and/or simulated
sensor data (7,7") or real and/or simulated command signals (9,2’), of control signals
(13) to achieve at least one of desired position, course, velocity etc.

* The communication line (6) is arranged for sending of the response of the control
system (2) in the form of the control signals (13) as control signals (13’) to the remote
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actuators (3). * One or nore communi cation |ines (6)
is arranged to send one or nore sinulated sensor
wGe@nase1(7' ) and/or sinulated conmmand si gnal SPEBENP2003/000445
froma renote test |aboratory (40) to the control
system (2). The renote | aboratory nay be on | and, and
equi pnent for 20 real-tinme communi cati on nust be
avai l abl e both in the | aboratory and on each vessel
test lnbafatdry (k@) be tested. * The renote |aboratory includes

a simulator (30) including an algorithm 832) for the
siTh# eantesh signaist{d Shisaludgrsignals 6t 43p.715c)dn the fesBoiishatt speed

I
(1327 R85 1pf e 7 ithe BRORRIENS (14 ol lers (17 By Bl gos (130) for
ruddermss(d8) of thrustgb(17) @nd prgeei?yrr:;cbextaa:tnai_amle t(623| if t f
d f d ack the w. Sl hul ated state o
e J]ae\r)%%e?@fso i ucla%nl © PIf REe ?&%ﬁ\falko‘@gﬂéor signal s
- posﬁtkn) mbQsiinigy G&ﬂéé@dsa;’ W6 [deferfrine tHeOVessePpddititeda), such as GPS
nputation in the control system (2) on basis of the

recewggq (BQ%CW&")%Q%F'%P@W'O% éﬂ%ﬁﬂf s {fth)aintagrating gecelergtion sensors,
.and/ or simulated command signals (9,9"), of control
"signals (13) to achieve at |east one of desired
- Cousee meashling davises (8] tocdatgrmene thadvesselneursertibhiegaa on

6 sendi ng of the response of
gyro%(#{ﬂs%& %r ﬁ"ggﬁgwgl n the formof the control
- a spegrhadsar189) arsingie integrating aatsleratidh sehsort toelstemime the velocity

14 WO 2004/ 059411 PCT/ NO2003/ 000445 test |aboratory
(7¢ )(40) The control signals (13) include signals (1 3a,

- an aRdmorhetar (84, 8é)€tof‘rﬁtl|@@it§fthéh@fa‘hv§ R sgebdq7d %Mlﬁf direction
by o

one or nore propellers (16) or t usters (17
{fe)ir ot ati on angl es (13c) for rudders (18) or thruster

-ardlllgrf%élggn fl)%}ho‘?ézﬂ@ h@ﬁﬁl%ﬁ@i\l\% 5 The sensors (8)

de one em)reo - pOSItIOﬂ

- a pitelasngle isgnden(Sgeto indicpie the pjteh@nglmggl) he vessel
position (7a), such as GPS receivers (8a),
hydroacoustic position sensors (8h), integrating

adn el prefdrrederabodiment of mtaQnVentionQHéS StERAI8 Woulped with a knob or

switcgaeé ie_)ges éSb%fywocgggﬁ%ggmﬁg g%%gr%gé%%r e rpn)afhe signal line

(12) taomecboﬁwgysté'%qk) B aaumah ethb%‘yQﬁ!n@hb&ﬁdﬁ@% 'tﬁ‘é fiveRfon may be
sensor to determ ne the vel oci (7c)

providad vdihed secqratiswit) (1{5_5) prfANgRL @ydlmorme'@t ene aeynom atithe
commBAE Sigh&th (18 fol e SHrdrfitd P1) to the control system (2), and also

provided with a third switch (15c) aranged to disconnect one or more of the control
signals (13) from the signal line (14) from the control system. In this way the switches
(15) can be used to fully or partially isolate the control system (2) from signals to and
from the rest of the vessel. The control system (2) can still be connected to the regular
electrical power supply on board.

The system implies as usual that the dynamic parameters (5) of the vessel enter
into the algorithm (31) of the control system (2) for the computation of the control signals
(13) to the actuators (3).

According to a preferred embodiment of the invention the system is arranged so
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(7e); 15 - aroll angle sensor (8f) to indicate the
roll angle (7f); - a pitch angle sensor (8g) to
w0 paisost4el t he pitch angle (7g9). In a preferredPCT/NO2003/000445
enbodi nent of the invention the systemis equi pped
with a knob or switch (1 5a) arranged to di sconnect
one or nore sensor signals (7) fromthe signal |ine
20 (12) to the control system (2). In addition, the
it ESEAG SR il (), 6Bk O FmBBaPERY A agortm
(32) arrangee tosimutiaie doerstatel oba yassel optmsis efmn infiial siagmedpresented by

comé e%ﬁy( éréé%%&@hglgﬂlﬁgﬁgﬁ%ﬁﬁgﬂéﬁ‘ﬁz)* raiﬁg g:oﬁ drBPsugnaIs (13, 13) from

thectmbsymh (8ne or nore of the control si gnal s (13)

h | 14). f ln
t oo 1 8 Mekseren s asdimen b Tpelioh e E3RtTeapn ne ©)
ari%ﬁh@bd %rl deridi] 6t éhd HemerN§ifRiated sbAgar(signdls o ﬁremﬁé $emote

and fromthe rest of the vessel. The control
test ipporaanny((49) VRN Gur s anepRRG L B8 cPBNRdied tagad disconnected from

|
o B B AR aT PR, Bl Bellon Ao BYADRT LR oy the
comawnigation fine (ﬁ)maﬁbg@rwanuad faiheing conreaie o and dissomneacted from

.t he tal fot ' I .
a sefdlg Iy dnGRARHGRLON % vead 5 M St B spepnd partime
1nter&3ﬂhd9| amangedfortdeing coractarhthrdughsthetswitchy 184y tartbe dighal line (11)
V\P %}04/0 411 PCT/ N0O2003/ 000445 that the renote
tom?é":?(‘ P Y (40) is equipped with a sinmulator (30)

WI A&bo&mnglt@ arpréﬁwed(e?ﬁaoméﬁnaﬁﬁeweﬁmahIaaé:mutdw@d §bl%hfénd input
a vesSel on basis of an initial state represente

@@/(1 Qdasrengey forsqmmg efl sipulated comaendedgnale (fehrgm (e remote
f
o By B0V G e, 4 A ter o
and bher thavealttinos intéréaceo@i) o thetdomtrol sysdéeridR). i s arr anged

(70 PR ErB neCa o L fef Y 8 it 605 Bl G 1) i e

contfdll Eydtem (25 can bangedifiéd daibersd) ertreslated avér the communication line
di sconn ecte? from a first real-time interface q6 Zatory

©) from t &St {ahgratoRy 41CSPEHING tulhf. INYeNtioRdhe
. ( n
o e B T g R 1S 2g oA B bffol systom
(2) to thg mepsremends (/4dd. (6b) on the vessel (4), and where
the second real-time interface is arranged for being
connected through the switch (15a) to the signal |ine
Des¢riptipn of the methorhior édsting sif éme ¢ahtrol system.

The system described above is arranged for being used in a method for testing of

a control system (2) in a vessel (4). The control system (2) includes control and
monitoring of the vessel (4) with control signals (13) to one or more actuators (3).

The method according to the invention comprises the following steps:

- Acquisition in real time of sensor signals (7) to the control system (2) from one or
more sensors (8) over a first sensor signal line (12) to the control system (2).

- Acquisition of command signals (9) to the control system (2) from a command
input device (10) over a second signal line or command signal line (11) to the control
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According to a preferred enbodi nent of the invention a
simul ated command i nput device (10') is arranged for
waendiosig1of si nmul at ed command signals (9') froP@T/NO2003/000445
renote 15 test |aboratory (40) over the real-tine
interface (6a), and over the communication line (6)
and over the real-tine interface (6b) to the control
system (2). The system can be arranged so that all of
syst%ré( rts of the algorithm (31) in the control system
) “an be nodified, calibrated, or replaced, over the
- caCompliatidn tma konteol AlggrithmaoG1} imethe exontrel system (2) on basis of one

e RS o B o A A5, g
paraﬁTetér@%f gthenessdlland é@ndlpg; bP e dmtePsighals ($3p6wsNa thitdl signal

measur enents (7, Descri ption of the nethod
line m&atqﬂr@taqﬁ@at@fs@he control system The system

- gﬁi‘% é\tfél?tx%?ﬂ?’eemgénﬁr{ iﬂogﬁgf [ deSé cﬂéﬁ &f bAe 3r Hﬁr@ Qénsor

a con sys em in a vessel
sngnals)(7) fidra cmmrrmres;igln@ sesyrs |(8|)c¢mi@@mmmd signaisd9) from the

com[r\%rﬁ'{;hngpgtg:] 8@@! égi%ftgh% é}leﬂeﬁ%e&%ﬁﬁ&’hg@ égi@l c?orﬁr}\%?\d inputs

)] dbhﬁ)t IréatﬂﬂMewmntrorsystaa $2), Iaadfab theosameg tlateemplacement of one or
UISItlon in real time sensor Si

more e glScaygeEiRRENSet FRRaRG LT Coprend SisaiuG) ey thyiaifesponding
snm\.?atged rs%hséreeﬁérﬁls 7 %‘raéorlm%d (s‘?g?fialé 69 )itAat @r@fﬁgérfélratémﬁn&memote

- ACgUISItIOﬂ of conmand gnal s

test tabnfat@w (49 wihrespect totheavessatdh oT hei mmuiat%\‘ng@@%( {76)9)) are sent

v iAo R Sy LS g7 1o o

contsol system( @) fro@otneutatcte test teboratont r ol al gorithm (31) in

h . basi S..0f . . .
- MEoBlAPh T U7 SO Eh B Fo TP e B L wey n e
contf&bysi@ﬁﬁ(ﬂ) be HheRadrireal mr/amamraecﬂ 5énstfr sidraly es@l 72, 7b or 7,
and sendin rﬁ of the ontrol %59 % ver a third
7C OE{ Gna) OF &P mﬁBd(SBA?F @atcﬁegaa CThla novel ty

- OfTﬁé‘thtfbl%@da%'mB S’N Tﬁﬁ@%rﬁééﬁg%ﬁ@%hﬂl s9§te?r¥‘@a&fhen be

nore sensor m one Or nore of

sentsmes mescqramumcatwn i riel the tprracte testlaberaiary ﬁ@)
ﬁé@d}&gb "® létprgfe}éxl)e‘aee%ﬁ&&%en?& thg"?{'uestw? SSS?(? h‘%‘ﬂﬁ]ﬁiwpl then include

onmand
simLﬂaktmncm rd smiu latgrsGOirin( thp, tesirdbaratdrip ¢48)cyemeans of an algorithm (32) of

an ry: l aceére tgu% acfgfseg,m%c%.@&angaaﬁﬁ gﬁ% éé::nr %fqtpe?s (13’). In this
way ek 6 tHedddtdrol §y91wne(rzﬁdan‘> Bageffofrhgd fom thé r)arrmte test laboratory

ommand signals (9') t are generated on a re
(40) on a vessel independently of where the véssel is placed in the world The

]

simulation algorithm must take into account the time delay caused by the use of the
communication line (6).

According to the method according to the invention the remote test laboratory
(40) that is involved in the testing of the control system can be located on land, and the
vessel (4a, 4b, 4c, ...) that is tested is a long distance away from the test laboratory,
typically between 1 and 20000 km, and where the vessel (4a, 4b, 4c, ..) thatis tested is
in a nearby harbor, in a distant harbor, in a dock or in a yard, at anchor, or in the open
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test laboratory (40) with respect to the vessel (4).

The sinmul ated signals (7', 9') are sent over a
w@ormsi4cat i on line (6) through one or nore of PETINO2003/000445
signal lines (12, 14) to the control system (2) from
the renpote test |aboratory. 15 - Conputation of the
control signals (13, 13') will continue in the usua
way in the control system (2) on basis of real and/or
simul ated sensor signals (7a or 7a', 7b or 7b', 7c or
7c',...) or command signals (9a or 9a', 9b or 9b', 9c
or\\Beh the igsting loé theosdntrll spsigmak corplipdt thatcommaunication line

beh@%@%%&%%ﬁ? %&pqﬁ% ??ﬁatrgq?ﬁr%f { eﬁ@i@?@%%getf %\gﬁﬁ@ ?eéh\fgrr sensor

mgnél@@fd&h@ r¥guldOdomRndeamiatl ©ahe @oatror Sfstam efe reconnected, and the
iment of the nethod the nmethod will then include

contE AR GAM he SOBFPRTYAEE? SSASPONREGIAR 10 L6 AqUgORa e prmal
operafithl oPthdEsHAD! fsté | nﬁ'trs@{(éés*ém (32) of a new dynanic

on basis of the control
m@mremgmme preferrad @mbaaryn@ttoéﬂte ipMention thesenser signals (7)

compt %é ofle éfbo?%%&%ofﬁﬁ&fnﬂ Sefis %ﬁéﬁ%ﬁ?ﬁ%@n%ﬂm e

- The hessed position $7 @)l feare gosition Isensmsl (8a), Sheh 25 GR9ndcaivarr(8a),

hycrgy et RS g Sehaors BRHIHES B NS ot EAtoBy s e ReR Pl g
- colir8e {(719) W@&&Qﬁe%@ﬁ@érﬁ'(aﬁ) bcg tgyrocotapadOor éﬁtﬁhér&fmﬁpass
t est |'aborat or is involved in the testing

- velpik ) B0 # SFIOSERtOE AR s 2 J0diBRlogrAtiR RFoeleral N AENsor
- ong

wm t ar%j C(gﬁgan y“?‘? gﬁri?%tﬁe (?g}sm?&haébg?%rtﬁgfrﬁ@er' %d f?/éﬁ ically
- rc!'lm@eemsr:ram freo0a olksgnsanBfvher e t he vessel (4a, 4b,

-pic aniisehaiig o TR Bl fonse (R Vard, at anchor. or

i nAtdurdingeo the Bref@rsDemboaRrt oPEE INOEOERT BRLbAOl sigaals (13)

iR SIaAl 1% dePoroq)ihihe BBTdEanaf KEood oL anS hRiorp gropeliers (16)

or thh%f@x‘sem'??té?fo@ér@léé fop nﬁiidi#@('ﬂﬁﬁb? thrustaes (1'7? ah@ %b@lbly other

sensor Signals and the regular conmand signals t
contel slevises 49 @P@FPV @.PBE Ok BWIHA @g fesirecdhpesition:(92). e (9b) velomty
(9c )SI gnals fromthe control systemare reconnected to the
actuators, for normal operation of the control system
[ nTineh maﬂm Eiay beotseddo cglauate isontrolefignale tb end otlineempropellers

(162 6ho s of. Hebulel Baies Ll R, SR @i Trea, 180

and(t&’hay mcUde morehomarast@s (G7)a) from position sensors

8a*)1 such as GPS-rece %
e command input dev:ce (10) wm at least include a position specification device

sea.

(10a), a steering wheel (10b), a velocity specification device (10c), or a device for
specification of desired inclination angle, pitch angle, heave compensation, etc. (10x)
that give a command signal (9) of one or more of desired position (9a), desired course
(9b), and desired velocity (9¢) or another desired state (9x), e.g. desired roll angle,
desired pitch angle, desired heave compensation, etc.

According to a preferred embodiment of the invention the method includes that
the remote test laboratory (40) is used to verify that the control system (2) on basis of
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10 hydroacoustic position sensors (8h), integrating

accel eration sensors, etc. - course (7b) fro course
w@engnse1(8b), e.g. a gyroconpass or another CPOPNO2G03/000445

velocity (7c) froma velocity sensor (8c) or a

single-integration accel eration sensor; - w nd speed

(7d) an wind direction (7e) froma anenoneter (8d,

8e), - roll angle sensor (7f) froma roll sensor (8f),

the slrﬁulatéd §65 R R r{élsS@f)S Y thé s, éﬁ@ﬁb@slﬂytréﬂﬁaﬁﬁrﬁ@@al 6889or signals
According to t preferred enbodi nent “of the 1 nvention

(N, maélm@lﬁtaebq:orgn@nalssgr(aiss@) aneLpeRsidly reyraining reabepmmanpd signals
(9) g?v%%)coinﬂgr Sﬁr('nél r(’i‘?& 01‘3{3@?& \tév l@?é&gbl@;deggﬁ%g{gnﬂﬂf fF1e vessel, and
whenajﬂde:ostr@ﬂsmmc@) is loertfiedran Wasiy obihis fesssi bl y ot her

o 14 5t Pk RrE ) ) Dl ek . e s

monf&eitd efingRia, BAd tee hase disisutioat e ness], tﬁengmpare%rﬁet@ﬂmat
nd. contr

desybe Ton o TaR ek She el 20 ol s S Diskan oy gh sensor
sngnéiﬁg')) frorﬁriﬁ!e 's&ném (BeltHeR ﬁg@ % dm gzt) cfd?fb’é&&ﬁé P{'J g'@ans of a

I nput "devi ce east 1 nc
swﬂ%b@ﬁab Gl trs.@éngnai lingt (18h Qiemrwctl% ot s@ramang signels (9 grom the

comieFfmi) UL jcod 18] B3 KoRRASY LA Be B L pan o
switem@lse) opltme:blgaagim (1heave conpensat ion, etc. ( 10x)

fjgé,‘éqegq;‘rﬁﬁ gg ,afqr rr@gagmg%ﬁ@pﬁgéf t@g @%508 r@gg&dl%tg the invention,

fanunféesiﬂubﬂdnsf eép bk ttefsté@ b}r dicopnedtier ofdr® dratiost ¢itseldc®d sensor
esired rol &a@h desired pitch angle, desired

o'unﬂégzmr&ﬂm@ﬁaaﬁ%\@ls hedime & sitiatethseakqavat & Gaspponents,
and tﬁ/ﬁg%jir{é%é pQisd 6ﬁh %ﬁﬂél'sgg %?)’Iﬁ‘tﬁ@fbr%d&% élatﬁ‘eﬂgt(‘l 3, 13)

renote test | aborator is used to veri
and slaéua:sxgnala (18 v eare(loggashintzaioggenfl 5) mtha@esﬂehwm 140).

41@%?@2&#%@%% 2 cgﬁ% ?%;%ﬁ%Sﬂ?@Hﬁ g‘gﬁaigg%@%rﬁs (F b} generating
distwbgn:@sé‘m sélécted dunser eighalse{¢ ), C@T&ﬁ;ﬁg@@ﬁ@ﬁgﬁéﬁeﬁ&l tisturdances like
TR et
test @béﬁéo@f(éfbﬁb fﬁé%%ﬁirol s}Wt’em \Q@ﬁh ehé Dessd [I'r4)r ghd W@ fRel Bsponse of

is cerfif basi s hi's test.

the QEaiTRHBLSIATS (2L e TeTBORHEl SiEagISI (1901 Tbans St Sanalp, 19, 19)
ar 3G SogfBTTE| AAE AR BRI I "2 S

deAanarding tha prefemedremiddimint dfithe meihod aptaiidingdtolibé dwention
new soﬁ\‘ﬁfgr nt%?ttrl\e corﬁ}iol tspgteﬁ'\e@ H the vessel (4) can be transmitted from the test
laboratory (40) over the communication line (6).

After the execution of the method according to the invention, in which the test
laboratory (40) on basis of the test of the control system (2) and the test resulis can
approve the control system (2), the test laboratory (40) can certify the control system (2)
for use in regular operation of the vessel (4).

One of the advantages of the proposed remote testing according to the invention
is that one will have a much larger flexibility in the testing of the software and the control
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signals (7) fromthe sensors (8) to the control system
(2) can be done by neans of a switch (15a) on the
W@ e@aako4hi ne (12). Disconnection of command siPCENO2¢03)00445
fromthe 10 command i nput devices (10) to the control
system (2) may be nmade by neans of a switch (15b) on
the signal line (11). According to a preferred
enbodi ment of the nethod according to the invention,
systérﬁ'éﬁ)”ih ‘?tssénttifé"lﬁ 'uﬂaﬁr &fdﬁ daﬁ@d YSREE glt@éﬁlo%séi@' lgf%tr 'a%?mefated
oneor nore ol selected sensor signals or command
extessigmnapectud) obweather tdads than whativauld he theleasarunser conventional

oS SRR R85t A1 58 G e SRR BB b imaions

of préVf 6u§l§1 abeg nsdtboad fortdingld¥ vessdl eohtrgigsdiems andmelg travel distance,
si.tua

time GEREUTIE el DA CaS) oF WAYR) WS fa-Aidbing aheduipie| or festing, efc
W:thqgéfﬁ@ddsag invéintibH ﬁt%?%ﬁbfe%%@ét%%rﬁfg H8OMofd BEk¥efs than

y generati external di st ances like

previgeialyhwith alpwer nember aig@mram se to the measurenents
(7") that are sent fromthe renote 20 test |aboratory
(40) to the control system (2) in the vessel (4), and

Exambleraf testingraf spconiml eystemen adnlinglvessalt em (2) in the

Eqﬁpe ngigssgr?tr}tg{/%t| gg%égb 9:5' ootégtel% a?‘%g rgfsfys? Sn¥ %ﬂ%’]twned above
will lh@ééd’ finefioh indd $alcary mametvmya Qrieahay irﬁdgnﬁﬁbl@@lfdﬂbwing)éxample
he met hod according to _the invention

itis esreckie ot GafItrol pyster @21n @ AHiRg vessaldf) %&?IUé%ﬂeBén Fig. 7.
Drllllhg Wé fe‘?ﬁnrfdt?@%%fb?% HeSest gétﬁa?ggféﬁtlﬁf é!rr&r’!s% Fﬁbn tUhGer the

cation After the execution o
test with Isioulatedalytiamically pdsmqnadé&ﬁﬂlinarwl!l inat have negmelet@@sequences

The gﬁ@ﬁé &Eg%f (é)ﬁgzzlyﬁgs ? ?rpf)%){#%}ﬂ (ﬁ)ﬁtﬂat gérﬁ%%\??g%ﬁé What is sketched

in Fig.odd, odnds§ séreis (2 the $dme et cdnabotealtthrough4Djeattime interface (6b)

ana g somipRnsAlDn o) eed Eiropdh o ba- ik MiETerd Gl athpets test
labofdtoly8) BS §ﬁé\§ﬁ‘i’n ﬂ@%@lﬁgﬁs trhe Q;Oﬁﬁ'él(ﬁyétéiﬁ (Q)dediﬁxses control and

|nvent|on i S one W | | ave a nuch

monitping ef thedyilling \ﬁSéelt(é};wﬂh@r@wulﬁlﬁ@ d@MP@Mﬁ@ l%ﬁcpr%@ler (164, 16b,
160,¢ P itstels (19, SRPEOmIt bobicEb TS HE XIS 148), 1UEiehN7) in the
formeafdlélum&] ﬁnruatess fmd az‘:mmth dustess.vihesthasstersn( ) caractimth as

s .t han -
prop T ek (BT pritRblle e85, (BN Drttin fhe FRIERN AL it is
desifabk that tr’lfeadnﬂhngidefa{étl] ds fataa G;tdtlbﬁ:atym(bs}ﬂtﬁ‘]f (Sal IWlth a ?malllest

r

posd Postion KeNERgn . I BIth & U TD) BRE NGO LOH A
combéﬁé/aglrarz%rtthé g\{éatﬂﬁg?? gge fo;n@l\écﬁ‘hts influghck@n winagvade®hnd current. The

method for dynamic positioning in agreement with known methods:may comprise the

following steps that can be executed sequentially:

* The control system (2) acquires in real time the sensor data (7) from one or more
sensor parameters, such as the measured vessel position (7a) from position sensors
(8a), e.g. DGPS receivers, and course (7b) from course sensors (8b) like
gyrocompasses, etc.
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Wth the proposed invention it is possible to test and
certify far nore vessels than previously, with a

wo emeosnunber of operators. Exanpl e of testi ngP@f/N@2003/000445
control systemon a drilling vessel. 10 The present
i nvention can be used to test if a control system as
menti oned above w | indeed function in a safe and
reliable way. One nmay imgi ne the foll ow ng exanpl e:

o dtr'l'ﬂescog\ﬁ‘?bl rfm‘z%)tﬁéiuu‘és‘i{&mrﬁ%d §|§ﬁél§'(gf fomi é‘c@mmand input

7'ng v ustrate
dewdaﬁ D), |fn|gexwxyplea stoecaﬂaa!qowtmepanai mhbldtrmt Igaﬁttaqmsntlon

spec RS VST ReBP bl HB eeal e o). et ave

commané sgﬁ@%tfbr/@né @ﬂﬁ’ﬁm@ endesiredSostivn @a) b indicated sreFig( 7) desired
| nel udes a control system (

coursa (@)1 thedarm o 3nglg TORAdT G tinustoms, anf SOBReY AR ) n the
form‘ﬁ?)éh&l‘?g |cat| gHtf H@g% bﬁé'thrhbf@?s (werface (6b) and

I nhe h'a real -tine
L thrwsemerS( @ jransmit th@ﬁan@rtsmals (73@&%@&%1 S@ﬂ!fora%lgnal line (12)

Th trol t 2

to th%%ﬁﬁ%‘?&ééﬁﬁ o ey e ton hg of The w1 ng
* vag;mectolrglga)an%rtp{xé pemipel)(ﬂ;@)cmatmis\th? eem(man;i SIQW@IZ 109 )opuer Ia:aeecond

. ) , C,\ - [ rus [ t
signg) 307 ce sopimand e e Lo BR Fa ARSI 2 17) “Tn ¢ he
= forne ﬁnt@@i&émt @y tlﬁihecfécl.ﬁélés %équymtau lohuststs 6f oréher more of the

thrusters (17) can act bot propul si o

acquired)seaser F@ml 67a,ddvi’Ees) qrﬂﬁommﬁaérslgﬂ%s &%@Ezﬁ%d )an
possﬁUly Els'e'i‘ g ﬂeﬁulréd dfSshicaPAramichars h%(@ ?nétérs' (h‘l)'dr‘ﬂl éé@éi?rﬁd)mén‘lf)s of

Ionary position (9a a smal | est
i .ertqao(ﬁlm Mze )rfostha assabi) aofithe requicedghaft speed (it 82) forpiopellers (16)

and %@{aﬁg}&%ﬁr‘ %ngg? €)1 8&%@@ é%lezﬁh‘épm% ?fe@ictag to Hb?ntain and

dence on win
restd®d @newrimare .of 'ﬂbswed'rpbﬂtim {g=), ct}UTaﬂK%)pwleClt)O@Cm gtu n

T ol SYIBE Oh Her SoncB e FBHIDBTAL, (s 1Py 136+ including

the rggﬁré"cpé}ﬁéf%peﬁésﬁgﬁ) frém tﬁé%hfr@lssysﬂarﬁ €2 ovdr i %lgnal line (14) to
nsor (7) fromone or nore sensor

contgihe skaft sReaw13a) i PraErs (68 Ann goT (OrSIoTBI A, and angles (13c)
forr@dﬁréé@.@%ﬁ%ﬁls@sg@' e.g. DGPS receivers, and

rom cou sensors (8b) like
The gpveitymfnhs gwentien can be execaed4viicihe fellowing steps:

. / N02003/,000445 * SY [

AU Bup 70T GOBLA A YBAETE Ul R0 & Bipro ot e
sens‘o@ fsxgﬁé@(ﬂb from G 0’ rinecl?c biohe siensbrsp8hate dlsmmnﬂd:rtetgfram the

ast a positjon specificatio ice a
cont(oi@mte ALY E58ES Of G 3igh (R h% %a%' 1§ () She or more
of th@'db%mé HQIsS(gpfﬁaln&hé %nﬁaﬁngut dEVdé @fo) desdiseshnected from the
position as indicated in Fi 7, desired

control system (2).
* One or more of the disconnected sensor signals (9), e.g. the measured position
(7a) or course (7b), or one or more of the disconnected command signals (9), e.g.
desired position (9a) or desired course (9b), are replaced with the corresponding
simulated sensor signals (7'), e.g. simulated measured position (72') or simulated

measure course (7b"), or simulated corresponding command signals (9'), e.g. simulated
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5 course (9b) in the formof angle for rudder or

thrusters, and desired speed (9c) in the form of
wabahnsgpeed for propellers (16) and thruster SPCIXDP2005/000445

The sensors (8) transnmit the sensor signals (7) over a

first sensor signal line (12) to the control system
(2). * The command i nput device (10) sends the command
signals (9) over a second 10 signal |line or command

desnﬁe&ﬂ;?c?s&ﬁrg@gt) %iqjs{rgélgﬁd}ﬁesg%ﬂ c:ﬂ?lkges@ggﬁjﬁﬁdmg PEQ Qr more of the

signBdiies (¢2 M)ewheremb:eesmﬁlatétesermmand@drrmmbsngaalgr(aj 8) are

gendratec sty tedtudioTafory it Saprch b e ursint (e dre sent

over & ESmﬁﬁﬁﬁcanB?u A8 %ﬁhk&lgﬁ@f@@ﬁ otAlof the@witdhes((Wba, Mb) and into
he vessel 2 he required shaft speed

one p_m;);e pf,thewg;p@ﬂmw 1 1161)) lmghlgrc@sg@@pén@m Pg}g thecﬁensor signals
(7a) ﬁfé}ﬁ?{e )28 l%'&ngg{?@a? ﬁd‘?%ﬁﬁ&e Uk 2 ABY! @?ﬁ%ﬁoilé’?q deviating

n and nore of sire
positiéap, giverudisante away\edno e pogitiar) (%) whete thecvesset (4)lactually is.

- SRR ol B bORafY M echbrhubd Bphtons or e
reqlf redrshiaftespeed {(131) fswplfop@uéra)m syamd anglbl(iisb)fogmddeks (1@8) and other

control the shaft g for prog g‘f
cont(q@gevg;ﬁa tp gehieye atleestona 9 d Sar@a! m}aoes ceyrsgcyel %'ty flf on basis
of tHeAFG %&ér@im@%@écpéeﬁﬁrelégj g(a]Jr)Ta Wﬁor”?b’ efd or Pé  hignad

I nvention can be execut | owi ng ste *

comByangesigRals or simuiaisd qommang s!@naksxea)or Qﬁ fhaordby Jor oc', ..) and
the felofiffed Yedsel BARMELERP(E]. P &8@@%%9%0&1@% So-6led it

or e nof nsor s are 'di sconnec
signtalse(1 Srfromrihe capttlesys{cth (2)todhe ectuatordd) dike foreexanple the control

siarhf ey B b0 oo PR el B B Er o R TS e a8 119, can s
discehRedttd ﬁpﬁnﬁfe@qg/l At bha thik@BlviteH (15¢5 k6 thdt2he conitdisignals (13)

or nore of sconnect ed sensor s naI

do okEORERI 40 BIORSUSTST(1GhOr mydeersdam Gutortsp 168 byfabipstead sent

ot e 0 <
r ephaceotrolisyatenn )coay ﬁ‘@ptb&irag@rm 23 anblacle Boxe(@3 where a

cha@@@%p%&%m %%sd%g%é@lﬁ{%n{%%iﬁn% ﬁgfd dea%lééﬁ(aoo& (2), and

whes®thesdfamdiod (zgaemwssugnalwn(rsr s):g’;naa(gs) i thel eeisecbf i3 drilling

4/ 059411 PCT/ N02003/ 000 d d _
vesy By MERUIIN M HIRBLE AT WEHs Dhere vas a1 i tha RPS signals,

onew&ll&éx;ﬁ@femcéfaftbhs midlifEsathat ﬂh@%n(réﬁsysiéﬁ\ éZWV@ﬂII sudéenly
si mul ated sensor and command si gnal s

attempt to control the propellers, thrusters and rudders of the vessel (4) in order to move

the vessel to a new position that the control system would suddenly regard as correct

because it had been given as stable and wrong for 5 minutes.

The motion of a vessel and the simulation of this motion.

The motion of a vessel (4) is described in terms of the velocity of the ship in
surge, sway and yaw, by the position of the center of mass, and by angles in roll, pitch
and yaw, see Fig. 5. A vessel will be exposed to forces and moments that influence the
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generated in a renote test |aboratory (40) wth

respect to the vessel (4) and are sent over a
w@ormsi4cat i on line (6) through one or both of P€TIN02003/000445

switches (1 5a, 15b) and into 5 one or nore of the

signal lines (12, 14). In this case one may blind the

sensor signals (7a) fromthe DGPS receivers (8a) and

replace these by a new, wong and deviating position

moti@%gt\g‘%n S8f X ng? @@%ss Eﬁggdedng Hb@ gk% é&a@pﬁ%@]m, current

and ReéSrfrom sesusnof adtugiond (3)like pamqﬂatsa@ﬁdrthrﬁerﬂ(é?) and rudders

RS A TRT S CEERE M TEAE ST ) M

and g&’é’h a88 b&néﬁm R e2lant SRPd h%}@d%arﬁi@&bfe@@ tﬁ@lsar*elremed to the
our se, ve ocity, etc. on basis ~of the |ngut and

velogihhanchaeesleratian pf tiegrasse! (@rd wreyand mamepts fpat aC?en @rvessel (4)

uepgr?d on fne he) \g%§gl {ﬁBg&?%%eaQ ﬂg%m%gﬁ bmﬂeﬁ\;é%@e%%ﬂ‘gﬁgeen as a

consmmence df thesferes mndamements the) acttmetheoegseledor 2 ypsssd @f ship the

aeob BT BARL S 5L e TR Bhion

est:rﬁ@ﬂéb I thelBydrogyradmic Idmaméters bhmecsmp will bokneawopahee tise motion

dt gl f dd 1
of thg @ggﬂ%gﬂ@g @}%ng&q@g@d\) Uﬁowéﬁ;% 6? aé; q%ﬁxp@?gq,\gg%ge calculated in
a suﬁél%&?r (5@ tf?%xa 669 5B Qf aﬁ'ﬁbﬂtﬁm((éﬁ) Th@%d&@teréﬁbﬁ &ed angular

or the rudders (18) during
accelefiatlpn @ﬁthea\r@sehmaﬁ dleersbe calcylpted ifﬁ@ the muﬁtl%ﬁ Pﬁmcﬂon for the

)
vesd o o o SRt )5y By ot are
desorbeddn ¢ex@boaktzatrgihe a;uatmui; af mbtiom the fdllewiig parameters iappear:
sen.?or s%g%nals (7) to the "black box" (2), and where
thelR (2) responds with a control signal

(13he ;id%uttoh&anﬁé@eﬁn‘erbhmaém Iling vessel (4)
mentioned in the introducti on, where there was an

er 1 the RasitioRoftapcertes REPUOYaNSHe woul d experi ence after
Zt ﬁg%p%&ﬁxeh%ﬂﬁéﬁa‘b?MJ%s stem (2) woul d suddenly

to control the opel’'lers, thrusters and
r uetherhulicgeonneiry dnaleding lengttn beegeand grafsve 25 t he

syl REtT oo because 1t had been i ven.
as- Eyabdmamld patential Hampigyi nut es. The notion of a

vessel &Fth_e simulation of this notion. The notion
of WISGRUSERMPINY. | s described in ternms of the velocity

PBr%rﬁéléﬂ% rbﬂat@@tcﬁ#é’sﬂmngﬁmz\esm niementyort tree iIvgisdue @motion in
he center of mass, and by angles in roll, pitch

anhewpl@b@n#lr@" 5. A vessel will be exposed to

oL 3ui AR B, HSRGE08h eln f wayp componerts

Th&:sﬂﬂefresm&ﬁg forcesreng magnente ondbe hull.exci t ati on from

w Inﬂlllor over t'ﬁte equations of motion include mathematical models for actuator
forces from propellers (16) as a function of the propeller speed and pitch, forces
from rudders (18) as a function of the rudder angle and the vessel speed, and
forces from thrusters (17) as a function of the thruster speed and direction.

23



15

20

25

30

and waves, fromthe use of actuators (3) |ike
propellers (16), thrusters (17) and rudders (18),

WO c@niospsdr ost atic forces that correspond to sprPCTIyO2003/000445
force action due to angles in roll and pitch and
position in heave, and from hydrodynam c forces that
are related to the 5 velocity and accel eration of the
vessel (4). Forces and nonments that act on a vessel

e bR o 835 O AR Vg B R ver

time I@éasréRd oMt s that act on the vessel For a
vessel or shié) t he eonetry of .the

t Rinpese thatdhe Mstionsh the vessshisigivehat PR ugigtal-ffm%ﬁic’s?an%% and
the f&r%fs# %@H?ﬁorﬂént&"a@@en : Légé!@ atirfs mﬂé méﬁtf th@facbél@raQibh@nd angular

nown nmot 1 on t he vessel

accelgirations ofibe vessal at timed hearihen tteh%nm@aﬁdcfwm He @qmqslons of
ca At d 0,
motifbrgfe SE5<EY 16,43 HhPy syl Ateater ol A B o
calcmﬁmethe rrmtioumfmh? vessel astmk Tl Otthewhbee b éd thel tmmaaateprafrﬂne
t eeuat ons. of noti for the '
It BT RTER e sshiiediiessta8 n Wi FieaPL B g 0.1 - 15
Wheﬁfthéfﬁidtﬁﬁ ot vElRRE (4, M htitime EXxidearkputedntiiaierces and moments at
uations of notion the fol | owi ng@ par anmet er

tlmeir cam!p%cq;aggf@pl_ and the acqqlgga%p SROWIRr aeee @@ﬁgglat &4 are found
from'fﬁé %ﬁuan&ri%eofﬁﬁéﬁdﬁ T?\\P? rﬁ.ﬁﬁ%rﬁ{al ﬁfteé}ﬁﬁbfﬁﬂ?é’mot:on bhthe vessel
the esse

nertla - the geonetry,
at ttmen TpadilHy is conptedhBhimpaotedire.can bezgpeatﬁgmt gag Hmednstant

— m c potential danping, -
@6&6&@@§W8iﬂg,¥sdfe%%ﬁggneters related to restoring
f orieewavsitheo aetndrsa Gresﬁél @rél describee asoa sui afrwave components
heave, pitch and r.oll ramet r el at

whegld Wakk CompRRaaiey SipEoiral S SRS Be wavs Mth Abivdfreovency,

ampﬁt@ndé hpdrdeelibh. Hbridgiees Iatofanssd theopret/aenhdistribution of
Mor eover, the equations of notion include mathemati cal

amphtudma@dff@qusam af the Wﬂi\(ﬁ eapenais Wilbhr givendykneynayaye spectra
o BRSS! o PSSR FhehpBRnBRSIPLt Bkl Gt
paraametetizes méemes o’stpealgmmamt RvVE teighd. Trne;msluﬁmgg‘p@eg and moments
cctrlg TRt UG 6 o8l B Ao 05508 apg aircton of e
waves, and of the velocity and course of the vessel. Forces and moments from wind will
be given by wind speed, wind direction, vessel velocity and the projected area of the
ship above the sea surface as a functiqn of the vessel course relative to the wind
direction. Forces and moments from current will be given by the current speed, current
direction, the projected area of the hull under the sea surface, and by the vessel velocity
and course relative to the current direction.

Dynamic positioning - DP:

in dynamic positioning, so-called DP, the vessel (4) is controlled in three degrees
of freedom (DOF). The desired position in X and y and in course are given as inputs
from an operator using keyboard, roller ball, mouse or joy-stick on a control panel (10).
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The follow ng procedure can be used to conpute the

notion of a vessel (4, 4') over a tine interval from
waooosdiN Suppose that the notion of the vessBCT/NG2003/000445

given at the initial time instant TO, and the forces

and nonents are calculated at this time instant. The

accel eration and angular 5 accelerations of the

vessel at tinme TO can then be conputed fromthe

A oS 87 D3R4 Pl L it e surgo
swamteérégbﬁé I@Srtdtvtﬁg rat@Itur;aé@r @bnriche a?ﬁgahé yawv axisreo THat Te-tessel

achicySdh OrmredBoSIlOT 883 EDLisReT bF AN SYSI M) 21tg felep pretuator
allocQﬁ‘od Wﬁ&‘?mﬁléﬂ)% ;@e &omﬂ)ufatlon\éhﬁfbdehér foRddsOudtferfdi@es and thruster

I'S conput ed, the forces and
forcasrmespommgtp theh@onnmaadﬁd petuatnrieices andfaomaats. The control

systgarﬁ gi?,}ﬁ |§ ﬁﬁﬁlgﬁ%g?%gtrﬁgw fHe @ﬁﬁﬁbﬁf%ﬁkﬁ%@ﬁ% 33;!1 Z‘Bﬁ d éﬁffﬁbter on

board e gessial 61). Thie aﬁgnnthm (81) cdraparessbe desired pmtxqm@mand course

0 Wi SRS s S (P15 AR50 B P ortnm

comﬁ@é@fmé Reajuired acatér fersseindanemeatcusing doatsolaheoryantl found in
nponents 15 where one wave conp

temb@bh@slaua@altlon 3 SISCELTE GHFS 70 BlpCRgR FERG BhigEeippelier
forc%%h”md é’é‘gng irpister ftced afe @orﬁbﬂ(@ﬁ 'T‘P\%%dsﬁlbnaénoﬁ@cmrse are

reva ent istribution of anplitude and frequency

measmredrbey DERS semsprs @yracompasses hydieaceysticri@Rgongistems where

trangHRAGh{Erg 15 b el SR, B fa K RREIST8 ndiRiRatdbor a taur

wire fiRédron e t&e-flsvoisinidasméd wave hei ght The resulting
forces and nonents 20 acting on the vessel wll be a
function of the anplitude, frequency and direction of
the waves, and of the velocity and course of the
vessel . Forces and nonents fromwind wll be given by
w nd speed, wind direction, vessel velocity and the
projected area of the ship above the sea surface as a
function of the vessel course relative to the w nd
direction. Forces and nonents fromcurrent will be
given by the current speed, current 25 direction, the
projected area of the hull under the sea surface, and
by the vessel velocity and course relative to the
current direction. Dynami c positioning - DP: In
dynam c positioning, so-called DP, the vessel (4) is
controlled in three degrees 30 of freedom (DOF). The
desired position in x and y and in course are given as
inputs from an operator using keyboard, roller ball
nmouse or joy-stick on a control panel (10). 24
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WD 2004/ 059411 PCT/ NO2003/ 000445 A control system (2)
is used to conpute the required actuator forces in the
waeogeseand sway directions, and the actuator PGIENOR03/000445
about the yaw axis so that the vessel achieves the
desired position and course. The control system (2)
al so includes actuator allocation, which involves the
conmput ation of propeller forces, rudder forces and
thruster 5 forces corresponding to the comanded
CompEpgaiSor forces and nonents. The control system (2) is
1. i nplemented through the running of an algorithm (31)
on_a conputer on board the vessel (4). This algorithm
2: (ﬁ?n’f&iﬁféﬁtﬁ% the desired position (9a) and course
. u t course (7a, 7b
3 u?foggﬂr ;é?%g ﬂ'ﬁltgishtep$ %Jre??ﬁ{n? conput eg t he >
r éépaseé ship; dobing vesselc delling alaﬁermnmr9dugﬁlcr1’gplatfntm,o pr other sea-
omév g% and found in 10 textbooks. In addition the
9 |§? thmincludes an allocation nodul e where
4. proiptlidted vebselcesssel madel infsimalatord8d) orhthe siraulatarratgarithm (32).

o S QLR Dor e o] 100 A1l course ar8, SIPaset Ml o

mas§,y§é b suMRIrRents IO ffarRa EBOG tAE Qek@eﬂ estemase dieibution, hull
floor, and taut-wires where the inclination of a taut

paramathSf B¥eed on the sea floor is nmeasured. 15 25 WO

20 . 4. o
o U AALETHIANEAN Ao ROpIBRLS oo o
laboﬂaloryr(éﬂ)jand%ge@n«d regktinelintedate (6h)on a finsyvessat 4B, (6c)on a
secog{gi | 1 isg'g(é&aettéor:m production platform or other sea-

Si mul at ed vessel, vessel nodel in

7: Sl%&hﬁr@l gneROfrorarsenBerssigy aaﬁo@sntxchgm idoliree| 32) veloéity, 7d: wind
The nam C parapeters the v

Speast (el Witk DGR CHBE. 11 PRARAGIS.58; rallEnaie. T BRIyt
(rela'taggf Do RGP réég%ct’ﬁst?&ﬁsp%ﬁaérs SRR SHafbér, @PtGF’SAné?Hél' posmon

araneters Conmuni cation line, including a
andppur§e real-tinme interface (6a) in the renote test

ot 2 BERR o hon s BECRAFDIESLLLTE: LBGEE] 85 . wina
spead sensor, 8e: wind direction sensor, 8f: pitch sensor, 8g, roll sensor, 8h:
hydroacoustic position sensor, 8i: "Seapath 200" GPS/inertial sensor of position and
course.
9: Command signals from command input device (10): 9a: desired position, 9b:
desired course, 9c: desired velocity, etc.
10: Command input device: Position specification device 10a to specify desired
position 9a, wheel 10b to specify desired course 9b, velocity specification device 10c to
specify desired velocity, etc.
11:  One or more command signal lines or a communication bus for command signals
(9) to the control system (2).
12:  One or more sensor signal lines or a communication bus for sensor signals (7) to
the control system (2).
13:  Control signals including shaft speed (13a, 13b) for propeller (16) and thruster
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7: Sensor signals fromsensors (8): 7a: position, 7b:

course, 7c: velocity, 7d: wind 15 speed (rel), 7e:
wowewd/osidiecti on (rel), 7f: pitch angle, 7g, roPCT/HOQ008/000445

7h: hydroacoustic (relative) position with respect to

transponders on the seafloor, 8i, GPS/inerti al

position and course 8: Sensors: 8a: position sensor;

8b: (gyro)conpass, vel ocity sensor, 8d: w nd

ensor, 8f: pitch
(17)3 %}gﬁggéiﬁgor%ﬁdgéﬁngg 8+gﬁ&§t§'ga@dr oacousti C position
13' seQsntrol fignals Hen e beﬂge th%ﬁoﬂgﬁeﬂ !abclnaec?y ¢40)f
posj tion and, . course. 9: nmand_Si s fr conman
14: P Bl 0sBnird Snabines. (g PLepBuehitABn byp Horg e qattyol system
(g)t@théggwa&ﬁs (Se@bred wplocity, etc. 10: Conmmand i nput
devi ce: Posit’ion speci f| cation device 10a to specify
15: dePRtel9Iger posi tion 9a, wheel 1 b to specify desired
.CoO elocity specification device 1 Cc'to
16: PF&Ffeugpgs?red velocity, etc. 11: One or nore command
17:S|@hajster|(m§)s or a comuni cati on bus for command
_sign ),.to.the contraol, . system(2). 12: One or
18: %é‘% gg? (qugﬂ?ﬁr PFW@@OF&@- conmuni cati on bus for
19;sesm033|ggaals (7) to 30 the control system (2). 13:
_Control g'nal s includi nq shaft %)g)eed (13a, 13b) for
30: pr Ypese! éme 2ty InyFRInetR taskiaboratgsy 92004/ 059411
31: PC@OH@@F&%&H%EIZ fdrife c@ﬁ\%u?éii%hfbf Q:éﬁﬂ'%l é‘@ﬁalé gﬂﬁ% the vessel

or t ust er

actusgors (16, thd8) @ﬁ@ﬁél&@%nsmm@@ pqm)nam SIgmis ¢9) and the

ol Ok \BSSel (31 o Y R REL SB R 14 e
signdBline(14% to et actliatgoe(3), fo&éxarﬁpkeq&bbe!teré {19), thrdsters (17) or rudders

18Thruster (17), 18: Rudder (18): (together "actuators"
( )(3) 19: Status signals 10 30: Vessel sinulator in

32: I epRyorittire i vésepsinianr (31 Xothe copiputatiortdpeidyAgmic3hbtion of
for the conputation of control signals (13) to the

the yassebpn basis of simulated sensor signals (7), vessel par. meters (5) simuiated

wind speed and wind direction, simulated wave elevation and wave direction, simulated

current speed and current direction, etc, and the forces of the actuators (3) on the

vessel.

40: A remote test laboratory
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actuators (16, 17, 18) on basis of sensor signals (7),
command signals (9) and the dynam c paraneters (5) of

wo be4wsmsel (4), for sending of control signal BCT/NB2003/000445
over a signal line (14) to the actuators (3), for
exanpl e propellers (16), thrusters (17) or rudders 15
(18). 32: Algorithmin vessel sinmulator (30) for the
conmput ati on of the dynam c notion of the vessel on
basi s of sinul ated sggg@h signals (7), vessel
paranmeters (5), sinul wi nd speed and w nd

1. dig ﬂféthmfor%smbai eshtrgh ggsteime(@iin avessel (m)awwhlch said control
direction, simulated current

Systefm(ELeqTBR IS oMY RO GRES of S0 vease FLiE Ronra)signals (19)
o ol P50 (9, s chentshgims imumgdedtnta step

t eanquisfiion iroieat BmeLf seasen signals (4 tosaideontrgl systgmy) flrm one
or i o 8 e KTy SO BT EAg bt sy
*  (1a&)quigitioro nécmnmamd&sngzmlm é&)do%(ctﬂgqntmhswstm (Bgirom a command

kR TIN5 PR LERD REYSAENPhod SERRLIR 11 b s gomo

Systémr‘(Qyol system (2) fromone or nore sensors (8) over
first sensor si gnal

St SR A7 s PSSRl B
or m%?é‘Bf Sdid $¥Rs S§r?€-)ls FT)CHﬁdasé?@ BBMAtANd éi@r‘}éls (‘@)V bAE séﬂ@ihc); of said

over a secon i ne or conmand Si gna i ne
contra) signiath (damovalatmr;dsslgmldm? (14)osaihagiue® 60 in a

Charég@%g)gp?' gorithm (31) in said control system (2) on

one or nore of said sensor signals (7) and
*  sadigcomuction of oo ak mofd pf sad dsermod siggalsf (73 frooh oot more of said

s (13 h '
congh L4y e e P A bl AL 1. o
the Qéleéf@él SeRborsigriblS @Sd?fcoﬁirﬂéml §|ghé’l)s (by eomentiowto saiteonfrol
said 15 sensors or of sai

d
systefo), sHidTeplasersint Phane oHMere e%szi:l@? @%ﬁgagétﬁaﬁenﬁgre%gnals (7) or

said%ﬁ%%s@ﬁﬁ%&b %gﬂ@rﬁs{f}%g@ i;g;ﬁj dﬁ?%‘@g@@% simulated

comnfanaisigrals (ﬁj) thab Bresgeneratesiid @rent @édﬁmrat@ngﬁ@) with rgspect to
salds\{qﬁﬁz(ftgan e ggntsc%vgﬂ §|C§nfl’82"’ﬂc%qi5rgfl’fr?8 §r°8ﬁ'é BPmore of said

signal lines (12, 14) to said control system (2),

* continued computation in said control system (2) on basis of said real and/or said
simulated sensor signals (7a or 7a', 7b or 7b', 7c or 7¢', ..) or said real and/or said
command signals (9a or 8a', 9b or 9b', 9c or 9¢', ..) of control signals (13'), and

* sending of said control signals (13') over said communication line () to said
remote test laboratory (40).

2. The method of claim 1, comprising simulation in a simulator (30) in said test

laboratory (40) by means of an algorithm (32) of a new dynamic state of a vessel model
(4') on basis of said control signals (13).
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command signals (9') that are generated in a renote

test laboratory 40) with respect to 20 said vessel (4)
w@npw4msEgisent over a conmunication [ine (6) OVRCT/NO2008/000445

nore of said signal lines (12, 14) to said control

system (2); * continued conputation in said control

system (2) on basis of said real and/or said

simul ated sensor signals (7a or 7a', 7b or 7b', 7c or

7cH j I / ' ; '
5.1 ¢iaemety oyl A S SGHARRIL3NREL A Bmor o
the foll®ving mandoaﬁarammwrcgn lséldsmrlsocso(rﬁo:r ol OIsi gnals (13")

over i onuuni cation | i.ne to [ re t est
-2 RSB for e R s oo ese 5 uer SRS teBRlyers (e
hydr%'aﬁblusiiclpvsltioﬁ s'em‘sbrw (sab,ante P@Mglamcémr@hdresénsors etc.;

Iaborato ‘25 nmeans of an al r|thm(3z f a new
-8 Q%ﬁ't“é’ fe §e‘§}$é§§é$b)n6<9eﬁ gyg%"%@%sso?f gther compass;

v x&%ﬁé%oo%%@%%e‘%% Ao bleiptg aideidration sepsor
- a wad gpeed §65) asidgmwing dirction (fe)i feam m%rmmwmé‘@r adl, Bepie

i [ 8): -
- h QR 558301 BAR R8RSR o posi &1 on sensors
- a pitéh angkeu@l) reamG@@Hitcleanglesens@@@y). hydr oacoustic

posi tion sensors (8h), integrating acceleration
sensors, etc.; 5 - a course (7b) from course sensors

4. (8hhe métlﬁbd of @amqomm&h @éldsdvmopélbﬁélsf(%))@&ﬁprlse signals (13a,
velocity (7c) froma vel 00|t§esensor 8c) or

13b; T34t e fﬁgnﬁésﬁ% sREFS 138136} for ong qmmresm@@%ﬂe(rs (e) or

7

B 74 S 29 i Bhodd ) APuARABRY P s

cmtpmltdehicaagtb ecl(neg& ohe@mnzorpiof desicedypesiiem@a), ¢(ayye (le)ovelocity
4. The nmethod of claim1, in which said control

(9c )S| gnals (13) conprise signals (1 3a, 13b, | 3c) in
the formof shaft speed (13a, 13b) for one or m)re

FRS e orgbing . iniwhich saig hragsless, £16] 28 it rhore

propygg,tsr(qbad% age, Lp achieve one or nore of deS| red
posi tion (9a), course (9b), velocity 15 (9c). 5. The

method of claim11, in which said propellers (16)

6. 5oTRe MRARE: (anfTe; 7 oA B o) defeess ) e yisp ohe or more

ruddsey {18=s 18B) conpri se one or nore

7. The method of claim 1, in which said control devices (18) comprise one or more
thrusters (17)

8. The method of claim 1, in which said command input device (10) comprises at
least one position specification device (10a), a wheel (10b), a velocity specification
device (10c), or a device for specification of desired roll angle, pitch angle, heave
compensation, etc. 10x) that gives a command signal for one or more of desired position
(9a), desired course (9b), and desired velocity (9c) or some other desired variable (9x),
e.g. desired roll angle, desired pitch angle, desired heave compensation, etc.
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rudders (18a, 18b). 7. The nethod of claim11, in which
said control devices (18) conprise one or nore

wao booyssers (17) 25 8. The method of claim 1, iPCTNDOCIV3/000445
said command i nput device (10) conprises at |[|east one
position specification device (10a), a wheel (10b), a
vel ocity specification device (10c), or a device for
specification of desired roll angle, pitch angle,
heave conpensation, etc. 10x) that gives a command

signal for one or nore of desired position 30 (9a),
9. debhie methas peiairoh)in which seidiremote; teisbaboyatonciOpis wseddo verify

ot R8s Y18 £ bt 5, bl B Psmuics

sensZﬁ s@a@@@/&@ﬁ%@. dﬂﬁﬁ!a‘t&?ﬁétﬁh%ﬂ@dj'téls (9Yie atwsh@ﬂtdcﬁossmly
renote, test Iaborator

rem%!%‘& regl %Fétst §'9”?ﬁa(? é'é‘i" EErERNaIFaktYRAIREd igna q(;]))are such that

saidfcoRffbsigrkIs 18, M) muﬁm(@ﬂeﬁﬁdﬁétéof@amﬁ%ﬁel (4), and where
si mul at ed sensor signal s (7'% and sai d sinulate

said cpiralRystang () is cedifipdian kasieetthisand possibly 5
remai ni ng real sensor signals (7) and remaining real
command signals (9), are such that said control

10. si Hreamethiad3of dain) 1vinwhichetid camputeticn ineshid cantsol@igarihm (31) of

nd V\,h said ¢ stem i S,
saicEBARtsysfern (AN ey Bafante 8IS Rh of it iebf IndGing mess (m),
the axialwhoraéntshof nmﬂad @tate @elmsen tﬁeitrdt sg)@liﬁtlﬁtﬁdtloghﬁwhe /6%8el, and hull

said contro em uses nam c
paraé‘ﬁq}éﬁé{tgtr tegpinghe H@‘:’W@%)&mq 'Fl‘&t udi ng rm)s/s (m, the
axi al nonents of inertia of the vessel, the nmss

distribution of the vessel, and hull paranmeters that
11. dethe method eiclaiguhen whigh therdiseannectian of said sepaseraignsls (7) from

sacSefl st el od S5 AN O50A 8 0o U §9RIF g o oo

signglylinedd).2) is done by neans of a switch (15a) on said
signal line (12). 12. The nethod of claim1, in which
t he di sconnection of said command signals (8) from

12. saftee metvou e diaipt, id wm@lﬁh@dtécdrme&mmi of:sma R :ﬁ@hals (8)

IS doneb means of a 20 switch § 5hb) on said
ffomsﬁ%%tmmaﬁtél ipgytdeviee (19 ko said ﬁeatr@fsyé ey )1s dene kyingeans of a

SWIt@rﬁM by BARERY élgﬁél hhék{q){)atory (40) is located on |and,
an

ere sai d vessel (4a, 4b, 4c, ...) that is being
tested is situated at a long di stance fromsaid test

13. {maﬂ%ﬁteﬂ{dﬁ értHim 1 MR Yail FEMEE telt ABErA39%%0/ D 1084 on

land, and where said vessel (4a, 4b, 4c, ...) that is being tested is situated at a long
distance from said test laboratory (40), typically between 1 and 20000 km, and where
the vessel that is tested is in a harbor, in a dock or a yard, moored, or at the open sea.

14.  The method of claim 1, in which failure situations are tested by disconnection one
or more of selected signals at the time of said sensor signals ‘(7) or said command
signals (9) to simulate breakdown of components, and where the response of the control
system in the form of said control signals (13, 13') and status signals (19, 19" are logged
on a logger (15) in said remote test laboratory (40).
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25 the vessel that is tested is in a harbor, in a dock
or a yard, noored, or at the open sea. 14. The nethod
w@booglosti4m 1, in which failure situations are tRSI/NO2$/000445
di sconnection one or nore of selected signals at the
time of said sensor signals (7) or said command
signals (9) to sinulate breakdown of conponents, and
where the response of the control 30 systemin the
formof said control signals (13, 13') and status
signals (19, 19') are logged on a logger (15) in said
15. r aret meﬂmwfldad)mr‘atnmqutmmlureimmmmam teStadiily changlng or
aimil

genargd Pt At A ekatof A a0 Sy e e sronals () 6Fy

gen@éﬂ’nq @ttbral distiroaneatcike Wéatners Wlmtelétﬁn@él rdRietto said simulated
at ed sensor Ssi naI s (7' by generating

sensgy signal (7o that are $/BEK ﬂnﬁ@éd Kﬁé%ﬁtﬁ é@st lwcvratonél(@tt@ saig) control
systélﬁ rg?ﬁpts‘élos%s%g?m“éﬁd fifler HR"1eSHoriedsA (a?d &Jnt?ol %gﬁbnﬁ(‘ﬁ in the

rom sail te test | aboratory
form@di saidagtontroy sigeais((23, 13) and saidsialus signpls (dﬁd1%areelogg@d on said

logogr (187 I said &?rﬁé‘#e&ﬁéﬂ%é'%%ﬂ%éf M sald sratue ol 82a| s

(19, 19') are logged on said |ogger (15) in said

t I b t .(40). 10 16._The. th f
6. A gtra ooy, iR Whi o sy ok S By on
boara %)alﬂbssépgl? 3 §éht¢rdh¢ saidl refn@e test watba;yg(tqps; aler guot e

test |l abgratory (40) over said comuni on |ine
compgnication lifg &)net hod of claim1, in which said renmote

test laboratory (40) on basis of a test 15 of said

control system (2) and the test result, is used to
17. apgreometros aof ofaimt T, winait gaid (@notededt lnboratonyi(£9) ambasis of a test

ot s8R ST RhT P8 o FRUCT J65 ey 390 Bt Shstem 2

and teecetiy s corstrol dystent (29 forsggtilenué@)n sdidivegsel{danged to
control and nonitor said vessel (4), conprising the
followng features: 20 * one or nore sensors (8) on

18. boﬁaswsten for testingla qomfrot systemd2pine vesseb(4), said sontrol system (2)

veing oiRic i doft bl bMeR sal WSoPEal olwutb fRTblunp jeatures

¥ VesRedr héle sersang@) ondozed daﬂ%s@él (4 serf o 6i Merk sensor
course, veloc over a conmmand

sion§s §heavariaonal e (1) 1 srie el Yty SR (2) 25 ¢ an
* al&%m&ﬁunr@%fhe%:gﬁsf ?1003 oﬁQjHér@ %aﬂ%fés%&? (ﬁ%rréﬁge& f¥send one or

tation o gnals (13) to vess
mor%@ftrap%wr@dsao@bonoﬂowag; \sel@mtys(a) gtcs evieioa ceinmranidssigra! Jine (11) to

Sa'déﬁgﬁgﬁggﬁgﬁ)ig?agssi égzal }‘?Les?ggi) n?oogaisgi gcfggi (r):)ls

*  (3n algorithm (31) in said control system (2) for the computation of control signals
(13) to vessel actuators (3) on basis of said sensor signals (7), said command signals
(9), for sending of said control signals (13) over a signal line (14) to said actuators (3),
characterised by

* one or more communication lines (6) for sending of one or more simulated sensor
signals (7') and/or simulated command signals (9') from a remote test laboratory (40) to

said control system (2);
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characterised by * one or nore comuni cation |ines (6)
for sending of one or nore sinulated sensor 30
wGe@nase1(7' ) and/or sinulated conmmand si gnal SPEBENP2003/000445
froma renote test |aboratory (40) to said control
system (2); 31 WD 2004/059411 PCT/ N0O2003/000445 * a
simulator (30) including an algorithm (32) for the
simul ati on of new sensor signals (7') of a vessel
gﬁﬁmﬁé‘ml} é@ﬁ@&u@ﬂg%ﬂ%rﬁﬁhﬁébﬁr%@ siwuall?tgorlp)e ce1'5r?év\?I sgysor
signéler(7's af & veesalahodel (4') based mtlta”premamscsmtamm € ptsiaighcontrol signals
l,LRe .S .arr ending b said new 5
13, g bR p5PBE G 50 STl Vossel “hode
*  (4h)wHich saidcopmminmiohticy! (s&)rrafﬁgdd foﬁ @éﬁdmg @déck Sald new
utation | $rZald contro g¥stem basi s of

SImUGH SR ROl L LA Vs Srh SI0cte! Gk (@ Sthgontre) Sysiams(2), for
continGed Ec}n&ftaﬂd?ﬁn s3] ccﬁftrcs? é%{%ﬁrt (9?j oM @a@%sofqﬁe P %ndloz‘ fg?u!ated

conmmand control si gnal s
valugpobeaid ée@scatsm%l% {7 .gheordhe seal @r @mulat@@i \alges ofmaid command

mgn&lg xmi‘@ 3%@?!%?1 3)at§ vg qt é?asﬁ'g)lqgirbﬁ Sg%ﬁdqﬁqu

posmmrspousse ﬁ/ebmty @)lecﬂccaMrol system (2) in the for of

* odnbdneed coBrneRisdi: 6F ek o1 REde blihelpsponse from
said @bmrm sl8terf (2R ltﬁe fd oft s8M doitrol dighals (18) &4 canas ‘éldh@ls (13") to
onnect one or nore of salrd sensor signals (7)

Sa'df‘?@ﬁﬁes@%'agpfﬁw (f"phe (12) to said control system (2).
20. The system of claim 18, conprising a second switch
(15b) is arranged to disconnect one or nore of said
19. coleasis terin g glaim (1680 pompasing & swltrdhﬁ@aﬂlsarmml tordisconnect one

o 4 SISl BT Y Bl B i B 0

to di sconnect one or nore of said control S|gnals
contr

li.n 14) f Sali
20. § HHanistal o st SmpSiGoerserontiich 13551 A amangg to

di @rﬂié&t gea ? t t i
o PO IG S SARTPAT) o U)o SRl gl e

(11)¥Q3$a'@i$é’n¥§@hﬁﬁ§ﬁiﬂl@n of said control signals (13) to
said actuators (3). 23. The systemof claim18, in
whi ch said renote test |aboratory (40) is provided
21. wiTthe system of claim 18, comprising a third switch (15¢) is arranged to disconnect

one or more of said control signals (13) from said signal line (14) from said control
system (2).

22.  The system of claim 18, in which said dynamic parameters (5) of said vessel (4)
enter into said algorithm (31) of said control system (2) for the computation of said

control signals (13) to said actuators (3).

23. The system of claim 18, in which said remote test laboratory (40) is provided with
a simulator (30).
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30 a sinmulator (30). 32 WD 2004/ 059411
PCT/ NO2003/ 000445 24. The systemof claim 18, in
wokioglsgai d comruni cation line (6) for sendi ngPGF/NOR@3/000445

or nore of said sinulated sensor signals (7') from

said renote test |aboratory (40) is arranged to be

connected to and disconnected froma first real-tine

interface (6a), on said renote test |aboratory (40).

4. o SR I R . pEyicH 5 ottt el o) for sanpipg of one
or meroftsaia simnﬂamadcte‘nsomngnale Qﬁhﬁomemrd rermetel teselabaratory (40) is

amariged o, SoiRclid oand ionr et e robiesk ibgniegags 62). on
saldfrémé’@t@sﬂa%@toﬂy'(ﬂ@) (11) to said control system (2)
hrough said switch (1 5a). 10 26. The system of
cI aim 18, conprising a sinulated command i nput devi ce

25. {1t B, W B o e o

conrsatet focad disoennectas franea gaondaad-tine intedace (6b) on sand vessel

o, AP 3Bk o e Bt e o

signalflimedm plo sdidconttd,systenw(a) tirough seid swikchof15a). parts of
said algorithm (31) in said control system(2) is
arranged to be nodified, calibrated or replaced over

26. Samb S| w...ﬂTcﬁl\h'@cb sih@)a §|hﬂﬂﬁtéé'cénfn¢éﬂ2iiﬂgh€§éwce (10" for
| aboratory (40). 028 Tes(ystemo claim1l

sendjpg ehsaidisinyaiad-emwpgH sigeals1(8)) frone saidaerioim tasé Iabesatory (40)
thro%q?Psal§?éal-tInﬁb ﬁﬁ‘&fé @agé?qg%ﬁsa@%gr usngmc?ého % Q)(ﬁf 8fd through

nor e prop ers

said aeajHtinse (nlermr)e (Bbb ta said eoatréllsyptam (2)hrusters ( 17) or
possi bly other control devices. 25 29. The system of
claim 18, wherein said sensors (8) include one or nore

27. of THdeystéml df@¥dinngrs, in Wﬁ&;htth@enﬂn%n@fazf@aﬁ't@a:)f,satdoalgonthm (31) in

said Soupel Syaters (335 ol 5 be s alksated orGRPlSERIGyETsald
combBloatb ARG 101 ARFRIRIBIARIRBRY o)L .

course sens etermne a se (7b) of
sai d vessel (4), e g a gyroconpass 30 or sone other

28. COffAsystem of claim 18, in which said control signals (13) include signals (132,
13b, 13c) in the form of shaft speed (13a, 13b) for one ore more propellers (16) or
thrusters (17), and angles (13c) for rudders (18) or thrusters (17) or possibly other
control devices.

29. The system of claim 18, wherein said sensors (8) include one or more of the
following:

- position sensors (8a), to determine a position (7a), of said vessel (4) such as a GPS
receiver (8a), hydroacoustic position sensors (8h), integrating acceleration sensors, etc.;
- course sensors (8b), to determine a course (7b) of said vessel (4), e.g. a gyrocompass
or some other compass,

- a velocity sensor (8c) or an integrating acceleration sensor to determine a speed (7¢)
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- a velocity sensor (8c) or an integrating

accel eration sensor to determne a speed (7c) 33 WD
wQod408E9111 PCT/ N0O2003/ 000445 of said vessel PCHND2003/000445

an anenoneter (8d, 8e) to give (relative) w nd speed

(7d) and wind direction (7e); - a roll angle sensor

(8f) to give aroll angle (7f); - a pitch angle sensor

(8g) to give a pitch angle (7g). 5 30. The system of

j .Wherein said renote test |aboratory (4)
ofsaﬁéing{a%%eﬁ@a data |ogger (15) for logging of the

- an aasmontter (8d; 8e) tbagive (rélaﬁaé)?wi«:xdrﬂpeeg (Bd)gzred \FrirNerection (7e);
t ' 13 9' [ t t
-2 g selbe Bhalivas itprod BT 1 a0 T Sveten

- a pitch angle sensor (8g) to give a pitch angle (7g).
30. The system of claim 18, wherein said remote test laboratory (4) includes a data

logger (15) for logging of the response in the form of said control signals and status
signals (13, 19") from said control system (2) to said sensor signals (7, 7').
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