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propellers, or failure in the function of a rudder. It is desired and expected
that the control system for the vessel can handle external influence and
external events so that the vessel can maintain a safe state. A safe state
may for example be that that the vessel maintains the desired position or
velocity, or that it avoids undesired positions (to avoid collision or
grounding), that it avoids a situation of uncontrolled drift, that it maintains a
desired course, etc. Moreover, it is expected that the control system in the
case of loss of sensor signals or errors in sensors should not do undesired
and unfortunate compensations like a sudden change in ballast pumping
in response to loss of a realistic signal in a roll or pitch sensor, or sudden

corrections of an apparent error in position.
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- shaft speed and load on propellers and motors,

- rudder angle sensor,

- level sensors for loading tanks,

- ballast level sensors,

- fuel level sensors,

- engine state, cooling water temperature, cooling water valve s, lubricating
oil pressure and level, efc.,

The control system is to give control signals to actuators like propulsors,
control surfaces and other control devices. The propulsors may be
ordinary propellers, tunnel thrusters, azimuth thrusters and water jets, and
for some vessels also a mooring system that is designed to puill the vessel
to the right position. Control surfaces include rudders for steering and
active foils for damping or counteracting of wave motion. Control signals
can also be given to other control devices like ballast pumps and
associated valves to correct the roll angle or the pitch angle.
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situations occurred accidentally or by provocation. It
wif the pentevlysystem. The on-board test may be conducted by

disconnecting or connecting sensor systems and monitoring the response

of the system in different failure situations. However, to make an entirely
realistic test of the vessel in conditions that are to be expected, it would be
necessary to wait for or to seek weather situations and sea states that are
expected, but rarely occur, or to wait for or to provoke situations that could
be expected if certain errors occurred, but that would be dangerous if such
situations occurred accidentally or by provocation. It will hardly be
considered as an option to expose the vessel to extreme situations, like

abnormally large errors in ballast distribution, in order to check if the
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retested and re-approved or not after some time or after modifications of
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In factory production of a control system it is usual to perform a
so-called factory acceptance test (FAT) of the control system (including
hardware and software) where the manufacturer feeds simulated sensor
data to the control system and monitors which control signals the control
system gives as a response to the simulated data. This type of FAT can
only reveal errors where measurements from sources that the

manufacturer has foreseen to exist, and where the control signals are only
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radio signals received from a number of navigation satellites. In addition
the drilling platform was equipped with a double set of hydroacoustic
position sensors that measured the position of the vessel with respect to
transponders at fixed points on the seafloor. At a given time during drilling,
the vessel having riser connection to a wellhead and drill string connection
to the drilling hole and actively drilling, an event took place so that the
DGPS receivers showed a sudden change in position of about 75 meters,
although no such change in position actually had occurred. Such an error
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evidently interpreted as the desired position, despite the facts that drilling
was in progress and despite the fact that the hydroacoustically measured

position indicated that the position should be kept unchanged.

Problems related to changed configurations in a vessel:
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of the crane. A required detailed testing of a crane system on a vessel
should therefore involve both the dynamics of the vessel including the
relevant control systems of the vessel, and in addition, the dynamics of the

crane including the control system of the crane.

Repair / replacement of sensors for a control system.
When sensors for a control system are replaced or modified,

there is a need for adjustment of alarm limits, for limits for acceptable
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Fthé?}o&ﬁ@nr&%é vaBsdis Betrinidd @%%s’@aﬁ#élﬁ%gﬁn in the
inertra t WO

sensors, two or nore GPS-receivers-an
looatrodsystem. d hialgorithey stilkdeperd omthé psepearties of theevarious
dat a t he, iti f th | is. de i ned b
SRR PP TRRHIA SERU A0y AP doRs Beg ke 1and b HpPRtn:

WdrsugigeauitdcP UntBerdpid pesitibs YaRhtibhs REPlaA&3HefEMNSOr S
Wi th respect to accuracy and properties like long term
gnadificatign oba sepsaicivtirddses inedicadior degling ofithe total sensor

el h@ HvesHaR G} Rl oo kM aorid &ipors
Yisdeatdaptableqsisition menbeichednts fer usskl 4 cottroleystem.
conmbi nation of sensors gives acceptable position

measurenents for use in a control system Repair /
r@%’éi} %‘dfﬂba‘cioﬁ‘?%@ﬁ S5Bht 8f adGhtpi ors. After
replacenent or noditication of an actuator, a control
syst em mafigr veplacsmgni dr nmdiflcatidn fof aneattuates Eoosrtrdlor

t he, vessel .. The reagson, fqr.this is tha new or
TSI G LEVER BENTEINGY JEieienireParETh 05 JhR FEpsacThen
tr@a&?ﬁ foraRRal thae ndhadr mediried akiRio ldM"ay '@ﬁ*vé ) Qifferent
devel opnent of the control system An exanple of this
i coritiol ahtonitoethef vadselithaerwhatovasigasumed gosingitb@i ng,

th £ bet h haf f . th
ienmenrd e 3plolial Bk BRE T BrintdBa ot
KRS for H%ﬂﬁ@ﬂic pdsitforiiRg Ushére the relxaiba ebtwede thd BRaft
rel ati on between the shait speed of the thruster and

tsReedrefiibe thiwptarandihadbrst anst pe kgown weendhe seatrgl t o

t 3 ' [0 [ ' e
[ $73ferh A€ RRE i MirhStelh Rl InctfHeeldifon BbtRebh 46
sghexff $pezat ofdhe thrilster dritbthetthrrst may be changédyraral irilkbe
effective testjng of vess '

| control stenms, also.

(RseeaaRdo et beryrsso byl e sentplsysiamais iishodi I the
Fgg%‘t’énﬁ‘é‘éill?%ﬁ?mgra@cbmng B Epatifcationsd and new
conponents of the

Thus that 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.

The US-Patent 6 298 318 "Real-time IMU signal emulation
method for test of guidance navigation and control systems" describes an
emulation method for testing of a plane by emulating the motion using a
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vessel have not been previously conbi ned, and has to
be tested in the new conbi nati on. Known art in the
w0 p@bai7773he US-Patent 6 298 318 "Real -ti me | MPGT/y02004/000386

serediid & degRideost-freddre$6 DOF igisioridtor ae@iwteie 8liphals
control gsterrs describes an enul ati on method for

from @ sRycaliechingrtipd danigadipnmed g te RegHisiangn, DRYIggtion and
contto Pws?érn 5 8%he 3 rchle:?rg ebated™ a% nggﬁon This 1

si mul at’or  and where Si ma SO- |nert|a
pa@mtgiﬁemtrtbshﬂss probmrﬁ@mlatedde dynamig pbsrtmnmgcbf a

control! s ?n board th craft ener at ed bty
T R A e e L R R
doRlsHA tnéidh fhidtise Qpﬁbhéé’ ﬂi%e&?fon%ﬂ%@btéd“uﬁdé%‘t&g

operatlons or sone ot form™ statlonary operatlon,
eiquiptoest, integrationi afhydneaamistio positianing, equiptingat, ippeblems

d und .
AR BTG, BB B v BB s A pRkEr Pl oc
HoPmAY Inds ha0e 6 PO, BaEmsiEd KNS IDIBF a8GERdS Qélv-@éstor"ﬁn
ship will normally not have 6 DOF, but instead has

aptipndr heavadsolsband pieh H1atiey keing arenwired praperty ofia /

[ tion being a required property of a
S?Efrj"‘ gc\}e?%\g%ggel The US-patent 5023791 "Aut omat ed test

TrpgSapatent 502379 CrAdtbnfdted test epparamhﬁorcmmaﬁt ﬁ@m an
automated test apparatus for the tesffqr”l%q rg
COBHOID| despEbRREN U teMalRY EPhRPPHEY t%ﬁ%mgo light
do'ﬁh%%?ét@ﬂrs%ﬂ%r?ﬁ% ft atse;%rt 89 wﬂé?‘rra?édlts st8h fdr't%lfnges

contro & automat ed t es appa atus inc
pdu it efrﬂrgknind:crmrdl systeas. ff@ermrtmtefcbtesi;appamjus includes a

S L3 e R SooPBp b o o
donitr@ bPéfmb'hQiff’thé )é%kﬁﬁ%\feﬁ%sldé’é@rafﬂée afY tf@rn@%ﬁﬁg tr@éijltlng:;

appar at us i ncl udes a ¥ oard t ouch- scr een,

fhgiﬁe:qnﬂro&sysienﬁﬁsbdahag e@grt@mﬁ‘@ai teﬁtsapmafcattmw@cwdes a

@\ B Y QLR P A & SRR B G BRPA o

iBStRidtINseind bthet infornation NG théestitbmatée tesitaparsds t ad
apparatus and control |l ed by the systemcontroll er

fgeneipatting est datagiramdhesystem éonf.ﬁ@ilﬁr instriumends inclugead in
gé 'a%ém‘éfégf ge%k Eg@%‘tmn@g &{ hﬁeeﬂgltéh%rﬁr%%r

ata si are pro ght control s
gensraia te§he|gaalsdhat ack inpat toathpalmtaﬂés flght cantolseystem,

FEhBenaPT el aniest HoterRoBIF Sraiers Pradicadby e IGRE ©
RIS BFNRER. TABRLIEMatdtf tesd 8B paralid s\t by an
interface cable to an onboard central maintenance computer included in
the aircraft. The central maintenance computer includes a non-volatile
memory that is programmed to run onboard tests 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 prdcesses and

synchronized by a central process. The software testbed disclosed uses
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menory that is programed to run onboard tests of the
flight controls system and is controlled by the
wa@ymsem7sont rol | er during testing in accordancECTNOR004/000386

b@paﬁdt@@y@&ﬁ%iﬁétﬁpfmkéém%érmtélsiigdd?@fr@ﬁbﬁﬂradidnﬁ%t@evice
US- patent 5541863 "Virtual integrated software testbed
fte begenainted byjasimpladian sunnipg wi thediasg campyterodrfigme

SR By gt o AR UK Sn gl BHng fiotd o) qlhd ERERP
avignite hapivearedstonnected do shetuliraatbus cyurierpartcinthe host
by a.central process. The software

and s nchronieéig

COSAERT BN F1Ge B“%Q%%‘%epa_r ate synchroni zed processes,

permts si -i‘:'a%er{trﬁl@bgm aﬂlr@ﬂé‘ftclﬁ%ﬁteélmﬁﬁntibﬁ 10§ scystem"
on t ost

generated by a sinulation runnin e onput er
afestribes aotairdratt testsystem thad geaceatbs stisiufjithakemulatethe

fr. d [ | L op. d '
SRTIEREaRES B o ATtatyas i oBE SRS st svstaen
heslid&es &ml.grﬁbeﬁﬁf iﬁstfrllﬂﬂlenisi fop gbﬁér"a?tintg%ﬁe PRNFSEr oT HP6ce&Sor-

"Aircraft i ght enul ation test systeni describes an

alongiodablet ingtrumestscior graerajpgatimuireseived by am gircraft when

e [ i ' j in.
At i Sy SferTHise, G Bt bah bbb R o ger
ithe trespadesof thie \aeioas aircradft ¢draponemieto dhe stimuli to which the
processorcontrol | abl e i nstrunments for generatin

SAifcRaft is expesare ppcassAi In fegRQnsEHerhe r?“ﬁﬂ’qtgﬁiﬂnaq fiegn the
ST SRR 1B By YA oo SRl Wproducs
chimudinthiat sriwatertbose rendived by tire aincrafteasait nwvastthiosigh the

ARy oA PGS 82 B6ra1Eh ah il sedcl sty Sl whatan
GRRPaR WY bBEXDEEBA kS whenhh it EmBhitdid thelrB3borREbthe

those received Dy the aircraft” as it noves through the
aircraff be they stiranli thwhidhdhisrexpesedhand, inirasperae génerates an

pdteh s2h5% 1u © BBt "tEs bt REa YapseR dRe e
abbp6Réd of thel bietpat Ig¥bhséofEirsraftidonsorRnite 86 dhatahey
in response generates an updated set of stimuli to the

Mauld Retmonitaresyhy Rersanng) charasdiwith iesringoibiat theodirgrat is

e £ aj .
PSRN Ie.o185 25 A BRLBRHTo XA LR,
tdiade itlvandde nsed to placé tine tiromiftriin theolpep! duriiga fligtst em

can al.so be used to train flight crews since it can be
RIBHlatigNp| ace the aircraft "in the | oop" during a

flight emyhgijAeht 6485824 eRIveRiER M dtion cdrApbh&ation Mt hon
conmpensation for a
crane's load" describes a method and a system for reducing sea state
induced vertical motion of a shipboard crane's load using winch encoders,
boom angle sensor, turning angle sensor and motion sensor that all feed
measurements into a central processor that controls 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 some of the problems described above, is a
method for verifying a control system of a vessel, in which said control

system in its operative state is arranged for receiving sensor signals from
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crane's | oad" describes a nethod and a system for
reduci ng sea state induced vertical notion of a
W@ kioplooasd crane' s | oad usi ng wi nch encoders, BOUDND2004/000386

asghsors emsiotominandi signals floen saewmm%m’hana irRUtYeVices,
that all feed nmeasurenents into a central processor
t ARd i wihichosaidigentiol ayRieAHASPIP TS Resaid aasErAeats and

0 SFBRSBr& 088 S MBS 80 vehoad e
soltdgritomaintadio medmredt‘pmsumb veloeity esaurse ed ottiey\statei of said

met hod for, v cont r ol em.of a ve sel, in
e e the Biotdod cBfin S 1R3¢ Bemins pvalEieRs: <
a¥ranged f I
omang si Sri@a T title SRR RECCHIELANG the REEMEADT oRBLr
dengre ¢eal mor signalsto said dootiak systersyanderepéacing said one or

0B SR el PSR B LoRhient SEHTE Lo LY B

obAle brh@or@arﬂﬁ@aﬂn@aﬂﬁﬁdnﬁ@ﬂs M b tes; snﬁﬁél@bu&é{a tcaaigse
or other state of said vessel: in which the nethod

cePpFolsystame fol | owi ng novel steps: * during a first
Pég}a (tag), Ieﬁin@‘é%%ﬁ%%b’trﬂg%ﬁsg Con{?r‘rﬁgcfés%'a sgaergglrarﬂ})f &r

sensor em an

L aniﬁa;al sgnsai signals to rgemerazte@:;onﬁal signalsl tobenecordadymabaid
Irs S uence (TO conprisin ne or.
a¥?r?tmlaY§?ern@eém HEoks0nals a5 Feppnse Zﬁﬁ sl AEst et

o8 QUSRI (1) f6Y/84if Trs (e (1) B 80 AR loder (7).
sT g Sal s : ostgengmécwmlﬂystamtl ? (rgilt.’t) $spon:9§ (i%)cfgrsﬁediﬂe&t test
On 1 | | P i\
SRR (S ST el o e BRE RN EB@) "Sanature

f tdsponken®0§t ) on a control signal |ogger (42); *
storing said control systems (2) response (SOto said

f saigtmethad hasdue Heepyrpopatof sati ailater ime(t1nd2, (88 g)). &g use the

S8 e o SURhER S oL 8 SRR Tof R
(tekord 2 late¥ responsd (8182, 198; . $ &iven S&M&Ebrﬁmbyﬁéﬂv@)(l@d
(TO nput to said control systems %\2 and to record a

minigg yhethersaaid dpter response (B sard--ki§mensrally
Sé’l?ﬁl%’f”té %%glﬁagaﬂﬁégééﬂd?gsgg(s\ﬁg?é D&fis Stﬁéfjsélatc%tr?l systern

response eneral I"ar
s(QrisvnckangsharsehdtBe) saidvater fgspanse (§a|, 82¢ 88t r.pis
et her sa

t .
- SapBivebly diferapf fasSand sinaliif sisporisk (50 Taidieate fat
f £9E0 o) Sy S8R W) hdsasfeSfariged), t o i ndicate that
Additional steps of the method of the invention are found in the

independent claims.

Brief description of the drawings.

The invention is illustrated in the enclosed drawings in Fig. 1 to
Fig. 10. The drawings are meant to illustrate the invention and shall not be
construed to restrict the invention, which is only restricted by the enclosed
patent claims

Fig. 1 illustrates a vessel with a control system. The control

system receives measurements of position, course, velocity, and other
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said control system (2) has been changed. Additi onal
steps of the nmethod of the invention are found in the
w0 pabspeiisent clainms. Brief description of the PCEHNOR®S/000386

Thredsavemeh®from rdvigational Rétiumenteand @th@fédstﬁumbhfsg&nd
in Fig. 1to qu%rf 10. The draw ngs are neant

|r€rq%\t%%ﬂm?@ & RYSIteNR SBee ¢atmdw&%émgpu%l panel
thre' &fntfcﬂ%yhgét@’h{bé’chnt)?’]"gb;Eﬁg#Sﬂfﬂ{l{l i %.Inrdlébsecmg

e encl ose At es & vessel
V\shzhft apeedspetifisgtidre devica dorcihetpropeltsrdrdon pwbleetbrusters.

t f [ |
ot g ChpleL Pustarm &1 plsh ke Ane PRt pLiniate wind
ofirsétidand %ﬂ9§ wit'8pé&E Bruean GRBHTRINSStef, "2 iflcan {ecelve

position specification device, the control panel
t ecaloutate inferpation abowteseacﬂsuage sipatds fwave elevatien; ol
and .a veh‘] Cl tyeaor shaf t peege speci.fication device fo

t REeE F FS7 CouedisySient Al deTeSIongh o %‘?ﬂ%e&t'ahy

syaiprRINshan speed tb PFepelRrEaAd W RE Yosudlersedthat thevti8sired
direction and relative w nd speed form an anenoneter,

aﬂ@SIIanc@(wFﬁ@@é‘id\/\@|@¢ltYCQIIecﬂ}}th\@d nformation about sea
state, thag_- § |‘ld@§a€f§§[a\%gtto'nggc%éeog{eug%eg?s{t,g‘%ﬁ\ﬂ! 58 B 8rol

etc. The co stem can

seygtem afted manufamun@ ahé coptrelcsyisternuiitfor @neesaaibut not
Ies a:Uo rudder s that the desired posi course
Ve iDstediery aavesseh Hihe/crntraksysten is dardetadkS an Miertace

?rﬁh%ﬁn%u?a‘i?& %Eﬁgﬁres@ﬁélg andiflere Ak &n%ﬂ%%sﬁ{ertrﬁq g%@ ;n

after manufacturing, the control system
veespeinsbun the forpreof mmﬁtailslignals imtendeskfoe| butTiod connécted to
i S, connect an inter wi.t h, si

SHRLEIOTS HOREVRE 1R At B AN nd bt S ph b of the
06851585 bihc9ai e Bir SIS Simog Eaion sySicrAgdhéRnowy

but not connect ed tO actuators. However
ndeveloped sensas maydle usakwith the finallyflaunehadare testad

i UL M, S TS A R
swtiedenguspmn 0 3 S T ELen )

testing anbidagglésieates aj tgplcel setiupsefrakeewn cpyrsrplc%ystem for

S8 Tl B COIRAIDERlors B R RnRu S fepdtd abor

aéll conneetetdd the sﬁipés sdmtpblssystamn rol system

Fig. 4atillustrates a vessel simulator in a remote simulator

location, with a logger where both are connected through a first real-time
interface at the simulator location, with one or more communication
channels for real-time control, simulation and logging, to one or more real-
time interfaces for real-time control, simulation and logging which further is
connected to a control system, e.g. a control and monitoring system on at
least one vessel. The simulator location can be e.g. at a laboratory in a so-
called class society on land, like Det Norske Veritas, American Bureau of
Shipping, Germanischer Lloyd, Lloyd's Register, or another class society.
Alternatively, the simulator device may be arranged on board the ship to
be tested, in order to prevent potential errors due to signal transfer delay,

either due to delays in computer communication, or electromagnetic
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Fig. 4alillustrates a vessel sinmulator in a renote
sinmulator location, with a | ogger where both are
weosetted t hrough a first real -tinme interfaceP@/NOb@4/000386

sprophgation Hergtdnto distdhcene or nore conmuni cation
channels for real-tinme control, sinmulation and

I
| oggi ng, tFd9ofe2 dlusirates aidhe left pids ofitae sheata fest sequence
' . . . _ I . . '
¢ P by bR St d ren@niR b6 b o8, s8Rt wind
cdirdotioh etoq amdrattthe iright sigiet e resuttirgf rdspanse &fefroraghelcontrol
| ator |ocation c abor at.o

The  si e.g. at_a |l '
SsmITTn thiedest Seauacs Ty InerarticBkultasirapeaR ot the test
Vor i . . _ o ni

[Ty T Bfe PR HLGRAG] St Ripea) dreLeof Sgha
Ahsantivwhieh §s theherudestaeproximagtian altheyghb eelavantndé theorght
bagrd . the ship t e.teste i order to prevent

e i sBoeds iR tted 8 .l st us abh BBl nsmonpes
digen teit dBha¥hiced, MatHEREESAriIg @ URsatdd@st S8quence in this

el ect romagneti cpropagati on del ay due to distance. Fig.

Afigurel | ustrates at the left side of the sheet a test
sequence TOnf L4 L Gl al L

position, c uf}%‘éﬁé \g/'éﬁié"iit? ;ﬁ@viﬁ%%mﬁﬁ%égﬁ%sﬁ% uCI_at’edécﬁat
agighale Haviy "stepehangeswhiohnig anesmasssblE appradxiraation to

control systemfromthis test sequence TO The
aPesSibleiefTorada MPASHATENET: the test sequence TCare in
this illustpaph@i Si LG &5‘&3 lairmS)
absent ", \?ﬁﬁ'pb%éf@rs'% tér?gajce?/r& gést?'n@lr‘)a ogtlsrmt i'bolﬁ,s”g‘g’tagéotﬁg%ﬁ
r eijpalsnshowing the abayet mentiened absentgiresentisignals, step

R 857t B bR S B S R e

L 854 tiIFRIMENSE Hirind WhidH SeieRal &rrérs GtR8r hioréidhlésy to
Fig. 4a2 but illustrates sinulated test signals having
" sitrypitanieangly orvnutitally supatpased. possi bl e appr oxi mat i on

to possiblg enrprs_in Q. ]

real i ati . hHageoes 2Bedfipta EbflHatiooh Hho.déib sfal®¥sor
shenirmghih g svHdieecthetstinto e stahss rdgpones ¢als chiagigat r not
step change_ signals, rapid changl,n%_ cont i nuous
sWhREICOMRRTING eanteRlisignals Briveen Hivdntiehiesatonalire and a
ditd r}%l%&rﬁa?‘é@&ﬁfs{t%wcﬁrtﬁe%BHHBI &mor less

si-nul taneousty or "nutual T'y superposed. Fig. 4a5 is a
nmodel for Rkigcdbylustsates anesdeldhaiiog apontressystem of which

R A S A R e e R

t §§nhRi dvetla EGRMFHiCERINUIe ®hdfrom a test laboratory, and in
which one ore more of the control signals from the control system to the
actuators of the vessel are sent back over the communication 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., normally arranged to
provide measurements to the control system of the vessel, being replaced
by simulated measurements from a remote test system via one or more

communication lines. The control system responds to the simulated
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| ater control signal acquisition of the control

system Fig. 4b illustrates a vessel having a control
waymsenm’ed whi ch one or nore of the real sensoPCENQR@MH00386

aheasehtsits. Phie séspdriveadoiaHitmally gnal Sortkes? sighals to the

conmuni cation line to and froma test |aboratory,

iartypioss obthe rsseldike &9. pmeﬂem Féfidess givansl ﬁwrlaﬁtertsqe

g%‘@hgﬁ/’gﬁﬁ t{ge N Fi P&%o é‘aoo erﬁtt\ﬁa YetiihuRcGiss Mhe
e communi ca the “t est
| talzorexhoteytesplabbeataby) wheresae/eds@lfsmmalatgr egnin the foha of an

act ua ors of the vessel 4c. il l ystrates ves
viHep’thgn §%kcuate%ér¢§%rdynﬁavc gﬁhawoum @ simyl ﬁ%?dg\f%%s&?

WeBHoRsd Eﬁngoo nt@?%@?a‘-i iitoh? theS RitaSE SSorel a%eﬁi hitR8

SENnsors, acoust posi tion sensors, ,
nassel, Iayldasemisghe new ptade iofl thereessel back testheorentate system,

ntrol system af vessel , being,repl aced
PR iEstoleth b far B bt BPo BB e v
one or NDIF{yCHikratess aﬁﬁvéhﬁ'@ﬁof§h}%s§@ﬁhbﬁbn§}f§ﬂlé%rm of
responds to t he sinul at ednmeasurenents. The response

vietationad mavenyenisas rodiabout X9i piteh @boyt vhenddawdtabpgt z),

cand Boy 8RSy mblaRefieERaBe 1Brbog, BHEE Pond YEBRY

Stsdvev(atoriy gpmuni cation line to a renote test
Iaboratory where a vessel sinulator e.g. in the form

of an al gdrig+®ilusiipies ar eyeriowof Himuesse! mationsdusutge,
ﬁéﬁ?hé‘tyﬁg{l ot Iar% ;P&%‘Ptriﬁ %ohﬂe&#% Wﬁﬂhgﬁ’gm}% gnal

e’reno e con systemin i vVess
spm&i’ﬂaomhg, egw is tcahaeofiort with\odlsdrilingowitkotitonbbeng éerinsome
s%stem for a n w response in the form of updated
etc. Fig. 5 illustrates an overview

of a Vessﬂ*l n‘P%hBW%éQkétBﬁoffﬁrrﬁlé?/fanf BFciBlciariiﬁfélL use of the
novenent s as roll (about x), pitch (about y) and yaw

(inentiory Whemmd qondios Bysteonis| useshtoraontrol Ridddinguplgiéorm

b R S RO E0b el koo

Sthedfssirdeosiith yPdte Wan@fd ﬂr’cl@ blolfﬂ@d&é &t in connection
with dynam c positioni ng in_connection with o

i |

drilling Wighdillustsdes a mealrneufﬁr iypiRal @ais I fimp testing of a
h b

B L e S e L LR

Llsxa_tt,_tandaipﬁratnd)n af desddli ng pl atf orm under dynamic
ng: :: 82' }ggmglls anlll ustrsél’u(glnr1IolflaI r?r%ferre rer%btogﬁngﬁtto%%e
invention comprising a two-part simulator arrangement. This two-part
arrangement comprises a first on-board online simulating computer having
custom arranged switches or connectors for connection to ordinary sensor
signal lines and command signal lines to the control system on board, with
custom arranged switches or connectors to output control signals, with a
communication line to a test manager (33) at a remote location laboratory.
Fig. 10 is similar to Fig. 9, being an illustration of a second
preferred embodiment of the invention comprising a two-part simulator
arrangement. This two-part arrangement comprises an on-board online
simulating computer having a control system manufacturer designed

interface for connection to the control system on board, and with a
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the desired position of are marked with bol df ace "x".
Fig. 8 illustrates a tineline for typical points in

wao 2098/0t8S4 i ng of a vessel's control system durP@mNO2004/000386
rdamnmungcationrie tocd test maregergs3)oati agmeeAotafich Rbodtery.
operation of vessel. Fig. 9 is an illustration of a
preferred enbodi nent of the invention conpr|5|ng a
tM@éé’ﬁ fioR! é?é’:‘rearénﬂﬂ 8ifBhts Jﬂﬂ?‘e fé%q‘i
arrang ment conprises a |rst on- boar Ine
s1.mDexddripdion afite eessel\enthcantsdl sys ienT, ayepedals wi tches or
connect ors_f or co nection to qrdinary sensor signal
li nes and 9" @HILPOW t?weeae?%'bteﬁé”@bfﬁfﬁfﬁn tSOfme
WnBedmsentyids 'Ehé Hﬁieﬁﬁbﬁﬁl[u%%@éb ﬁ\V‘L‘thd}Sﬁnrib’s ér%i@géa Ihe

to out put contr ol gnal s, wth a conmunication |1 ne
tlovanummcmm sy%tsm fostang a grethed fasdastingof a control

!?w%?rat@ 10 tfsost ok Bl ThPee Himorhiatomtia Pl Sene

gottiom pmmam # rehl dimMe\Bvéred tominiHiedtin edraiRy LA -
hIS t wo- part arran%emsnt conpri ses an on-board online

s$hﬁwl"atﬂ ﬂ@ oY BRI H&\ﬁ%gn@\lftm‘?ﬁ? gptailigtRign 4b and 4c. The
BV B0 Bidu4E ok B o ARGRE U vl £

t'ﬁe@tlrtge@ﬂthﬁmmg@ll sYsi8in &) raay @ohide fhecsitiutation of normal
| aboratory.. Descr.i t| on of rﬁreferred enbodi nents o

t$fatq ?xksﬁmelstae@eamnm dreheinges do slsk apormakan
C&&Férﬁ% s?t%%?ﬁﬂ theansal @), & bemfﬁ@brcgﬁ%@/ thbvé \efngma

descri ref erenc one enbo nts o
| siinesatedrealml sest statee(H 1 n In bddiioanwdmey mayrsimedatd ordinary

\DEFPis DN & SBiERed RRine aestelh (1A, R Siigtons wyth
§hld%s oF rAlbtior Iplo%rranaé ERige propRAEF C163 WRLIEQHY ¥bE8S] has
platform in real tinme over a comruni cati on channel

(@)ly this singlepropeliar (36bwithesubseariegt dynamieasimulationeof

qﬁ@iﬁﬁa‘e’dwgﬁ{%@ S oust SO flire YRV R odiies

Tiesditiong (2d). thre et aleb mateftms(tﬁétldmyinwlvlngimetlb& of power
simul ati on of normal states and extrene state ind
nrPRE OLRRG PsoRQless ¢ HomotGha- ) dmwhishy the uesseb@ bagsne or

o Rt o TSRS, SR oo

swnuldaeacbtodthedoss wbpewenodf bne ar snorelpavpellerst rene sea
t at H2 t uat th : I . Of t
power on 1BePHGR gt Jpestinon s e niodswsE ianafedh
Oiﬁlkh;Mh*l“ &b %'nﬂgic,e for |ﬁ&§'l/éﬁﬂ' or Rhlly Bhibbabd BReEMiBNbY

am ¢’ sinul ation
mterventlon from a remote laboratory (40) to control systems (2) in one or

more vessels (4a, 4b, 4c, ..).

The system according to the invention is arranged for the
testing a control system (2) in a vessel (4), of which the control system (2)
is arranged to control and monitor the vessel (4). The system comprises
the following features:
* One or more sensors (8) installed on board the vessel (4) are
arranged to send one or more sensor signals (7) over a signal line (12) to
the control system (2).
* Command input devices (10) on board the vessel (4) are
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rotation away froma desired course (7b) and drift
away froma desired position (7a). One may al so

W@ 20080021784 si t uati ons involving the | oss of poweCT/ND2@A000386
aranges tor serd hetesiretiqasiticl) course, ivelodity () efee ovesael

h . || 16b, 16 o t hat
sBMrrnggndhios QiR Misomial bt edhel ol d react
to the 1055 algd?iA(39) PR AntrBrSgs '.é%p%m Baligw
a brief descrlptlon is” given of sys "u tra

|Cﬁrrrplgtmg4aqntrolzmgmia (:aa) tofthe wasseta@tuatomsu (3)duadedyoro the

A5 PnE R L et Bl id DA A 1 Shring o e
‘ceﬁﬁ'eil sigivéds (18).0vé¢ a suf:;hal I'Fiéeto&héta%ma%ﬁ@(@' ng to the

invention is arranged for the testi ng a control system
(2) in a feRRer morg,cosamunicetion hisee 4o mal ksyatrangédjo send

et FRAE SR ke foorinaR T ) Bhol P SimGRRE, cofiman o
sgnsds £9') &on asrgaidtediestﬂabmmfyt(he) tcﬁmectoldt@(l ;;\@t@m (2).

| gnal s over a
BT BBl S5 e o e
'cBWﬁuﬂl%\é‘hBﬁsm(lée{gie QVali%ﬂ:ﬁé Both@ ﬂ‘l%sié%ra%'}l eﬁ{oe@ﬁ %Q?ﬁ’ed

to send a desir osit1on, course, vel
ae&eebth@bmm mSjed,l Inl amelt¢mallve emlmdlment obﬂheqmetem

bt PRl bk idhalf (2] Rl SpRdp b combnan:

eSS (QEM&V 66 SehBiroRPa @l@vfé@ ddmnetribRcafy.onal s (7)

and/ or e command signals (9), for sendi ng of the
control silheatesnetednboraseryamay gnlide arsémutate@OR) including

a6l (32 ter 108 SifialBh 85 SRR LS i el BT b
sbgespsndint) toathe/rsw sensdrasigebls gm@md \ﬁasgaﬁln@délap) based

m a renote test | aboratory to the contro

i g'ﬂ@rﬁrﬂpusm@t@@&dﬁ éonféﬁlo?rlamais;(1ﬁa1/3 bargdynamaic and
S 8 R TRINh Hrgrro

{deatlyiand thusecallestatheal slganatmlrt(ﬁmln)agaldeloemtmdiuIIEDlt (30L)
h t t te ensor na

e bR eu 5Pk Sehtedimaain Lo G ra Gonehih T arderie

toPPensaty FrSsyhRARGHLAE érRﬁ’@'du)é to'ti @%e{aeygqﬁfu rred during

| aboratory may includea sinulator (30R) “i ncluding an
gngete testings Buch@ locaksigiutatoawilb he slesaribedvirdgormeation with

gatgeaﬁéq-' & 10. For one embodiment of the present invention, the so-
called "signature” method embodiment, a local simulator may even not be
necessary, as acquisition of a signature from the control system may not
require feedback in the form of vessel simulation.
* The communication line (6) may be 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 (9,9’), of control signals (13) to
achieve at least one of the real and / or simulated command signals (9,9')
in the form of desired position, course, velocity etc.

*

The communication line (6) may be arranged for sending of
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corresponding to the new sensor signals (7') of a
vessel nodel (4') based on the previous state (50'),
weonwsnol7ssi gnal s (13, 13'), and dynami ¢ par anePEr/SOL@)/000386

fiioe réé]@orvﬁﬁﬁ!he(éﬁntro‘i\sﬁsm ) iAitha ferh® bf Y caitis shfals
arranged | ocal Iy and us called a | ocal sinulator

(33)L3s ceatrgl snsaals (4.3ﬂdpath@rrem¢ﬂ;$esééabﬂgamﬁ@®s byt may
SRS BRI DUBARAR) Bl 659 Bl Shnd B il
|thmshrpad during renote testl ng. Such a Iocal si mul ator

e o Al P e
Uf%ﬂaftsé et("lﬁ‘é 138%@‘3)@%&)@&0&&1&96@) or thrusters

S|nula tor hot be necessary, acqui sition o
z(1§)| gumect Lcrtatlcﬁn anglelse(160)1fqrasuddg:rst(éﬁj onthroster ( €Q)ande

ﬁﬁ»@Cklnt E stsel simul ati on. * The
RRRDY St petiatort Mk ballStiiings BAMeD: onitng
back the ngys sémsdra S)jnfaty&io?nﬂflsé Bﬁebeéﬁﬁirera@éfﬁies(sfélécted

in the formof sensor signals (7') to the control

égpm awnenousrdifferesih deMiges. @fowb@haqqm areymatdioned telw:

SR B a0l G e e SRRt 70

syugha§G(P£ fedeivart (8a))thydroadourtit positidh §6hs@€€h(&ﬂ)e at
|, east one of the real and / or sinulated comand
dntgaeating 9099|}9r3t|9nt~°rﬁé1%$rﬁ 6% desired position,
c h [
SR ELREIAG) s o0l SOBFHRGE ) Mck| OIS o
sayg;tremo(rﬂ:)assmrtémné«nﬁlmrocfouhbms&ontroI signals (13) as
contr ol naI &élg’l o.the renote tes Iaborator
L?ofjpe%%tse or single infeorating | aceripration SeNsY; anals
gkfermine tﬁe'ﬁ#@élt gyl ator on board the ship. The
control signals i nclude signals (13a, 13b, 13c)
i-rant drremonetef ( a&et) te predidatetbe, (relgtive fwind speed (7 dpand
pro el.l ers (zgi or thrusters (17), and rotation angles
qu(ﬁtloplj rs (18) or thruster (17) and possibly
otahwu éﬁ%léade%fs@r (8tkeo I@'@lléaaé'th@wpéngléf(ﬂ)l‘ anes. The
sensor conpri se one ore nore devices selected
f-reoPf Gy ABE %ereﬁmf(agbmlnamt%ﬂse piéth aRgleH78bme are
menti oned bel ow. - position neasuring devices (8a), to
deternmine the vessel position (7a), such as GPS
receivers Ih%breféryeld eatmdimeat pbihetinvanttem e sys(téih)is
i ntegr accel e on sensqrs, etc
SR eI (198) e 0Re e HGAINERLOVS G BIOTE SESE
(sidhals §7 Pfrom the signal line (12) to the control system (2). In addition,

the system according to the invention can be equipped with a second

switch (15b) arranged to disconnect one or more of the command signals
(10) from the signal line (11) to the control system (2), and also equipped
with a third switch (15c¢) arranged 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)
should of course still be connected to the regular electrical power supply
on board.

The system implies in the normal manner that the dynamic
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a gyroconpass or sone other conpass. - a speed sensor
(8c) or single integrating accel eration sensor to
wa@ledsomi’ae the velocity (7c¢); - an anenoneter PGOHNO3@)/000386

tparaméterat(s) dihehe veéﬁl lmray emem ﬂnt@ﬁhé@ld&rﬁhnﬁm \of fHé

di r? L %I%T l angl e sensor to |nd| cate

onppLiyelamges for e compufiiaapiing consehsbnageyp iothe.

i7oflita Itse%?he pitch angle (7g). In a preferred

enboagl ment of the invention the systemis provided

wi th a swilhetsy(stém) may henareanged dbéhaﬂﬁ\ecrenm’netest nor e
nsor_si.gnal s fro he S al ne (12 o the

IRty §O0s T qbred kA SimuRIch (ORI Juteah lddsinim 432

ta‘?ra‘rﬁ%d'tﬂ‘éﬂﬂhlaﬂ% tﬁ@rstaé ST R oW Beh;.@ofssﬁ ‘Prﬂﬁal%ﬁétbc h
(15b)" arranged to di sconnect one or nore of

depiesadtest padengle®ly orf paitiafiy ssmgiaéed measuarmentso(7t Ky and

hird
SR rbReiaBEE 1T, 1Rty PR BRABBRER Byt dhplbiiieptc
Siitkedr (S0 A=ty béIrrdrige bballys b8 hdard teship4d pré@nt
the control system In this way the switches (15) can

wemiBeeicaton dpigy BFoRlems; al Iy isol ate the control
2
vhssel | Thae e or el mafBetAtfa R foPsehdiip of

gmeomgnnef]a ﬁmWGtémeemTﬂJ'Ldlgiﬂale|(E()tflfdn¢ e mmete tesplabwawry
T t ies in the no ner t
t@@rwbwgdg fudhararenges 59 bsfcw%@nﬁ&eﬂﬂ%? el frogn a
t t

fih&t rabP@hktiafae (eagnwg?é Adtho R te§¥13) ttg)?g F]ieoar shiiarly,

conputation of the ¢ signal s
dbe camonyni¢cajon Tihe (6yistanmamgad tebecoangetgéddo, andit t he

te t t | ab t 40). 1 S. ' i t
iphBebRY Ry 4 tdnreartol Wi SR Arfsdesss @
SThalderondtreal-shad Midifade keasahgadidtasding ebnaécteditfiroabh
state represented by conpletely or partially sinulated

fee switehé hea) tp7the7$|gnalrimec6r1t) rt@ thes pgntaolssy@l@n (2pdnp

SeeeG Toduentdrhg Misiorkhe SR nertaqe o0 s
shnnett@dpr@melnbaco@sw siratilatsr cbrhpirtep gmu)etm'saudf Beitch #1 5a),
compuni cation, |ine may bhe arranged for sending o

Sedlissiratgd dn Eigny. aﬁ%a'§@d§§ﬂgs"r°gnal s (7)) fromthe
renote test |aboratory (40) which is further arranged
to be connected to and di sconnected froma

The test system may comprise the use of a remotely arranged

simulator computer (30R) in said remote test laboratory (40) for
transmitting said simulated sensor signals (7') and said simulated
command signals (9') via said communication line (6) to said local
simulator (30L) on said vessel, and receiving said control signals (13')
from said local simulator computer (30L) via said communication line (6).

The test system may also comprise the use of a remotely
arranged test manager (33) in said remote test laboratory (40) for
transmitting an initial value of said simulated state (50’), a time sequence
of said simulated command signals (9'), and simulated values for sea
state, current, wind speed and wind direction via said communication line
(6) to said local simulator (30L) on said vessel, and receiving said control
signals (13') from said local simulator computer (30L) via said
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first real-tine interface (6a), on the renote test

| aboratory (40). Simlarly, the communication |line (6)
w0 g00a07ARMged to be connected to, and di sconnecP@€ONOR@AI000386

,commenivadiondie- (6) mehéret saif doeal SFhylator (G@g) ]}@&Sﬂiecﬁéd to

The, second r erface ar.range or hein

ST BB Helg?) BRehEl e opshsVatE T RGeS aId FTAeiated

(sjeﬁ)soF Sighl2fs ;@Péﬁ@saﬁb@hﬁﬂ&é@coﬂﬁaﬂd% &l r(g:ﬂ from said

nbodi ment the invention, the conmun

|Inwrsnmu@tostﬁoh)armbmﬁputseaaldmnbrol slgarala/(é§é)db the local

Sl Lq%o rrputer (30L) to said switch (15a), as

anﬁﬁ { in Fig. 9, and also in Fig. 4c. The test

S sinfuita ey ceRMin G mpuURdevise (90") anag Beteﬁrahgwr@ﬁ&ﬁéw for

simul ator conputer (30R) in said renote test

|sgheing of Simuateds qumemsﬁmmals Kg’) egind the rematectestlabomatory

JATEle AL S T i BT o o

Sarm.lbvﬁrdh e(r&é Lmnmnnwfaﬂ:e\l(ew &i theaoshtrelaystam @2)s an €
nt r ol SI 131%: fromsaid |ocal sinulator
ﬁf@u menbofs ednvejiiamacsimubated;gidesiggommaad input

. g A 1 S P

Iaﬂnbsencbmg o(f 40huladed comnsand signglsal®’)i dirdatlglto tiad uentmbl

Pl Bt ot b BRPEPRERE Bodl s5dhature
freg @@s%ééa@gnuoﬁugrnwated%diﬁnﬁa%ﬁ@i AR dw)riﬁa b& ®SAIL@EY in
via said communi cation |ine tO sal "oca

4 \est aedes ((“B@)_qomnrlslagcﬁlmeiaé@d seaadr $l€Oe|S\/(7r)gal'@a$lmulated

EovhRhy 8505 100 2% el Rl RERY T A B t sianal
seiudcd EEil) mawﬂeaér@angéﬂ)éﬁ ol e@ahearisee! (49 t§ %bdested for
control system ( sL so that said control sy

ézfawﬂwa},lélaﬁlﬁm Wéaf%@@érﬂé|C§§r?é'ﬂf$0'@939mmﬁad§é9&ito the

nd signals (9') fromsaid | ocal
SI mJI at or ﬁg@a and outputs said control signals (13")
to the Iocﬁabonﬁrmuhgna)lrlog@é}u)u)k agwfmtredomMTarrdsponse
[ 10 arr ed re
SBBR G e CottiplvatiTt Ahupen 31 alves qi8hsial measuregment
SR Beb@shet *‘f"géﬁ'ﬁ‘%%%ff‘é%gﬁéﬁﬁn%‘%ﬂg??tk‘%“ﬁay i pe

mdo‘oereqmdlngeaﬂater rasponse(84c82( 63) ..t btot $aid giverr ol
d enbodi nent .of th

RESLEMb o) ', Rt FaiEE, af ey BIERisEehy Sealidioas. (it 12, T3,
( }®eing!@dalrarartificial. rameasbry 944) ||n\é1y0c5é B@Mébté@@o i fost

enerating and sending of similated conmand
§I@?§|S§U(@e {4 tRddE) For steringhthe-tast sepuence (TO) used for

establishing said control system signature response (S0), or/and for
storing later test sequences (T1, T2, T3, ..)

The system may be arranged so that all of or parts of the
algorithm (31) in the control system (2) can be modified, calibrated, or
replaced, locally or over a communication line (6) from a remote test
laboratory. According to the invention the ship and / or the test laboratory
includes a data logger (15) for logging of the response (13’, 19’) from the
control system (2) to the measurements (7, 7).
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system (2). In a preferred enbodi nent of the invention
used for signature response acquisition, sinulated
weewyarndssi gnal s (91) nmay be included in a tesPCENOR@S/000386

GEQD@Q@HO‘H &Fh mbmtb@tf@dte%ﬁﬁg@f {5 86Rdrsl dyélemand
SI mul at ea_conmman gnal s as expl al ne el ow.
Local |y, Ehe §z%tem@s0@b@d1abov,@maieb@ ariangeddp bgeused in a

ﬁ{ertﬁ&g ?éjr t@gtn&{j ?tISIf'\ttl%? sy&ﬁeﬁ?g}( ik \Féésl%f (742;3 é‘f'hgdc:onirgf

provi renen
aystefn Q)&hcludmcrrd&:(@ﬁd nichifofiegasfrithe wbssgls(mémnth&jontnel

contro i gnal | ogger 2) is_used for recording a
ﬁl@ga&@ﬁ(@@j‘?@émqrﬁ‘eaé*& zqra( 3kystem (2) upon the

Ihk 3ol ot o TRERANERF Sy Sty R el Dibple”
st.apsrdi ng a later response (S1, S2, S3, ...) to said
Lot KR R voll imp sSRHEB el AT B ESR

&z() 4fbm BR¥ PSRNBERLEHE (BY olBea FitstisehisBP §ignépm+ié3@1 2)
41R/4 for storing the test’ sequence (TO used

t;strwtmrﬁmhsgsfgm @)cont r ol syst em si gnat ure response

ta, %) SREalSiol b el S Lo B HRAE I Hstelf
narﬁ 8 o@fnnhaﬁd #lpgodeiivs (19)ovieh at sstonardignal [Resdresonidhand

can be nodified, calibrated, or replaced, locally or

sigaal ne GHihiaiteaeorfirol sYRteB(2)f r om a renvt e t est
| abor at
Labor 8t o" $onfARIH B0 OnkBPolGBHE (BT B it

(21)9@1 bgsiefofohe arespors of thE3acqui®d) sénsonsidrals ¢ftara

Sriavans fbRaRdD Gl PRECEIY Mo NI a2 ers (o) B

§¥§<}§1é|”ér?&(;§éﬁdlﬁ @f BROBNTRY sifafy (1%@%&5%#?& sidl ik (f4)

r tes ing of a control system (2) 1 na vessel
fatthe attvatrs(d)ol system (2) includes control and

moni tori ng. of th wth control ,si 13
o one. or DisPRNaGaiE.E] Pe (ol mdla il sidhais (A R g Br
e G¥Mhé @én&yrgt(smmy coRMANS Signaes (! ffaniithg coirpiarid
Acquisition in real tinme of sensor signals_(7) to the
gt devicepdf Bmspdhyat thmpelestast senrsas signale(8) eryoramanda
e [ I h

e (@50 861 RaER B dofee S7atel G RRIMCsaleiE
sepsiheamenr) of one or more of the disconnected sensor signals (7) or

command signals (9), with corresponding simulated sensor signals (7°) or
command signals (9') that are generated on a remote test laboratory (40)
with respect to the vessel (4). The simulated signals (7’, 9°) are sent over a
communication line (6) through one or more of the signal lines (12, 14) to
the control system (2) frorn the remote test laboratory.

- Computation of the control signals (13, 13’) will continue in the
usual way in the control system (2) on basis of real and/or simulated
sensor signals (7aor7a’, 7b or 7b’, 7c or 7¢’,...) or command signals (9a
or9a',9b or 9b', 9cor9c’, ..).

- The control signals (13’) that are generated by the .control
system can then be sent over the communication line (6) to the remote
test laboratory (40).
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froma command i nput device (10) over a second signal
line or command signal line (11) to the control system
W@ 2005/0Comput ation i n a control al gorithm (31)PCTINOR@4/000386

control sga¢&dingto aaprémﬂea &hbearn&fteoftng eméthoﬂftﬁe
m&w red sensor signals (7). and command signal s

hpd ¥4l hep ipplud aﬁm\al%thmmaarﬁrepée §la)u|@ﬁort(%R)/5s el test
BRI (49 BT 001y sty Agblii] o2

m{f] aqresv dynamro?taw\na‘csfr vesgellahgdévm Yoo b’ang&)fohe n:on&obf

t he e r or o (040 n Si rom

SRR n 1 10 el <t ) Do vSie L) Gt b Performed
e e 7 @'tést(lg%or%gc))ﬁpm%gté pgeéeﬁ |ﬁ@épé’rﬂié?ﬁfy JrSrdte

e control system sane
rtke@ Namhrmplaoed imtheoworidr & shmma’ti@nohimmmow leeaillyat or

|and_si I 9 t.h di
Hernns wPL R gL GoPlm Tatstipiunid <ERgHaT B ins®
ideddy GHuRethalif@ ¢frithe é&ﬁﬁﬁmuéa%h liRb@) ate b)oofd"ﬁ'he
V\Athrespect to the vessel : ErmTesumlated Si nals

Celay @rrgrsdhe remate exmpuderc antransmit the qaga (7', 9') to be

H%geg%ﬂ? g@?ulgfloﬂgi{%etp% cé ﬁ\ﬂl%@p&%ﬁ{@ iﬁe Io]c@I sﬁ'ﬁ’ulation

|o@htpmé|0q3ﬁL) gbtheulestedavshowh én EQItY. dhesiepistescodButer
contjnue in the usual way in the control

aRysommendh tha el @pmwpr U156 Ssamalsronacstng e real
S6HS6! and LomBantiiand!s @ of Bp réflefl thege signaifby the

“Hntifioiad isensbr and) nallrma(ﬂa 'signiatea (7' 29'e ta theecaritenl dygterh€2), and
ontr temc be nt over, t [of n'ct'
s Ay diEeqrne o el catp GOl siarals {100 e
Y93 ?aﬁél %f&értﬁé’seelgéﬁw %@tuéiﬁ ttI’iE?téQtohu%h’ct ‘TS‘ 'B?l‘llh@‘i‘n a
wi | [ then include sinul atlon in a renote si rru at or
shompting algesithred82) tebsinaulatey theddynamic behaviewaof the vessel

TR e SREEAY 0B RRERE e ARG i tesD pufiy T1%)
GRitk t® thes ednictely érlawg)ed bantdvtér (BOR)aattRS re®dtd st

contr ol sstem(t can erformed fromthe renote
tl%@qratoab @k She tesioutont é11£le§%%¢ nphbe pangentteq inan online
$igiertbd A6l (o5t PRTERr bRy BE iurhbadh B Abh8R
oes not ‘occur oca near € ship, the
Sestualatbnamy & gneior hmnwlsatchek eluringoraafter dhé tedtehdsi meen

del gy £3U5ed Dy L he Ussyor o e, cpmmuni cat on, Line ()
the remote test laboratory (4.0).

According to the above method 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 from the test
laboratory, typically between 1 and 20000 km, and where the vessel (4a,
4b, 4c¢, ..) that is tested may be situated in a nearby harbour, in a distant
harbour, in a dock or in a yard, at anchor, or in the open sea.

When the testing of the control system is completed, the
communication line between the vessel and the remote laboratory is
disconnected, and the regular sensor signals and the regular command
signals to the control system are reconnected, and the control signals from
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delay errors the renote conputer (30R) may transmt

the data (71, 9') to be used for a sinulation via the
weesnmizeat i on line (6) to the | ocal simulati oPCT/NO2004/000386
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manner to the renote test laboratory, but nay be
cempaséd to the renote test |aboratory in one or nore

PRRERER M B Rl ERT be TR TR =

aBedlertibnaderisbe renote test |aboratory (40). According
to . the above nethod the renote test |aboratory ééo%3
t MaRd sgeed ((hvaryl winddiecetion (/) fiom araNBAMEERr S¢s Bem
Cc essel (4a, 4b, A4c,
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F pitch anhgleysertspp (@) frgmbe pitele sehsan@g20000 km and
where the, vessel
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e si t uat BEcTTIng thaRe i Srerred sritadimenupEinaovaigb e
cBnorgHalS (13 indluB Slyndle @351#5b, Ric)if (hEToAPENSHAR.

testing of the control systemis conpleted,
sheed ofimneaioc morerpropelte iseflie on thrustere $$2), anddangdies for

t ' ' ted d th I
EERE ARSI PRI et B8R o e
aehieveloreysitabrebRdéshiern pesitied (98)) @ouifge @)t vélbcity (9¢).
signals fronthe control systemare reconnected to the

act uat or sThe srethed gan ks ubed te falsulata contpt signalsyiereng or

. | : forr .
BiorbRop S (105 e 60 dradd Eoftrd s (B 3ay Fuae
ohermoef rudders @idapwBby, sehit enaynchidd ene br omoreghamters

g : - The vessel position (7a) from position sensors
, such as GPSreceiver (8a), hydroacoustic position

sensors ($he cohlth&sd M HSEE( 10) Jill Htlude one or more of the

following items: a position specification device (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 (9c) 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 may include that the remote test laboratory (40) is used to verify
that the control system (2) on basis of the simulated sensor signals (7’) in
the test, and possibly remaining real sensor signals (7), the simulated
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sensors, etc. - course (7b) from course sensors (8b),
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i ncl ude one or nore thrusters (17). The conmmand i nput
comrpang imputgevices{tPLigehe engel systend(2) ¢an bedansi by

fd 10
sr{]g%‘r?l ngavxﬁ’ﬁb (?%Sc;?fﬁfe g 'ﬁléolcllﬂtg S 'Iegief |( ca?i) onadevi ce
(10c), or Faildevsitatibos ceplelct)e‘ tets&bd(hiy discalesdotiea of one or
ahdte Qg o 3engpn S0AIE 6 g BTongad SEBRR) Gt iime to
S8R pRSIdoRh @P&irﬁbcggé)n@ aénd iré @itk ot Ghe

and desired velocity |( or anot her deS| red state
(c@xjrol ey&jemd(@& in the foohlof @ngtrel sigesiy €@, didt)camdatgites signals

373 167 afF BoBei B podH (Ru e oRaf tidnhdefhuabrigiory
i(n0). tniﬁmémt s&dnﬁersﬁﬁ@mulce@é A6 @S aRdl diffiBdIt 6 rét?e%i at a

to verify that the control system (2) on basis of
slampst:@sjoaé@fs\tﬂﬂf@a@qfal s (7') in the test, and

possi bly 0

si mul at ed(.i::g R&tléﬁgpgﬁ%&%lg%ﬁ%g%gs@ éﬂ%}@éﬁm ni ng

rrﬁeésu.‘remmmlosbg geheralifly distugmneowy indelsdted Fehsdbi 8ignals
that will lead to an acceptaple responsecss and

r(@s),u‘P"t !ngenwat'ﬂg exisrpalglisiiyRances bie weathierc wing rgleectrisal
bidide a‘%o‘sﬁﬁer‘i@ﬁ&seBE%CGM%\?‘??%Q%QH@Wé lfré}né?‘ft? gf"z ’

vessél may i nvolve t the axi a
iSueht disfurbdrecasamay testent from the refmotectest beiratory (40) to the

control system (2) in the vessel (4), and where the response of the control

system (2) in the form of control signals (13, 13’) and status signals (19,
19’) are logged on a logger (15) in the test laboratory (40).

According to a preferred embodiment of the method according
to the invention new software for the control system (2) in 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 results 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).
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thee infprovedias tleeraotosntic t)sst Sedutidhdtnproges ¢ise nepediability of
35% fromthe renote test |aboratory (40) to the

RtFYP- system (2) in the vessel (4), and where the
response of the control system (2) in the form of
control Si gnals (13, 13') ano{ status signals (ltlg 19')
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20). Accard fe
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G vnheatiosatbalsiNd vill ihBeéd functioneh a(LafeCant] Reliable way. One
transmtted fromthe test |aboratory (40) over the

deamimagiaetios followdng exampie: dris desireddetesba controhgystem
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or at ory asis O est o e COI’]
sgéfth(eZtéstaUmdthbhpomhl sressl ih posiorappdenthet test with

control stem test. | abor at (40) can
fi%réarewﬁflv 8P3§'9§?@ﬁ’1“2“2‘§3 Wb atdevernedallear
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line (6) and through a real-time interface (6a) to a remote test laboratory

(4) as shown in the drawings. The control system (2) comprises control
and monitoring of the drilling vessel (4) with propulsion devices (16) like
propeller (16a, 16b, 16¢, ..) or thrusters (17), and control devices (18) like
rudders (18), thrusters (17) in the form of tunnel thrusters and azimuth
thrusters. The thrusters (17) can act both as propulsion devices (16) and
control devices (18). Under the simulated drilling it is desirable that the
drilling vessel (4) is at a stationary position (9a) with a smallest possible
position deviation, and with a course (7b) and velocity (7c) that only
compensate for the weather in the form of its influence on wind, waves
and current. The method for dynamic positioning in agreement with known
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sys®a (Q6b, 16c, ..) or thrusters (17), and contr ol
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and control devices (18). der the sipulated drilling

STanalS (4 9Br 857 o NG PRSEIY A setiofgegaitatfynapmic paggmeters
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positio ation, and wt
of ¢he maujred Bhaft Ispeed ({ @a):fmmeop@ltees {18) arde angde (M8c)ifor
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ryden dBhBaY psTSReatiEr onre dhvices ETaRtaenant bl one
&W\@WU&%J@MS@QW%F %obFEé {op)| eMb&iEy @cHRstct hat can
be execut ed sequenti al
The control system (2) then sends the control signals (13a,

13b, 13c¢, ..) including the required shaft speed (13b) frorm the control
system (2) over a third signal line (14) to control the shaft speed (13a) for
propellers (16) and /or thrusters (17), and angles (13c) for rudders (18)
and/or thrusters (17).
* By means of a switch (15a) on the signal line (12), one or more
of the sensor signals (7) from one ore more of the sensors (8) are
disconnected from the control system (2), and/or by means of a switch
(15b) on the signal line (11) one or more of the command signals (9) from

the control input d evice (10) are disconnected from the control system (2).
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signal s .) including the required
omefaf desired pOSHioN, Covrse, Me octbmtat©|orspe$lemf trre inprang/or

il $0Rborsidhaté 173 ob 76 07 3. TREI) 8 o
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begﬁggﬁlégéav3$$e\ém pt@ga?msterg (Indhe comp %ﬁ@%ﬁ@%ﬁ éhe so-
TRl ot DGRBS )8 o RESRRSRTET PSR o).
(hketfbieemrgplel theicoatroldipnaind 3ay fomtihe cohtrolhef propetiars (16)
SI e ansg?g (’{3c9 of rudders (18), can be disconnected or blinded by
means of a third switch (15¢) so that the control signals (13) do not control
the propellers (16) or the rudders (18) during the test, but are instead sent
over the communication line (6) to the remote laboratory (40).

The control system (2) may then be regarded as a "black box”
(2) where a change is simulated in at least one of the sensor signals (7) to
the "black box” (2), and where the "black box” (2) responds with a control
signal (13). In the case of the drilling vessel (4) mentioned in the
introduction, where there was an error in the DGPS signals, one would
experience after 5 minutes that the control system (2) would suddenly
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
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found from Newton’s and Euler's laws. Such equations of motion are

described in textbooks. In the equations of motion the following
parameters appear:

- The vessel mass,

- the position of the centre of mass,

- the position of the centre of buoya ncy,

- the moments of inertia of the vessel;

- the hull geometry, including length, beam and draft;
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experience after 5 mnutes that the control system (2)
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catcaiated mbhis timsninstant.cEhexaccaleieiior andangadar ameleretlons

B PP SP TR Gt P eS8 103 huefing of o
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IS calculated in a procedure given in the
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M ot Lo D L ST TR
nGRERIs 4@M%e U, can be computed, and the acceleration and angular
acceleration at uq are found from the equations of motion. Again, using
numerical integration the motion (50, 50’) of the vessel at time u,= us+h is
computed. This procedure can be repeated at each time instant ux= ug+h*k
until time uy is reached.

The waves that act on a vessel are described as a sum of
wave components where one wave compomnent is a sinusoidal long-
crested wave with a given frequency, amplitude and direction. For a given
location at sea the prevalent distribution of amplitude and frequency of the
wave components will be given by known vwave spectra like the

JONSWAP or ITTC spectra, where the inte nsity of the wave spectrum is
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- the position of the centre of mass, - the position
of the centre of buoya ncy, - the nonents of inertia
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eed and pitch, forces fromrudders (18
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BT eredhin. drepteibfet e B vl GhEInd geprietass, and
BYhE eSS dlfciyoait E6ursB eeive @6 tHY carrartirictiod. 4')
as given by the state (50, 5C over a tine interval

fromUo to uN. Suppose that the notion of the vessel
14185 ¢ %gg}i&ﬁog@l'li)%ﬁﬁ'f?hhe state (50") at the initial
' ' ; e fo rces and nonents are

caI cul at eth dynammpctmﬁmﬂmglaicﬁmlledﬂh@ thecedsseh(4)dsn and

GentafipsTeies GROtSRS o qadoon LSOF S Bis dheites Posigon fn“f?”
SERSpand . cuse AP AT [k bfH A90PLIRE ighpier
golleerrbaﬂy mdusesmraoyst(akmn geoptrat panetg1 Q) A-candreh systasr &)

L ti I ith F

i yRed B ot e eRuse! sRator sty S sEe, pswal
r(ﬁ@ﬁﬁor@s b theSact¥eR nidieemdb ot tKé?aw%&lQ s@thdt ftee vessel

vessel (4, 4") at time ui Is conputed, the forces and

ashiaves the desived positign angl eairpeit cgmiépltsuétem (2) also

TS B ahbribeaRgy @@?ﬁiﬁf&%siﬁw‘sf’&ﬂu&é*'%rﬁhﬁﬁo%gﬂgr
ificed) Ridden férees amti thrustsrordss dorﬂas‘pohhmg\ftestﬁe|coﬁtmanded
time U2= ui +h is conputed. This procedure can

Aeiioeipress aad mamagts; Eg%i’?ﬂtrekﬂwﬂkwmn@mﬁﬂt?@ UN
l8rdu§RAE Yunning of an algorithm (31) on a computer on board the

vessel (4). This algorithm (31) compares the desired position (9a) and
course (9b) with the measured position and course (7a, 7b), and of basis
of this the algorithm computes the required actuator forces and moments
using control theory and found in textbooks. In addition the algorithm
includes an allocation module where propeller forces, rudder forces and
thruster forces are computed. The position and course are measured by
DGPS sensors, gyrocompasses, hydro-acoustic sensor systems where
transponders are laced on the sea floor, and taut-wires where the

inclination of a taut wire fixed on the sea-floor is measured.

1-6 Testing of a vessel's control system.

Different failures of marine control systems, e.g. DP systems
have been recorded together with the conditions that lead to the specific
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The waves that act on a vessel are described as a sum
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system (2) also includes actuator allocation, which
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ngm%dﬁgﬂa%pﬂﬂaét or forces and nonents. The contr ol

syst em ( A)proposag lappmﬁohdadcbrdm@lto shembodimngntadf the

rithm on a conputer .on bpard the vessel (4
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are conputed. The position and course are neasured by
scenario for the control system is generated in the form of a sequence of
test cases that are to be tested for the given vessel. Each test case is
given by a specified sea state, specified wind speed (7d’) and wind
direction (7d’), specified water current speed (7k) and current direction
(71), and a predetermined sequence of command input signals (9a’, 9b’,
9¢’, ..) . In addition, each test case may involve a sequence of
predetermined errors that are added to the simulated senso r signals (7a’,
7b’, 7¢', ..), e.g. an additional step change of 75 m in one or more DGPS
receivers (see Fig. 4a3) or so-called wild-points (w) where a position

signal has an additional error that suddenly varies from zero to 50 m and
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DGPS sensors, gyroconpasses, hydro-acoustic sensor
systenms where transponders are |aced on the sea floor,
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thereinvRdidisly e aefd, @orerrér INRAS Y618l of dteddy it 61 Bis id
vessel 's control system Different failures of marine

OBRQTANOS GPSieceVers, efors yis thaniormaafd apiskiiGtuationgeaf 2 m
PSR B S, S8 S ol @) B pygrpagoust
podifien semdoss, dbeeFig. dad),alr tHS lossoof driieeoIPBre sersoresignals

as ead erious f, |Iu e Situat] in t for f
086, Fith el RRoweoandiipns ot ripviPasldScelbd Pliwsaiugons
G4} b@lusehto apbhiy é’tf‘cﬁﬁf%'st gagiglenl y 1 eft the desired

r

posi tion, gency actions |ike disconnection of
t he ri ser Faneachtast ngsein theese;querlces:tfrtheges’iaUempubeensor

execmll eg Anq[t her ex e |s (iih sudden I s of a

(E0EI% 10 i r‘Fé’HHU?% § PSHEWIS %sw&a& Y,
g, ehdqmdtdlﬁaﬁmgéler@fwmygealtéet ddtadris Weadided if the
rrg_ensatl on of the heave nmotion of the vessel

and
at sydtem perdrmed| satisfadledly dmthetgst.anslen basvtswé this dlee

Sl S8y B8 ePoiehORR A S5 BHOTEY pied o
$asfd ofthis. or i n heave corrpensat| on of adrilling riser

with a rotating drilling string arranged between the
vessel and a well through the seafl oor. Consider a
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deinodunctonof errors in one or nore sensor signals, and
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urposesto see if he control SyS emto be tested is
Mardas.cThys testingl arwbcerh@cailonmay dakeplageqiseraddl pgintsoh

egﬁlt qé%%élgﬁ?tfﬁgﬁﬁéfgre A proposed approach according

the invention is to test a control

YR 80120l Syetend nitiyMss certifiadledbly dftenia tegt nvelvirtheol

systemw th inputs in the formaf simnulated sensor
éiOQHQPBO’( ohthe qqsltrol systean®) 49 musimutatob @it imergfractory
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| at d I f
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of test C%%%d.%ﬁ sytent Pah He! ReteRfadrdingto @nven

vessel . Each test case Is
embodiment of the invention while being approved and certified

immediately after the time of Customer Acceptance Testing (CAT) when
the vessel is set into operation.

* Annual or tri-annual tests may be a standard requirement by a
classification company or insurance companies.

* Testing according to the invention may be required to check
continued control system health after reprogramming of parts of or the
entire of the control system, replacement or repair of sensors, installation
of new sensors, change or repair of command consoles etc. relating
directly to the control system input. After such modifications an approval or
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given by a specified sea state, specified wnd speed
(7dJ) and wind direction (7d'), specified water
waeeosent7sspeed (7k) and current direction (71)PCENO2@4/000386
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complete time section history of the control signals.

Later tests.

To test whether a control system (2) has been modified, the
same input sequence TO is input to the control system (2) at some later
times (t1, {2, t3, ...), and resulting output in the form of control signals
(13a, 13b, 13c, ..) are recorded as new system responses or “signatures”
(81, S2, S3, ..). For determining whether said control system (2) has
changed or been modified, a comparison must be made between the
original signature (S0) and the new signatures (S1, 82, S3, ..).
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of the ¢
using the same given test sequence (T0) input to said control system (2),

and recording a later response (S1, S2, S3, ..) from said control system
(2), and determining whether said later response (S1, S2, S3, ..) is
generally similar to said signature response (S0) to verify that said control
system (2) is unchanged, or whether said later response (S1, S2, S3, ..) is
significantly different from said signature response (S0) to indicate that

said control system (2) has been changed.

2-4 Comparison with "signature" S0.

The later acquired system response S1 is, according to the
invention, compared to the original system response or “signature” SO. If
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at time u, is denoted

SO0 (Un,1, Un2,Un3, U4, -, Unm, - ,Unk ),
in which the first subscript n in u, is one time instant, and the second
subscript 1, 2, 3, 4, ..m, .. Kindicate control channel signals like (13a,
13b, 13¢, .., 13m, .. ,13K). In the same way the multidimensional values of
S1 at the time instant u, is
S1 (Un1 ,Un2,Un3, Ung, - ,Unm, - ,Unk )
To remove high frequency components of the sequences S0 and S1 that
can have a random nature, the sequences S0 and S1 are low pass
filtered. The filtered version of SO is called SFO , at a time u, denoted
SFO (Un,1,Un2 ,Un3, Una, - ,Unm, - ,UnK ),
and the filtered version of S1 is called SF1 at the time u, denoted
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Slefih el B e Telds. B 91 871 SeckensBis ety bra

stg@‘ﬁﬂcari‘d prolsdisity dhatttheRoh@bbsyEtémtdssitedhmoalfied dréltered
response SO, or during the test initjiated at tinme ti

a@§t3aB¢W§ﬂS"t~°r’f@'~M§E&‘?§‘éU§fd fepapryal on eastificationn Else, if i
g 0 L4‘!§‘1C) is les Ut'Nahriﬁe ‘Et?r%tsﬁBid VR %Héw.é F)Qé{%annel

sev ont T ol gnal nprising contro
cengideled ta ke uﬁﬁzﬁmgeh{skandltae appryval ahddlorwertificatiom| tnag
be considered to be valid. To further improve the quality of the
comparison, the alarm and event lists associated with SO and S1 may be

analysed qualitatively.

3-1 Establishing signatures for individual parts of the control system

The method described above for the generation of a sigmature
can be used to generate a signature for an entire control system, or
expanded to a set of integrated control systems. An alternative approach
is to generate a set of signatures where each signature is related to the
performance of the control system in relation to a specific set of sen sors or
to a specific function of the control system. The procedure is then to
generate a predetermined sequence TG10 of artificial sensor signals (7a’,
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mul ti di mensi onal signal. The mnultidinmensional val ues
of the sequence SO at tine uis denoted 5 0 (Unl -1
woR®s5/0719M , 3 , Un , 4 ., U ,m, - ,Un , k BCT/NDR004/000386

wh, e’ t I)Efrdm rs&hsem@m:pﬂpdbf oné or nnose eeascbnsrm'\d mbamhg the
and the second subscri

regHlting eulsEsA menaﬁtarﬁgﬁ%ﬁogmf@ fqrweof(cpyérd §@@aIS1@§a
13p, g?“ n.‘.:?nwheilé” e s@ﬁattu'i‘@ THEralfkditB®ensor group G1. Then

Si ona ueso Sl at the tine | urs
it i¢ genkrated Erpredeteominedl sedirencé TG2Wof artificiat seKsor Signals

8 seasortgraiP A e FeS Rt B Pn: %%%cﬁﬁieiaéésm
B0 retat e@rta ée‘?n‘é’opél%%pr I%esédmghﬁ this Iv&@r ¥6<ﬁ|§é|ﬂl%\l

of SO s called SFO at a tine udénoted ,
impytaf theginputiseguences T3 10, TiG20,)TG3@&nd) and req:ochm eathe
\é(érrr%'sggp ng%#tb@s%hﬁgggﬁg&s%%abﬂ%ﬁ](é% §§8 Eﬁé@ds #ﬂr the
dehker gepsit ve2NGSafithtHhveshddredefireay. Seheb gﬂﬂlpl G1

terns of EI\/IS vaI ue for the difference between SFQ and

oray be {373 raesiveys, senglitsauR $2 sy dissthervgrenegusticl) =

3R GeBbrS hsb i Faub kg SRS THMIR o PR B,

hydsoaboustic senswrst efee t aken that each of the

t FO [ d SF1 - I
o £ ol RPN seleinp e ohishves TG 10 dia dgad S of
%‘?ﬁﬁtﬁﬁ%ﬁ%ﬁﬁdoﬁ%@gﬁﬁa@é g@d 9! | Qaéré'@n%"rét%d'tb‘fést the

engi ne power ¢ rudder angl e conmmand
system withrmeapsctdo cbffgeet combrinations CiuC2, £..sof eammand

houl d b t t
it e Ao AR ecluat hedibndiearie
Fc2d %@lstbf er pNge feh weanﬁralesnngfww ersed 36F0, avttkre
SF1 . 1f the RM5(SO, S1) is larger than sone t hreshol d

Jhae gignaturgs SC 1, 20, S%3Q,hena[q~,@l@teﬁg9 thies cgmbinations C1,
h | h
?e‘gn%imd?ﬁ erﬁh(%rpﬁg {JUttﬁ%ﬁé]gt the control system has

ere
Then as described above in the case of a single signature for

the entire system, the control system can be tested at a later times (i1, {2,
t3, ...). In the test numbered n there will be input sequences TG1n, TG2n,
TG3n, ....and TC1n, TC2n, TC3n, .... leading to responses SG1n, SG2n,
SG3n, .... and SC1n, SC2n, SC3n, ..... Then by comparing SG1n, SG2n,
SG3n, .... and SC1n, SC2n, SC3n, .... with the signatures SG10, SG20,
SG30, .... and SC10, SC20, SC30, .... and noting which responses that
differ from the original signatures it is possible to determine which sensor
group, or which combination of input signals, that lead to a change in
signature. If it is computed as explained above that SG1n differs from
SG10, then the control system has been altered, and the change in the
control system is related to sensor group G1, etc. If it is computed as
explained above that SC1n differs from SC10, then the control system has
been altered, and the change in the control system is related to the

combination C1 in input command signal, etc.
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and a new test should be conducted for approval or
certification. Else, if RM5(SO S1) is less than the
wao booestiobd val ue, then the systemis consi der eRCT/NOR@4/000386
CongpeneRrts listhd the approval and / or certification may
be considered to be valid. To further inprove the
Tqual i ty of the conparison, the alarmand event |ists
associ at t S1 may be anal ysed
2qual [ tatlégré yI §1y§§iﬁ?)t abl i shing signatures for
3i ndi vi duAbtuaturs gpropetidre! @ dhtustér $¥,suddeThe) nmet hod

descrlbe for.the gen f a Si re can
4he used %Sifir’g]‘%t%”én%yg?gﬁéhq%P aéfﬁrr@np?qtﬁlc St r ol

m . et of integrated control
p@@’?@m"ﬁ/ﬁﬂ aI tegn VosSel :

|ve approach IS to generate a set
4bf si gnaSinmtdatedhaseebaebsslugndelun@ llosak @ retmede sonwlator

t t t
&R ef 2L Geacialy SmpeRing s Rttt Pon of
5t he contTRé d?b!éh%ar’éﬁ%t@fsoﬁﬁﬂéf\@sbél BHEass neBIL 5t €
a predeterm ned sequence TGLO of artificial sensor

pesifianlos centie of massy e, 5d,)5¢ momerda b inejlia gpout ibe wsseel

0 a j e resulting output as
aéé%i'@ﬁg?@fs@?@@a’ ﬁ'g" E)ﬁga%%ﬂre?r%o%tgcontrol signals (13a,
613b, 13c,Cominhunidation lihbeingluaived arfﬁstS%Dtlmllaitee@CEQGa) in

sensor group GL. Then it s generat g{f‘e m ned

R tRranetostabORHOR (AP 1Acks SEEnEb oGl
flgo{tgﬁégf.%lﬁé‘g@ cﬂ?a sSéHll]& \BgsQYhp}eic.ar e recorded as a

ted to sensor group 2. Proceeding
7tn this Mysonélgwaiec[mamsemomr(ﬁhﬂa)fposmem Wpuu;ourse 7c

VBl b A gPses Sarane {oaurdsledibe RN oL pdn.
aﬁﬁfé 7§39@II angle,) 7H: nyd?éﬁi:oi%ﬂé?felﬁ\iél) I@ﬁ)s%n Viath re@égct to

ave been defined. Sensor grolup Gl
tnaespomé&@ orslbeseaflgon i @Sﬂﬁ?ft@é poRidion dmmmb

GRSt R A bR B BEIC ST " atai i on, &

75et of | BRHblafROsERR Sig T@l@formﬂlaté'ﬁ@ssel (4), Of
artificial command i nput Si ﬁgal S

p@@ﬂﬁtﬁﬁﬂmdt or ¢alsylatasking lnca wqrnoiiee%@@w GOR P'f %Qle)nt
g% r?%a sﬁ‘a latek algorifiin nd input signals.
|ng AP S A BIPRLG 48d as the signatures

88C10 SC%nscS@Sea position sehdur; Bbr (gyod)-campasd, &t yelatity
8380/, 80 Wind:Sisecksdrisal 56 WHE UEHPASETSRS ELPIeD,  c3

sensoX8gC PONEEHof, BH thy k@Bt ustic position sensor, 8i: "Seapath

200" GPS/inertial sensor of position and course (8j).

9: Command signals from command input device (10): 9a:

desired position, 9b: desired course, 9c: desired velocity, etc.

9" Simulated command signals.

10: Command input device: Position specification device 10a to

specify desired position 9a, wheel 10b to specify desired course 9b,

velocity specification device 10¢ 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
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Then as described above in the case of a single
signature for the entire system the control system
w@ansherisested at a later tines (t1, t2, t3, .PCI/NORW4/000386

séheortsigrial& (e tRd contrbbsyestenl 2).be i nput sequences

TGLn, T&n, TG&3n, .... and TCln, g&n TC3n, ....

1Beadi ng Contrelsigiale inabeling sheftspesddhdantBndenprogeslier
1P ' ,

(Richho WS EY 133 Rl P} for¥eder MBIbr thrusied9n o

18G30, . .ControlcsiGiElS tha8@16 seBChDthe. remotaesiriabonag» wh(40)

responses that differ from.the i gi nal signat pt
185 Pons Gne o inalertbrthsianaings (G0 sonyPanfEates bhsy thm

tf@&&%tmkg%{ﬂz‘)itawé a%{méﬂsé(egf(@tw',qe? to a change in

si gnat ur t is conpute s expl ai hed above t hat
18G1n di fPateslofgem SG10, then the control system has

| t d. d.th h [ h '
1981 Dotk et SeteBBs GO tnpcehBsr S8RAE ) phikRd
sRRBIAIoN B BANRiIng INtSFd Pstehi {23ramdfdissBnpetling bgput he
control system has been altered, and the change in the

ceofielrsignaly £12rfrors Srafd aeriolsysiare (Zoaprirat pemestingn
LR SERET STt T PEPERE G 18 o it
cbhiroissignald (13') todahed frdf) lodal Siendator (321i) r diteictly ong

_vessel, drilling platfor producti on pl atfor or
ingingetly ¥iga gemmunieation Iney{6) Tegia ramate &%ﬁé@b?&%@@%o)-

del in r renote sinulator (30R or 30L)
1§gneral I@Fb oeﬂ%?bséﬁng a sinmulator algorithm(32). 5:
1The dynahhmspar(digt ers of the vessel. 5a: mass m 5b:

Brer tia Bualer () Uaddap BRERORED). 41 bt i but i on, hul

1par anet egfptugkignafs Communi cation line, including a
first real-time interface (6a) in the renote test
30abor at oAcompplter with aavessebaionulater.-eithes aj vasset sivrulado)

LISt ve C |
(R Palsahgi 105 ingiiEiest BROROON AT O Gy ESH et
(301) freaHoe) lodglly.vel ocity, 7d: wi nd speed (relative),
7e; wind direction (relative), 7f: pitch angle, 7g,
PRI angheommutenyith savasssl sinylater éf@*%)ef)*r%s@d oA hgmete

ansponders on the seafl oor, 7i,
B IRaIT 4O

ert position and course (7)),
30L: A computer with a vessel simulator (30L) arranged locally on

the ship or vessel (4) to be tested.

31: Control algorithm (31) for the computation of control signals
(13) to the vessel actuators (16, 17, 18) on basis of sensor signals (7),
command signals (9) and the dynamic parameters (5) of the vesse | (4), for
sending of control signals (13) over a signal line (14) to the actuators (3),
for example propellers (16), thrusters (17) or rudders (18).

32: Algorithm in said vessel simulator computer (30) for the
computation of the dynamic motion of the vessel as given by a sim ulated
state (50’) corresponding to the sensor signals (7’) on basis of vessel
parameters (5), simulated wind speed and wind direction, simulate d wave
elevation and wave direction, simulated current speed and current

direction, etc, and the forces of the actuators (3) on the vessel (4).
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current speed (7k) and current direction (71) 7':
Si nul at ed sensor signals for sinulated vessel (4'),
wEe@detessm ned, or calculated in a | ocal or reP@I/m02004/000386

8gmul at OrA(oaﬁmfteraQIt& aqeﬁtemahbgencaigpntrﬁm @) Si nul at or
al gorithm (32). 8: Sensors: Ition sensor;
Bor o) - cohpsiabaneger GoUE: (126 eHRS adast dasspdpdabateh

gcﬁ'ﬂ'?ﬁf heSfssi Q%L@ﬂb??d&f)ﬁbﬁf& fhat%put@'tﬁé?esﬁ.ﬂﬂyﬁontrol

SENso oacous osition se
glgnalsﬁeapathb c%ﬁﬂ’bl smémr(ep in Ia;htchéomnr of position and

ggurse (8 /{5 nal s from conmmand i nput
vice (1 )rem@ée Oﬁgsul on, 9b: desired course,
QHR desi qu'eH'%lté’Féstt‘éigr%tl §our%e (4$R§'Hh@h§€d GOEHRN@mote test

i gnal s. : I nput device. Position
iaimrafqry: (actQ)cfnr pmwiohlag adificiad mgastir¢yents(/e&d o't .i)da

specify desired course 9b, velocity

9 b t ,
§%@c§qq‘?l@é§y§§q ice 10c to specify desired velocity,

gie: 11: ANScalte$tigh & FURdRA(43ILY @ﬂ‘anbéﬂ%ﬁ o@fnear a vessel
conmmuni cation bus for command signals E to t he

bt tosfest,éok Rraylding et FreasramSaisdA’ FbyAl, - 1o
hlaeé’orﬁ{olg mr{ﬁgl cation bus forsensor signals (7) to

con m (2). 13: Control signals including
ghaft s peA(twiraaSIgﬂlablbgger (42) vepmtingr a (d€pormed S0) from

t hr ust 1 13c) dd
ﬁﬁw&rf;?o STtET (2310 Gaid P AR e RHTeEIRE SIS ¢ o
O%o 1 third
SPESFePIT ?%A%téﬁfg%?%é?ia??oﬁ%oﬁ?%‘%‘:n e
seqUemte Eh0yt(enolf2) givent drenatutaligtoscsrrrg) o rabdonv, 18)

15. Datal 15 5 Switch f
Hn%%%ﬁ?\'@@f‘ e@egwg%r(Ti E?ﬂafg ()7)WI cgrrsr;ndogl gnal s (9)

lom ent epli 18§t oniraRd deifde 3? for gunerafisg anirRfE icoehmand

out p"ut control signals (13 romsaid control system

sinalsifa' fYr, Wrdkcting artificial sensor signals

il o Sy G oS B id o s R sy
fRdtbring sdid teet éefqlmnder(d'IOD aséd yorvestalaustmtgmmumﬁmm
line (6) froma renote test |aboratory

ﬁyﬁm s@nat%)reqnonsmﬁ@t eiand for staring h&a‘?{o‘éﬁt gq@ences
(d—@gféh—pj __)fact uators" (3).

50. A state (50) of the vessel (4) comprising one or more variables
like velocity in surge, sway and yaw, angular velocity in roll pitch and yaw,
position in x, y and z, angles in roll, pitch and yaw, state variables of
actuators like shaft speed of propellers and angles of rudders etc., so that
the state (50) at a given time instant uniquely defines the motion of the
vessel and the actuators at said time instant, and where the state (50)
corresponds to the sensor signals (9), and where the sensor signals (9)
typically include values for a subset of said state (50).

50'. A simulated state (50') of the simulated vessel (4’) calculated
by said simulator (30), where said simulated state (50’) includes simulated
values of the variables of the state (50), and where the state (50°)
corresponds to the simulated sensor signals (9').

TO: A first test sequence of artificial measurements (7a’, 7b’, 7¢’,
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19: Status signals 30: A conputer with a vesse
sinmulator, either a vessel simulator (30R) arranged
WO oa/orEsdt e test | aboratory (40), or a vessel PCT/NO2004/000386
7yl ator (30L) arranged locally. 30R A conputer with
a vessel simulator (30R} arranged in a _renote test
$U%bor at oA\firelegmmand: sysiers fpsREISa$AMPHSiIng ommand
A’g.%gf% 16804xcar nanged | ocal Iy on the ship or vessel
ﬁb 8 tested. 31 Control algorithm (31) for the
conputation of control signals (13) to the vesse
actuators (16, 17, 18) on basis of sensor signals (7),
command signals (9) and the dynam c paraneters (5) of
the vesse I (4), for sending of control signals (13)
over a signal line (14) to the actuators (3), for
exanpl e propellers (16), thrusters (17) or rudders
(18). 32: Algorithmin said vessel simnulator conputer
(30) for the conmputation of the dynam c notion of the
vessel as given by a simul ated state (50")
corresponding to the sensor signals (7') on basis of
vessel paraneters (5), simulated wi nd speed and w nd
direction, sinulated wave el evati on and wave
direction, simulated current speed and current
direction, etc, and the forces of the actuators (3) on
the vessel (4).33. A conputer with a test manager
algorithm (34) 34. Test manager al gorithmthat outputs
a test description in batch formto the vessel
simul ator (30L/30R) and that inputs the resulting
control signals fromthe control system (2) in batch
form 40: Arenote test |aboratory 41R A renote test
signal source (41R) arranged in said renote test
| aboratory (40) for providing artificial neasurenents
(7al, 7bl, 7cl, ..) to said control system (2). 4 1L:
A local test signal source (41L) arranged at or near a
vessel (4) to be tested, for providing artificia
measurenents (7al, 7bl, 7cl, ..) to said contro
system (2). 42: A control signal |ogger (42) recording
a response (SO fromsaid control system(2) to said
given artificial nmeasurenment signal sequence (TO,or a
| ater response (S1, S2, S3, ...) to said given
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sequence (TO (or other given or naturally occurring

or random neasurenent sequences (Tl , T2, T3, ..). 43:
wa2a0emt7760mmand devi ce (43) for generating artPET/ADa004/000386
command signals (9al, 9bl, Gtimsdd\ ....) 44: A nenory

%?’ e e e aies o by o o A1t . in
| I
(so hieR! daf ORI aIAerATE) ssé(p%rﬁméh&@é‘wéﬁaﬁ@écfgjfse

and stori ng ater test sequence
TIEcelr/_B)g sensorsignals §f)dram Sedporsf(8) Iaed\mmabnd 4jgnals (9)
PR BB S ra b SBSE (Ll S5t R o3 g
agyi,tyquz) BES rbspan$é1td<sauu naéwsuzrew@ﬂgé €8 drid éd?h.lnane@gﬁhls

and yaw, state variables of actuators I'i ke shaft speed
of®) preyislescontrohaioanly @3) b said vessel'saetuatars (3)hlatordereto

R feSled et i), B3R on bt sate, fSate B said
tvewsel Mt ant, and vvhere the state (50) corresponds to
the sensor signals t)>y, and where the sensor signals

(%'dWeamhyraqt%mzﬁﬁe the todlowp\g glepsbset of sai d
50
o o Fat oqdur a fifss BB, B cBhAbSrdhelebofioifof one or

(180)e rwseassmlgnal}srfﬁ?‘,a'ﬂacwst %ltcesalﬂ?’;Qntndhsystdas(Z) and

| at ed | t t at 0),
Sieinaag el ihoecdrPrg 86318 e ReERon sl Bha rertigh e
Sﬁétﬁ@ncé'(%?tzémbﬂs%g ot or“mf)fé §Ftlf|b%$?néa%%‘r'@rﬂ§ﬁts 2. 7p,

artificial neasurenents (7 ) .

f7¢'st) ftomentest sigoabsouree piéh)s’@ smdrpohtrohg/%@mfahd

|
verl s ng teog SR, pR sustel I DofBik Hasdd R AR TehRhnd /o
veiiiflbiab Séribor @jrietd (75W3)tt©nge(r2e)ratbrbdrﬂm| Sigpials gmg totERe e

is arranged for receiVi ng sensor si gnal's from
sesetsied Q%?alélr@néf@ﬂrﬁ’ﬁtﬁnbﬁ @aaaogtrpb§lgﬂatsrﬁ1 has @rregpease

I
ST Lo e sonda By s s BRY ali
cmgnaiﬂdggelqna b;s (9) prow des control signal s (13) to
sai d vessel's act ators rder to i nt ai

desired polPTIGSAIRONGe ngte"@o% ESRRONSES0) $¢ 5l Tirst test

‘é}%c{t%?'c? (‘Fb)oévl?%]égd Y@%ﬁﬁe (th) as Sl shts 39} @idritre"
response (S0);

said method having the purpose of, at a later time (1, t2, {3,

..), using the same given test sequence (TO0) input to said control system
(2), and recording a later response (S1, S2, S3, ..) from said control
system (2), and determining whether said later response (S1, S2, S3, ..) is
generally similar to said signature response (S0) to verify that said control
system (2) is unchanged, or whether said later response (S1, S2, S3, ..) is
significantly different from said signature response (S0) to indicate that

said control system (2) has been changed.

2. The method of claim 1, said replacement of one or more
sensor signals (7a, 7b, 7c, ..) by artificial sensor signals (7a', 7b', 7¢', ..)

comprising one or more signal situations:
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* during a first time (tqg), disconnecting the
reception of one or nore real sensor signals (7a, 7b,
wa'es07)54 0 said control system (2) and repl acPCiyNO200d/000386

“cfere aifeeAcObr prasncedf ocpenanor dtifitial Sensorfdigdls (7a,
test sequence (TO) conprising one or nore artificial
7r?ea%¢ij,re)rrents (7al, 7bl, 7cl, ..) froma test signal

DY & emﬁ%ﬁ?{agmﬁaﬂéﬁ&%@ab gé-e%g-' 7e. S sgi d

con ased on sal
vathlnfalmaaktlcsnamge: signals (7, 7') to generate control

Sl InaI {13 étob recorded as.s |dc nt qI ,ytems
(@5 outslit 3 corpde PLopd 8 mare aiicis) siana s4Fd
vfntl*hﬁtre%l%'ilb s‘?@?’éﬁ@ﬁé‘e off fﬁ)ef&frre?s@oﬂdfrigr 2hl Ei’ggﬁééﬁrﬁq?lg?‘?c, )

control signal I ogger storing sali
*syaiserimdite)or esponse (SO)to sai d f| rst test sequence

LTO) at i d t ot t
(Hpethogfiat of hORp sy, oL inedenfSin SR orfRict for B BHERA
rREERREMt sigfal@(tpt er tine (t1, t_2 t3 ), using
the sane given test sequence (TO input to said

control system (2), and recording a | ater response

diot e o2 TR mptlad SPEAREH fnSibh SaicPest SBadde (1Y,

determ ni er Ssald later respon

con)pmﬁasg@ﬁ‘@bﬂfﬁdje s¢cortied réal measlreirgntsignals (eponeEe, 7b
(SO )to verify that said control system(2) is
&‘ra?ﬁg% C'ofdWhdbher) sai d | ater response (S1, S2, S3,
.) is significantly different fromsaid signature
response (SO to indicate that said control system (2)
has been Tdteamgéthd & cldihe1 niatvalidh shidclest aeqUem dao)is

tSfRlp Aoy & clinied g ARt g ul e )

conprising one or nore signal situations:* a nere
absence or presence of one or nore artificial sensor
&i gnal S (TMmevrm\d dfeddaim 1) in whigh saishsegiange affsepser or

Widle 1A cphfirer PSRRI Yehebl Bbn >or7°iha'nge of

one or nore artificial S|gnals (7al, 7bl, 7cl,
within realistic S@ﬁ range of the correspondln

G.eal si gridie MeEI0d7 C'#‘B" 1, sgid-methpddor tegfing @ contio

5
ST BB T R
desired posmon (7a) within a given radius from said position (7a), for said

vessel.

7. The method of claim 1, said method for testing a control
system (2) for a vessel (4) arranged for ordinary sailing at sea, e.g. a
passenger ship, a ferry, a cargo transport ship, a tanker, or the like,
running between different destinations or from waypoint to waypoint.

8. The method of claim 1, comprising transmitting said test signal
sequence (TO0) of artificial measurements (7a', 7b', 7¢', 7d', ...) to said
control system (2) via a communication line (6) from a remote test
laboratory (40).
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3. The nethod of claim1l1, in which said test sequence
(TO conprises one or nore recorded real neasurenent
WQB@B/&V’SS(?& or 7al, 7b or 7bl, 7c or 7cl, 7d BCT/NO2004/000386

) Fhelhethset dfaslaiaf 1 oF 8 Bbrhprisingvthe erarsahidsibs of
sequence (TOis stored in a ne connected to

Saidiconttel signplseaygenee £5¢.439,. 52, frqrnfe epdiaolssystami() via
cé,ﬂmﬂw.&n.o%gtr% ECYRES l%or%?&'?/gﬁof.' gnal's (71)

conpri ses sensor Si s (71). 6. The
met hod of cla|n11 sai d nmet hod for testlng a contro

TE Koep: TgedngiRASHOLaaT BT JoGPmpaRgHs Use ol chraanotely
I
Shridgbdclnitiafol PORpaIdt BOR) I Gl rdiote |&t Rk #46) for
deamsnuttingysid sini2latédsenrsor sigialls (74)) alad saldgs;muﬂated
EPAEY i O Tt oSl PR o S8loch v

ISiARiRer &shpaed (JDLY 6 QQH \Ié%%l %ﬂH'r@Bélvm@ ddi@®ontrol signals
vvayomttovvanmt . The nethod of claim 1

ddap fionh sgict loga atngceraputetrééeL)s\rlg isaid @@awm@atlon line
((él'g))of artificial nmeasurenents (7al, 7bl, 7c1l, 7d

A1) to said control system (2) via a comruni cati on
line (6) froma renote test |aboratory (40).9. The

net hod of claim1 or 8, conprising the transm ssjon of
s1a1| d cont fidie wedind okeaimecis whieh :§f'cr§§} S?ﬁ%ﬁ‘%ea{f

TR e dTER) ieps it ent SRR FR, TBE7CL T8, (Diproiogd to
csmqbcoatrngsyshetm(ia: s#Hid artrflerwmqsummangsgnaisrhavmg)the
ut er %BOR in said renpte test Iabor r §nl}1 |
%H?IW 75 loal (eAHRER e SRS of O U IS8 @inih giona
é'rﬁHPét ﬁ@népé’ﬁ'f?é]ﬂ rahgsa §|n{ll%r]ogld:éﬂ o‘ifﬁdélean range, a

nlca ron~line to said local” sinmulator
wmdat drglteerDge(ﬂnd;ﬁeraWessel and receiving said
control signals (13') from sai d I ocal sinmulator
conputer (30L) via said communication line (6); 11.

The met hodrigyd w@tmdrbﬁclalnm 1Wbhé lor eire dfesid aeifisiance
(TO conprises artificial neasurenent signals (7al,

measm@memcﬂlgnals (Taprevidedd' o.)Paing aBHical megsiraments
rergh 8hiSeld fldt mdBERIRERTbnal @215, ﬂéwg)t he

(1 8 a9 ¢ Gl NEASUT ereh
providing a simlar signal

13. The method of claim 1, one or more of said artificial
measurement signals (7a', 7b', 7¢', 7d', ...) being noise superposed on said

real measurement signal (7a, 7b, 7c, 7d, ..).

14. The method of claim 1, in which said artificial measurement
signals (7a', 7b', 7¢', 7d', ...) provided to said control system (2) have a
predetermined amplitude variation with time, said amplitude variation

having a desired range.

15. The method of claim 1, further comprising the following steps:
* in addition to disconnecting reception of sensor signals (7),
disconnecting the reception of one or more command signals (9a, 9b, 9c,
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vol tage range, signal current range, a simlar |ogical
or boolean range, a simlar digital range and fornat.
wa2e0s58res4ret hod of claim 1, one or nore of saiPRCT/NO2004/000386
ay frbfri saidl compraany mmuttdevicgn@os td gaidl, conltrol systém @)'and
being artificial rreasurerren u%g)r Bosed on said

f@é@Clﬁem 8Re or mQrgRammand smaw@sa C, y) byigne ghe
Hﬂr@%‘?tlﬁglaFécﬁhMa?ﬂdss@éa}?aIQ'(ge{m@@ ok S)ag%;é\fatéd v)oygetbst

measur ement  si gnal bl . el ng
comsearsdigevipe $48) torbes iictlidesiah sm‘htaslt eeguencs giikIprevided
/b, .7c, %d, %‘tl)e . The nethod of claim1, in which
topdgantal sy surenment signals (7al, 7bl, 7c'

¥d' ) |l r?’ b8 Gdzotn@roﬁ@ysﬂe h Kk %‘é\éé@ Bn(<did Rey@nd / or

redetermn l'itude variation with tinme, said
arttﬁicial mqeomecﬁtse@mhargna@ @, aé@nddcormf@artlfm@l comgand

SRRl (R P 0 11 S e SRA SRl (20 he RthRta as
saiIseuntrdl @Q@ie%n é@) cohitest @i’gin%\ftﬂ 3)ad deesprret (SON tosaidrtest
or nore conmand grnal S 9b, 9c ) fromsaid

seanemnee (HHuan aseniel %‘SBO?' lPBQ%raG“@):cont rol system (2)
and repl acing said one or nore command signals (9a,

9b, 9c, ..) by one or nore artificial command signals
8al, 9blTheddethod)ofptaier hisaid biepeoftdeterminingwbether said

testonisg QU (T BENSGRLY slinfey <aid SigPRnS daseneropy
?Mﬁ&&éﬁr(gf@h(?%“gwp@s&g pen said real and / or artificial

or omt sens signals (7, 7') and / or said
artifici aforuungﬁrdiffeﬂeg\nal(BO(Qaals a fyictionoof time petween said

dovhir spSagipLrbalss Meuiriss: o) ghat3id SFEaEFbspRngd eD
6*80) to Saf@l‘Mlﬁ%fa srAgehtge difnsional RMS differeng@fadm said
ogger (42) The nmethod of claim 1, said step of

Qfﬁﬁﬁﬁlaﬁgawﬁ‘@tlﬁ@pfﬁmed response (S1) is generally

simlar t %@f,@q %ggpegggd G RHE qofsg f%ys&ﬁ’c?%gﬁiﬁrﬂgll

the follo or m ng ence
i.ansinatier tHart sorae kietevetined siz, forrmd responsss tobe

signature response and sai d second nse (S
ST G Y BhOJ MO EL 3P KHTIIoh 3V ANEA) TR EROAEPY
fh gﬁlﬁﬁgé& & fference as a function of tinme. * deciding

said difference (DO-1) is sufficiently small,
vice versa, if said difference (D0-1) is larger than said determined size,

concluding that said control system (2) has been changed at or before the

point of time of the second test.

17. The method of claim 16, denoting the multidimensional values
of the sequence SO at time u,

SO (Un,1 ,Un2, Un3, Un4, - ;Unm , -+ ,Unk ),
in which the first subscript n indicate time instants u4, uz, ..us..., un, and
the second subscript 1, 2, 3, 4, ..m, .. ,K correspond control channel
signals like (13a, 13b, 13c, .., 13m, .. ,13K), and in the same way the
multidimensional values of S1 at the time instant un is

S1 (Un,1 ,Un,2 ) un,3 ) Un,4, o ,Un,m y e ,Un,K )-
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i.e. smaller than sone determ ned size, for said
responses to be sufficiently simlar, to verify that
W@ 2004/0toM r ol system (2) has been kept unchangkd/NORG04/000386

v11 86 \éer sdThe nethod ofickira r1|e7n g@nbmﬁlﬁlgh ﬁegaégw cél’lﬂpﬁnents
eterm ne ncl udi ng_t hat said contro
@rﬁem)enﬁafé%%wf §H§WgIQW‘ @S%ﬂlt%M% apAShord of
téié‘?‘?otﬁ‘f lthléeﬁlﬁe(f'& dé,@ﬁbfsaﬂ The met hod of claim 16,

denot| the nu mensi onal val ues of the sequence

SCat tlrreSFB(On(m,l Ukl 2Up4 1. 3Unm Un Uk ), . . ,Un ,m,
cript n indicate tinme

f. b
|Wgclﬂ‘g§f'gt"ﬂlg the tﬁered ‘%rs'lorr‘s%ﬁsqu Sand t he second

subscript &F12qu, 3,u.4, u ulk cor(, ond contr ol
channel si gnaI%snFl I?g i%am’iéb r{EKQ'Pl?m ..

, 13K), and in the sams way the mJI t| di mensi onal val ues

SigSL a1 fafod B, o elgindiad o s

13nd SANPUENGS bf GMS valueToy trodiferabeshativebhehe unfiltered
seauences SCand S1 by | ow pass filtering SCand S1 ,

Al aek®iing the filtered version of SO SFO (U, 1 ,Ui2

, , Un1K , and denotin
t he flltereyfb\)(erélsg% L%Hl@{er%clglf , ) ,Un ,2 , Un, 3 g
Uh ,4, ,U ,m, {[S1((u1).)KSO(QLQ))]Zhe met hod of claim
17, cal cuI atin the en en SO and S1 in
terns of RVS vgl ues [?%{((LP é&«Pgs]éﬁce bet ween t he
unfiltered SCand Sl RMS(SO, S1) = square root of {
[S1((ui)) - SO((ui))]2 +[ SI1((u2)) - SO((u2))]2 +[S1
((UN))- SO ((UN))]2+[§1((ua))d86€(ﬂm))]ad,the di fference

b = RWVB( SO, .

rrnd RERRlRS e iiafsiice Beiebuna me st ar (P& maMS (S0,
bsqyyeen SO and S1 in terns of RVS value for the
.difference between the filtered time series SFCand SF1

20. The method of claim 17, calculating the difference between SO
and S1 in terms of RMS value for the difference between the filtered time
series SFO and SF1:
RMS(SFO0, SF1) = square root of

{ [SF1((u1)) - SFO((u1))12

+[ SF1((u2)) - SFO((u2))]2

+...

+[SF1((un))- SFO ((un))12 },
and denoting the difference between the time series as (D0-1) = RMS(S0,
S1).

21. A test method for a control system (2) in a vessel (4), where
said control system (2) involves control and monitoring of said vessel (4)
with control signals (13) to one or more actuators (3), where the method
comprises the following sequential steps:

acquisition in real time of sensor signals (7) to said control
system (2) from one or more sensors (8) over a first sensor signal line (12)
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RMS5(SFO, SF1) = square root of { [SFK(U 1)) - SFO((u i
))]12 + SF1((u2)) - SFO((U2))]2 +[SF1 ((UN))- SFO
w@ ¢agslpy P54 and denoting the difference betweenP€TSORI0AB00386

Qgrgamsc@ﬁtr@%ﬂém:(z MS( SO, S1). 21 A test nethod for
a control system ( in a vessel 9M\(_hwhere said

Control sPSOHIBIYON qfﬁomm@sd sionaled(?) 4 galdgranti sygfent (2)
SRl 2 @ﬁﬁ-{ar{(ﬂ%w‘s &QV\AEQ'@M)O ve?' ﬁ]d(éﬁ‘p Itlﬁ’iecmecﬁ)%mand

DT & “Ag ri ses
fsidimal wineq 14 ¥ tpusaiti crintret e;mem*(Zapqw sition in real tine

dhe”or morconiitaiod m 8 oplal AlgORia 3 uah o bod et StEm
'(Q&m(%%ﬁ of §ﬁ’é Gr PrRﬂéro@saﬁzb@ér%Br %o@nals (B §d|& ic8MrRand

signal s to sard contr stem ( froma
cigmeala (ﬂ9) mmdtsamkvrng: ef gaid)comiret signsiscd Baj osergalmlrd sigpabline

nd naI (11) to said control system(2); *
ég% 3"{“ ty%t%s ntrol algorithm (31) in said

CORt 04 c%st Bsne(R) 19§ basis of one or nore of sal d
sensor signals (7) and said command signals ( and

sendi ng ofdigeariestian odpngiajmaere qfsjd cﬁﬂé‘ﬁobsﬂﬁﬁlsd7) from
N 105 P 8 AR i P

1 Scon one or
oM muﬂm@vﬂze@(ﬂ 0}, rsmmmnﬂwaaselenhed seissrsignaBn@pos

m&a&%@%@%ﬁbﬁ”"ﬂ%& ekl ala s rd | ©
TeBh Ofnérﬁ)of%rneccgfmwoﬁéaafa.s%oh%bc@a Qsof g@ﬁaw@ @frd

system ( replacement of one or nor
$aa|d cdrmnam@srgnadb €Hnwith csrrgaabsdn@g)snmulm decsoneignils

th ted
JrfiimbiBtea Sohindi SEERR Ghniabad SeEER fampte test
36BoRROS 40)8Mith Fesbdct E@éﬁldtv%%%el @@héteﬂé)éeﬁ%vw ah
respect 'to 'said vessel (4) and are sent ove

ceamaminicationriing (6 oyey 0be e e Qirsamb&gn@lfllr% (d 25l ghig

I said control system (2); *
éo%ﬁ%ﬁ’ é’égS)&Sg%%] tion in said control system (2) on
bﬂSl s of &ﬁirﬁﬂlnuca‘s cantputaticrpintsaid whﬂbﬁﬂ/ssea‘nsm)f on basis of
ignals (7a or 7al, 7b or 7b', 7c
sald real and/or said simulated sensor S|gnals (7a or7a', 7bor7b', 7c or
7¢', ..) or said real and/or said command signals (9a or 9a’, 9b or 9b', 9¢
or 9¢', ..) of control signals (13'), and simulation in a first, local simulator
(30L) by means of an algorithm (32) of a new dynamic state (50°) of a
vessel model (4') on basis of said control signals (13');
* sending of said control signals (13') over said communication

line (6) to said remote test laboratory (40).

22. The method of claim 21, comprising the use of a remotely
arranged simulator computer (30R) in said remote test laboratory (40) for
transmitting said simulated sensor signals (7') and said simulated
command signals (9') via said communication line (6) to said local
simulator (30L) on said vessel, and receiving said control signals (13')
from said local simulator computer (30L) via said communication line (6);
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7cl, ..) or said real and/or said conmand signals (9a
or 9a', 9b or 9b" , 9c or 9cl, ..) of control signals
w@ 1®sp77780d simulation in a first, |ocal SIHU|HWBNONMMNM&%

(29L) by mHanmedhodbf Blaifraf, RS sand s@nm@u
state (50') of a vessel rmdel (41) on baS|s 0 sa|

C'Bﬁ'luld§§ ofiegpramerg eBthe followingdeeng o Pasanatars fitam said
31) over said comrunication line (6) to said
renDte l( St | aboratory (40). 22. The nethod of claim
21a positipni (Fapgf séid vessebirorm posltmd resensars dajeduch as GPS
in saidre

| at t 30R t .
Isr[@glé P’%ﬁ? 2@/3‘.‘)9 HB‘;{"OI%{?PE’FV%?%Q?:‘PP B |Sﬁ559r§n(3}"§| 'meﬂ%éﬁtﬁlﬂ sensor
Sé&@é,s%l()ﬁ sendBfs e84 d sinmul ated command signals (91)

via said communi ¢ation line (6) to said |ocal

s4 angbarser (7(03@10)11 coursal sensess 8h), argd argywrecampgss ar slome
roI signals (13') fromsaid local sinulator

c‘?) Gfe @gﬁL) via said communication line (6);23. The

e b@ﬁ)cﬂif (PERfroMnZd veloBRY SEAsGAi8E) SEAR Wte§iAmy fcceleration

i ncl udes one or nore of the f : | owm ng sensor
pRENE%Et ers from said sensors (8): - a position (7a) of

2% (g 80Eka [ ATRRORL RN RRHB0 [P Fah Akl B e,

recel ver droacousti ¢ on Sensors
i §¢)egrating accel eration sensors etc.; - a course
) from course sensors %. a gyroconpass or

gb%éolb?ﬂ@l‘e (@O rall %FQ}%ISSBF@ry( c) froma velocity
\f’m?%g%h Qa%gle( @r&)ngr%%a&%hﬁédﬁggg sBRSE! @"g?t' on sensor; - a

spee rrection (7e) from an
anenoneter (8d, 8e); - aroll angle (7f) froma roll

i e Sensthe tahod of B nulidenoid Fanke S dALED)
Slﬁbl@ld%@@%ﬁ)éls%wé‘ai% (158) irl e féﬂﬁsof%'thtaHp‘éeG](?rQa 138 for

int f or m of spee for one or

neReop nmelnrepslle(rm) 6)oor ithlﬁu&tgtssﬂg?) aw angﬁa (439 fesrudder

cREbr Whelafe (i pddboBgole biiEl B e G ARG Sne or
aedte efldesised positibAIDa), coursee(dbVelodil @)ty (9c). 25.
The met hod of claim21, wher e| n said propellers (16)

i ncludes one or nore propellers (16a, 16b, 16c, ..).
25. The method of claim 21, wherein said propellers (16) includes

one or more propellers (16a, 16b, 16c, ..).

26. The method of claim 21, wherein said control devices (18)

includes one or more rudders (18a, 18b).

27. The method of claim 21, wherein said control devices (18)
includes one or more thrusters (17).

28. The method of claim 21, wherein said command input device
(10) includes 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
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26. The nmethod of claim 21, wherein said control
devi ces (18) includes one or nore rudders (18a, 18b).
wQ@ 20050 54et hod of claim 21, wherein said contP@I/NO2004/000386

d%@w) casd ddded velodite 9¢)e somepitreridesiret @asable’(Px), 25g.
e .met hod of claim 21, wherein said conmand i nput

dResired roll@ngledasined rifch angle, dprirasigavespmpensation, etc.

speci fication device (10a), a wheel (10b), a velocity
speci fication device (10c), or a device for
stci fi catThenmethakk st claimr2dl, Wwhenginesaigh rernbteategt mboratory

PR SR iy Mottt sonirblsionisgds) T)frofoag control
A8RIEA 25 BHIRAIOBY saif MindRidd gsny&w | SGHAIY (1'PGha i oe

ot’her deSired variab (9x), . desSire
deigiulated monuhand @ugnalsié&) ineal teﬁtaa@d pcﬁ@biysramammgeeal

29. Th f 21 te t
[SESPLES o) T PP r i oBals O e sfEh hat
%ﬂﬂ@ﬂoﬁtrbﬂ&gné% 013f neMwiRichdctond Hebirsd stageof Qéld%ssel (4),
basis of sald sinulated sensor sj gnals (71) and said

sandiwhesr| saigneaiite! sysiean §2)(is ceriifiedzon basis oditispossi bl y
remai ni ng real sensor signals (7) and remaining real
command signals (9), are such that said control

s3@nal s ( Ihe digthoaviof blaliraaZd MmGaem\etheroemmmn(m iof sefidi d

X&@S’rftfclfliaig?rahﬁﬂ&é%?%% 101 Sy T SR raIMiE parameters
) o1 GedhdiThe Fr%*sb% i gseséahgl gRieie ot of e

sal cont r O syst em uses ynam C
p\aesahttbe 3 distributionvafdbe ivesselc bodinug pasarsetars thathe

nts of jneLtia the vessel, the nmss
ﬁ%tﬁrm 8@%‘“?‘%‘)&/&?‘5@@?' and hul| paraneters that
determ ne the geonetry of the hull. 31. The nethod of
claim 21, wherein the di sconnection of said sensor

sébnal s ( 7hhe mathediof cleéndr, whegpinttbeghsepnasatienpf said

R e T
t e ntiBRTrEESWiten (1t8a)seh daid dinei(g2pl s (8) from
sald command i nput device (10) to said control system

(2) I's done by neans of a switch (15b) on said signal
e (11) f j : é’)fb?'{ [ ki
rem)t e tes-{ﬁ?”begﬁg? g‘re%pd 4&)0"iv§4%%f§atf%c?|on nggg?ﬁg‘r: aid
V\d:mnmemi signalsq8) frorasaidcordmand .inputtdenice  0) ¢ said dantrol
pI a I Stance from.s est | borat
i 2pi P Oy SRR o1 SHISHI5H RiseRroRlamE (I

vessel that is tested is in a harbour, in a

33. The method of claim 21, wherein said remote test laboratory

(40) is located on land, and where said vessel (4a, 4b, 4c, ...) that is tested

is placed in long distance from said test laboratory (40), typically between

1 and 20000 km, and where the vessel that is tested is in a harbour, in a

dock or a yard, moored, or at the open sea.

34. The method of claim 21, wherein 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
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dock or a yard, noored, or at the open sea. 34. The
nmet hod of claim 21, wherein failure situations are

wo ewsed7by di sconnection one or nore of sel ect BCI/NO2004/000386
saiddhiGitsigrds (1 3191 3f andisthtas BRMalsS(1®)dA0Y «ré)ogyedsen &
command_ si gnal s to simulate greakdovvn of
@Gﬂﬁbh@ﬁ@sﬁﬁdeﬂ)‘lﬁ’é@éeﬁtﬁ%b?r@ #8®-of the control
systemin the formofsaid control signals (13, 13")
and status signals (19, 19') are |ogged on a | ogger
835) in s3he methoideoft daim Rdpwhetein yail4e situdtonsTae tested

t hod of claim 2], erein failure situat

P shamiy ehgﬁ@?rﬁ&ns%“% R AR sfinated
§&H§&t§|§ﬂar§f %abP'b tﬁ‘ggéﬁﬁﬁﬁil d%ta.rwn%eéméwéa&h&y

gener atTng e ter na ances i ke weat her, w nd
wirat; electricahooise 10 @as;hsmntslatad senser §@1nahs (B) ty!aaaee $e7r1t)

h d |
bl rerSrte oS  BhoRPn (G af shblealifol SR 211 Fhid o
i&esdl @@pogr&ﬁméré méirésfi@heelof%m @cmtfcﬂ)systénﬁ ) |ﬁQh§1f<§ﬁn

sai d contr ol a%nal S and said status_signals

efisaid pontrelsignalg 63 b%) and @aldoﬁgtus gignalsi(9s49'Hare logged
d of cl
S B AP Bt Mor N OO0, 21 o B2

on board said vessel (4) is sent fromsaid renpte test
| abor at or)c(l_ (40) over_sajd_comuni.cation Jine

. 37.
S0 ot hoT NS MEHIGPrAIaInd, BIATEiR e Seibiare e baid control
f
gg%{t@gﬁg ( 2 ngﬁ)g}d ﬁﬁldt\féﬁsél gf@uﬁsbﬁfsﬁon?n @irEmeRNidsP!

e test IS use to approve
faodatooynt(40) oggrssaichcpymanitation divet(6f.y sai d control
system (2) for regular use in said vessel (4). 38. A
test systemfor a control system(2) in a vessel (4),

ghere sai qreoRkiid §ﬁ/§|bﬁm2(12whle$euar§a@@aﬁomegpﬁbbtdtory
and nonitor said vessel (4), conprising the follow ng

@@gm basisnef atestof saiskeenire) sysien ) thestestirassdsisi used

o AP0 R AL 08, i Eoy PSE S

réqar geriineaid védsedipoard said vessel (4) arranged
to send one or nore of desired position, course,

velocity (9) etc. over a command signal line (11) to

3gi d cont Wtes?%?él)%% %&) onl"f‘é‘l Iﬁs?&% éﬁmé 3&%3é|'@4f%l‘%re

control sys Fe"Co i'on of cont
saghadrrolls)stém (Q¢$an‘raagedm oostrglhncomobitsi saidfvesaeld4),
Sc’:ceJrr}lSpcr)lsmg the following steps:

* one or more sensors (8) on board said vessel (4) to send one
or more sensor signals (7) over a signal line (12) to said control system
(2),

* command input devices (10) on board said vessel (4) arranged
to send one or more of desired position, course, velocity (9) etc. over a
command signal line (11) to said control system (2),

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

characterized by
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signals (J), said command signals (9), for sending of

said control signals (13) over a signal line (14) to
wa@200d/0zosuat ors (3), characterized by* one or P@I/A02004/000386

tomuni cabneror moescdrbmdricatiomniitiesy6p forosending oboske or

R ael Sersar SOPEIS TMYPr PaBiRERos A (9)
fahg Cr%ﬂﬁdtﬁ'te%&l%@@t&%) 40} t@s§1d’3&ﬁ¥o% §130 ( gncl udi ng

anagorlt for t e’ sl milation of new<énsor
Signal s (alyimedatar (@detludingedn aliybyithrag8a) tor théeimulation

Bf]ew ous st ate é{ﬁgéPEa?\’%g? ontrf)@)aééseg’:ora Sbce%%u)s,

@4@&&-6(78?1) dsaiaraamwgfglnals (13na306and %Iyﬁé ?ﬁﬁrﬁé’teﬁse@i‘)‘ for
back 'sai d new sinul ated sensor 'signals sai d
saickwessalde), (41) to said control system (2), for

Faci s of MiEEaRe GRBrighiEfidh GREIFTa pERbER o ShydBack

sgith Rewsdigiddted (sénsdr sighalst (T dfeslid 0essd] mbdd|€4") vabaids
of said command gnhal s of said control

spgial sygten) (Dofct SPPEVe G Compuation s il %naob@sst%ﬁ) on
Bgéist bf¥he r‘é%%ﬁ&ﬁor%%?l‘é‘téd’ vél%)as%tfga Pehsor¥ ff’”gﬁ or

onTuni cat 1-on arranged for- sen
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41. The test system of claim 38, wherein a third switch (15c) is
arranged to disconnect one or more of said control signals (13) from said
signal line (14) from said control system (2).

42. The test system of claim 38, wherein 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).

43. The test system of claim 38, wherein said remote test
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44. The test system of claim 38, wherein said
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48. The test system of claim 44, comprising the use of a remotely
arranged test manager (33) in said remote test laboratory (40) for
transmitting an initial value of said simulated state (50’), a time sequence
of said simulated command signals (9'), and simulated values for sea
state, current, wind speed and wind direction via said communication line
(6) to said local simulator (30L) on said vessel, and receiving said control
signals (13') from said local simulator computer (30L) via said
communication line (6), where said local simulator (30L) is connected to
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49. The test systemof claim 38, wherein the whol e of
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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 (7c) of said vessel (4);

- an anemometer (8d, 8e) to give (relative) wind speed (7d) and wind
direction (7e);

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

- a pitch angle sensor (8g) to give a pitch angle (79g).

52. The test system of claim 38, 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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